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Reflections from a Conference Co-Chair 

A colleague of mine is fond of saying that Education’s ultimate goal is the “betterment of the human 
condition”.   I can’t think of a better sentiment for the introduction to the proceedings of the 39th Pupils’ 
Attitudes Towards Technology research conference.  As Technology Education has a long and complex 
history with industry, trade, and vocation, its emergence and evolution into an element of compulsory 
general education has been a struggle.  Any attempt at the betterment of the human condition requires an 
understanding of the political, social, and technical systems that dominate the zeitgeist of the time, but it 
also requires forward thinkers and doers that can chart a path forward and challenge the inequalities that 
exist or may exist because of our collective inaction.  With so much of modern society, both collectively 
and individually, depended on the artifacts and systems that we’ve created, Technology Education has a 
vital role in ensuring that our students know that no matter how complex, seamless, or magical a technology 
may seem, that there are ways to deconstruct, understand, and re-design our own creations for the 
betterment of the human condition.  The struggle is still real, as there are still times when I feel this 
community is balancing on the edge of uncertainty, nevertheless I am continually reassured by the strong 
commitment demonstrated by the champions of Technology Education in the pages that follow.  It has been 
an honour and a pleasure to have had the opportunity to play a small part in helping bring such an eclectic 
collection of thoughts together that no doubt will move us all a little closer to that ultimate goal. 
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Foreword 
 

This document contains the papers that are presented at the 39th international Pupils’ Attitudes Towards 
Technology (PATT) conference, held in St. John’s, Newfoundland, Canada, June 21-24, 2022. Thanks to 
the efforts of the organisers, a very interesting set of contributions has been put together that provides the 
input for an academic exchange of ideas and insights in the domain of Technology Education. In 56 papers 
we get an impression of the variety of scholarly studies that is done in this domain. The set illustrates that 
Technology Education research in the past decades has matured and reached a level that can be compared 
to what is done in, for instance, science education. Qualitatively, that is; as far as quantity is concerned, the 
number of studies is much lower but that is understandable given the more modest position of Technology 
Education in the curriculum. In fact, the Tables of Content of the consecutive PATT conferences gives an 
impression of the way Technology Education research has developed in the course of time. In the early 
years, there were many theoretical (‘philosophical’) studies into the possible and desirable content of the 
curriculum. Later the number of empirical and classroom-based studies increased and nowadays they form 
the large majority of the Technology Education research field. The collection of papers that the reader finds 
here illustrates that. 

When examining the list of 56 papers, nine themes seem to come forward. Some of them have featured in 
earlier years, but some others are relatively new or have gained in importance. The first theme we can 
identify is: learning skills. In particular spatial skills have gained in attention in the past years, not in the 
least due to the work done in Ireland. But also reasoning and design skills are keywords in some of the 
papers. Reasoning also features in science education studies and it is interesting to see that technology with 
its means-ends reasoning has a place of its own in the curriculum, next to science education in which cause-
effect reasoning is dominant. Design skills have been the object of research for many years and yet we still 
learn new things about how they can be taught and learnt. 

The second theme we can use to group a number of papers together is: programming and computational 
thinking. Particularly in Sweden this theme has gained substantial interest. In other countries, too, there is 
an interest to see how computer science education can be related to technology education. The reason for 
that is obvious: computers are one of the most prominent forms of technology. Computer science is a 
separate school subject in some countries but usually it is small. A better relation to technology education 
could be win-win for both, as long as we do not enhance pupils’ prejudice with computers as if technology 
is primarily computers. Early research into pupils’ attitudes towards technology showed this. 

A third theme in the set of papers is: gender. This has been a theme that has been on the technology 
education research agenda from its earliest years. It has been nearly absent for some time but it seems to be 
re-invented now. Still the theme seems to be somewhat limited to the difference between boys and girls. 
Given recent social developments, we can probably expect that it will be extended to more gender identities 
like transgenders and queers. We do not know much about the way their special needs can be addressed in 
technology education yet and in the papers for this conference they are absent. This may change in coming 
years. 

A fourth theme is an extension of this: inclusive education. It is important that pupils of all race, gender, 
social background, physical and mental special needs, ethnic minorities and whatever other group that needs 
special attention can feel happy and safe in technology education classes. There is a continuous need for 
research to find out what these needs are and how they can be addressed properly. 



8 
 

PATT 39 Conference Proceedings June 2022 
 

A fifth theme in the set of papers is what I will call here: crossing boundaries. The interest in STEM 
education is an example of that, but we find other examples, too, in the papers, like crossing boundaries 
with language learning, boundaries between different levels of education, and boundaries between 
departments. 

A sixth theme is: assessment. This theme was brought to maturation particularly by the people in 
Goldsmiths College, London, under the leadership of Richard Kimbell and Kay Stables. Adaptive 
Comparative Judgment (ACJ) features in the list of papers as it was the case in the last couple of previous 
conferences, but also other assessment issues have been addressed in the papers. 

The seventh theme is: ICT and educational technology in technology education. There is a continuing 
confusion between technology education and educational technology. The two should be seen as really 
different: technology education is education about technology, while educational technology is education 
with or through technology. But of course there is an overlap: in technology education, educational 
technology can also play a role to support teaching and learning. Some papers in our conference are about 
that very topic. 

An eight theme is: teacher perspectives and PCK. PCK (Pedagogical Content Knowledge) may still be a 
rather confusing concept, it does have a merit in that it draws our attention to the important issue of what 
teachers need to know and be able to in order to realise good technology education. 

The ninth and final theme that can be identified in the set of papers is of a meta-level: the position and 
nature of research in technology education. In several countries there are special funds for school teachers 
to do (Ph.D.) research and this raises new questions about the double role they seem to play when they use 
their own educational practice to implement interventions that have been designed by themselves as part of 
their research. It is important that the needs of teachers are addressed in research and this is one way of 
stimulating that. There are also interesting questions about the values and limitations of design-based 
research as a type of research that has quickly gained popularity in technology education. 

Altogether, the set of papers offer a nice glimpse of technology education research in 2022. They form a 
valuable basis for an exiting conference. Our thanks go to the organising team under the leadership of David 
Gill and the hospitality of Memorial University in St. John’s, Newfoundland, without whom this conference 
would not have been possible. 

 

Prof. Dr. Marc J. De Vries – PATT Foundation Chair 
Delft University of Technology 
Faculty of Applied Sciences 
Lorentzweg 1 
2628CJ Delft 
Netherlands 
m.j.devries@tudelft.nl 
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Abstract 

In recent years, digital technology, programming, and computational thinking have been 
incorporated as curriculum components in technology education in many countries across the globe. 
This development has been cheered on by politicians, industrialists, teachers, and software 
companies, but it has also met with resistance. Yet, few would deny that digital technologies are 
indeed technologies, and, as such, they should be included in technology education. The aim of this 
paper is to discuss how a unified theory of digital and analogue technology could be forged 
philosophically, and suggest some implications for technology education. A post-phenomenological 
model of human-technology relations was employed as analytical tool. It is concluded that both 
digital and analogue technologies could be seen as technical artefacts with a dual nature and 
technologies of representation. The dual nature of technical artefacts, that is, their 
functional/intentional and physical dimensions, can be mirrored in the abstract programming 
language that on its own has a mathematical semantics, but once we include a 
specification/intention, this changes the program into a technical artefact. Representational 
technologies could include everything from simple control systems to computers to AI systems, and 
it would be possible to conceive of the analogue and digital parts of these technologies as different 
components of their representational capacity; a component could either be seen as representing 
(concrete, analogue) or represented (abstract, digital), but part of the same representational system 
that makes up the technology. In both these “dual” perspectives on technology, artefacts and systems 
could be viewed from a common point of view, and may consist of digital/abstract and 
analogue/concrete components that together make up the technology. One important implication for 
technology education is that teaching needs to involve both abstract and concrete technological 
components. When programming, for instance, students need to learn not only about the code or 
software in itself, but also about what digital technology does in terms of solving problems and 
achieving technical purposes. 

Key Words: Digital Technology; Analogue Technology; Programming; Philosophy of 
Technology; Post-Phenomenology; Technology Education. 

1. INTRODUCTION 

In recent years, digital technology, programming, and computational thinking (CT) have been incorporated 
on a large scale as curriculum components in technology education in many countries across the globe. This 
incorporation owes a great deal to Jeannette Wing’s influential paper in which she introduced computational 
thinking as a central skill set for everyone to learn, not just computer scientists (Wing, 2006). Despite the 
fact that the CT concept was not new but was suggested by e.g. Seymour Papert a decade earlier (Papert, 
1996) and can be traced back at least to 1980 (Denning & Tedre, 2019), it really caught on and inspired 
debate, curriculum innovation and research during the first two decades of the 21st century. When CT was 
subsequently introduced in schools, a major way of doing this was through programming. In the last decade 
or so, programming has thus been introduced in school curricula and standards all over the world. In 
countries such as the UK a new school subject – computing – was created to harbour this partly new subject 
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content, whereas in countries such as Sweden programming was included in existing subjects, notably 
mathematics and technology education. This inclusion was cheered on by politicians, teachers, and software 
companies, but it also met with resistance and criticism (cf. Raptopoulou, 2021). Following a long curricular 
debate, in 2017-2018 the Swedish National Agency for Education thus updated the syllabus in technology 
for compulsory school to include a programming component.  
 
Generally, computing has a strong connection to STEM and has been conceived of variously as a science, 
a branch of mathematics and/or a branch of technology and engineering (De Mol & Primiero, 2014). The 
introduction of programming in technology education is particularly interesting because it presupposes a 
particular relationship between programming and technology. Programming is usually performed with 
technological artefacts – various types of computers – but it can also be seen as a specific branch of 
engineering (Brey & Hartz Søraker, 2009). When implemented in technology education contexts, however, 
programming has often come to be carried out in pure coding tasks, at the same time as technology 
education is focused on designing, making and using artefacts and systems. This potential mismatch stems 
from uncertainty about exactly how programming and digital technology should be conceived of in 
technology education. The aim of this paper is therefore to discuss how a unified theory of digital and 
analogue technology could be forged philosophically, and suggest some implications for technology 
education.  

2. LITERATURE REVIEW: THE CENTRALITY OF PHYSICAL ARTEFACTS 

Technology education is a subject with a traditionally strong focus on designing, making and using physical 
artefacts (e.g. de Vries, 2016). This is not surprising given the fact that sloyd, craft and/or vocational 
subjects, which include the making of products as central components, preceded technology education in 
many countries (Hallström, Hultén & Lövheim, 2014). Today, therefore, there is a strong emphasis on 
designing and making products in technology education, even though there may be different emphases in 
different countries. For example, in the UK there is emphasis on design and manufacturing of products, 
while in the USA the focus is more on engineering design in the context of STEM – science, technology, 
engineering and mathematics (Buckley, Seery, Gumaelius, Canty, Doyle, & Pears, 2021; ITEEA, 2020; 
Rossouw, Hacker, & de Vries, 2011; Williams, 2018). Unsurprisingly, a wealth of previous research also 
shows that students primarily equate technology with artefacts in general and modern products such as TVs, 
cell phones and computers in particular (e.g. Jones, Buntting & de Vries, 2013; Solomonidou & Tassios, 
2007; Svenningsson, 2020).  
 
The field of philosophy of technology is an important “twin discipline” to technology education because it 
can provide intellectual tools for understanding what technology is, analysing important concepts, and 
deciding what technological content is most important to learn (Dakers, Hallström, & de Vries, 2019). Just 
like technology education, philosophy of technology is still a young discipline going back only a few 
decades. Its primary concern is also technological artefacts, which really distinguishes it from the broader 
field of philosophy in general and philosophy of science in particular. Artefacts are human-made objects 
and have as such been thought uninteresting and even non-existent in the philosophy of science since they 
have been seen as pure applications of science (Dusek, 2006; Meijers, 2009). The philosophy of technology 
and engineering, on the other hand, concerns itself with philosophical questions related to the human-made 
world, notably technological artefacts and related knowledge-based practices primarily in engineering but 
also other technical professions such as architecture (Meijers, 2009).  
 
One of the most influential philosophers to develop the artefactual perspective is Carl Mitcham (Meijers, 
2009). Due to the focus on artefacts in technology education mentioned above, the philosophical works 
most cited in a technology education context have related strongly to the artefactual perspective. 
Consequently, Mitcham’s (1994) seminal Thinking through Technology has been particularly influential on 



22 
 

PATT 39 Conference Proceedings June 2022 
 

technology education research (two of several recent examples are Svenningsson, 2020; Xu, Williams, & 
Gu, 2021). Mitcham (1994) writes: 

Artifacts–material objects such as tools, machines, and consumer products–are what most readily come to mind when the 
word “technology” is mentioned. […] Technology as object is the most immediate, not to say the simplest, mode in which 
technology is found manifest, and it can include all humanly fabricated material artifacts whose function depends on a 
specific materiality as such (Mitcham, 1994, p. 161). 

Because philosophy of technology really started as a field of research after the broader diffusion of 
computers and information technology in society, and as “tools, machines, and consumer products” are 
increasingly becoming digital and computerized, our digitalized society has been the object of much 
philosophical analysis (e.g. Borgmann, 1999; Brey & Hartz Søraker, 2009; Feenberg, 2017). However, 
abstract conceptions of technology beyond the material artefacts have not yet found their way from 
philosophy to technology education to any greater extent, for example, in relation to computation and 
information technology; examples could be coding, information processing, computational thinking, 
artificial intelligence (AI), and more. One reason for this slow transition may be the preoccupation in 
technology education with the material aspects of the human-made world, which could make abstract, 
digital aspects of technology invisible and even contested. 

3. THE PHILOSOPHICAL CHALLENGE OF THE DIGITAL – A POST-
PHENOMENOLOGICAL ANALYSIS  

There has indeed been a preoccupation with the ontology and epistemology of physical artefacts lately even 
in the philosophy of technology and engineering (see above and e.g. Hahn & Soentgen, 2011; Kroes & 
Verbeek, 2014). The philosophical concerns of the digital world have instead mostly been addressed in the 
philosophy of AI, mathematics, or computing, as well as computer ethics (Brey & Hartz Søraker, 2009). 
On the other hand, a central journal such as Philosophy & Technology is so broad in scope that it includes 
research from all of the above fields and thus in relation to both analogue and digital technology (see, for 
example, No. 3 2014; cf. Hansson, Belin & Lundgren, 2021).  
 
The problem of coming up with a definition of technology that includes both analogue and digital objects 
and systems could be framed in post-phenomenological terms. Post-phenomenology deals with the human 
experience of technology and the different ways that this experience can be embodied, but it also offers 
ways of categorizing and defining technology through human–technology relations (Rosenberger & 
Verbeek, 2015). I will consider here what is being mediated in different such relations (Ihde, 2010), as a 
way of illustrating an integrated view of digital and analogue technology. If we look at post-phenomenology 
in Ihde’s (1990) version, the relationship between humans and the world is seen as mediated through 
technology, often conceived of in the following simple model: 
 
I  technology  world 
 
Ihde exemplifies technology with a number of concrete instruments such as a telescope, a clock or a pair of 
eyeglasses, so the conception of technology is essentially physical or material, as is the human experience 
of technology as embodied (Ihde, 1990, p. 25; cf. Ihde, 1993). The corresponding post-phenomenological 
model for digital technology could be the same if one focuses on digital artefacts such as smartphones as 
concrete tools: 
 
I  digital artefact (smartphone)  world 
 
However, if we look at code or information as technology the model would have to be revised into 
something like this, in the context of programming: 
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I  interface/software  code 
 
Or, when handling information and datasets: 
 
I  algorithm  dataset (cf. Wellner & Rothman, 2020) 
 
In both cases the material component of technology is missing, so it is a digital, abstract form of technology 
that mediates the relation between I/human and world. Furthermore, the world is also digital, so it is a 
virtual world. There is therefore also a corresponding problematic regarding what the technology mediates, 
the real or the virtual. Brey & Hartz Søraker (2009) write: 

The software constructs with which computer users interact, such as files, folders, and web pages, exist virtually rather 
than physically. Although they are realized and sustained by means of physical systems, they do not exist solely or 
primarily as physical entities. The existence of virtual objects, and correlated virtual spaces, actions and events raises 
questions regarding their ontological status: what is their mode of existence, and what is their place in philosophical 
ontology? Let us call nonphysical software-generated objects and spaces with which users interact virtual entities. Virtual 
entities are represented as part of the user interface of computer programs. They manifest themselves to the user through 
symbolic or graphical representations, and they interactively respond to actions of the user. Contemporary user interfaces 
are in most cases graphical, representing virtual objects as ordinary, manipulable physical objects (pp. 1381-1382). 

Thus, in many current digital settings and, for example, visual or graphic programming environments, the 
above post-phenomenological models could be conceived of as: 
 
I  virtual object  virtual space 
 
This is thus a far cry from Ihde’s (1990) post-phenomenological conception of the relationship of humans 
with – material/physical – technology.  

3.1. Digital technologies as technical artefacts 

There have been attempts at resolving the duality between the analogue and the digital, for example, to see 
software, programs and virtual worlds or objects as de facto technical artefacts. Turner (2014) goes some 
way towards explaining the relationship between the programming languages and the physical devices by 
referring to Kroes and Meijers’ (2006) conception of the dual nature of technical artefacts, that is, their 
physical/structural and functional/intentional dimensions. In Turner’s view, the abstract programming 
language can stand on its own as having a mathematical semantics, but once we include a specification as 
the functional dimension that Kroes and Meijers (2006) require for an artefact to be defined as technical, 
this changes the program into a technical artefact: 

Programming languages have a mathematical semantics and an implementation. It is in the mathematical object that 
structure is located. And the semantics can stand alone as a mathematical object, i.e., to be investigated as such. But when 
used as the specification, it is given governance over the implementation. The intentional aspect then comes into play: the 
agent gives the abstract semantics normative force over the physical implementation: they must be in extensional accord. 
Abstract structure and physical structure are linked by the intention to take the former as having normative governance 
over the latter. It is at this point that the piece of abstract mathematics takes on its functional guise. The agent’s intention 
relates the abstract and the concrete (Turner, 2014, pp. 393-394). 

In other words, when viewing the program as a specification (function) of how a (physical) object should 
behave, we have merged the abstract and the physical components of digital artefacts and systems. A post-
phenomenological model of technical artefacts would thus generally look like this: 
 
I  technical artefact (function/structure)  world 
 
And, more specifically, based on Turner (2014) a post-phenomenological model of digital technology as 
technical artefact could be conceived of as such: 
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I  program specification/physical execution  world (virtual/real) 
 
Many digital instruments such as digital telescopes, computerized tomography scanners and electronic 
microscopes mediate the world in this way via data or code, and Ihde (2011) therefore calls it translational 
mediation. The world translates and even transforms through these technologies. There is thus less 
distinction between the virtual and the real if we acknowledge that the virtual is some form of representation 
of a real (or imagined) world.  

3.2. Digital technologies as technologies of representation 

There is thus from the perspective of the dual nature of technical artefacts a way of merging the digital and 
the analogue into one conception of technology, which also translates into a reasonable post-
phenomenological model. However, I want to suggest here a further perspective that might also broaden 
the conception of what is really digital. In a sense, virtual entities and objects are rather graphical-visual 
models of real, or imagined, phenomena, that is, types of representation. One way of merging the 
(conflicting?) perspectives on technology entailed by digitalization – epitomized by the dualisms concrete 
vs. abstract, analogue vs. digital, and real vs. virtual – is to view digital technologies as technologies of 
representation (Denning & Tedre, 2019; Mindell, 2002). Representational technologies could include 
everything from simple control systems to computers to AI systems, and it would be possible to conceive 
of the analogue and digital parts of these technologies as different components of their representational 
capacity. That is, a component could either be seen as representing (concrete, real) or represented (abstract, 
virtual), but part of the same representational system that makes up the technology (cf. Hallström & Kaijser, 
2022). Furthermore, it is possible to see representational technologies as semiotic technologies, in which 
case even the abstract, representing components such as a piece of code are, in the semiotic sense, material. 
(Latour’s (1999, 2005) actor-network approach is semiotic in the sense that the so-called actants could be 
construed as non-human, concrete or abstract, “actors”.) The post-phenomenological model would thus 
look like this: 
 
I  digital technology (represented/representing)  world (virtual/real) 
 
James Watt’s centrifugal flyball governor in his late 18th century modified steam engine was the first simple 
yet effective modern feedback mechanism to be widely used. Modern, more complex technological systems 
include a multitude of feedback loops, particularly for negative feedback, to make the systems operate in a 
stable and robust way, and to assist operators and users. Today such control systems use both analogue and 
digital sensors to communicate information back to a regulator or control unit, which is often a computer 
program of some sort (Mindell, 2002). Whether we talk about the flyball governor or a digital sensor, they 
are both part of the representing components that help control the system by providing the (represented) 
information. In the case of the digital sensor, small currents represent and provide information whereas in 
the case of the flyball governor a lever represented and transmitted information directly to a steam valve 
(Glad & Ljung, 2000).  

4. CONCLUDING DISCUSSION AND IMPLICATIONS FOR TECHNOLOGY EDUCATION 

Digital technology could thus be conceived of both as technical artefacts with a dual nature and 
technologies of representation. The dual nature of technical artefacts, that is, their functional/intentional 
and physical dimensions, can be mirrored in the abstract programming language that on its own has a 
mathematical semantics, but once we include a specification/intention, this changes the program into a 
technical artefact. Representational technologies could include everything from simple control systems to 
computers to AI systems, and it would be possible to conceive of the analogue and digital parts of these 
technologies as different components of their representational capacity; a component could either be seen 
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as representing (concrete, analogue) or represented (abstract, digital/virtual), but part of the same 
representational system that makes up the technology. In both these “dual” perspectives on technology, 
artefacts and systems could be viewed from a common point of view, and may consist of digital/abstract 
and analogue/concrete components that together make up the technology. 
 
Both these dual conceptions make sense in a technology education context. Denning and Tedre (2019) 
argue that “internally the computer does not process numbers and symbols. Computer circuits deal only 
with voltages, currents, switches, and malleable materials. The patterns of zeroes and ones are abstractions 
invented by the designers to describe what their circuits do” (pp. 55-56). From the computer scientists’ 
point of view, according to Turner (2014), they build: 

programs, data types, type inference systems, etc. [that] seem to have an abstract guise that enables us to reflect and reason 
about them independently of any physical manifestation. […] One can reason about these in a mathematical way that is 
independent of any physical representation. Much the same applies to programs, types, compilers, virtual machines, 
interpreters, etc. All of these notions seem to have an abstract guise that is independent of their physical realization or 
implementation. On the other hand, these objects must have a physical implementation that enables them to be used as 
artifacts in the physical world. For instance, a program that has no physical realization is of little use as a practical device 
for performing humanly intractable computations (pp. 394-395). 

In technology education, therefore, it would be limiting for students if the teaching only focused on the 
programming in itself, because there needs to be a connection to a physical realization in the form of a 
design or technical solution. On the other hand, teachers in a study by Vinnervik (2021) toned down 
procedural programming knowledge with the argument that the technology students should not become 
programmers. Given the two dual perspectives on technology discussed in this paper, however, it is obvious 
that technology teachers who deal with the digital world in general and programming in particular should 
view them as an integrated part of the designed, human-built world that is at the core of technology 
education. Knowledge about analogue and digital technology cannot be separated, but it is, like technology, 
dual.  
 
Thus, when teaching about, for instance, programmed technological solutions (PTS) in the classroom, 
teachers need to include the nature of the abstract code as well as the concrete technical solutions that are 
to be programmed and controlled. As Cederqvist (2020) asserts: “The ability to understand and handle the 
programming material encompasses both procedural and conceptual knowledge that refers not only to the 
material itself but also to a general understanding of programming concepts that are necessary for fulfilling 
the PTS” (p. 24). Such PTS projects should appeal to technology teachers since they could restore some of 
the design aspects of teaching programming, in the sense that the design encompasses both analogue and 
digital dimensions and coding could be conceived of as a craft (Bratteteig, 2010; Lingel & Regan, 2014). 
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Abstract 

Over the past thirty years, indigenous curriculum design in Aotearoa have been driven by 
Eurocentric philosophies, beliefs and needs of English-medium education often in conflict with 
three key goals of Māori-medium education: striving for self-determination and the revitalisation of 
Māori language and knowledge. Collectively these goals aim to ensure Māori students are prepared 
to succeed as Māori in the Māori, national and international worlds.  

Māori-medium education refers to schooling contexts where Māori language and practices are the 
vehicle for all teaching and learning in the classroom and wider school domain. Hangarau is a 
component (subject) of the national curriculum framework for teaching and learning Technology in 
Māori-medium contexts (Ministry of Education, 2008, 2017).  

This paper shares initial findings drawing on primary data from a series of semi-structured 
interviews conducted with three Hangarau curriculum developers.  The participants are curriculum 
designers involved in one or more of the three Hangarau curriculum documents, who have authored 
curriculum support materials, and designed professional learning for teachers. The research 
investigated the challenges and opportunities in the indigenisation of curricula for Māori-medium 
schooling, in particular the Hangarau curriculum. Curricula development has supported the goal of 
language revitalisation but only minimally the goals of knowledge reconstruction and revitalisation. 
This has been impacted significantly by disruption to intergenerational knowledge transmission 
through colonisation. The major study aim is to explore what an indigenised curriculum is and the 
implications on classroom Hangarau practice with the further aim of informing future policy.  Data 
coding and analysis is critiqued through the underpinning philosophy of mātauranga Māori.  

Key Words: Indigenous curriculum, Technology education, Nature of Hangarau, Philosophy of 
Hangarau 

1. INTRODUCTION 

This section provides a broad overview of the research area and contextualises this research. Section 1.1 
outlines briefly the struggles to indigenise curriculum design in Aotearoa-New Zealand (NZ) from Māori 
perspectives and how indigenisation manifested in the content of the Hangarau (Māori-medium 
Technology) curriculum. Section 2 outlines research methodology and data analysis. Section 3 introduces 
and discusses initial findings and section 4 consists of initial conclusions. 
 
There is a paucity of New Zealand literature that examines Māori-medium curricula development (see 
Lemon et al, 2020 for a detailed outline of the research gaps). The main research question will be addressed 
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through three sub-research questions that explore fundamental key concepts in the indigenisation of the 
Hangarau curriculum – the place and role of indigenous Māori knowledge; the ways in which the content, 
design and structure of the marau acknowledge, and reflect indigenous knowledge, and pedagogy; and the 
implications these concepts have on classroom implementation and the enactment of the marau Hangarau. 
Those not involved in Māori-medium education may be puzzled about the need to investigate fundamental 
key concepts of Hangarau after three developments in the 1990s, in 2008 and in 2017. One would think 
that key concepts of the discipline would be considered in the curriculum documents? However, the urgency 
up to now lay in saving the language and the re-construction of indigenous knowledge (Rameka, 2015). 
Thus there has been minimal formal research.  
 
A further aim of this study is to inform future policy, which, in turn, will inform the current curriculum 
rewrite. This rewrite will conclude in 2025 when it is expected that it will be enacted at the micro-level of 
the classroom.  
 
The main research question for this paper is: What is an indigenous philosophy of Hangarau? This will be 
addressed through sub-research questions that explore fundamental key concepts in the indigenisation of 
the Hangarau curriculum – What is the place and role of indigenous Māori knowledge in Hangarau? What 
are the ways in which the content, design and structure of the marau acknowledge, and reflect indigenous 
knowledge, and pedagogy? What are the implications these concepts have on classroom implementation 
and the enactment of the marau Hangarau?   

1.1. The struggles to indigenise curriculum in Aotearoa-NZ 

The indigenous people of Aotearoa-NZ had a robust education system for their children (Riini & Riini, 
1993; Trinick, 2015; Winitana, 2012) before European arrival. Learning occurred informally through 
communal activities such as food gathering and production, and formally in tribal higher learning institutes 
(wānanga; Hemara, 2000; Trinick, 2015). After 1840, the increasing political power gained by Pākehā 
(European) settlers resulted in a range of overt educational policies privileging English as the only language 
of education, making schools a key site of enduring colonisation (May & Hill, 2018). The hegemonic 
function of schools in the late 1800s and early 1900s was to provide a formalised context to assimilate 
Māori communities into European beliefs, attitudes and practices, with the intent to “civilise” the Māori 
population (Simon, 1998). The use of the Māori language and culture was completely excluded in schools, 
and children were, in some cases, physically punished for speaking te reo Māori right up until the 1960s 
(Allen & Trinick, 2021; Simon & Smith, 2001). The effects of these education policies on the language 
usage are evident. May (2005) highlighted that, by the 1960s, Aotearoa-NZ was one of the most 
linguistically homogeneous countries in the world. By the 1970s the resulting language shift to English led 
to te reo Māori becoming an endangered language (Hunia et al., 2020; Spolsky, 2005), faced with possible 
extinction (Benton, 1979; Ngaha, 2011).  
 
In the early 1980s, in response to the parlous state of the indigenous language and culture, Māori 
communities initiated Māori-medium education, initially outside of the state system. Kōhanga reo (early 
childhood Māori-medium language nests) and kura kaupapa (Māori-medium primary or elementary 
schools) were grass-root initiatives of the 1980s (Tocker, 2014, 2015; Waitangi Tribunal, 2013). At this 
time, many Māori communities established bilingual schools, kōhanga reo and kura kaupapa Māori, 
however, in the absence of specific curricula and with very few Māori language resource materials 
available, these schools were required to follow the English-medium New Zealand syllabus (Lemon, 2019; 
Trinick & May, 2013). Around the world and in Aotearoa-NZ  neoliberal transformation began in the 
education system during the 1980s including a controversial shift in thinking about how the curriculum was 
to be developed (Trinick, 2015). At first, there was no consideration of the Māori-medium curriculum 
despite Māori-medium schools being in existence for over 10 years. After considerable political agitation, 
the Ministry of Education belatedly agreed to the development of Māori-medium schooling curricula. 
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Collectively, this became the catalyst that led to both the initial development of Māori-medium curricula, 
and the introduction of Technology and Hangarau as new subjects or learning areas (see Lemon, 2019 for 
a comprehensive outline of the histories of Māori-medium education). 
 
Three of the primary goals of the Māori-medium schooling movement were the revitalisation of language 
and knowledge, and self-determination (Lemon et al., in press; Trinick, 2015). As noted above, indigenous 
knowledge and/or the indigenisation of curricula is contentious in countries when the minority indigenous 
population has minimal power and authority.  
 
Questions that need to be asked in the consideration of the marau include how do you measure need? What 
is the relevance to our children? What is the connection to present day? What about the preservation of 
traditional knowledge? There is a problem with kauri dieback, a pathogen called Phytophthora agathidicida 
is infecting and killing kauri trees, spreading through multiple stands of trees. The fix for this contemporary 
problem came from kōrero tuku iho, a traditional story whose learning was applied to solve a modern 
problem. This korero tuku iho shares the kinship connection between kauri and whales as brothers. A rongoā 
pani (Māori medical salve) treatment has been devised containing whalebone that is slowing down the 
spread of kauri dieback (Ngatae, 2020). This solution illustrates one of the key tensions between 
Technology and Hangarau (see Lemon et al, in-press for a more detailed examination of mātauranga Māori 
and the conceptual metaphor used in representing the Hangarau curriculum. The initial findings from the 
semi-structured interviews in section 3 outlines the range of perspectives of the mātanga or expert 
participants in this study). 

2. METHODOLOGY 

This section provides an overview of the research methodology and the data for this study. This study builds 
on an earlier study that focused on the first two iterations of the Hangarau curriculum document between 
1999 and 2008 (Lemon, 2019; Lemon et al., 2019). This study concentrates on the views and experience of 
curriculum developers.  
 
This paper is positioned in an interpretivist paradigm, adhering in part to social realism, particularly in 
terms of the concepts of knowledge and curriculum creation. Although knowledge is socially produced, it 
is argued it can transcend context and become generalisable (Moore, 2007). A curriculum needs to be 
ordered in a coherent form to support busy teachers' enactment in classes. Practitioners will use the parts of 
the curriculum that make sense to them and are useful to them and ignore other sections and/or content. 
This research seeks to support implementation by ensuring the marautanga identifies what is important to 
know and do, is coherent, useful and valid. 
 
Experts, or mātanga were purposively identified and contacted by email. Mātanga are considered experts 
in a particular field. In this case, it refers to experts with a teaching background, who have worked variously 
in curriculum development, the development of curriculum support materials, and the design and 
implementation of Professional Learning and Development (PLD) opportunities with teachers. Mātanga is 
a recently coined term used to represent someone who is an expert in these disciplines. For this study, the 
mātanga are individuals who have been involved since inaugural curriculum development in the 1990s 
through to the current marautanga Hangarau and the curriculum refresh.  
 
The mātanga that agreed to participate chose a time and location that was convenient for them. The semi-
structured interviews were approximately an hour in duration. The interviews were recorded and transcribed 
prior to coding and analysis.  
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2.1. Participants 

Interviews have been conducted with three mātanga, involved in the development of the Hangarau 
curriculum. Their views of the development of the Hangarau curriculum (Ministry of Education, 1999, 
2008b, 2017) are examined and considerations about the indigenisation of the marau are outlined. They 
share their interpretation of the intent of the Hangarau curriculum document(s) and how specific 
development choices reflect indigenous knowledge and pedagogy.  
 
Mātanga tuatahi (M1) was given responsibility for the management of the re-design of Te Marautanga o 
Aotearoa in 2004. She has over a decade of teaching experience within Māori-medium settings that 
informed her practice. She has led capability training and the design of curriculum support materials for 18 
years. Mātanga tuarua (M2) initially worked as part of the team writing the Science curriculum in the 1990s, 
as one of only a handful of secondary teachers at the time that was working on teaching Science and Maths 
in Māori. She led the development of the inaugural Hangarau document in the 1990s and has since 
transitioned to focusing her work in curriculum design, PLD and the development of curriculum support 
materials to the Marautanga Pūtaiao (Māori-medium Science Curriculum). Mātanga tuatoru (M3) had 
teaching experience in English-medium contexts, in both Aotearoa and the UK, before working with 
colleagues in establishing a bilingual unit. Experience across the levels, working with six-year-olds through 
to secondary school students, and having a strong network of educators, led to this mātanga being part of 
the advisory group in the development of Science, before heading the development of Pāngarau in the 
1990s. Subsequently, he led the re-development of the front section of Te Marautanga o Aotearoa and 
worked across the curriculum in the standardisation of the lexicon. All of these mātanga are involved in the 
curriculum refresh which has just started in Aotearoa-NZ in 2021. 

2.2. Data method and analysis 

This study utilised abductive research, a synthesis of elements between inductive and deductive approaches, 
containing elements of thematic analysis. Braun and Clarke (2006) developed clear procedures for thematic 
analysis as prior research conducted in their field of psychology had been lacking clarity. Both Guest et al. 
(2012), with their Applied Thematic Analysis, and Thomas (2006) with his general inductive approach 
identified a need for a more comprehensive or detailed definition of research procedures informed by the 
approach to coding and analysis, rather than a specific ontological or epistemological framework.  
 
The data analysis approach used an integrated approach to coding within a wider framework for analysis 
of the data, an adapted approach to thematic analysis (Braun & Clark, 2006; Guest et al., 2012; Thomas, 
2006). First cycle coding included in vivo coding (Charmaz, 2006; Corbin & Strauss, 2008) then eclectic 
coding (Saldaña, 2013) as a bridge to focused coding (Charmaz, 2006; Saldaña, 2013) as the second cycle 
coding method. More details about the processes followed in data coding and data analysis will be shared 
in the conference presentation. 

3. RESULTS AND DISCUSSION 

This section is an overview of the results generated from the oral data and there is a brief preliminary 
discussion about the implications of these results. This study’s initial findings are discussed within three 
key themes. First, defining and explaining the Hangarau curriculum – looking at the creativity required in 
Hangarau and the dynamic responsive nature of the Hangarau process. This theme contains aspects of an 
emerging philosophy of Hangarau with a focus on the place and role of indigenous Māori knowledge in the 
curriculum. Second, perceptions of the place of mātauranga Māori demonstrates initially through the 
blending of the contemporary with links to the past and the combination of the old and the new. It includes 
a balance between entrepreneurship and stewardship but ensuring that the focus remains on the body of 
evolving Māori knowledge, not a fixed and static view of traditional knowledge as belonging only in the 
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past. Third, English and Western knowledge traditions and the incorporation of English traditions into 
mātauranga Māori. In Section 4, some initial conclusions are made. 

3.1. Defining and explaining the Hangarau curriculum 

All three mātanga discussed the significance of mātauranga Māori for the marau Hangarau, although the 
ways they saw this manifested in a curriculum were quite different. Mātanga 2 saw the potential for 
Hangarau as a decolonising curriculum, as a home for kōrero tuku iho (history through oral tradition).  

In the early days of the inaugural development, a group of people gathered in Hamilton, including Wharehuia and others 
who were all local, and a kuia (a female elder) – Ngāneko Minhinnick – from Waikato, who worked in mental health in 
the region. She was closely positioned to the Waikato River. We were talking about what the term hangarau means. Her 
explanation of hangarau is what led our development of the 1997 draft and the first curriculum document in 1999. She 
felt we needed to grow kaihangarau or technologists because if our children were kaihangarau, there would be some 
solutions that would not even be considered, such as the example of building a power station on the banks of the Waikato 
River. The river is an ancestor and it would not be appropriate to put hot water into her. You would look at some other 
solution in order to do what you wanted to do, to get the outcome that you wanted. What she was saying was that if you 
have the mātauranga Māori in your head and you understood it, then it impacts on what decisions you make.  

The naming of the Hangarau contexts using parallels to the English contexts and the subsequent 
introduction of  Hangarau Matihiko (Māori-medium Digital Technologies) was perceived as a move away 
from mātauranga Māori which led to this mātanga losing interest and focusing on other curriculum areas. 
 
Mātanga 3 spoke of Hangarau as primarily a discipline that promoted problem-solving. However, before 
the important pedagogical and learning process could be considered, they were faced with a conundrum of 
how the discipline was to be considered which included Western divisions of knowledge or indigenous 
divisions of knowledge? There was a strong argument that Māori traditional categorisations of knowledge 
should be examined and contemporary meaning extrapolated – What knowledge is relevant to children 
today? What is useful? What is still important? If we were to accept the existing divisions of knowledge: 

The key to Hangarau is the whole creative process and that it’s not static. It’s not just about making hīnaki and nets and 
things that our ancestors used. It has to be contemporary and relevant to students and their world, whatever that world 
may be. It’s just as valid I think for Māori to be entrepreneurs. The challenge of course is how they do so—it’s a difficult 
balance—without ravaging the world’s resources. The reality is, there’s a lot of technology which makes our life easier. 
There’s lots of technology which makes our family’s life easier. We don’t want to be left out of that. That’s my worry, is 
that it becomes all about Hangarau, or Pāngarau. It becomes all about traditional Māori knowledge, not the evolving 
Māori knowledge.  

Mātanga 1 spoke of how, in the second development cycle, during the mid-2000s, there was a metaphoric 
wrapping of the inaugural Hangarau document (whose structure had been represented through a woven 
whāriki or mat) around the moki fish, that had been used to represent localised knowledge in the mid-2000s. 
This symbolically supported the opening lines, te iho o te hangarau, that communicated the aims of adapting 
traditional knowledge in the contemporary setting, which links back to the comments of Mātanga 3, in 
terms of ensuring that we do not get stuck in the historical, but remain in the evolving, dynamic nature of 
knowledge. Knowledge develops and expands in relation to the world in which we live, so notions of static 
concepts or fixed notions are erroneous. What can we do to ensure that indigenous knowledge is maintained 
and grown? How can we wrap the new in the old and what knowledge will best support our next generations 
as they work towards being our technologists, our scientists, our thinkers, our teachers? 
 
A significant aspect of Hangarau involves the decolonisation of the mind, as kaihangarau (Māori 
technologists) will follow different decision-making models because of a different worldview and its 
associated values and beliefs. There are tensions between notions of commerce and entrepreneurship and 
notions of kaitiakitanga or stewardship. Our Hangarau students are working on finding the balance between 
old and new, Western and Indigenous in their Hangarau practice.  
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3.2. Perceptions of the place of mātauranga Māori  

Mātanga 3 felt that dealing with the issue of mātauranga Māori had been made unnecessarily complex – 
that it is vital to prioritise place-based knowledge in the localised curriculum as opposed to mandated 
national curriculum documents that determined was important to learn and know. 

I think the curriculum ought to be the guide. Schools need a guide. Teachers need a guide. But I think there should have 
been much more support, development, discussion, critique gone into developing localised curriculum, which, in turn, or 
if you like, localising the national curriculum. In terms of the line of authority, I think it best if our development in the 
1990s should have been an overall guide and a significant effort gone into supporting the development of localised 
curriculum. That’s what I would have done if we’d had another go. In terms of mandation, I would have mandated the 
localised regional curriculum rather than state. So, we’ve shifted the line of accountability, of authority much closer to 
the local schools. At that time, we still had the legacy of that cohort of native speakers that we don’t have any more, or 
very few, who could have contributed to the knowledge gap, to the disruption to the knowledge that we’re still struggling 
with to this day. I think we’d have a completely different curriculum now, if that was the case. 

Mātanga 1 thought that the visual metaphors and illustrations were essential in the implicit communication 
of key ideas, but to leave the explicit naming of mātauranga Māori in the document or mātauranga Māori 
would be defined and constrained by a governmental document. Examples discussed included the 
juxtaposition of the two metaphors that had been used for the Hangarau document (discussed briefly in 
section 3.1); the use of imagery to implicitly communicate ideas about the importance of drawing from 
multiple knowledge bases; or to communicate ideas about the importance of our ancestors: 

What we needed the marautanga to articulate was that we wanted these kids to stand proud in their own country, be proud 
of who they are, understand their whakapapa, their history, all of it, around their identity, their language and their culture 
as well and then be able to take all of that whakaaro (thinking) out to their world, out to the wider world, always 
remembering that at the top, in the kapua (clouds), were the photos of their tūpuna, the people that paved the way for 
them to be able to have the education that they have had access to, but equally so, for them to always remember that they 
never stand alone, that those people that not only paved the way that are their tūpuna are the people that are there behind 
them. 

Mātanga 2 felt that in adopting the aho or transversal contexts that were being used by English-medium, 
that there was a move away from mātauranga Māori from 1999 to 2008. This was due to the focus on 
English-medium names at the expense of the indigeneity of the document. Mātanga 2 described the place 
of Hangarau initially: 

Originally, Hangarau was included in the Pūtaiao (Māori-medium Science) curriculum. In those days, it was a practical 
approach to the ways that you can use Pūtaiao. Hangarau and Pūtaiao are so interconnected, they should be able to be 
taught together.  

It was how we could deal with mātauranga Māori without having to worry about all the different types of Hangarau from 
the Pākehā framework. It was about how we could work from a base of a problem that our tūpuna had to overcome so 
that they could survive, how we were going to classify that knowledge, without translating it into one of the areas defined 
by the English-medium document. 

I would talk about knowledge bases and about what informs your knowledge base. How you live your life and the 
knowledge you bring from your tūpuna (ancestors). When you’re talking about people like Ngāneko, she grew up with 
the knowledge of her tūpuna there and it was part of her. Of course, nowadays, it would be absolutely linked to Pūtaiao. 
I think that knowledge has been so disparate and separated as if there is a boundary, and that’s what I think we’re moving 
towards with the new Marautanga. Even though we’re still working in Pāngarau and Pūtaiao—I think the next step really 
is to have no boundaries and just have a think broadly about what we want our children to know. That’s what I’m hoping 
will happen in the future. I can see it happening. 

 
Linking strongly to the first theme, this theme focuses on place-based knowledge – Māori, as a 
tribal society would benefit from a transition to localised school curricula as opposed to the general 
mātauranga Māori that is endorsed in the nationally mandated curriculum. The knowledge base of 
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the whānau (family), hapū (extended family) and iwi (tribal grouping) would be a stronger base to 
inform the next generations of kaihangarau (Māori technologists). 

3.3. English and Western knowledge traditions- design and content 

Mātanga 3 could see value in considering which aspects of English knowledge bases could support teaching 
and learning in the Māori-medium classroom: 

I don’t think incorporating English or Western traditions into Māori knowledge is necessarily a bad thing. What we’ve 
got to be careful about— what’s desirable and what’s not? What are we willing to change? What changes are desirable 
and what changes aren’t? - seems to me the bigger question. Really what we’re developing, what we’re evolving is a kind 
of hybrid of Māori and Western ideas about technology. I don’t think that’s a bad thing. I think mātauranga Māori has 
now come to include Western ideas. The challenge then is – what do we need to preserve? Why? Now while learning to 
make crayfish pots is useful and it has its connections to the environment. For me, it’s useful, but probably for 99.99% of 
our children, it has little use. So, whatever we do, it comes back to the relevant and contemporary, which is a big debate. 

Alternatively, Mātanga 2 left her work with Hangarau because she felt that there was too much that was 
drawn from the English curriculum. She speaks about the importance of korero tuku iho (histories and oral 
tradition) in the Pūtaiao curriculum: 

It’s really promoting mātauranga Māori, mātauranga Pūtaiao, mātauranga nō ngā iwi taketake (Māori knowledge bases, 
Science knowledge bases, indigenous knowledge bases) and a bit of where we’re going in level 3 Pūtaiao is a bit of critical 
analysis between pillars of knowledge by the time they get to level 3. 

Mātanga 1 explained the way in which a visual representation in the Pūtaiao document was used to 
communicate the place of Māori and Western knowledge-bases: 

If you think about the Pūtaiao area, the diagram that sits within the Pūtaiao area shows two students – he kotiro, he tāne 
(female and male) – dressed in their school uniform, carrying their kete together and they are standing in front of their 
wharenui (ancestral house) and then in the back, you can see the Sky City. What we were subtly trying to say is that not 
only are these tamariki expected to walk in two worlds, the mātauranga that they will have access to through this 
Marautanga, through this curriculum, will come from a Mātauranga Māori perspective and a Western worldview 
perspective. 

Globalisation is continuing to shape knowledge bases and the increasing hybridity is natural. But 
we do need to actively work on selecting what is of import, so that it becomes Māori communities 
that are deciding what knowledge is of most worth, not successive government administrations. 
As part of the ongoing process of decolonisation, Hangarau encourages students and teachers to 
research, reclaim and reframe knowledge as we are undergoing the Hangarau process in our 
classrooms. 

4. CONCLUSIONS 

The place and role of indigenous knowledge in an indigenous-centric curriculum is not straightforward. 
There has been over a century of colonisation in Aotearoa-NZ. The cumulative effects of assimilation, 
language loss and knowledge transmission disruption, have resulted in significant knowledge gaps which 
have impacted on curriculum design. As discussed in section 1.1, knowledge must often be found, then 
researched and reclaimed before curriculum and pedagogical decisions can be made. Deep understanding 
of mātauranga Māori then naturally affects the implementation of the curriculum. As Mātanga 2 said: “If 
you have the mātauranga Māori in your head and you understood it, then it impacts on what decisions you 
make”. 
 
To take a step back from the Aotearoa context, there are wider implications that this study holds for notions 
of decolonisation in Technology education, in general. Balancing and negotiating the tensions between 
indigenous and western, between commercial and environmental, between general and local indigenous 
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knowledge. As the socio-political landscape changes and the spaces for indigenous knowledges have been 
fought for and are being claimed – we need to remember what is important to our communities. The whānau 
and hapū daily practices at the micro level, are where we want to be working. Reclaiming and reframing 
place-based knowledge, as we identify its significance for the Hangarau curriculum. 
 
5. GLOSSARY 
 
Aotearoa – One of the traditional names for New Zealand, the land of the long white cloud 
Hangarau - The Māori-medium Technology Curriculum. Hangarau is a component of the national 
curriculum framework for teaching and learning in Māori-medium contexts (Ministry of Education, 2008, 
2017) 
Hangarau Matihiko - Māori-medium Digital Technologies, introduced as a new part of the Hangarau 
curriculum in 2017 
He kotiro – A female 
He tāne - A male  
Hīnaki – An eel trap, a wicker eel basket, a wire eel pot 
Kaihangarau – Technologists 
Kaitiakitanga – Stewardship or conservation, looking after the environment and managing resources 
carefully 
Kete – Woven flax basket 
Kōhanga reo - Early childhood Māori-medium language nests 
Kōrero tuku iho - A traditional story whose learning was applied to solve a modern problem 
Kura kaupapa - Māori-medium primary or elementary schools that adhere to the principles of Te Aho Matua 
(Te  
Rūnanga Nui o Ngā Kura Kaupapa Māori o Aotearoa, 1994) 
Māori-medium – Teaching and learning takes place in the medium of the Māori language. Māori language, 
cultural practices, values and beliefs are the foundation of all teaching and learning 
Marau or Marautanga – A curriculum Mātauranga Māori – The Māori knowledge-base, traditional and 
contemporary, evolving and responsive to each new generation 
Mātanga - Experts in a particular field, experts with a teaching background, who have worked variously in 
curriculum development, the development of curriculum support materials, and the design and 
implementation of Professional Learning and Development (PLD) opportunities with teachers. Mātanga is 
a recently coined term 
Mātauranga Māori - Māori knowledge bases 
Mātauranga nō ngā iwi taketake - Indigenous knowledge bases 
Mātauranga Pūtaiao - Science knowledge bases 
Moki - Latridopsis ciliaris - an attractive blue-grey-and-silver edible fish 
Pākehā – European settlers 
Pāngarau – Māori-medium Maths curriculum 
Pūtaiao – Māori-medium Science curriculum 
Rongoā pani - Māori medical salve 
Tamariki - Children  
Te iho o te hangarau – The essence of hangarau (the opening lines of the Hangarau curriculum document, 
composed by Mona and Sonny Riini, that distil the curriculum and its aims)  
Tuarua - Second 
Tuatahi - First 
Tuatoru – Third 
Tūpuna - Ancestors 
Waikato - Collective name of the tribes living in the Waikato Basin (about one hour south of the Auckland 
region). Also the name of the river from which they take their name 
Wānanga - Tribal higher learning institutes  
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Wharenui - Ancestral house, a central part of the Māori marae complex  
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Abstract 

We have previously reported on the validation of our Subject Values Instrument for Design and 
Technology Education (SVA-D&T) (Hardy, Dunn & Trigg, 2021). In this paper we share our 
analysis of 19 D&T teachers’ (a data subset from our main project) responses to the survey. There 
are 2 aims to this analysis: first to identify the grade of importance that teachers attribute to the 
Design and Technology subject in five dimensions (1) Creative and Critical Thinking, (2) Making 
and Creating, (3) People's Relationship with Technology, (4) Careers, Life, and the Economy, and 
(5) Transferrable Skills for Personal Development; second, to identify whether there was any value 
consensus or dissonance between the teachers. 

The teachers rated 28 statements, each a different value of design and technology, by indicating on 
a 5-point Likert scale how important the statement was to them. In addition to the Likert scale 
questionnaire, the teachers were also asked to respond to three open questions, that asked them to 
describe what they thought the purpose was of D&T. 

Quantitative analysis showed the Creative and Critical Thinking dimension was the most highly 
rated and Making and Creating with the lowest average rating. Comparative analysis by school role, 
gender and whether they studied D&T at school shows that teachers attribute different values to 
D&T dependent on their school experience, school role, and gender. At the PATT39 conference and 
in a future publication we will share our interpretation of the differences in relation to these factors.  

The next steps for our study are first to complete the validation of the SVA-D&T and then to analyse 
the pupils’ responses from step 3 in a similar way to the teachers’ responses. 

Keywords: value, teachers, subject-values, consensus, dissonance 

1. INTRODUCTION 

We are interested in teachers’ beliefs and values because there is a view that teachers’ agency is affected 
by their beliefs (Biesta, Priestley & Robinson, 2015) and because there appears to be little consensus on the 
value of the school subject D&T (Hardy, 2015; Hardy, Gyekye & Wainwright, 2015; Hardy, 2016; 2018a). 
Taking the first reason, the relationship between agency and beliefs, Biesta et al. (2015) have drawn 
attention to the importance of teachers’ agency as a factor in motivation and stress, arguing that teachers 
experience higher levels of stress where their values do not align with those implicit with their work context 
than where they do align and within a supportive context. Following Biesta et al.’s (2015) call for more 
research, Hadar and Benish‐Weisman (2019) have quantitatively “...examined how teachers’ values affect 
their professional agency.” (p.138) They selected particularly values from Schwartz’s (1994) Schwartz 
Values Theory (SVT), a taxonomy of human values. Whilst SVT and Hadar and Benish‐Weisman’s work 

mailto:Alison.hardy@ntu.ac.uk
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is useful it does not help with understanding how values and beliefs affect teachers’ motivations and 
behaviours towards the subject they teach.  
 
In technology education, there are instruments used, such as the PATT (pupils’ attitude towards technology-
survey) tool (Ardies, De Maeyer & Gijbels, 2013). This is tool is well established within technology 
education (Ardies et al., 2013), although originally designed to measure pupils’ attitudes derivatives have 
been used to measure teachers’ attitudes towards technology (Ankiewicz, 2019). Other studies have used 
instruments to quantitatively measure perceptions and attitudes held by teachers and pupils towards STEM 
education (e.g. Julià & Antolí, 2019; Ersoy & Kavaklioglu, 2020) or used qualitatively data to explore 
teachers’ perceptions towards technology education (e.g. Nordlof, Hallstrom & Host, 2017). These 
approaches do not address the context of design and technology education in secondary education nor 
provide a validated way of measuring the comparing the values attributed by teachers, pupils and others to 
design and technology education.  
 
In England, design and technology education has risen in popularity and status, but since 2004 it has seen 
a dramatic decline in pupils studying it beyond 14 years old, the number of design and technology teachers 
in schools and the number training to become teacher has also declined (Tuckett, 2022). Possible causes 
for this decline have been well reported (summarised in Spendlove, in press), whilst there have been efforts 
to define its uniqueness (McLain, in press) and justify its place in the curriculum (Barlex, 2007) this has 
not stemmed the decline nor led to a consensus (Hardy, 2016). We do not think a consensus can be achieved, 
so instead we want to understand where there is consensus and dissonance to give us a baseline for exploring 
where and why there are different views about the value of D&T.  
 
We have previously reported on the second validation step of our Subject Values Instrument for Design 
and Technology Education (SVA-D&T) (Hardy, Dunn & Trigg, 2021), which we hope will provide us with 
a method of collecting and then analysing different groups’ values. (We have yet to report on the first step 
however preliminary work is available in Hardy, 2013; 2015; 2018b).  To date we have received over 2000 
responses from pupils and 19 from teachers as part of the third validation step for the SVA-D&T. In this 
paper we share our analysis of 19 D&T teachers (a data subset from our main project) responses to the 
survey. The sample in this paper is small and therefore the aim of this paper is twofold: piloting the analysis 
process and reporting on this third step in our process of validating the SVA-D&T. 

2. METHODS 

2.1. Participants 

We recruited 19 teachers (5 females; 14 males) from seven English schools, following a call placed through 
the first author’s network of D&T teachers: two student teachers, eight classroom teachers, seven subject 
leaders, and two senior leaders. Two identified as Irish, the rest described themselves as British. We did not 
collect data on age or years of teaching experience, but we did record whether the participants studied D&T 
at school (five had not – all classroom teachers), and at what age they finished formal study of D&T (one 
aged 12 years, two aged 14 years, two aged 16 years, seven aged 18 years, and two aged 21 years).  The 
data for the sample are cross tabulated in Table 1. 
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Table 1. Sample Data: Sex, Role and School Experience 
 

 Studied D&T at school  

 
Yes No Yes No Total 

Gender Female Female Male Male  

Role 

Student Teacher 1   1   2 

Class Teacher   3 3 2 8 

Subject Leader     6   7 

Senior Leader 1   2   2 

Total  2 3 12 2 19 

2.2. Procedure 

The teachers answered a series of questions about their experience and values relating design and 
technology teaching. The survey questions were presented on Qualtrics (https://www.qualtrics.com), an 
online survey tool, using a bespoke link provided to them by the researchers. The survey included some 
basic demographic questions (gender/sex, ethnicity), job role, whether they studied D&T at school, and at 
what age the finished formal study of D&T their studies. They also completed a 28 item, Subject-Values 
Instrument for Design and Technology (SVA-D&T) education questionnaire (Hardy et al., 2021). The 
SVA-D&T, which can be administered to adults or children, assesses five validated dimensional subject-
values: 

1. Careers, life and the economy (CLE) 
2. Creative and critical thinking (C&CT) 
3. Making and Creating (M&C) 
4. People's relationship with technology (TD) 
5. Transferrable skills for personal development (TSkPD).  

A description of each dimension is provided in Table 2. 
 
Table 2. Definitions of the five dimensions 
 

Dimension label Dimension definition 
Careers, life and the economy (CLE) This theme has two parts: (1) pupils learning new knowledge and skills 

for their own benefit and (2) how this learning can benefit businesses 
and the economy. 
They learn skills, like problem solving, that could be useful for 
businesses. Because they learn such skills and knowledge, they could 
end up contributing to the country's economic growth when work after 
leaving school. What they learn in D&T (e.g. practical or making 
skills) could be useful for potential careers, for a D&T related career or 
for other careers; as well as useful for themselves in their home lives. 

Creative and critical thinking (C&CT) D&T gives pupils space to develop their curiosity, having the freedom 
to be creative. They also learn to be a critical thinker who can evaluate 
existing designs including thinking about how these designs affect the 
world.  
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Making and Creating (M&C) In D&T, pupils can make and create something, and whilst making 
they learn new things. When they have finished making something, 
they feel a sense of achievement shown by them taking home what they 
have made. The space to make and create in D&T provides pupils with 
a different classroom environment to other school subjects.  

People's relationship with technology 
(TD) 

Pupils understand the symbiotic relationship between people and 
technology: the positives and negatives, including how technological 
developments impact on the environment. They learn that designers 
need to design for people's differences. 

Transferrable skills for personal 
development (TSkPD) 

In D&T, pupils learn transferrable skills that can be used in different 
school subjects and throughout their lives. They learn how to research 
and find things out, how to communicate in different ways, to manage 
and plan their time and how to work as part of a team. 

 

Participants answered each question in terms of its importance for them, using a 5-point (1 = Extremely 
important; 2 = Very important, 3 = Moderately Important, 4 = Slightly important, 5 = Not at all important) 
Likert scale. The scores were then reversed and summed, such that a high score represents a value that is 
high importance, and low score, low importance. Individual subjective-values scores were calculated for 
each of the 5 dimensions, all the values can be summed for an overall SVA-D&T total score. For the 
purposes of this research the raw scores were then covered into percentages, to standardise the degree of 
value expressed for the uneven number of participants in each demographic group (see Table 1). The 
questionnaire and associated validation data are available on Zenodo (https://bit.ly/ZValueofDaT) to 
interested researchers upon request.  
 
In addition to the Likert scale questionnaire, the teachers were also asked to respond to three open questions, 
that asked them to describe what they thought the purpose was of D&T: 

1. What is the purpose of D&T? 
2. Why should D&T be taught in secondary school? 
3. Who benefits from D&T being taught in schools? 

Responses were coded (using MAXQDA https://www.maxqda.com/ software) in two ways; either they 
were inductively coded using the five SVA-D&T dimensions, or deductively coded when the responses did 
not fit the five dimensions. 
 
Finally, the teachers were also asked if they would like to receive updates about the research and to have 
access to an anonymised report. For this they had to provide an email address, which was later removed 
from the raw data and kept separately from their answers.   

3. FINDINGS 

We first report on the teachers’ responses to the 28 statements of the SVA-D&T, treating the 19 teachers 
as a homogenous group, before considering the pattern of responses across the sub-groups: (1) By school 
experience of D&T, (2) by gender and (3) by school role. The aim here to get an objective sense of teachers’ 
values, as captured by the SVA-D&T as whole and by sub-group. Then we compare the inductively coded 
responses to the 3 open-ended questions to the 5 dimensions of the SVA-D&T questionnaire. Finally, we 
report on the additional themes identified from the deductive coding.  

 3.1. Findings from the quantitative analysis 

Overall, our sample of D&T teachers provided a high level of agreement with all 5 dimensions of the SVA-
D&T (Table 3). However, there appears to be less agreement on M&C (M=78.25 (17.79)) and TD 
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(M=79.74(11.72)) as compared with CLE (M=81.35(10.75)), TSkPD (M=81.9 (11.34), and C&CT 
(M=85.79, (10.59)), which had the highest level of agreement to overall. This pattern of agreement is 
reflected in the ALL (mean) total SVA-D&T scores in each table (note owing to the way in which these 
scores are calculated the specific value varies slightly but the pattern is the same). A one-way repeated 
measures ANOVA was conducted to compare responses across the five dimensions but did not reveal any 
significant differences between the values (F(4,72) = 2.00; >0.0.1; η²=0.1). 
 
Table 3. Mean percent agreement (and standard deviation) for each dimension 
 

Dimension CLE C&CT M&C TD TSkPD 
MEAN (STDEV)  81.35, (10.75) 85.79, (10.59) 78.25, (17.79) 79.74, (11.72) 81.9, (11.34) 

 
Table 4 presents the data for the sub-group school experience of D&T, Table 5 the subgroup data for School 
Experience, and Table 6 for Gender. Each of these tables present the mean percent agreement for each of 
the 5 dimensions (C&CT, CLE, M&C, TD, TSkPD) of the scale, along with standard deviation in brackets 
to give an indication of the variability in the responses for the given item. The n value indicates the number 
of teachers in each sub-component of the total sample (N). For comparison, tables 4, 5 and 6 include an 
ALL (mean) total SVA-D&T value agreement scores for each of the 5 values, as well an All values score, 
which represents the mean level of agreement on the SVA-D&T scale for the subset (e.g. role classroom 
teacher, subject leader, etc). The standard deviations are less helpful for individual experience and school, 
because the sample size is often very small, but they are useful when considering gender, and ALL, and All 
Values responses, because the sample size is larger and more representative. 
 
Whilst it was not possible to perform any formal analyses for the data for each of the of the sub-groups, 
owing to a limited sample size, these data nevertheless offer an instructive picture of the pattern of values 
and are useful in providing a sense of D&T values when considered with the open-ended questions (see 
qualitative analysis). School Experience of D&T (Table 4) does not seem to indicate much in the way of 
variability across the sample, suggesting little impact for the teachers (who are presumably committed to 
their subject). However, the All values score does suggest that those finishing D&T education aged 16 and 
21 had lowest levels of agreement.  
 
Table 4. Mean percent agreement (and standard deviation) for each subjective value by end of school experience of 
D&T (aged 12, aged 14, aged 16, aged 18, NA (Not applicable)), for each dimension (ALL), and total score across 
the subsets (All Values) 
 

  Dimension  

 
Age 

CLE C&CT M&C TD TSkPD All values 

End Age 
Formal Ed 
in D&T 

12 
(n=1) 

77 (0) 93 (0) 87 (0) 80 (0) 84 (0) 84.2 (0) 

14 
(n=2) 

84.5 (21.92) 73.5 (33.23) 63.5 (33.23) 72.5 (38.89) 80 (28.28) 74.8 (31.11) 

16 
(n=2) 

92.5 (2.12) 88 (7.07) 83.5 (4.95) 75 (7.07) 84 (5.66) 84.6 (5.37) 

18 
(n=7) 

77.29 
(12.67) 

88  
75.71 
(17.82) 

79.29  80  
80.06 
(10.91) 
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(5.89) (7.32) (10.83) 

21 
(n=2) 

77 (4.24) 82 (7.07) 71.5 (26.16) 75 (7.07) 70 (8.49) 75.1 (10.61) 

NA 
(n=5) 

84 (4.64) 86.8 (6.02) 86.6 (15.58) 87 (4.47) 88.8 (5.93) 86.64 (7.33) 

 ALL 
82.05  

(9.12) 

85.22 
(11.86) 

77.97 
(19.55) 

78.13 
(12.96) 

81.13 
(11.84) 

 

 
The starkest pattern of different can be found when comparing levels of agreement across the dimensions 
by school role (see Table 5). Here it is evident that whilst there is generally high agreement in most cases, 
and over all agreement is lowest for M&C, and TD, there is markedly low levels of agreement in the student 
teacher roles for all but CLE. Although you would expect a high level of variability in such a small sample 
(n=2) when you compare the variability (as indicated by the Standard deviations) with the senior leaders 
(n=2), there are large differences of opinion amongst the student teachers in all the dimensions. 
 

Table 5. Mean percent agreement (and standard deviation) for each subjective value by school role, for each 
dimension (ALL), and total score across the subsets (All Values) 
 

  Dimension  

  
CLE C&CT M&C TD TSkPD All values  

School 
Role 

Student Teacher (n= 2) 

80  
(15.56) 

71.5 
(30.41) 

60  
(28.28) 

57.5 
(17.68) 

70  
(14.14) 

67.8 
(21.21) 

Class Teacher (n= 8) 
83.5 
(6.55) 

85.88 
(4.88) 

87.13 
(11.84) 

82.5  
(7.56) 

85  
(8.21) 

84.8  
(7.81) 

Subject Leader (n= 7) 
76.86  
(12.62) 

87.14  
(7.06) 

73.71  
(19.65) 

80  
(7.07) 

77.71  
(11.04) 

79.09  
(11.49) 

Senior Leader (n= 2) 
90  
(14.14) 

95  
(2.83) 

77  
(14.14) 

90  
(14.14) 

96  
(5.66) 

89.6  
(10.18) 

 
ALL (N= 19) 82.59 

(12.22) 
84.88  
(11.29) 

74.46  
(18.48) 

77.5  
(11.61) 

82.18  
(9.76)  

 
Finally, although the value scores for the females are generally lower than for the males (Table 6), over all 
there is very little difference between them. This suggests that gender had little influence in terms of 
agreement with the SVA-D&T.  
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Table 6. Mean percent agreement (and standard deviation) for each subjective value by gender (Female, Male) for 
each dimension (ALL), and total score across the subsets (All Values) 
 

  Dimension  

  CLE C&CT M&C TD TSkPD All Values 

Gender 

Females (n=5) 
79.6  

(6.43) 

82  

(18.01) 

79.2 
(26.72) 

77  

(18.91) 

82.4 
(12.84) 

80.04 
(16.58) 

Males (n=14) 
82  

(11.9) 

87.143 
(6.76) 

77.929 
(14.89) 

80.714 
(8.74) 

81.714 
(11.28) 

81.9 
(10.71) 

 ALL (N=19) 
80.8  

(9.17) 

84.57 
(12.39) 

78.56 
(20.81) 

78.86 
(13.83) 

82.06 
(12.06) 

 

3.2. Findings from the written responses 

All 19 teachers provided written responses to the three questions posed at the end of the survey. In total 
115 statements were coded (Table 7). CLE was mentioned by most participants (n=17) and M&C by the 
fewest (n=3). 
 
Table 7. Inductive coding frequency for each dimension and number of participants mentioning a dimension 
 

 Dimension 
 CLE C&CT M&C TD TSkPD 
Frequency 36 21 3 22 17 
Number of participants mentioning this 
dimension 17 14 3 9 10 

 
No link can be made between the frequency of a dimension with the importance this indicates. Participants 
may have repeated a value but used different words to describe the same value, they may have wanted to 
provide a response to each question and so repeated a value, or it may be repeated because it is significant 
to them.  

3.2.1. By school experience 
None of the dimensions were mentioned by at least one participant in each sub-group. Of the five 
participants who did not study D&T at school none mentioned M&C in their written responses but all 
mentioned CLE. 
 
 
 
 
 
 
 
 
 
 
 



45 
 

PATT 39 Conference Proceedings June 2022 
 

Table 8. Number of participants mentioning a dimension categorised by school experience 
 

  Dimension 
  CLE C&CT M&C TD TSkPD 

End Age 
Formal Ed in 
D&T 

12 (n=1) 0 0 0 0 0 
14 (n=2) 2 1 0 1 0 
16 (n=2) 2 2 1 0 2 
18 (n=7) 7 7 2 4 4 
21 (n=2) 1 1 0 0 1 
Subtotal (n=14) 12 11 3 5 7 
NA (n=5) 5 3 0 4 3 

3.2.2. By School role 
 
Except for the Subject Leaders, all participants wrote about the value D&T made to careers, life and the 
economy. 
 
 
Table 9. Number of participants mentioning a dimension categorised by school role 
 

  Dimension 
 

 
CLE C&CT M&C TD TSkPD 

School Role 

Student Teacher (n= 2) 2 1 1 0 1 

Class Teacher (n= 8) 8 6 1 5 5 

Subject Leader (n= 7) 5 5 1 2 3 

Senior Leader (n= 2) 2 2 0 2 1 

3.2.3. By gender 
 
Analysis by gender shows a similar pattern to the other variables in terms of ranking, however none of the 
female teachers wrote about making and creating.  
 
Table 10. Number of participants mentioning a dimension categorised by gender 
 

  Dimension 
   CLE C&CT M&C TD TSkPD 

Gender 
Female (n=5) 5 3 0 3 3 
Male (n=14) 12 11 3 6 7 

3.2.4 Summary of the deductive coding 
 
Sixteen statements could not be coded with the five dimensions and were inductively coded into four 
additional dimensions: (1) Broad and balanced curriculum, (2) Independent, (3) Tradition and (4) Well-
being. These 16 statements featured in 10 of the 19 datasets. Of the 10 participants who mentioned these 
four new additional dimensions none were student teachers, nine had studied D&T at school and of these 
nine, seven had studied up to the age of 18 (highest school leaving age in England). 
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Table 11. Four additional dimensions from deductive coding 
 

Additional dimensions Number of participants mentioning this dimension 

Broad and balanced curriculum 7 

Independent 4 

Tradition 1 

Well-being 4 

4. ANALYSIS 

Analysis of the survey showed a high level of consensus across all five dimensions, with some minor 
variations in rank order in each category. There are small margins within and between each category, but it 
is difficult to draw any major conclusions because of the small sample size. We focussed on the three 
categories (school experience, school role and gender) because each has been identified as a factor in 
explaining value consensus and dissonance. 
 
The Creative and Critical Thinking dimension was the most highly rated, with Making and Creating having 
the lowest average rating. Preliminary comparative analysis by school role, gender and whether they studied 
D&T at school shows that teachers attribute different values to D&T dependent on their school experience, 
school role, and gender. For example, whilst both gender groups identify with the Creative and Critical 
Thinking dimension of D&T, the female teachers value this dimension less than the male teachers. There 
was also difference for this dimension when we compared by school role (such as student teacher and senior 
leader) and school experience (stopped studying D&T at 12 compared with 21 years old). However, none 
of the participants who had not studied D&T at school or had not studied D&T after the age of 12 valued 
Making and Creating, whilst a small number of those who had studied D&T between the ages of 13 and 21 
did attribute the value M&C to D&T. 

4.1. Validity of the SVA-D&T 

All five dimensions were mentioned in the written responses. This suggests that the SVA-D&T is valid. In 
both parts of the survey (Likert and written responses), M&C had the least agreement (78.25% and n=3), 
with TD the next lowest (79.74% and n= 9). However, the rank order for C&CT, CLE and TSkPD is 
different for the two parts: CLE, C&CT and TSkPD for the written responses and C&CT, TSkPD and CLE 
for the SVA-D&T responses. As the sample size is small it is difficult to infer that this is significant, but it 
is something to be considered with a larger dataset.  
 
The four additional dimensions show that there are values not included within the SVA-D&T that are 
important to some teachers. These values and dimensions have appeared in earlier iterations of the survey 
(Hardy et al., 2021) and our qualitative studies (Hardy, Gykye and Wainwwright, 2015), but were not 
significant enough to be included in this version.  
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5. NEXT STEPS 

At the PATT39 conference and in a future publication we will share our interpretation of the differences in 
relation to these factors. The next steps for our study are first to complete the validation of the SVA-D&T 
and then to analyse the pupils’ responses from step 3 in a similar way to the teachers’ responses. 
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Abstract 

Theoretical approaches to the transformation towards an inclusive educational system in Germany 
mostly agree on the involvement of developmental tasks in subject related research (Hinz, 2011). 
The common understanding of inclusion as a process geared towards equal participation of all 
children (Booth, 2012)  requires a reflexive questioning of established values, attitudes and practices 
in order to develop inclusive subject related research, teacher training and teaching and learning 
(Pech & Schomaker, 2013). Among other things, this results in consequences for the design of pre-
service teacher training. To a large extent, teacher education is driven by the promotion of central 
competencies, interests and self-efficacy (Baumert & Kunter, 2011). It aims towards the 
development and realisation of inclusive interdisciplinary science and social studies 
(‘Sachunterricht’) in primary education (Moser, 2018). In conjunction with largely acknowledged 
constructivist approaches to teaching and learning (Möller, 2001), the development of personality, 
the consideration of basic needs (Deci & Ryan, 1993) and promotion of individual potentials are 
repeatedly fundamentally represented in subject related and pedagogical considerations (Feuser, 
1989; GDSU, 2013). Therefore, the aforementioned constructivist approach is connected to several 
certain key paradigms for teaching and learning processes (e.g., Vygotskij, 1978; Posner et al., 1982; 
van de Pol et al., 2010). In this regard, the nature of primary school students’ basic needs have 
empirically not been sufficiently studied yet. Theoretical frameworks from motivational psychology 
(Deci & Ryan, 1993) do not explicitly address how individual needs differ and how the diversity of 
needs can be included in joint-learning, multi-perspective technology education classes. The 
research project the present paper is part of aims to develop a research-based concept for the 
professionalisation of pre-service teachers in a seminar course. Therefore, the promotion of the pre-
service teachers’ interests and self-efficacy expectations have been assessed in a pre-post research 
design with a control group visiting another course not related to technology education and inclusion. 
The present paper describes and discusses first results of the project and will give an outlook on 
subsequent developmental tasks. 

Key Words: Inclusion, basic needs, pre-service teacher training, interest, self-efficacy 

1. INITIAL SITUATION 

According to Hinz (2011), the transformation towards an inclusive education system consists of 
developmental tasks within subject related research. Therefore, the conceptualization, design, planning and 
reflection of inclusive interdisciplinary science, social and technological studies form a relevant field of 
study since these areas of knowledge are all together integrated in one school subject in Germany. This 
subject referred to as ‘Sachunterricht’ in Germany is quite unique as barely any countries with a similar 
subject construction exist. Therefore, the term ‘Sachunterricht’ will subsequently not be translated into the 
English language. 
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Theoretical frameworks on inclusive education emphasize that the process from segregation via integration 
to inclusion (Feuser, 2011; Booth, 2012) is geared towards an increasing participation of all children. It 
requires a critical and reflexive questioning of the content and design of ‘Sachunterricht’ from a research 
perspective and its further development towards an inclusion-related consultation and confrontation (Pech 
& Schomaker, 2013). This results in consequences for the design of university teacher education. Not only 
content-related objects, but also possibilities of promoting central skills, interests and self-efficacy 
expectations of prospective teachers for the realization of inclusive ‘Sachunterricht’ are to be questioned 
(Moser, 2018). 

1.1. Research and Theories at the Intersection of Inclusion and ‘Sachunterricht’ 

Empirical research at the intersection of ‘Sachunterricht’ and inclusion is still an underdeveloped field of 
empirical educational research (Pech, Schomaker & Simon, 2019). First studies by Seitz (2005) and 
Schomaker (2007) on the reconstruction of traditional objects of instruction – under consideration of 
inclusion-related requirements and modeling – marked a first discourse strand of inclusion-related research 
within the scientific domain of ‘Sachunterricht’. The goals in this subfield are (often) the so far 
predominantly qualitative-reconstructive redefinition of a) traditional characteristics of the design of 
teaching and b) the relationship among different children's perspectives and cognitively relevant objects. In 
addition, ways and methods of inquiry derived from the scientific disciplines related to ‘Sachunterricht’ 
have been reconsidered recently (Seitz, 2018).  
 
This strand of discourse, which is exemplified by common objects of instruction, is followed by models 
and conceptions of planning, designing and analyzing inclusive ‘Sachunterricht’, which have largely been 
developed in theoretical frameworks and barely empirically studied so far (e.g., Kahlert & Heimlich, 2012; 
Gebauer & Simon, 2012; Simon, 2019). Gebauer and Simon (2012) elaborated that these frameworks are 
connectable in their design to different key points (Grosche, 2015) of the definitional narrowing of the 
concept of inclusion. They lead to their partial incompatibility with each other and even rudimentary 
connectability to a so-called broad understanding of inclusion (Gebauer & Simon, 2012). Differential 
images for definitions emerge and furthermore, there are still unconnected strands of empirical testing for 
these concepts (Pech, Schomaker & Simon, 2019). 

1.2. Models and conceptions on inclusion-related teacher education 

A theoretically largely interwoven model with the concepts and positions of cross-subject research, 
inclusion research and subject related research on ‘Sachunterricht’, as far as these can be separated at all, 
has emerged from the project Fachdidaktische Qualifizierung Inklusion  (FDQI - qualification in didactics 
for inclusion) at the HU Berlin (Frohn et al., 2019). Regarding the first funding period of the project, the 
authors refer, among other things, to a research gap of the (further) development of teacher training at 
universities and the question to which extent traditional principles and concepts can be combined with the 
claim of inclusion-sensitive teacher education or, if necessary, can be overcome (Frohn & Brodesser, 2019). 
 
The wake of a constructivist understanding of teaching and learning (e.g., Möller, 2001) contains models 
for planning, design and analysis of inclusive ‘Sachunterricht’, theoretical reflections on the comparison of 
traditional principles of subject related research or characteristics of teaching and learning effectively. 
Aspects intended here are the orientation towards student conceptions in connection with the theory of 
conceptual change (e.g., Miller & Schroeder, 2019; Lange & Treubert, 2017; Lange & Treubert, 2017), or 
a language-sensitive design of teaching and learning, especially in the field of science and technology 
related instruction. As an example, the orientation towards student conceptions in connection with the 
theory of conceptual change (e.g., Miller & Schroeder, 2019; Lange-Schubert & Tretter, 2017) or the 
language-sensitive design of science and technology within ‘Sachunterricht’ in particular can be addressed 
(Blumberg et al., 2019). 
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Finally, following theoretical frameworks (e.g., Corno, 2008) and extensive empirical studies on adaptive 
instructional design (e.g., Hardy et al., 2011) and its adaptation to heterogeneous learning groups (Warwas 
& Kunter, 2011; Tenberge, 2002), considerations on the connectivity of adaptation as a principle of 
inclusive instruction have repeatedly found their way into research on ‘Sachunterricht’ (Hertel, 2014; 
Simon, 2014). Closely related to this is the orientation of instructional design to, among other things, the 
potentials and needs of students. While potential-oriented approaches as an antonym to the orientation 
towards deficits, such as misconceptions, learning difficulties and problems, are increasingly theorized and 
interwoven with the developmental task of inclusion and the principle of adaptive instructional design, the 
orientation towards children's learning needs has received little attention so far. In this context, the 
consideration of children's needs is repeatedly addressed both in general or inclusion-related theoretical 
frameworks (Feuser, 1989; Schumann, 2009; Preuß, 2018) and in research related the subject of 
‘Sachunterricht’ (e.g., GDSU, 2019, p. 14; GDSU, 2013, p. 10; Lichtblau, 2014, p. 204; Simon, 2014, p. 
241; Pech, Schomaker & Simon, 2018, pp. 15-16.; Tenberge, 2002). However few connections with the 
self-determination theory of motivation according to Deci & Ryan (2018) can be found so far. Tenberge 
(2002) connected basic needs’ consideration with the development of interest and self-efficacy experiences; 
Consalter (2008) focussed especially on highly gifted children; and Lichtblau (2014) took the development 
of interest in the transition between elementary and primary education into account. More up to date 
empirical results point towards an interindividual diversity of children's learning needs in science and 
technology and raise a worthwhile desideratum for the (further) development of inclusive ‘Sachunterricht’ 
(Schröer, 2020). 
 
Moreover, the intention associated with the term inclusion making schools and educational processes 
accessible for all participants, especially those who are affected by disadvantage and marginalization (e.g., 
Hinz, 2013), is followed by questions about the professionalization of teachers (primary school teachers as 
well as special needs teachers), for an inclusion-related school development and cooperative lesson 
planning and design in so called multiprofessional teams (Widmer-Wolf, 2018). 

2. LITERATURE REVIEW 

Mester (2020) stated, among others, that this quite brief sketch of the approach to requirements for the 
development of inclusive teaching results in a research gap for the reflection of established models of 
professional competencies of teachers. For her modeling of inclusion and subject-related didactic 
knowledge, she assumes a fundamental connectivity of the model of professional action competence 
according to Baumert’s & Kunter’s (2006) COACTIV-study to inclusion-related considerations. She 
elaborates a need for sharpening the subsections of the model with special regard to the increasing diversity 
of environment and the tension between individualized and joint learning (Mester, 2020). Therefore, it is 
an open question, among other things, how or whether motivational orientations of students of special needs 
education and primary school teaching in the subject of ‘Sachunterricht’ in pre-service-teacher training are 
constituted and how they can be promoted. 
 
In the model from the COACTIV-study (Baumert & Kunter, 2006), these motivational orientations include 
self-efficacy expectations. Here it is defined as a subjective conviction "[...] to have the abilities and means 
to be able to perform actions that are necessary to achieve a defined goal [...]" (ibid., p. 502). Furthermore, 
motivational orientations include the subject-specific interest in teaching the subject of ‘Sachunterricht’ 
(ibid., p. 475). 
 
Current research on motivational orientations in the first phase of teacher education predominantly assumes 
a superiority of courses linking theory and practice (Möller, 2012). In particular, competence experiences 
made in practical action process, which trigger a subsequent feedback loop in thinking, are capable of 
regulating self-efficacy expectations with regard to future requirements (Baumert & Kunter, 2006). 
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According to Hellmich, Görel & Schwab (2017), an interest in designing inclusive lessons could also be 
fostered by explorations and experiences in inclusive teaching already in the first phase of teacher 
education. In particular, the authors suggest, practical experiences could already foster a realistic 
assessment of one’s own abilities in the first semesters of study (ibid.). 
 
The presented study takes up these considerations by looking at the potentials of a seminar related to 
‘Sachunterricht’ regarding the promotion of students' motivational orientations. 

3. METHODOLOGY 

The study presented here asks to what extent the promotion of students' interest and self-efficacy 
expectations can be fostered by the seminar course implemented. These relate to the design of an inclusive 
subject lesson on the topic of “technological problem solving using the example of frictionless rolling 
vehicles made of everyday materials" (Eikmeyer & Tenberge, 2017). The arguments outlined above and 
the recommendations of educational policy (e.g., KMK, 2015) are taken into account. 

3.1. Designing a Seminar on Technical Learning in Inclusive ‘Sachunterricht’ 

In the sixth module of bachelor studies for the learning area of ‘Sachunterricht’ at the University of 
Paderborn, students of the teaching profession at primary schools and the teaching profession for special 
needs education choose two thematic field seminars to link content areas of the subject with research 
principles and approaches. 
The study the present paper is part of is designed as a cross-sectional study in a pre-post design. Students 
of a seminar course in the bachelor's program on technology related teaching and learning in inclusive 
‘Sachunterricht’ formed the experimental group. Students of the same module who took a course without 
reference to technology education and to the field of inclusion formed the control group. 
 
In the context of the seminar on technology education in inclusive ‘Sachunterricht’, the core was a theory-
based practical planning, implementation and reflection of a 120-minute teaching sequence on 
technological problem solving. As a common topic of technology related ‘Sachunterricht‘, the construction 
of four-wheeled vehicles made of everyday materials was used as an example and conducted in cooperation 
with a primary school in Paderborn. 
 
The lessons were planned based on a teaching proposal by Eikmeyer and Tenberge (2017). They were 
supplemented by the students with instruments to identify preliminary experiences, learning potentials and 
needs, as well as with materials to support learning in the sense of cognitive activation and structuring of 
content. Groups of four to six students then conducted the lessons at the University of Paderborn as micro-
teaching with up to ten students. Finally, in two subsequent seminar sessions, the results of the in-class 
diagnostics were linked to the learning outcomes following the lessons and the lessons were reflected under 
the guiding questions of didactic reconstruction according to Kattmann (2012). After the seminar, the 
students were able to use the results of the diagnostics accompanying the lessons for the design of their 
performance certificates (written homework). 

3.2. Methods 

In a pre-post-design with a paper-pencil-test according to Kleickmann (2008) the experimental group (N = 
20; w = 10; m = 7; n.s. = 3) was asked about their subject-specific interest in designing lessons for technological 
problem solving in inclusive learning groups as well as about their self-efficacy expectation related to 
planning, designing and reflecting such a lesson at the beginning and at the end of the semester. A second 
group was surveyed as a control sample (N = 26; w = 18; m = 0; n.s. = 8) during the same period. This seminar was 
designed and conducted with the same module reference but without reference to technology education and 
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the design of inclusive lessons. In the entire sample only two students indicated that they were studying 
special needs education; therefore, no statistical differences to the test subjects studying primary school 
education can be identified here. 
 
The cross-sectional survey consisted of nine items on interest in teaching technological problem solving 
(e.g., "I enjoy planning and conducting lessons on technological problem solving and invention") and 
eleven items on self-efficacy expectations (e.g., "I’m confident to get students interested in technological 
problem solving and invention"). The items had to be answered on a seven-point Likert scale from strongly 
disagree to strongly agree. Furthermore, the questionnaire contained three free-text items in which the 
students could write down information about subjectively perceived special challenges in the design of 
technology-related teaching, about wishes for further learning about technology-related teaching beyond 
the seminar, and about other issues. 

3.3. Preliminary Findings 

The interest of the students participating in the study is moderately above the arithmetic mean of 3.5 for 
both groups at the first measurement time point. For the descriptive-statistical values of the experimental 
group (EG; M = 5.62, SD = 0.601, min = 4.56, max = 6.89, α = .793) and the control group (CG; M = 4.77, SD = 1.211, min = 3.11, 
max= 6.67, α = .920) statistically highly significant no variance homogeneity can be assumed, hence the groups 
are only conditionally comparable related to their interest in the subject of technological problem solving 
and inventing (t (38) = 2.811 p < .01). It is reasonable to assume that this can be explained by the autonomous 
choice of the seminar. Students' self-efficacy expectations to conduct engineering problem solving lessons 
are above the arithmetic mean of 3.5. for EG (M = 4.49, SD = 0.744, min = 2.09, max = 5.18, α =. 878) and for CG (M = 
3.85, SD = 1.366, min = 1.27, max = 6.18, α = .965).  
 
Here, statistically significant variance homogeneity can be assumed for the pre-test (t (38) = 1.829 p = .078). Thus, 
the groups are comparable with each other regarding their self-efficacy expectations, to conduct lessons on 
technological problem solving and inventing in the pre-test. 
 
Table 1. Descriptive values of interest and self-efficacy in experimental group (EG) and control group (CG) 
 

 EG-pre-test CG-pre-test EG-post-test CG-post-test 
Interest (9)     
 mean (SD) 5,62 (0,601) 4,77 (1,211) 5,79 (1,041) 4,48 (1,112) 
 min. – max. 4,56 - 6,89 3,11 - 6,67 3,22 - 7,00 3,00 - 6,89 
 Cronb. -α .793 .920 .934 .876 
      
Self-efficacy (11)     
 mean (SD) 4,49 (0,744) 3,85 (1,366) 5,07 (1,155) 3,81 (1,21) 
 min. – max. 2,09 - 5,18 1,27 - 6,18 2,45 - 6,18 1,91 - 6,45 
 Cronb. -α .878 .965 .952 .946 

 
After the seminar and the associated independent implementation of technology-related lessons on problem 
solving using the example of vehicles made of everyday materials, the interest of the experimental group 
(EG; M = 5.79, SD = 1.041, min = 3.22, max = 7.00, α = .934) and its self-efficacy expectations (EG; M = 5.07, SD = 1.155, min = 
2.45, max = 6.18, α =.952) are descriptively only slightly increased compared to the first measurement point. The 
measure of dispersion increases moderately in each case. Within the control group with neither technology- 
nor inclusion-related seminar, both the interest in designing technology-related instruction for technological 
problem solving (CG; M = 4.84, SD = 1.112, min = 3.00, max = 6.89, α = .876) and the self-efficacy expectation to plan, 
conduct and reflect on such instruction (CG; M = 3.81, SD = 1.21, min = 1.91, max = 6.45, α = .946) hardly changed at all. 
For the post-test, the null hypothesis on variance homogeneity must be rejected for both the variable interest 
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(t (32,998) = 2.615 p = .451) and the variable self-efficacy expectancy (t (32,995) = 3.156 p = .757). In their variance, the 
groups are thus comparable with respect to both variables. Accordingly, it seems plausible that the seminar 
event is associated with an effect on the variables examined. 
 
Regarding inferential statistics, the comparison of the two groups for the experimental group (Table 2) 
shows a medium high significant effect on interest and a strong statistically significant effect on students' 
self-efficacy expectations (Cohen, 1988). 
 

Table 2. Effect sizes of the seminar on variables from pre-test to post-test in the experimental group 
 

Variable Effect size (cohens-d) Significance (two-tailed) (p) 
Interest 0,71 .003 
Self-efficacy 1,08 .013 

 
Looking at the total sample of both seminars, there is a medium, statistically non-significant effect of 
interest on the pre-test on self-efficacy expectancy on the post-test (d = 0.50 p = .248) and a strong, also 
statistically non-significant effect of interest on the pre-test on interest on the post-test (d = 1.67 p = .053). 
 
In summary, the seminar on technology education in inclusive ‘Sachunterricht’ and the associated 
independent lesson implementation particularly promoted the students' self-efficacy expectations in relation 
to the implementation of inclusive lessons on technological problem solving. It also increased the students' 
interest in problem solving. 
 
The students' comments on the free-text items of the survey also reveal that some students in the 
experimental group need further specialized knowledge of technology related content areas in order to 
conduct inclusive instruction. A few students describe that they lack pedagogical skills in addition to 
subject-specific knowledge, e.g., time management in lesson planning and implementation as well as for 
maintaining motivation among the learners. 
 
Some of the students from the experimental and control group would like to see workshop offerings on 
technology-related learning in addition to information and teaching materials for designing lessons beyond 
university teaching. It is striking that some students in the experimental group emphasize the positive 
perception of the integration of theory and practice in the seminar and would like to see either more theory-
practice networking courses or more practical components in the course attended. 

4. OUTLOOK 

Starting point for the present study was the question to which extent a theory- and practice-linking course 
on inclusive technology-related teaching in the bachelor’s programme is suitable, promotes the students’ 
interests in designing inclusive-related teaching and their self-efficacy expectations in this area. The 
quantitative analysis of the data material, limited by the still small number of test subjects at this point, 
initially allows the conclusion that self-efficacy expectations and interest can also be promoted in relation 
to the design of inclusive ‘Sachunterricht’ in the first phase of teacher training. A subdivision of planning, 
implementation and reflection elements of instructional design into parts of inclusion-oriented diagnostics, 
parts of the co-construction of the common object in the classroom, and parts of the design of adaptive 
measures in the classroom seem to represent a reasonable structure. The relationship in between theoretical 
and practical components as well as their integration in university teacher education is a field of study that 
has been frequently researched. Here the learning-effective design of action and application situations in 
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the university context – in particular students’ needs – are to be further investigated and sharpened (Möller, 
2012). Depending on the university, in particular the curricular integration of theory and practice and 
integrating parts of the study examination regulations presents itself differently due to the respective 
networking of the location into school practice. Comprehensive evaluations from the ITP project 
(Integration of Theory and Practice) at the University of Münster take a pioneering role, at least in North 
Rhine-Westphalia (e.g., Pawelzik, 2017). The publications accompanying the project refer to a timely 
integration of parts already in the bachelor’s program as well as a cooperation of experts from school 
practice with the studying novices (Möller, 2012). In particular, the challenging developmental task of 
inclusive subject teaching for all participants – experts and novices – offers suggestions for an equal, 
participatory design of courses with practice-based elements. Following practice-based elements, reflection 
formats of the student groups can discuss further action alternatives for inclusive ‘Sachunterricht’ – and 
focus on the learning needs and potentials of the students to further aspects of their professionalization 
process. 
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Abstract 

Policy changes in England, have shifted the subject focus. Previous policy advocated knowledge 
and skills bounded by specific practices in an individual material area (for example, Textiles). 
Whereas the new policy shifts teaching towards a single-subject. A subject that requires pupils to 
learn across material areas and answer contextual problems through a breadth of material specialism 
expertise. For teachers, this means that they can no longer work within one specialist material area, 
and therefore they need to find ways to respond to the change and teach more broadly.  

The research reported here explored how one teacher dealt with this change by identifying the 
resources used to translate the new policy into practice. This research was part of a professional 
doctorate project. Qualitative data were collected during the first year of the new policy 
examination. Semi-structured interviews explored the teacher’s experience, specifically the 
individual and structural resources that supported new modes of practice. Interview transcripts were 
first analysed, and a rich picture was developed to describe the teacher’s response to change, finally 
data were coded thematically to develop a model of D&T teacher agency.   

The findings suggest that both individual and departmental factors influence how this teacher 
managed the shift to single-subject teaching. For example, the teacher’s past experiences and 
conceptions influenced their capacity to teach outside a material specialism in the present school 
setting. In addition, the learning opportunities afforded by this teacher’s context were key to subject 
integration and the break with established practices that perpetuate the tradition of individual 
material area boundaries.  

This research will enhance understanding of D&T teachers’ strategies in response to shifts in subject 
focus. In addition, how past, present, and future agency impacts teacher responses to change. There 
is a profound need to recognise the breadth of subject knowledge and skill required to teach outside 
a material specialism and the need for teacher preparation programs to develop student teachers’ 
expertise around identify the resources needed for good D&T practice.  

Key Words: teacher preparation, subject specialism, teacher knowledge and understanding, 
teacher agency. 

1. INTRODUCTION  

English policy developments in 2014 led to seismic curriculum changes for teachers and teaching in Design 
and Technology (D&T). The changes arose from a review of the National Curriculum in England that aimed 
to compete with other high performing curricula internationally (Department for Education (DfE), 2010). 
Although the review proposed greater professional freedom over curriculum organisation, the subject 
emphasis for D&T shifted away from specialist material and making towards core technical and design 
knowledge (DfE, 2013). Lower-secondary (11 – 14 yr. old) pupils were expected to study content that 
would enable them to progress successfully to the new General Certificate of Education (GCSE) 
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qualification in either D&T (DfE, 2015a) or Food Preparation and Nutrition (DfE, 2015b). The new D&T 
qualification stopped offering a range of qualifications (under the heading of D&T) for pupils (and their 
teachers) to choose from, instead, the new GCSE aimed to develop both core and specialist knowledge and 
understanding through a single-subject. This new qualification would assess pupil knowledge across all the 
material areas associated with the previous examination system (Electronics, Product Design (PD), 
Graphics, Resistant Materials (RM), Textiles, Systems and Control (S&C)). In addition, the new GCSE 
required pupils to understand and apply an iterative process, by exploring, creating, and evaluating a range 
of outcomes. 
 
Subject teachers were expected to redesign the lower-secondary curriculum from September 2014 onwards 
in preparation for the first teaching of the new upper-secondary examination in 2017 (Choulerton, 2015). 
The move to a single-subject meant that teachers would need expertise across the range of material areas 
that pupils might specialise in at the examination stage and separating lower-secondary lessons to reflect 
the previous examination options, for example, Graphics, and Textiles would be less appropriate. However, 
the review and following policy papers were unclear about how teachers would be supported in this 
endeavour. 
 
The research reported here is part of a larger professional doctorate project. The project was a qualitative 
investigation of the ways that D&T teachers, who completed their initial teacher education with one 
university provider, translated the policy development into practice. My interest in this research topic 
stemmed from my work in D&T teacher education. As a reflective practitioner, I was aware of the need to 
adapt teaching to support my student teachers with working through the changes, and I was frustrated that 
student placements lacked coherence in relation to the experiences offered. The support for development 
of student teacher expertise outside a teacher’s background and material qualification were lacking. The 
research reported here focuses on the findings (from the larger project) that relate to specific issues and 
challenges that one teacher (Judith) faced because of translating policy developments into practice. 

2. LITERATURE REVIEW  

In England, D&T lessons are typically taught through a rotation system (also called a circus or carousel) of 
material specialism modules. Teaching through a rotation system characteristically involves lower-
secondary pupils moving three to four times a year from one material specialism module and teacher to 
another (Ofsted, 2008; Ofsted, 2011). This system allows technology teachers to plan and teach lessons 
focused on their specialist area/s of material expertise. The system was first used at the start of the subject’s 
history within the National Curriculum. Back then Penfold (1988) observed that the system was developed 
to bring teachers of home economics and craft together in a way that was an affordable solution to teaching 
all pupils all material specialism modules within one subject. 
 
With a rotation system of delivery pupils move from one material area to another, and in the process, they 
are passed from one classroom teacher to another. The passing of pupils from one teacher to another has 
been repeatedly recognised as creating issues for continuity and progression (Choulerton, 2016; Ofsted, 
2008; Ofsted, 2011). Issues that have led to criticisms about the level of repetition that pupils’ experience 
beyond a change in the use of materials (Hardy, 2020). Even when the move from one material area to 
another is reduced, for example, when the pupils stay with one teacher for RM, S&C, and another for Food 
and Textiles (Ofsted, 2008) continuity can be lost. Key information about the pupils’ progression within 
the subject must be shared with the following teacher to ensure adequate ‘transition and transfer’  (Pollard 
et al., 2019, p. 456) that goes beyond the sharing of assessment information (The Sutton Trust, 2011). When 
this happens, the rotation system can successfully support better pupil progress (Ofsted, 2008). 
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The number of rotations a pupil experiences at school may also depend on the different types of knowledge 
teachers feel they need to deliver through D&T lessons. Bell at al. (2017) conducted research into the 
specialist knowledge that teachers taught, in school. They identified a variety of disciplines that 
encompassed the current subject in schools, including Computer Aided Manufacture (CAM), Computer 
Aided Design (CAD), Technological Textiles, S&C, Engineering, Electronics, Food Technology, RM, 
Product Design (PD), Apparel Textiles and Graphic Design (Bell, 2015). 
 
Table 2.1. Previous material specialisms in the English D&T curriculum for lower-secondary. 
 

Department for Education 
and Science (1989) 

Department for Education 
(1995) 

Department for Education 
and Employment (1999) 

Qualifications and 
Curriculum Authority 
(2007) 

Natural and manufactured 
materials 

Resistant material Contrasting materials 
including resistant 
materials, compliant 
materials and/or food.  

The curriculum should 
include resistant 
materials, S&C and at 
least one of food or textile 
product areas. 

 
Compliant materials 
and/or food   

Common and modern 
materials  

Smart materials  

 Control systems Control systems Electrical, electronic, 
mechanical, 
microprocessors and 
computer control systems   

Electrical, electronic, and 
pneumatic systems 

  
Systems (not specifically 
electronic)  

CAD/CAM 

 

A reason for the expansive list of disciplines that teachers perceive the subject to encompass may be related 
to the range of material areas that the subject has been associated with historically (see Table 2.1.). Which 
the current curriculum removed and replaced at lower-secondary with a shift to local and industrial contexts, 
that do not favour a specific material area. However, the contexts might for example, include the home, 
health, leisure and culture, engineering, manufacturing, construction, food, energy, agriculture, and fashion 
(DfE, 2013). In addition, greater clarity around the technical knowledge prescribed at upper-secondary (14-
16 yr. olds), including:  

• papers and boards; 
• natural and manufactured timber; 
• ferrous and non-ferrous metals; 
• thermoforming and thermosetting polymers; 
• natural, synthetic, blended, and mixed fibres, and woven, non-woven and knitted textiles 

 (DfE, 2015, p. 6). 

It is not surprising that teachers might identify their expertise in relation to one material specialism. A 
specialism that relates to their first-degree, teacher preparation and competencies developed within the 
workplace. A survey, in 2017, of 379 secondary D&T teachers (Design and Technology Association, 
unpublished) identified the aspects of lower-secondary teaching those teachers felt they were able to teach 
with confidence, see Figure 1. The survey revealed that just over half of the teachers felt able to teach Food 
and PD (another word for RM and/or Graphic Products); and just under half felt able to confidently teach 
Textiles. 
  
This suggests that a significant proportion of teachers have lacked prior opportunities through their teacher 
preparation course or workplace experience, to teach outside a specialism (Childs & McNicholl, 2007). 
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Opportunities that might help D&T teachers with the challenge laid out by Choulerton (2016) to not see 
themselves as teachers of a specialism but teachers of D&T who need to teach more broadly.  
 

 
Figure 2.1. Aspects of KS3 D&T that teachers feel able to teach well (Design and Technology Association, 
unpublished). 
 
However, a difficulty with teaching more broadly is the need to cross subject boundaries. Boundaries that 
Goodson (2013) described as having their own set of ‘practices and expectations’ (p.106) that form a subject 
sub-culture. Darby (2006) builds on Goodson’s work to conceptualise subject boundaries as the ‘language, 
epistemology and traditions’ (p.56) that form a boundary around a subject. A boundary that governs practice 
in the subject through a shared aesthetic understanding of the subject sub-culture. A subject sub-culture that 
previous teachers of D&T have retreated from (Paechter, 1995), and which Bell et al. (2017) explained as 
only being obtained through the presence of ‘a shared axiomatic, epistemological integration’ that can 
evolve a ‘common subject identity’ (p. 547). In addition, Darby's (2006) research suggests that crossing 
boundaries is progressive and only through the stages of ‘understanding, unification and transformation’ 
(p.55) can a common identity be formed.  
 
In summary, the subject has a history of separating knowledge by material focus. The separation of content 
by material focus has been reinforced through the practice of rotation and the individual teacher’s identity 
as a specialist. However, the new policy requires teachers to embrace the breadth of the materials that 
belong to a technological world and become broad in their knowledge and expertise.  

2.1. Conceptual framework  

The study drew on the theory of agency to better understand the actions that teachers take in response to 
policy reform.  

10%

17%

42%

59%

63%

Using programmable components

Electronics/Systems & Control

Textiles

Product Design

Food
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Figure 2.2: A framework for understanding a D&T teacher’s achievement of agency derived from the literature.  
 

Agency has been defined as the capacity of individuals to take intentional actions that shape their social 
environments (Giddens, 1984; Giddens, 1994; Priestley et al., 2015; Scott, 2007). I have also drawn on 
Emirbayer and Mische’s (1998) theory, which offers a definition of agency as a human’s capacity to act in 
time-related ways that influence the shape of their social world. Agency offers a theoretical lens to make 
sense of the actions that the teachers’ accounts have given me (see Figure 2.2.).   

3. METHODOLOGY  

The study adopted a qualitative approach towards research design (Creswell & Poth, 2018). The project 
planned to answer the following research questions:  

• what are the specific issues and challenges that these D&T teachers face when translating policy development 
into practice? 

• what professional experiences influence different teacher responses to the challenges a policy development 
brings to established practice, focusing on teacher agency? 

Participants were selected from a purposive multiple case sample (Cohen et al., 2011; Creswell & Poth, 
2018; Robson & McCartan, 2016) and data were gathered through in-depth interviews (Foddy, 1994; Kvale, 
1996) with 12 D&T teachers. All 12 teachers shared the characteristic of having completed their teacher 
preparation course with one (the researcher’s) university-based provider. The choice of in-depth interview 
was adopted to allow the research participants to describe their experiences with maximum freedom 
(Robson & McCartan, 2016). In-depth interviews have been described as a conversation between two 
people (Creswell & Poth, 2018; Robson & McCartan, 2016; Silverman, 2015), leading me to a semi-
structured format to guide and organise data across the different respondents (Cohen et al., 2011). Validity 
was achieved in a range of ways, including the collection of data within the participants’ natural setting, 
researcher reflexivity, and the use of participant transcription checking. The study drew on a creative 
analysis approach (Kara, 2015) that combined soft systems methodology (Checkland & Poulter, 2006) and 
thematic analysis (Gibbs, 2018; Saldaña, 2013) to interpret the data, which led to sets of individual teacher 
profiles and achievement of teacher agency models. The choice of a qualitative approach generated 
subjective knowledge and experiences that although, not universal offered individual truths about insights 
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into the problem of translating policy developments into practice. For ethical reasons, the real names of 
participants have not been used. 
 
This paper reports on one participant – Judith (a pseudonym so that the narrative is personal and easier to 
read). The following section presents Judith’s individual teacher profile, which incorporates demographic 
information, a visualisation of Judith’s interview and a textural description of her experience. The section 
analyses the findings using the framework for understanding a D&T teacher’s achievement of agency 
derived from the literature (see Figure 2). Judith’s past, present and future actions are first described and 
then analysed to provide an understanding of her individual achievement of agency (see Figure 3.1.). Direct 
quotes from Judith are included where “speech marks” have been used, for example, “coming off the 
circus”. 

3.1. Judith’s Profile 

At the time of the interview Judith (female) worked in a high-performing (11-18 yr. old) Academy Trust 
school. Judith was in her 11th year of teaching at her second school after graduating with a Post Graduate 
Certificate in Education. She had a background in the fashion industry and a degree qualification in Fashion 
and Textiles. Judith was keen to develop professionally and had registered to complete a lead teaching 
qualification. She taught upper-secondary D&T alongside Food Preparation and Nutrition. Judith’s account 
of translating policy reform into practice was framed by her context of working within a small teaching 
team that she described as a group of “active teachers”. The main issues and challenges that Judith faced in 
relation to the policy development related to the shift to teaching more broadly, teaching through contexts 
and opportunities to share expertise. 

3.1.1. Past Agency 
Judith’s account of teaching the new policy was influenced by her experience of teaching more broadly at 
her previous school, which she called “coming off the circus”. She was competent in teaching material 
specialisms beyond her first-degree in fashion and textiles, and she persuaded her head of department to 
trial the approach in her current school. Judith and her team decided to “keep the pupils for the year” and 
deliver a curriculum of six-week modules that covered topics on polymers, pewter casting, textiles, food, 
timbers and ended with an engineering project (that ran for 12 weeks). Judith justified the move to teaching 
across specialisms a way to “track the [pupil] progress”. She also identified that “everyone in my class is 
taking D&T at GCSE” which she related to that fact she taught the same group of pupils over two years. 
 
Judith’s description of her past agency in relation to teaching outside her specialism reveals an intention to 
continue to teach a broad curriculum despite moving schools (Choulerton, 2016; DfE, 2015). An action that 
supports Bell et al’s, (2017) claim that D&T teachers recognise the range of disciplines within the subject, 
whilst recognising the need to support pupil transition (Pollard et al., 2019). Judith’s description of 
remaining with the same pupils throughout the school year supports the continuation of knowledge of 
learners beyond assessment data (Sutton, 2000), However, the pupils still move from one specialist module 
to another, which may suggest some level of repetition (Hardy, 2020). 

3.1.2. Present Agency 
Judith’s description of the different ways that she develops her own (and others) competence in other 
material specialisms evidences her achievement of agency in the present. She described how the shift to 
single-subject teaching meant that other teachers in the department, along with herself, “wanted to be 
flexible and be trained in all these different areas”. To do this, Judith talked about how the “specialist 
teacher”, within the team, designs the curriculum content for their specialism and then shares the resources 
with colleagues and delivers training events, both formal and informal. As a team the decision was made 
to use one of the “two staff [weekly team] meetings” to share expertise and exchange knowledge and skills. 
This led to a culture of “constantly training”, which Judith attributed to the head of department, who made 
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“everyone [feel] valued”. She also explained how her school finished lessons early on the team meeting 
afternoon, so staff were able to use part of the school (official) day for planning. 
 
Judith’ account of the shift to teaching more broadly shows how the problem of teacher confidence in 
material specialism expertise (Design and Technology Association, unpublished) can be resolved through 
opportunities for collaboration. Opportunities that encourage teacher learning in the workplace (Childs & 
McNicholl, 2007). Judith’s desire to both share and develop her expertise, is used to cross subject 
boundaries (Goodson, 2013) in the present. Her fellow teachers’ willingness to embrace the shift to broader 
expertise starts the process of cross subject understanding that can build a shared subject identity (Bell et 
al., 2017; Choulerton, 2016; Darby, 2006).  

3.1.3. Future Agency 
Judith’s account painted a picture the way she imagined the subject could be when she talked about 
“breaking [traditional] attitudes” towards D&T in her learners. She wanted her pupils to see the subject as 
one, because she felt that “students need to be product designers”. She explained that product designers 
need to be taught “that there's a problem to solve”. In addition, she described how the department team 
were preparing to teach a module called Engineering, during the last term of the lower-secondary academic 
year. When I asked Judith about Engineering, she described this as teaching about all materials in one room. 
She also spoke about the way the pupils would be “presented with [a] problem not [a] solution”, and that 
the problems presented were “every day” and “real”. This was important to Judith because she felt that her 
experience of having “been in the industry”, gave her insight into the substantive knowledge that goes into 
“design”, including “ergonomics”, “statistics”, and “figures”.  
 

 
 
Figure 3.1. A model of Judith’s achievement of agency.   
 
Judith’s account suggests that her disposition towards a broader curriculum is based on her experience of 
different work environments, for example her pre-teaching career in industry and previous school. An 
experience that she uses to make sense of the curriculum development and her plans for future practise. The 
plan to include a module called Engineering and focus on learning across materials through a real-world 
problem suggests a link to the types of local and industrial contexts being encouraged through the new 
policy (DfE, 2013; DfE, 2015). Her view of a multi-disciplinary environment for teaching pupils about 
D&T implies a response to Choulerton’s (2016) call for D&T teachers to view themselves in broad terms. 
However, the challenge for multi-disciplinary teaching spaces might pose risks to the original reason for a 
rotation system that Penfold warned was linked to making the subject affordable (Penfold, 1988). 
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In conclusion Judith’s account offers an individual experience of D&T teacher achievement of agency 
within the context of a policy change. Judith’s individual profile and achievement of agency model (see 
Figure 3.1) identifies the individual and structural resources that influence her response to teaching more 
broadly. These resources incorporate her past experiences across industry and previous schools, alongside 
a desire to change attitudes about what the subject ought to be, and her current practice of sharing expertise 
to support single-subject aims. Judith’s description offers an insight into the ways that past, present, and 
future teacher agency create norms that align with single-subject policy aims. The strategies that Judith 
adopts in response to shifts in subject focus contribute to knowledge about the resources needed to support 
subject change. The model of Judith’s achievement of agency can be used in teacher preparation programs 
as a mechanism for student teachers’ reflection about the resources needed for good D&T practice.  
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Abstract 

People that can reason in relation to the technology that surrounds them have a bigger opportunity 
to actively participate in society. Hence, practicing and developing reasoning is of importance in 
technology education. Although the content of technology education varies around the world, the 
design process is one joint core. Reasoning in the design process is a complex matter and research 
on reasoning within technology education should rely on theoretical frameworks adopted 
specifically for education. The aim of this paper is therefore to provide a useful basis for a 
framework for reasoning in the design process in technology education. This would be a utility for 
researchers, while also being relevant for practitioners of technology education. With basis in 
philosophy of technology and technology education, means-end reasoning and cause-effect 
reasoning are identified as important in the design process. Where means-end reasoning is the 
process of going from ends through premises stating what means can attain the end, resulting in 
actions. While cause-effect reasoning is useful to predict consequences and evaluate tests and 
prototypes. This reasoning results in beliefs. Consideration to the context and relevant values should 
be taken within the means-end reasoning. There is a certain relationship between means-end 
reasoning and cause-effect reasoning. Students engaged in the design process in technology 
education would constantly go back and forth between these two reasoning types.  

Key Words: Means-end reasoning, Cause-effect reasoning, Design process, Technology 
Education. 

1. INTRODUCTION AND BACKGROUND 

Rationality and reasoning are strongly linked, where proper reasoning can be seen as one component that 
can separate rationality from irrationality. What proper reasoning is, as opposed to improper reasoning, has 
been argued and discussed throughout the literature. In a general sense, reasoning is often referred to as a 
thought process behind a conclusion, may that be a decision, a solution to a problem, an explanation, a 
belief or similar (Evans et al., 1993; Harman, 1986; de Vries, 2016b). There is a view that this thought 
process, or the expression of such, should be linked to logic or built in a logical manner. Dusek (2006) 
accounted for this notion as being derived from the logic of mathematics, where conclusions can be based 
on reasoning from axioms and theorems. Within logical mathematical reasoning, the conclusion is often 
the only one possible, which means there is no subjectivity or bias. This is not the case when reasoning 
about technology. Reasoning about technology is connected to judgment. Conclusions can be connected to 
complex and contradictory premises or even moral dilemmas, where it can seem as though logic would fail 
us. If premises are contradictory and what conclusion to draw comes down to judgement, then indeed the 
conclusion seem highly subjective. Max Weber, the German sociologist, emphasized this view and meant 
that there cannot be a proper reasoning involving values, as judgment of such is random or highly individual 
and therefore irrational (Dusek, 2006). De Vries (2016b), among others, refuted the notion that reasoning 
in technology involving judgment only comes down to personal preferences, and states that this can indeed 
be built upon logical reasoning as well.  
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Practicing and learning to reason about technology would ideally take place in technology education. This 
would give students a basis for acting in a world where technology is constantly present and make them 
able to draw conclusions in relation to technology. Consequently, giving students a basis for participating 
in society (OECD, 2019; Sadler, 2004). But what reasoning about technology entails is a complicated 
matter, partly stemming from the fact that reasoning in general stretches over vast disciplines such as 
cognitive psychology, philosophy, and rhetoric. For this reason, Weber et al. (2014) urged for researchers 
to use formal frameworks for reasoning, which would generate real examples of human reasoning. The use 
of formal frameworks is a crucial basis for discussion and comparison in research. But empirical studies 
performed within technology education investigations, for example, students’ technological reasoning (e.g., 
Thorsteinsson & Olafsson, 2016; Autio & Soobik, 2017) have used different definitions than more 
theoretical work (cf. Alamäki, 2000).  
 
Furthermore, framing general reasoning in technology education would be an unfruitful endeavour since 
technology education finds its grounds in many disciplines. The emphasise in curricula around the world 
varies from crafts, vocational training, design, applied science, STEM to technological literacy (Jones et 
al., 2013). There is however a common ground for technology education around the world: the design 
process (Norström, 2016; de Vries, 1996). As Norström (2016) pointed out, even though there is a diversity 
in the naming and the specific content of the process, the core of solving identified problems remains the 
same.  
 
There are existing frameworks concerning reasoning in the design process that have been used in research 
in education. Prominent work by Dorst (2011) brought clarity to the concept of “design thinking” and 
identified abductive reasoning as particularly relevant in the design process. But the design process in the 
context of technology education is different in many aspects from the design process in a general context. 
The students are novice designers and there is an expectancy that they will learn from the process and about 
the process. Hence, it is motivated to use a theoretical framework adopted for technology education, when 
performing research within the context of the design process in education. 

1.1. Aim 

Considering this context, the aim of this paper is to provide a useful basis for a theoretical framework for 
students’ reasoning in the design process in technology education. The study has been performed through 
a meta-analysis of literature primarily within philosophy of technology and philosophy of technology 
education. The analysis encompasses the structure of reasoning and the importance of considering different 
values when reasoning, while keeping a close focus on the aspects of technology education. The intention 
is that this analysis will be useful in research in technology education, while also assisting practitioners in 
technology education when promoting students’ reasoning. 

2. REASONING IN THE DESIGN PROCESS IN TECHNOLOGY EDUCATION 

2.1. Means-end reasoning 

If a desk has a need for an object, the thought process might involve deciding on that the design should be 
equipped with a seat, and further adding legs for it to be at the appropriate height. Going from a need or 
desire to a finished design involves finding means to a given end. This implies that means-end reasoning is 
the fundamental reasoning in the design process (Kroes, 2009). Hence, means-end reasoning is often 
referred to and made equivalent to technological reasoning (e.g., Alamäki, 2000; Dusek, 2006). Kroes 
(2009) emphasized that this reasoning is one thing, among many, that separates technology from science. 
In the scientific enquiry the fundamental reasoning is scientific reasoning. Scientific reasoning is a form of 
theoretical reasoning which results in beliefs by building on conceptual knowledge or the use of 
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experimental strategies (e.g., Morris et al., 2012; Zimmerman, 2000). This is different from means-end 
reasoning, which is a form of practical reasoning, resulting in actions (de Vries, 2012).  
 
What means-end reasoning is and the structure of it has been investigated to some extent in relation to 
technology. J. Hughes (2009) suggested that means-end reasoning fits well with the structure of syllogisms: 

Premise: Stating a desire 

Premise: Stating a means to attain the desire based on a belief 

Conclusion: Conclude to do the action to attain desire 

This structure for means-end reasoning originated from von Wrights’ (1963) analysis of practical inference. 
This model is simple and fruitful, but it does not cover the whole endeavours of the design process. Firstly, 
the complexity of the design process is not mirrored in the second premise as there might be a variety of 
means that might help attain the desire. J. Hughes (2009) accounted for this by distinguishing between 
necessary, sufficient, and optimal means. Depending on the nature of the desire the immediate necessary 
means might be evident. If there is a desire for a bridge, a necessary means would be to build a bridge. But 
if the desire is for something that will take a person over a body of water, there would be no necessary 
means for attaining this. Hence, if the nature of the desire is more imprecise, there might only be sufficient 
means. Building a bridge would be a sufficient means for the desire of transportation over a body of water, 
but is it the best? This brings us to optimal means. 
 
What the optimal means would be, for transportation over a body of water, is not at once obvious. The first 
question to pose would be: optimal from what point of view? The answer to the question lays in the context 
of where the design will operate. Returning to the desire for a bridge, this desire in the context of the design 
process will be accompanied by demands on where and for whom. Macagno and Walton (2018) identified 
this as a limitation to von Wright’s (1963) model.  
 
In the design process the context is something that especially affect the outcome. A solution to a problem 
in one context might be wrong in another. Andrew Feenberg emphasized that a study of technology should 
operate on two levels, where the technology is both decontextualized (primary level) and contextualized 
(secondary level) (Ankiewicz, 2019). This notion is in line with the STS-movement (Science-Technology-
Society) in science and technology education, where the foundation is that these fields does not operate in 
isolation of each other. Although, there has been some criticism towards the implementation of STS in 
education. G. Hughes (2000) argued that as it is often used as “icing on the cake, not an essential basic 
ingredient” in science education the purpose is lost. Nevertheless, the design process in technology 
education provides a natural context for the teaching of values (Ankiewicz, 2019). Hence, within students’ 
reasoning in the design process consideration to context and relevant values in this context should be made. 
Accordingly, the structure of the students’ means-end reasoning would have to include premises concerning 
the context and values.  

2.2. Cause-effect reasoning 

Within the means-end reasoning in a design process, when stating that certain means will attain the desire, 
these statements will have to be based on beliefs of causal relationships between means and ends (von 
Wright, 1963). One must believe the means will realize the end. These beliefs can be based on a different 
type of reasoning: cause-effect reasoning. As opposed to means-end reasoning, cause-effect reasoning is an 
example of theoretical reasoning (e.g., Dancy, 2018), which results not in actions but in beliefs. In the 
design process, cause-effect reasoning can be used to predict and form beliefs about consequences, if this 
– then that (de Vries, 2016a). By returning to the desire for a bridge, we can investigate this further. If the 
context demands for the bridge to require low maintenance, choosing the proper material for this is of 
importance. This would involve reasoning theoretically about different materials, their properties, and 
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effects. In this reasoning there is no intention involved (Hughes, 2009). Hence, when reasoning from cause 
to effects, multiple beliefs might be generated.  
 
When discussing reasoning in technology education, de Vries (2016b) took the launch of the space shuttle 
Challenger as an example. The space shuttle exploded shortly after launch, and the risks were known to the 
engineers prior to the launch. We can use parts of de Vries’ (p. 72-73) example of premises in the engineers’ 
reasoning to further explore cause-effect reasoning:  

(i) The O-rings do not function well when launching takes place at low temperatures; 
(ii) During the launch of the Challenger temperature was low;  

(iii) Failing O-rings will create a life-threatening situation for the astronauts; 

From these premises we can draw a conclusion that launching Challenger under these circumstances will 
be life-threatening for the astronauts. This is not a conclusion about what the engineers ought to or will do, 
but a belief about the effect of certain causes. In this case, two causes, temperature sensitive O-rings and 
low temperature, when present together in space and time will result in an effect. Hence, predictions about 
effects of causes can be made through cause-effect reasoning.  
 
Cause-effect reasoning is also relevant when evaluating in the design process (Jonassen & Ionas, 2008). If 
the causes for the explosion of Challenger had not been known to the engineers, it would be crucial to 
investigate what the causes were, to improve the design and assuring a safe next launch of a space shuttle. 
The cause-effect reasoning in the design process would then go from effect to causes. In technology 
education, students would have to reason from effect to causes when evaluating experiments and testing 
prototypes. 

2.3. Combining means-end and cause-effect reasoning 

Up until now this analysis has predominately accounted for means-end reasoning and cause-effect 
reasoning separately. There is a certain relationship between these two reasoning types (Fig. 1), where 
students engaged in the design process in technology education would constantly go back and forth between 
means-end reasoning and cause-effect reasoning. Any means-end reasoning might demand for cause-effect 
reasoning (Harman, 2004). As in the example of cause-effect reasoning concerning the launch of 
Challenger, the conclusion of what to do would be the result of means-end reasoning. But the conclusion 
would be based on beliefs concluded in the cause-effect reasoning, in combination with consideration to 
the context and relevant values. 
 

 

Figure 1. Schematic illustration of reasoning in the design process in technology education. 
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Within the design process, these reasoning types do not occur as single events. The design process is far 
too complex to be represented by one linear structure of reasoning. Within the means-end reasoning, each 
means can be an end in itself (Hughes et al., 2007). This means that means-end reasoning can generate new 
ends, which are fulfilled through additional means-end reasoning. In addition, each action might be based 
on one or more beliefs concluded in different modes of cause-effect reasoning. Hence, the schematic 
illustration in Figure 1 can represent reasoning in the design process on a micro-scale.  
 
As previously stated, the design process can be represented in many ways. Norman (2013) emphasized a 
human centred design process, which in technology education would consist of observing, idea generation 
and prototyping. The reasoning types presented, would be constantly present in each part of this process 
and the students’ reasoning can concern different aspects and stages of the process. This can range from 
wanting to clarify the context, choosing the right method for clarifying the context, choosing the right 
material for the context or wanting to test the prototype and more.  

3. DISCUSSION AND IMPLICATIONS 

Theoretical analyses of the important reasoning types in the design process in technology education, as in 
this paper, would be an important basis for research made within this realm. When further developed, this 
analysis could be used as a theoretical framework in studies to generate empirical results from students’ 
reasoning in the design process in technology education. But the scope of this analysis does not limit the 
boundaries of further research to only focus on students’ reasoning. Additionally, it provides an opportunity 
to investigate the classroom interactions and teachers’ guidance of students’ reasoning.  
 
The analysis in this paper emphasizes the relation between means-end reasoning and cause-effect reasoning. 
Because of this relationship and the causal relationship between means and end, Kroes (2009) stated that 
scientific knowledge is of importance when reasoning in the design process. But for a student engaged in 
reasoning in the design process, it can be argued that other forms of knowledge are of importance as well. 
Ropohl (1997) emphasized that socio-technological understanding should be in focus in technology 
education. Highlighting socio-technological understanding is in line with previous discussion of the theory 
of Andrew Feenberg as accounted for by Ankiewicz (2019). It can be argued that if students are to consider 
the context and relevant values in their reasoning in the design process, a socio-technological understanding 
is of importance. But further research on the connection of knowledge and different knowledge types in 
students’ reasoning in the design process is needed. 
 
This study will be further extended to also include an analysis of the nature of premises and fallacies, to 
fully capture the nature of students’ reasoning in the design process. Combining means-end reasoning and 
cause-effect reasoning and taking this holistic view of students reasoning in the design process might in the 
end benefit the student individually, as the logical basis for drawing conclusions is made visible and 
accessible. Being able to function and make decisions in a world where technology is constantly present, 
includes reasoning within it (Rossouw et al., 2009). Situating this reasoning in the design process may 
increase students’ ability to critically examine the technology that surrounds them. For future engineers and 
designers, this is a starting point, a basis, and an insight into how technology operate in a complex context 
and how consideration of it should be made.   
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Abstract 

The purpose of this paper is to examine the transition from teaching in a secondary technology 
educational environment to that of a post-secondary technology education preparatory programme. 
The shift from teaching technology education content, such as knowledge and skills only to teaching 
the same content as well as pedagogical methodologies for that subject matter carried with it a 
mixture of pre-conceptions, anxieties, and doubts. The transition created self-doubt and a 
questioning of self-identity.  

The data set is based on personal reflections from the transition period and uses a qualitative research 
paradigm. Through an autoethnographic methodology I perform a narrative analysis of my 
reflections, supplemented by external data, and identify recurrent themes which are then compared 
to existing literature that discuss similar experiences. The themes of anxiety, institutional support, 
professionalization, autonomy, cultural norms, and efficacy are considered and examined. While 
the existing research is rich in confirmation of these themes, there appears to be potential for 
expansion on the subject of teaching technology content and technology education methods to pre-
service teachers. This approach led to an attempt to further explore the question of whether the 
efficacy of novice post-secondary instructors is hampered by self doubt, anxiety, and a lack of 
institutional knowledge and what supports can be leveraged to ease the transition? 

Key Words: post-secondary education, pre-service technology education, instructor efficacy, 
autoethnography, anxiety, teacher education, mentorship, reflection 

1. INTRODUCTION 

On March 9th, 2021, I submitted my resume for the first time in many years, for a position I was keenly 
interested in acquiring: that of a contract sessional instructor in a technology education programme for 
pre-service teachers at Memorial University of Newfoundland in Canada. On April 1st, I was offered the 
appointment and upon acceptance of the offer I was filled with two sensations. The first being elation at 
achieving a long-standing goal and the second: abject fear at what I had just agreed to undertake. At that 
point, I had been teaching technology education in a secondary school environment for 18 years and knew 
the curriculum, possessed the technical skills, and had the requisite experience yet was still filled with a 
sense of apprehension at my upcoming role. I realized I was not just teaching students technical skills, as I 
had for many years, but I was going to teach these post-secondary pre-service teachers both technical skills 
as well as pedagogy in the technology education field. 
 
I was given an account to an online learning platform that I had no previous experience with, access to 
online video and screen sharing software with which I also had no previous experience, an acceptance 
letter and a start date. That was it. There wasn’t even a “good luck.” I had no idea what I was doing and 
soon realized that I also had a feeling that none of my previous experience mattered.  
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This was not my overall experience, but it did give me pause to think about what I felt at the beginning of 
this transition and that overwhelming sense of anxiety deriving from my lack of institutional knowledge, 
doubt in my own abilities, and questioning of my own self-identity as a teacher. To address this and at the 
behest of my supervising professor, I embarked upon an autoethnographic study throughout the summer of 
2021. This was not initially done as means of research rather as a process of recording my thoughts. After 
my contract ended and I had time to reflect upon my experiences, I realized that there was validity in 
recording my findings through an analytical autoethnographic approach that could contribute to the existing 
body of research surrounding this transition from secondary educator to post-secondary educator. Even 
though most of my experiences are well documented among novice instructors, I believed I could offer a 
new perspective on the topic of teaching specific skills to pre-service technology education teachers.  
 
There has been an increase in the emphasis placed on STEM education and an explosion of media 
surrounding the idea of “maker spaces” in school systems and communities. These programmes quite often 
depend on experienced educators to make them effective learning opportunities (Caratachea et al., 2019; 
Rifandi et al., 2020). Teachers that are experienced in various pedagogical methods, as well as specific 
technological skills sets, are often the leaders in these programmes. Pre-service technology education 
programmes, like the one I was involved in during the summer of 2021, train those teachers to take positions 
with the “T” portion of Science, Technology, Engineering and Math (STEM) and yet these teachers rarely 
have any prior experience in the technology field. As indicated, my personal feelings on this new position 
were not contributing to any sense of self-efficacy and I was concerned about my overall effectiveness and 
eventual success at providing the instruction necessary for these students to make worthwhile contributions 
of their own in the field of technology. I had to ask myself the following questions: what was the source of 
my anxieties and how were they going to hamper my teaching? What varied supports could I leverage to 
alleviate these anxieties? What supports, if any, were missing?  How does a novice instructor effectively 
teach pedagogy and new skills in a subject that is totally foreign to his students while overcoming these 
aforementioned issues?  
 
The data set is based on personal reflections from the transition period and uses a qualitative research 
paradigm. Through an autoethnographic methodology, I perform a narrative analysis of my reflections, 
supplemented by external data, and identify recurrent themes which are then compared to existing literature 
that discuss similar experiences. The themes of anxiety, institutional support, professionalization, 
autonomy, and self-efficacy are considered and examined. While the existing research is rich in 
confirmation of these themes, there appears to be potential for expansion about teaching technology content 
and technology education methods to pre-service teachers.  

2. AUTOETHNOGRAPHY: THE “WHO CARES” QUESTION 

When the supervising professor prompted me to write a paper about my experiences I wondered “Who 
would care about my experiences?  Why should I bother to take my personal narrative and explore it for 
common themes? Surely this has been addressed by many other new teacher educators” Once I discussed 
it further and realized that I could combine this effort with my final course in my Masters programme, I 
agreed to write it. It was only then that I asked myself “what is an autoethnographic paper?” More stress. 
Why did I do this? 
 
I have discovered that autoethnography is contentious. Within my literature research, I have discovered two 
styles of autoethnography: emotive (Bochner and Ellis, 2016) and analytical (Anderson et al., 2010). Even 
though they are disparate approaches, I began to identify with both. As Méndez (2014) points out, “analytic 
autoethnography is directed towards objective writing and analysis of a particular group, whereas evocative 
autoethnography aims toward researchers’ introspection on a particular topic to allow readers to make a 
connection with the researchers’ feelings and experiences” (p. 281). This was unfortunate since they seem 
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to be at odds with each other with some researchers even referring to emotive autoethnography as “fiction” 
(Walford, 2004, p.411). Is that what I was doing? Writing fiction? This led me to a greater investigation 
into Anderson et al. (2010) and his concept of analytical autoethnography. I wanted to avoid the pitfall of 
looking “inward at the personal and emotional life of the ethnographer-as-author rather than looking 
outward to an intellectual constituency informed by social theory” (Atkinson, 2006, p. 430).  
 
Anderson et al. (2010) had several points about analytical autoethnography that I could understand and use 
to develop my own paper. Firstly, I was a complete member researcher (CMR) in that I was a part of this 
group of students, a teacher of teachers and yet I was also a member of the social sciences community in 
that I was making notes and examining my experiences. I was fully aware of being in the group and apart 
from the group. This teaching opportunity allowed me that role and capitalizing on my position to write 
this paper made me an “opportunistic CMR” (Adler & Adler, 1987, as cited in Anderson et al., 2010). As 
an analytic autoethnographer, I was the sole data source for the study.  
 
As the sole data source, I had a fear of being self-absorbed and the looming question of “who cares” was 
growing. Anderson (2010) is quite right to insist on the analytic aspect of autoethnography. Outside of 
parties who were interested in me as an individual notwithstanding, how could I ameliorate my position of 
self-absorption in the subject? This was done by ensuring the voice or input of others was helping to shape 
my work. This was accomplished through my daily interactions with the instructional assistant (IA) and the 
supervising professor (SP). As I was growing in my new role through their assistance and guidance, I was 
also introducing and incorporating others into my exploration of this new environment. 
 
As I started exploring my personal narrative and having identified specific themes, I became committed to 
using the research of others to help overcome my fear and anxiety in this new role. I would use existing 
social science research data (qualitative and quantitative) to provide me with insight into overcoming my 
increasing concerns. According to Anderson et al. (2010) this is the “defining characteristic of analytic 
social science” (p.387).  I had a path and a list of goals.  

3. SELF-EFFICACY AND ANXIETY   

As the day of my first classes were approaching, I was becoming more and more anxious. I started exploring 
the new software and realized that if I had more time to work through it, I would have taught it to myself. I 
certainly could at least have learned it well enough to get through the course. But that was a part of the 
problem. I started thinking of the course as something I had to “get through” and as a coping mechanism, 
this approach is not a positive one. I wanted this opportunity. I sought out and applied for it and I was 
hired for my skill set and experience yet felt my self-efficacy eroding as each day passed. The anxiety was 
growing and the confidence was shrinking.  
 
At times I felt as if I were being ridiculous. I was generating my own stress and being emotional. That term 
was too broad though since there could have been many reasons why I was having those feelings. Stupnisky 
et al. (2017) have identified the specific emotions I was feeling as “achievement emotions” (p. 1170). 
Achievement emotions are ones that are directly linked to achievement activities or outcomes such as 
success in teaching or research. They further outline that “anxiety…is an emotion that makes individuals 
uneasy (affective), concerned (cognitive), tense (physiological), task avoidant (motivational) and 
displaying an anxious facial expression (behavioural)” (Stupnisky et al., 2017, p. 1170).  This achievement 
emotion that I was feeling was the primary source of my stress. Teaching often yields positive emotions, 
such as pride and enjoyment whereas the act of performing research yields feelings of anxiety, guilt, and 
helplessness (Stupnisky et al., 2017). At this stage, I was simply teaching, recording my reflections, and 
accordingly had nothing to worry about. I just wish my face knew it (behavioural).  
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I was still questioning my self-efficacy and the issues arising from the stress of my impending classes and 
“people fear and tend to avoid threatening situations they believe exceed their coping skills, whereas they 
get involved in activities and behave assuredly when they judge themselves capable of handling situations 
that would otherwise be intimidating” (Bandura, 1977, p. 194). I was starting to believe my new course 
would exceed my coping skills. After giving this some consideration, I looked at the specific elements that 
contributed to a sense of self-efficacy to see if I could identify a specific method of overcoming these 
sensations.  
 
When it came to the practical skills I would have to demonstrate in my course, I had a high sense of self-
efficacy yet the new environment and knowledge I had over the importance of the task seemed to negate 
that confidence. Bandura (1977) refers to this as “performance accomplishments” (p. 195) and indicates 
that success in a performance accomplishment has the potential to “generalize to other situations in which 
performance was self-debilitated by pre-occupation with personal inadequacies” (p. 195). Having mastered 
the technical skills and pedagogy should have been sufficient evidence to allow me to generalize a level of 
self-efficacy to carry into this new post-secondary world but it was not: I still had great concerns over how 
I was going to teach these student teachers. However, I was further bolstered by what Bandura (1977) calls 
“vicarious experience” (p. 197). I knew there had been people before me who had successfully taught post-
secondary pre-service teachers and I had to persuade myself that if others could do it, then so could I. I 
discussed my concerns with the SP and he imbued some confidence in me by highlighting my experience 
and previous successes. This verbal persuasion contributed to stemming the tide of erosion on my sense of 
self-efficacy yet there were still many things that I had to discover in order to over-come my achievement 
emotions and I had to look more specifically at the task I had ahead of me. 

4. TECHNOLOGY EDUCATION AND PRE-SERVICE TEACHERS 

I had developed, through assistance, a stronger grasp of the required software and a greater understanding 
of the new culture I was now a part of, yet my feelings persisted. Informal, yet structured, reflection brought 
me to the conclusion that I was not just responsible for teaching skills, as I am in my secondary school 
position, but pedagogy as well. There are so many approaches and subtleties that they needed to learn. 
Teaching children of varying levels of ability, various forms of assessment, currently adopted models such 
as 21st Century learning, and the list goes on. This was my responsibility. I had to prepare students with a 
knowledge of what to teach and how to teach it, how to evaluate it, and how to teach it to a range of 
learners. This was far more than I was prepared to do. 
 
The course I was about to teach had a class of students with little to no experience in technology. They 
needed to learn the technical skills required to complete the course as well as the pedagogical skills required 
to teach it. Ramagligela (2020) has identified that “the content and instructional knowledge displayed by 
most pre-service Technology teachers was inadequate, which weakened their effectiveness in the 
classroom” (p. 531). This finding, coupled with Fahrman et al.’s (2020) statement that “the contents of what 
the pupil learns much depends on the teachers’ knowledge and skills.” (p.163) merely added to what I had 
suspected from the onset: I had a responsibility that was larger than the one I have in secondary school. 
Secondary school students merely need to learn the subject matter and skills whereas these pre-service 
teachers needed to learn the subject matter, the skills, and the pedagogy to teach it. Since content knowledge 
has been identified as of particular importance in teacher preparation (MaKinster & Veal, 1999; Koehler & 
Mishra, 2006) I was concerned about the outcome and the anxiety I felt at the prospect of focusing on so 
many various aspects was almost crippling.  
 
I had to break things down a little further and draw on my recent studies to bolster my confidence. I wanted 
to have my students become successful teachers in the field of technology education and, according to 
Fahrman et al., (2020) “Successful teachers have a special blend of content knowledge and pedagogical 
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knowledge, —pedagogical content knowledge” (p. 167). If I started thinking about my course – which I 
had complete autonomy over – in terms of a pedagogical content knowledge (PCK) approach I could 
incorporate micro lessons on various teaching strategies, evaluation practices, and content knowledge. 
While this blended system would help to increase the pedagogical aspect of the course, I wondered if my 
decision would be at the cost of some of the content or skills. Not restricted by a set curriculum, I attempted 
to develop lessons that incorporated varying pedagogical approaches, assessment practices, instructional 
strategies, curriculum knowledge and an orientation towards specifically teaching technology. This 
structured approach was based on Magnusson et al.’s model as highlighted by Fahrman et al. (2020). It was 
my starting point and allowed me to focus my energies. 
 
This took some time, thought, and flexibility. Each day I would evaluate my performance. And theirs. Mine 
went into a journal and theirs went into evaluation reports, formative feedback, corrections, demonstrations, 
and discussions. As I got to know the students, I started to recognize strengths and weaknesses and tailored 
my approach to each one as time and circumstances permitted. Being structured and organized using the 
aforementioned approach allowed me to overcome the associated stress of attempting to prepare pre-service 
technology teachers. I took an academic approach and researched existing methods and drew on my own 
academic experience as well as my teaching experience. The answer to my own feelings could be found in 
a previous direct quote from Fahrman et al. (2020): “…the contents of what the pupil learns much depends 
on the teachers’ knowledge and skills” (p.163). None of this occurred in a vacuum however as I still had 
support around me, and I regularly availed of the guidance of my mentors. 

5. MENTORSHIP 

As my anxiety was growing, I realized I needed someone to help me. Someone who had experience in this 
new software as well as the institutional culture. I needed a mentor. I ended up with two. The professor and 
the instructional assistant provided me with guidance, direction and support that allowed me to re-establish 
my sense of self-efficacy. I received guidance from the professor in the form of dealing with post-secondary 
students and institutional knowledge from the instructional assistant. I spent every day with the 
instructional assistant, and he helped me to acclimate to the environment quite quickly. Simple things such 
as the location of tools and materials or student access to software were quickly handled by him. He 
alleviated the stress of daily minutiae that can quickly derail momentum and impede learning. He didn’t 
just do it though, he included me in the process which allowed me to feel independent from him quite 
quickly. As for the professor, he would share his thoughts on pedagogy and affirm my approaches as being 
grounded in successful schools of thought. This bolstered my confidence which led to a greater sense of 
self-efficacy.  
 
Mentors are a valuable resource in a professional environment and are either assigned by an institution or 
sought out independently. Quite often more than one mentor is required. As Zerzan et al. (2009) indicate, 
having more than one mentor allows the mentee to benefit from diverse contributions. Using a mentor, a 
number of professional issues can be ameliorated. Even though I was mentoring a class of students, I too 
required a mentor (Ryan, 2019). Navigating institutional culture is a significant challenge for any new 
instructor and having someone there who can answer queries, provide guidance, and offer support is one 
step in the right direction. However, according to Eddy and Gaston-Gayles (2008) stress for a new faculty 
member exists regardless of being mentored or not.  
 
I had the good fortune to have two mentors and that indeed allowed for diverse contributions. There was 
daily contact with the instructional assistant (IA) and regular contact via text, email, and personal meetings 
with the supervising professor (SP). Each of these mentors provided different strains of support and 
guidance. While the IA helped me navigate the daily tasks such as material ordering, equipment locations, 
software acquisition, and account access, the SP mentored me in aspects of pedagogy and evaluation as 
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they pertained to post-secondary students. Taking direction from Zezran et al. (2009), I took ownership of 
these relationships and used various methods of contact, set meeting agendas, had specific questions, and 
requested feedback on completed tasks (p. 140). The mentor(s)/mentee relationship was instrumental and I 
entered into it with a clear understanding of what were my greatest concerns and recognized when a solution 
or guidance to a solution was offered. That is not to suggest that I followed direction without question as I 
had my own views, had done my own research, and had to incorporate my own classroom approach. In the 
end however, I cannot overstate the importance of these relationships. 

6. REFLECTION AND EVIDENCE-BASED DECISION MAKING 

Write a journal? What? I had no time to write down anything let alone spend time researching solutions to 
problems that I had not yet had to deal with. My university course was not until the regular school year 
was over and I was still teaching full time in a classroom during a pandemic. My evaluation was scattered 
due to high absenteeism, I was teaching in two different formats (online and in person) and now I thought 
that doing this was a good idea? How? I just wanted to watch television and eat junk food. While that may 
be the case, my mind was constantly nagged at the impending situation of teaching at this new level and 
the responsibility I felt towards it. I had to force myself to start the process. One step at a time. Get thinking. 
Get organized. Get motivated. I made a list of concerns (in a journal) and sought out what others had to 
say about it. Putting down on paper what concerned me the most helped me develop solutions or at least 
start to potentially develop solutions.  
 
Ryan (2019) has identified that “Reflection and being able to handle the spontaneity that every class can 
provide is integral for every instructor and is an essential component for self-efficacy” (p. 48). I was 
working toward increasing my self-efficacy in this new environment before I had even started the course 
and this was partially achieved through focusing my thoughts and concerns in a reflective manner, recording 
this through critical journaling, and taking those recurrent ideas and seeking out answers through an existing 
body of research. I had the technical skills required to teach the course and took some comfort in that. This 
comfort allowed me to focus on seeking answers or support through an existing body of research. The 
practice of solely using research to make decisions has come into question (Hedges, 2012; Wright et al., 
2015) yet combining the practice with personal experience has yielded a positive outcome.  

7. DISCUSSION AND CONCLUSION 

I return to the question of “who cares?” that I asked myself earlier and believe that there are numerous 
groups who could make use of my findings. Other incoming instructors may experience similarities to mine 
and this paper could be a source of assistance for them. And while there exists a substantial body of 
knowledge surrounding new hires, there does not appear to be much regarding sessional instructors. Further 
study in this area may be pursued. The role of contract based sessional instructor is a familiar one in post-
secondary institutions and yet there was no system of induction put in place. At least there was not one of 
which I was made aware when I received my letter of acceptance and start date. Administrators and 
coordinators of courses that make use of sessional instructors hire us for our skill sets but need to become 
aware of the erosion to self-efficacy that can quickly take place when we realize the weight of our 
responsibilities. These issues can be ameliorated through the incorporation of programmes designed for 
new sessional instructors and if such programmes exist they may be reviewed based on the findings in this 
paper. 
 
Applicable mentors should be assigned to new sessional hires. We are hired for our skills but the transition 
to post-secondary teaching comes with the potential to generate self-doubt and anxiety. This, in turn, can 
lead to decreasing self-efficacy yet this result can be avoided. Having a mentor (or two) greatly helped to 
alleviate some of my concerns but I sought out these relationships. No one was assigned to me to assist in 



80 
 

PATT 39 Conference Proceedings June 2022 
 

any transition and I had to initiate the process. The role of a mentor has tremendous benefit and cannot be 
overstated. The assignment of one to new sessional instructors can help them be their best in the class and 
not feel anxious about the transition since with it comes a new sense of responsibilities. 
 
It is these new responsibilities that caused me the greatest concern however and I believe there is cause for 
further research on the topic of teaching new skills and pedagogy to pre-service technology education 
students. Pre-service teachers in other subject areas already have tremendous content knowledge due to 
their concentration of studies achieved during their undergraduate degrees. Pre-service technology 
education students are not quite as placed and have little to no experience, may or may not have an aptitude 
for the subject matter, and may or may not have a genuine interest in the subject matter. These issues make 
teaching pre-service technology education teachers a difficult task. One that bears closer examination. 
 
At the conclusion of my first step across the threshold from secondary to post-secondary teaching, my 
anxiety decreased as my self-efficacy increased. I no longer suffered from the abject fear at what I had just 
agreed to undertake and leaned more towards a sense of accomplishment. I did not merely get through the 
course, I developed it as much as I personally developed while teaching it. My initial fear that I was not 
just responsible for teaching skills was tempered by my previous experience, the research I had sought out, 
the mentorships I had fostered. This was made possible through my personal reflections and without them 
I would not be able to contribute to the existing body of work surrounding new teacher educators and in 
particular, pre-service technology education teachers. Through all of this however, there was still a period 
of learning and acclimation. Post-secondary institutions that make use of sessional instructors depend on 
us to deliver a level of quality in our instruction. Students depend on us to prepare them for their future 
employment and yet the initial apprehensions and misgivings that surround new instructors may inhibit 
them from providing quality instruction. Considering that sessional teachers in technology are hired for 
their particular technical skills, having a mentor or two can assist the new instructor in overcoming the 
initial hurdles and ensure that the quality of instruction is not impeded by the previously discussed issues. 
Efficiency can further be improved by ensuring the mentor can guide the mentee in the educational 
philosophies that align with the conceptual framework of the programme.  
 
There is room for further study on the successful preparation of pre-service technology education teachers. 
Yet as successful post-secondary students, their motivation to achieve is high and their skills, while still in 
a neophyte stage, have a foundation they can add to over time. I believe if they too, draw on their experience, 
engage in professional development or research, seek out appropriate mentors, and reflect on their practice, 
they will find success. 
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Abstract 

Technology programming at the Kindergarten-Grade 12 (K-12) school level in Canada is comprised 
of approaches that are unique to each of the country’s 13 provinces and territories. Canada does not 
have a national, or pan-Canadian ministry of education, and education delivery is the jurisdictional 
responsibility of its provinces and territories, thus providing opportunity for varying approaches to 
curriculum design and delivery, especially in the area of technology programming. Other authors 
(Hill, 2003; Hill, 2009; Elshof, 2015) have provided overviews and discussions of the aspects of K-
12 school level technology programming and this paper adds to their work by providing updated 
and current information. Detailed environmental scans and document analyses were conducted on 
K-12 school level technology programs offered across Canada that provided insight into the 
diversity of program descriptions, program offerings, and delivery approaches occurring in the 13 
provinces and territories. In Canada technology programming is either offered as a discrete subject 
area such as, technology education, skilled trades, communications and information (ICT) 
integration, applied design, and technical education, or combined with other subject areas including, 
career education, science, and practical and applied arts. However, among the programming 
diversity identified there are commonalities evident that are a result of collaborative efforts and 
regional oversight initiatives. This paper provides a brief overview of technology programming 
currently offered at the K-12 school level across Canada. Implications for technology education 
teacher education programs and their students within the Canadian context are also presented. 

Key Words: technology programming, teacher preparation, technology education 

1. INTRODUCTION 

Canada is an expansive country with a political structure that includes a national, federal government that 
provides governance on many key portfolios, but the delivery of education at the K-12 level is the 
constitutional responsibility of each of the country’s 13 provinces and territories. There are ten provinces 
that span from the Atlantic Ocean in the East to the Pacific Ocean in the West, and three territories that 
occupy the Northern region of the country. Each province and territory exhibits a uniqueness that is rooted 
primarily in their cultural history, but industrial and economic developments have also played a significant 
role in shaping the diversity now observed. The development and delivery of K-12 technology 
programming occurring within the provincial and territorial jurisdictions in Canada certainly reflect those 
cultural, economic and industrial developments. This jurisdictional autonomy also accounts for the many 
different titles afforded the broad area of technology programming in place, including the discrete subject 
titles, technology education, skilled trades, communications and information (ICT) integration, applied 
design, and technical education. And in some jurisdictions technology programming is combined with other 
subject areas including career education, science, and practical and applied arts. There are some common 
approaches to technology programming employed among some neighbouring provinces and territories, and 
there is even some sharing of curriculum documents and resources among others.  
 
This paper provides a brief overview of technology programming currently offered at the K-12 school level 
across Canada. Hill (2003; 2009) and Elshof (2015) provided previous overviews of K-12 school level 
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technology programming and this paper builds on their work by providing current information. The scope 
of this paper involves a detailing of technology programming titles being used at the various K-12 school 
grade levels, plus some examples of specific technology courses offered.  
 
As curriculum review and renewal processes are cyclical in nature and occur at different times within the 
13 jurisdictions, it is important to note that information included in this paper is current to Spring 2022, and 
where there is information publicly available pertaining to impending program changes, it is included. 

2. TECHNOLOGY PROGRAMMING IN CANADA 

For context, it is worth noting Canada is ranked as the world’s second largest country by total land mass, 
10 million square kilometres, but only has a total population just exceeding 38 million people, which ranks 
37th in the world (Statistics Canada, 2022). Newfoundland and Labrador is the most easterly province, 
British Columbia is the most westerly province, and the three territories, Nunavut, Northwest Territories, 
and Yukon, span the Northern region of the country (see Figure 1). Canada is a bilingual country with 
English and French as its official languages, but there are also several indigenous languages recognized, 
primarily in the Northern territories, but also throughout the ten provinces that have recognized indigenous 
populations. For the purposes of this paper’s discussion only technology programming available in the 
English language will be discussed. However, most programs are also available in the French language, 
and some others are available in an indigenous language. 

 

 
Figure 1. Map of Canada 

Available via license: CC BY-NC-ND 3.0 
 
A scan of technology programming occurring in Canada presents a very diverse listing that demonstrates 
the unique approaches undertaken within the subject area in each jurisdiction (see Table 1). Reasons for the 
inconsistent terminology across the country may be explained by some jurisdictions realigning curricular 
program groupings upon their own curricular refresh cycles and education priorities, or by some aligning 
with education policy changes enacted by the provincial and territorial government administrations. A 
comprehensive survey of the status of technology education delivery throughout Canada was completed by 
Hill (2009) and it detailed the technology education programs offered within each of the 13 provinces and 
territories. Elshof (2015) conducted a smaller review of technology education curricular offerings across 
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six Canadian provinces and noted, “Technology education in Canada is a complex organic hybrid of 
courses, programs, and formats” and stated, “there is no curriculum area that has the variety of different 
courses, programs, and outcomes as technology education” (p. 420). Hill (2009) commented on regional 
differences and values that have also contributed to this diverse nature, as cultural and economic influences 
have had a direct impact on the development of local curricula, and she noted, “Reporting for each 
province/territory uses terminology specific to each province/territory” (p. 67). For that reason, the broader 
term ‘technology’, as opposed to the more specific term ‘technology education’ is used as an umbrella term 
within this paper. 
 
Table 1. Provincial/Territorial Technology Programming Terminology 
 

Province/Territory Technology Curriculum Terminology Grade Levels (Ages) 
    Western Provinces   
British Columbia Applied Design, Skills and Technologies K-12 (5-17 years) 
 

Alberta 

 

Information and Communication Technology 

 

K-12 (5-17 years) 

 Career and Technology Foundations 5-9 (10-14 years) 
 Career and Technology Studies 10-12 (15-17 years) 
 

Saskatchewan 
 

Practical and Applied Arts 
 

7-12 (12-17 years) 
 

Manitoba 
 

Information and Communication Technology 
(ICT) 

 

K-12 (5-17 years) 

 Technology Education 10-12 (15-17 years) 
 

   Territories   
Yukon Territory Applied Design, Skills and Technologies (British 

Columbia Curriculum) 
K-12 (5-17 years) 

 

Northwest Territories 

 

Science and Technology 
 

K-6 (5-11 years) 
 Literacy with Information and Communications 

Technology (LWICT) 
K-12 (5-17 years) 

 Career and Technology Studies (Alberta 
Education curriculum: 2021-2022) 

10-12 (15-17 years) 

 

Nunavut Territory 

 

Science and Technology (Northwest Territories 
Curriculum) 

 

K-6 (5-11 years) 

 Career and Technology Studies (Alberta 
Curriculum) 
 

10-12 (15-17 years) 

   Central Provinces   
Ontario Science and Technology 1-8 (6-13 years) 
 Computer Studies 10-12 (15-17 years) 
 Technological Education 9-12 (14-17 years) 
 

Quebec 
 

Mathematics, Science and Technology 
 

K-11 (5-16 years)  
 CEGEP Program (Unique to Quebec) 

 

[1-2 years after Grade 11] 
 

   Eastern Provinces   
New Brunswick Technology Education 6-8 (11-13 years) 
 Skilled Trades and Applied Technology 9-12 (14-17 years) 
 Information Computer Technology 9-12 (14-17 years) 
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Prince Edward Island 
 

Communication and Information Technology 
(ICT Integration) 

 

K-12 (5–17 years) 

 Communication and Information Technology 
(ICT) 

10-12 (15-17 years) 

 Career and Technical Education 7-12 (12-17 years) 
 

Nova Scotia 
 

Technology Education 
 

7-12 (12-17 years) 
 Textile Arts and Design 7 (12 years) 
 Skilled Trades 10-12 (15-17 years) 
 

Newfoundland and 
Labrador 

 

Technology Education 
Skilled Trades 

 

7-12 (12-17 years) 
10-12 (15-17 years) 

 
A discussion of technology programming in Canada will be presented from the perspective of each province 
and territory, beginning with the Western provinces, then moving through the Northern territories, the 
Central provinces, and finally, the Eastern provinces.  

2.1. Western Provinces 

The Western provinces include British Columbia, Alberta, Saskatchewan, and Manitoba. The four 
provinces have taken different approaches to curriculum design and development.  

2.1.1. British Columbia  
The province of British Columbia uses the technology terminology, Applied Design, Skills, and 
Technologies. Curriculum development in the province aligns with provincially established core 
competencies, which are “sets of intellectual, personal, and social and emotional proficiencies that all 
students need to develop in order to engage in deeper learning” (British Columbia, 2022). The three 
competencies include Thinking (creative thinking and critical thinking), Communication, and Personal and 
Social (positive personal/cultural identity, personal awareness and responsibility, and social awareness and 
responsibility). 
 
At the Grade K-9 level the technology curricula is sub-categorized in three main areas, Applied Design, 
Applied Skills, and Applied Technologies. In Grades K-5 the curricula is integrated and combined with other 
grade level content, in Grades 6-7 the curricula is delivered as discrete modules and there is a requirement 
that students complete three modules in each year, and in Grades 8-9 the curricula is also offered in modules 
but students are required to complete the equivalent of a full year course in each grade.  
 
At the Grade 10-12 level the technology curricula is offered through separate courses that are grouped in 
four categories: Business Education, Home Economics and Culinary Arts, Information and 
Communications Technology, and Technology Education. At each grade level a different suite of courses 
is offered and there is a sequential progression of many courses as students move through higher grades 
(e.g., Drafting 10, Drafting 11, and Drafting 12). The province also offers a secondary level apprenticeship 
program titled, Youth Work in Trades Program.  
 
Source: Government of British Columbia (2022). 

2.1.2. Alberta  
The province of Alberta uses the technology terminology, Information and Communication Technology at 
the Grade K-12 level, Career and Technology Foundations at the Grade 5-9 level and Career and 
Technology Studies at the Grade 10-12 level.  
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The Grades K-12 Information and Communication Technology curricula is a broad program that is designed 
to be integrated within existing English Language Arts, Mathematics, Science and Social Studies curricula. 
Learning outcomes are provided for each of the major grade levels and are based on the following three 
interrelated categories: a) communicating, inquiring, decision making and problem solving, b) foundational 
operations, knowledge and concepts and, c) processes for productivity. 

 
The Grades 5-9 Career and Technology Foundations curricula includes 14 competency-focused learning 
outcomes that are delivered and assessed to varying degrees across the five grade levels. The main 
components of the program include the investigation of career opportunities in Business, Communication, 
Human Services, Resources, and Technology through learning challenges that integrate the learning 
processes: a) plan, b) create, c) appraise, and d) communicate, all in a non-linear manner. Schools are 
encouraged to integrate the program through flexible and interdisciplinary learning practices that ensure 
relevant, hands-on learning experiences for students. 
 
The Grades 10-12 Career and Technology Studies curricula includes a robust and diverse complement of 
courses that provide students opportunity to explore their interests and career options, and to develop skills 
to be applied in their daily lives, or to improve their employability upon graduation from high school. The 
full program is offered through five main program clusters: a) BIT Cluster (business, administration, 
finance, and information technology), b) HRH Cluster (health, recreation, and human resources), c) MDC 
Cluster (media, design, and communication arts), d) NAT Cluster (natural resources), and e) TMT Cluster 
(trades, manufacturing and transportation). There is also an accompanying apprenticeship program, 
Registered Apprenticeship Program (RAP), that includes courses taught by certified journeyperson 
instructors in an approved trade program learning facility.  
 
Alberta is currently undergoing a significant curriculum renewal process that may result in modified or new 
technology terminology in the near future. 
 
Source: Government of Alberta (2022). 

2.1.3. Saskatchewan 
The province of Saskatchewan uses the technology terminology, Practical and Applied Arts. The province’s 
technology curricula are offered at the Grade 7-12 levels with different course offerings and delivery 
approaches in place for the middle level (Grades 7-9) and secondary level (Grades 10-12). The program’s 
overall program goals include: a) theory and practice, b) career development, c) industry standard learnings, 
and d) skill development. 
 
The Grades 7-9 Practical and Applied Arts program consists of the delivery of discrete learning modules 
that are derived from the many Grade 10-12 secondary level curricular offerings. Students must complete 
a minimum number of modules throughout their Grade 7-9 schooling and teachers have flexibility with the 
configuration and delivery of the content of those modules. The learning content at this level is generally 
introductory in nature. 
 
The Grades 10-12 Practical and Applied Arts program is a comprehensive program that offers students 
typical technology-based courses and courses that are more applicable to the province’s economy and 
industry. Some of the courses closely associated with provincial industry include, agriculture studies, 
cow/calf production, and wildlife management, but traditional technology courses are also offered, 
including courses such as, design studies, machining, drafting and computer-aided design. The province 
has an apprenticeship program, Saskatchewan Youth Apprenticeship (SYA),  that provides students 
opportunity to gain advance standing in post-secondary trades programs by completing identified secondary 
school courses, plus opportunity for students to complete apprenticeship hours with tradespeople as part of 
post-secondary preparation. 
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Source: Government of Saskatchewan (2022). 

2.1.4. Manitoba  
The province of Manitoba uses the technology terminology, Information and Communication Technology 
(ICT) at the Grades K-12 level, and Technology Education at the Grades 7-12 level. 
 
The Information and Communication Technology (ICT) program is delivered through three different 
subprogram areas, Literacy with ICT Across the Curriculum (LwICT), ICT in Early and Middle Years, and 
ICT in Senior Years. The LwICT subprogram (Grades K-3) is based on a developmental learning curricula 
that offers learning outcomes that are to be integrated into other existing curricular areas (e.g., English 
language arts, mathematics, science, and social studies). The ICT in Early and Middle Years programs are 
also integrated within other existing curricular areas, but focus on community and diversity (Grades 4-6) 
and multimedia themes (Grades 7-9); and, the ICT in Senior Years focuses predominantly on computer 
science curricula. 
 
The Grades 10-12 Technology Education program includes curricula associated with industrial arts, 
vocational industrial, human ecology/home economics, and business and marketing education. There is a 
cooperative vocational education program that provides students opportunity to work directly with industry 
for course credit, and there is an apprenticeship program, High School Apprenticeship Program (HSAP), 
that involves students completing apprenticeship training with certified tradespersons that will become part 
of post-secondary trades program preparation. 
 
Source: Government of Manitoba (2022). 

2.2. Territories 

The territories include Yukon, Northwest Territories, and Nunavut. They span the Northern region of the 
country and much of their K-12 programming is modelled on programs offered by British Columbia and 
Alberta.   

2.2.1. Yukon Territory  
The Yukon Territory adapts and delivers British Columbia’s Applied Design, Skills, and Technologies 
curricula. The level of integration of the technology curricula into the full Yukon K-12 program of study is 
balanced with the Territory’s other education priorities, such as their focus on indigenous and cultural 
education. The territory also offers an apprenticeship program, Yukon Secondary School Apprenticeship 
Training, at its secondary level. 
 
Source: Government of Yukon (2022). 

2.2.2. Northwest Territories  
The Northwest Territories currently delivers three technology programs, Science and Technology (Grades 
K-6), Literacy with Information and Communication Technology (Grades K-12) curricula, and Alberta’s 
Career and Technology Studies (Grades 10-12) curricula.  
 
The Grades K-6 Science and Technology curricula delivers science and technology learning outcomes 
together as an integrated program. 
 
The Grades K-12 Literacy with Information and Communication Technology program is integrated into 
other existing school programs and has a strong focus on literacy (planning and questioning; gathering and 
making sense; producing to show understanding; and, communication and reflecting).  
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The Grades 10-12 Career and Technology Studies program is an adapted delivery of Alberta’s Grades 10-
12 Career and Technology Studies program. The territory also offers an apprenticeship program, Schools 
North Apprenticeship Program (SNAP), at its secondary level. 
 
The Territory has embarked on a substantial curriculum renewal process and as of December 2021 it has 
begun a transition to adapt and deliver British Columbia’s Applied Design, Skills, and Technologies 
curricula. The transition will be consist of a multi-year phase-in approach beginning in the 2022-2023 
school year.  
 
Source: Government of Northwest Territories (2022). 

2.2.3. Nunavut Territory 
The Nunavut territory adapts and delivers technology curricula offered by the Northwest Territories and 
Alberta.  
 
The Grades K-6 level Science and Technology curricula is adapted from the Northwest Territory’s Grades 
K-6 Science and Technology program.  
 
The Grades 10-12 level Career and Technology Studies program is an adaptation of components of 
Alberta’s Grades 10-12 Career and Technology Studies program, plus there is an early apprenticeship 
training program, Nunavut Early Apprenticeship Training (NEAT), opportunity for students. 
 
Source: Government of Nunavut (2022). 

2.3. Central Provinces 

The centrally-located provinces include Ontario and Quebec. The two provinces have taken different 
approaches to curriculum design. 

2.3.1. Ontario 
The province of Ontario is the most populous province in Canada and is home to the nation’s capital city, 
Ottawa. The province uses the technology terminology, Science and Technology at the Grade 1-8 level, 
Computer Studies at the Grades 10-12 level, and Technological Education at the Grade 9-12 level. 
 
The Grades 1-8 Science and Technology program has been recently updated with a revised program 
scheduled to be implemented in the Fall of 2022. The new program combines science and technology 
learning outcomes that are grouped within five major strands: a) STEM Skills and Connections, b) Life 
Systems, c) Matter and Energy, d) Structure and Mechanisms, and e) Earth and Space Systems. The level 
of treatment of specific topics of study progresses as students matriculate from Grade 1 to Grade 8. 
 
The Grades 10-12 Computer Studies program was revised in 2008 and implemented in the 2009-2010 
school year. The program is focused on four critical areas of learning: a) software development, b) 
algorithms and data structures, c) program correctness and efficiency, and d) professional and ethical 
responsibility. There are three types of courses offered: a) University Preparation courses which prepare 
students for related university post-secondary study, b) College Preparation courses which prepare students 
for related college and apprenticeship programs, and c) Open Courses which are offered to the mainstream 
student population. 
 
The Grades 9-12 Technological Education program is a comprehensive technology program that offers 
students courses in communications technology, computer technology, construction technology, green 
industries, hairstyling and aesthetics, health care, hospitality and tourism, manufacturing technology, 
technological design, and transportation technology. There are options for students to participate in 
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cooperative and experiential learning with industry partners, and an apprenticeship program option that is 
linked with the Ontario Youth Apprenticeship Program (OYAP). 
 
Source: Government of Ontario (2022). 

2.3.2. Quebec  
The province of Quebec employs different approaches to its delivery of K-12 education with a primary 
difference that it is a K-11 program with additional optional years. The full program is competency-based 
with students progressing through sequential cycles of learning, which are composed of various subject-
specific learning outcomes and multiple grade levels. The technology terminology used at the Grade 1-6 
level includes, Mathematics, Science and Technology, and there are multiple technology terminologies used 
at the Grade 7-11 level including, Science and Technology, Applied Science and Technology, 
Environmental Science and Technology, plus there is an additional collegiate education program titled, 
Collège d'enseignement général et professionnel (CEGEP), which is a 1-2 year program that bridges 
students from Grade 11 to a college or university education program. CEGEP offers a range of technology 
programs. 
 
The elementary level Mathematics, Science and Technology program is delivered across three cycles, Cycle 
1 (Grades 1-2), Cycle 2 (Grades 3-4) and Cycle 3 (Grades 5-6). Each cycle delivers discrete technology 
programming that covers competencies including: a) exploration of the world of science and technology, 
b) proposing explanations for or solutions to scientific or technological problems, c) making the most of 
scientific and technological tools, objects and procedures, and d) communicating in the languages used in 
science and technology. 
 
The secondary level Mathematics, Science and Technology program is delivered across two cycles, Cycle 
1 (Grades 7-8), Cycle 2 (Grades 9-11). Each cycle delivers discrete technology programming that covers 
competencies grouped within Science and Technology, Applied Science and Technology, and 
Environmental Science and Technology program areas. Cycle 1 and Cycle 2 cover competencies including: 
a) seeking answers to scientific or technological problems, b) making the most of one’s knowledge of 
science and technology, and c) communicating in the languages used in science and technology.   
 
Quebec is the only province to not include a Grade 12 year as part of its secondary program. Instead, it 
offers an additional program, CEGEP, that bridges students from secondary school to post-secondary 
school. CEGEP is available to students 16 years of age or older who have completed the Grade 11 secondary 
program diploma requirements. CEGEP schools offer separate academic, technical, and vocational 
programs, or offer combinations of those three programs. Students choose their program focus area that 
best prepares them for further post-secondary study or direct work entry.   
 
Source: Government of Quebec (2022). 

2.4. Eastern Provinces 

The Eastern provinces include New Brunswick, Nova Scotia, Prince Edward Island, and Newfoundland 
and Labrador. There are cooperation agreements in place among their political leadership that foster 
collaborative approaches to curriculum design and development among the four provinces, resulting in their 
use of some common technology terminology.  

2.4.1. New Brunswick  
The province of New Brunswick uses the technology terminology, Technology Education at the Grades 6-
8 level, and Information Computer Technology and Skilled Trades, Applied Technology and Business at the 
Grades 9-12 level. 
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The Grades 6-8 Technology Education program is a competency-based program that is organized within 
three general curriculum outcomes: a) students will understand technological operations and concepts, b) 
students will practice critical thinking and problem solving skills, and c) students will practice responsible 
citizenship. Within the three outcome areas students cover topics such as, file management, computer 
coding and programming; computer aided drafting and design; image, audio and video production; 
storyboarding; web design; social networking; digital citizenship, Internet safety; 3D design; game design; 
and, multimedia editing through technological problem-solving learning activities. 
 
The Grades 9-12 Information and Computer Technology program consists of just three courses, 
Cybersecurity, Cybersecurity and Technical Support, and Computer Science. The latter course is heavily 
focused on computer coding and programming topics through a problem-based learning approach.  
 
The Grades 9-12 Skilled Trades, Applied Technology and Business program is a diverse program that offers 
students a wide range of courses. Some of the courses include fashion technology and design; automotive 
electrical systems; culinary technology; electrical wiring; framing and sheathing; housing and design; 
internal combustion engines; metals fabrication and welding; milling and cabinetry; and, powertrain and 
chassis.  
 
New Brunswick also offers an Essential Skills Achievement Pathway (ESAP) program that is delivered in 
parallel to the traditional Grade 9-12 secondary program and offer students opportunity to target their 
learning towards direct entry into post-secondary skills programs or work programs immediately upon 
graduation from Grade 12. Skilled Trades and other technology learning experiences can be part of a 
student’s individualized EASP program.  
 
Source: Government of New Brunswick (2022). 

2.4.2. Prince Edward Island  
The province of Prince Edward Island uses the technology terminology, Communication and Information 
Technology (ICT Integration) at the Grade K-9 level, and Communication and Information Technology and 
Career and Technical Education at the Grade 7-12 levels.  
 
The Grades K-9 Communication and Information Technology (ICT Integration) program involves the 
delivery of ICT learning outcomes as part of the delivery of other school subjects (e.g., English language 
arts, science, mathematics, social studies). The ICT learning outcomes are integrated into those other 
curricular areas. 
 
The Grades10-12 Communication and Information Technology program consists of curricula covering the 
topics of computer studies, applied digital communication, and creative multimedia topics. 
 
The Grades 7-9 Career and Technical Education program consists of a Technology Education program that 
covers three main units of study: a) safety, b) technical skills, and c) design thinking. Some examples of 
specific course outcomes include, ‘practise safe work habits to provide for personal safety and the safety of 
others’, and ‘demonstrate basic design and critical thinking strategies to solve technological problems’. 
 
The Grades 10-12 Career and Technical Education program consists primarily of skilled trades curricula 
including, delivery of automotive, carpentry, and welding technology courses, plus an offering of a robotics 
technology course. There is an apprenticeship preparation component attached to the suite of carpentry 
courses that is part of the province’s Youth Apprenticeship Program.  
 
Source: Government of Prince Edward Island (2022). 
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2.4.3. Nova Scotia  
The province of Nova Scotia uses the technology terminology, Textile Arts and Design at the Grade 7 level, 
Technology Education at the Grade 7-9 level, and Technology Education and Skilled Trades at the Grade 
10-12 level.  
 
The Grade 7 Textile Arts and Design program is unique and is designed on three major learning outcomes: 
a) learners will create textile articles through multiple sewing applications, b) learners will evaluate the 
suitability of fabric properties for end use, and c) learners will analyse factors that influence clothing choice. 
The program is design and skills based. 
 
The Grades 7-9 Technology Education program is currently undergoing a curriculum renewal process that 
will result in new programs in Grade 7 and Grade 8 being implemented in the 2022-2023 school year, and 
a new program in Grade 9 to follow later. Some examples of learning outcomes included in the renewed 
programs include, ‘learners will implement the design process in relation to the concept of Netukulimk 
(Mi'kmaq cultural concept)’, and ‘learners will construct a product in response to audience need’. Note that 
the Mi'kmaq are an indigenous group recognized within Nova Scotia, and other jurisdictions, and the 
province has incorporated some of their teaching and learning traditions into their technology curriculum 
design. 
 
The Grades 10-12 Technology Education program includes courses developed with a design and 
technological problem-solving focus in mind. Some of the course topics in this program include 
construction technology, communications technology, and computer programming.  
 
The Grades 10-12 Skilled Trades program includes courses developed with a trades competency focus and 
includes a broad suite of courses covering construction trades, manufacturing trades, and transportation 
trades. There is also a Skilled Trades Co-operative Education course that includes an experiential learning 
co-operative placement with an industry partner, plus an apprenticeship program, Workit – Youth 
Apprenticeship. 
 
Source: Government of Nova Scotia (2022). 

2.4.4. Newfoundland and Labrador  
The province of Newfoundland and Labrador uses the technology terminology, Technology Education at 
the Grade 7-12 level, and Skilled Trades at the Grade 10-12 levels.  
 
The Grades 7-9 Technology Education program covers broad areas of technology and includes four 
modules: a) Communications Technology Module, b) Production Technology Module, c) Computer 
Science Module, and d) Energy and Power Technology Module. Each module is delivered within a 26-hour 
instructional period. 
 
The Grades 10-12 Technology Education program is focused on computer, communications and robotic 
technologies and includes a computer science course, two communications technology courses, and a 
robotics systems technology course.              
 
The Grades 10-12 Skilled Trades program is focused on many broad areas of skilled trades technologies 
and includes the following courses: a) Occupational Health and Safety, b) Skilled Trades, c) Design and 
Fabrication, d) Residential Construction, and e) Power and Energy. 
 
The province also offers the Technology Career Pathways Program (TCP), which is a unique program 
providing limited numbers of Grades 10-12 students opportunity to enroll in a technology-focused school 
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program that would provide them direct access to technology programs at the provinces’ two post- 
secondary institutions.  
 
Source: Government of Newfoundland and Labrador (2022). 

3. SUMMARY 

Technology programming at the K-12 school level in each of Canada’s 13 provinces and territories is 
diverse and unique. There are many different configurations of technology programming within the larger 
K-12 school context that reflect each province’s and territory’s educational values and priorities. A high 
level overview of the different technology programs offered with Canadian K-12 schools was presented in 
this paper and examples of specific course titles and topics were provided. Universities preparing 
technology teachers to teach in Canadian K-12 schools should offer a university education program that 
prepares their students to teach the diverse technology programming that is implemented across the country.  
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Abstract 

Critical thinking skills and creativity have been lauded by many as key attributes sought from 
prospective employees for the future workplace in an ever-changing world.  Furthermore, a review 
of existing literature suggested the prevalence of critical thinking skills within design and 
technology (D&T) tasks.  This study aimed to garner the perceptions of primary school teachers and 
establish, from a practitioner’s viewpoint, whether critical thinking skills were evident within their 
classrooms during D&T sessions.  The interviews followed a phenomenological approach and 
identified commonalities and differences between the teachers’ viewpoints as they described the 
phenomena they had experienced. The eight interviewees were from different schools in different 
areas of the UK and ranged from experienced teachers to early career teachers. Teachers were asked 
about their experiences of teaching D&T before completing a hierarchal ordering exercise of skills 
they perceived were gained from D&T activities in primary schools.  The data produced 
experiences, thoughts and opinions about teaching design and technology in primary schools and 
teacher perceptions of the role of critical thinking within them.   Analysis of the interview transcripts 
identified critical thinking throughout the responses and categorised three main themes around the 
teaching of design and technology in primary schools: approaches, attitudes and outcomes. This 
study suggests that, in order for primary teachers to develop their pupils’ critical thinking skills 
within design and technology, and thus develop technological literacy, there are issues that need 
addressing at both leadership and classroom levels such as training, resourcing and leadership 
priorities.  Nevertheless, teachers interviewed in this small scale study confidently believed that 
primary school pupils benefit from promoting critical thinking within D&T activities.     

Key Words: Design and Technology, Critical Thinking, Teacher Perceptions, Primary/Elementary 
Education 

1. INTRODUCTION 

1.1. Context 

This article has been taken from a study based in the UK, interviewing teachers from English primary 
schools where Design & Technology (D&T) is taught to pupils aged 4-11 and the subject is part of the 
statutory national curriculum.  The study was a Master’s level dissertation and had three research questions, 
one of which was teacher perceptions of critical thinking in D&T activities. 

1.2. Defining critical thinking 

Critical thinking is an often-lauded term used to describe a problem solving or independent thinking, 
however many academics state that it is hard to distinguish with one clear definition (Ab Kadir 2018; Wei 
2020; Yang 2009). 
 

mailto:rab237@cam.ac.uk
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The Organisation for Economic Co-operation and Development (OECD) defines critical thinking as 
“mainly inquisitive, a detective way of thinking” as opposed to creative thinking as “imaginative, the artist 
way of thinking” (Vincent-Lancrin et al., 2019, p.27). The analogy of a critical thinking detective and a 
creative thinking artist is potentially useful to distinguish the two but with the multitude of research in both 
disciplines,  
 
Willingham (2020) suggested that critical thinking is a combination of novel thinking, self-directed thinking 
and effective thinking and Chew et al. (2020) as “seeing both sides of the issue, reasoning, deducing and 
inferring conclusions” (p.1). Lai (2011) encouraged the view that defining critical thinking depends upon 
whether it is during the process, the end product or as a stand-alone higher order thinking skill. Barnett 
(1997) also had the view that defining the concept of critical thinking is dependent upon how it is used. The 
most widely viewed definition is the work of Richard Ennis who suggested that critical thinking is 
“reflective thinking focused on deciding what to believe or do” (Ennis, 2018, p.166) 
 
The Cambridge University Press (CUP) released a series titled Life Competencies Framework (2019), with 
the aim to prepare students for the changing world ahead. Although originally designed for English 
language development, critical thinking is sub-divided into three categories: critical evaluation, analytical 
framework and synthesising ideas. Whilst the OECD detective is a simple analogy and Ennis’s definition 
is widely used, this study used the CUP model as a simple way to define critical thinking to participants 
during the interview. The development of critical thinking within the subject area of design and technology, 
and in particular within primary schools is an area this paper focuses upon particularly. 

1.3. Critical thinking and D&T 

There are many researchers that link this metacognitive skill as being synonymous with the subject of 
design and technology. Rauscher and Badenhorst (2021) stated that teachers are more likely to “encourage 
critical thinking in design and technology” (p.1). Nicholl (2017) suggested that within D&T activities pupils 
need to be empathetic to their client’s needs and that empathy is “embodied within an overall disposition 
to think critically.” (p.156).  Additionally, Wei (2020) identified critical thinking processes during an 
analysis of design journals of junior high school students. 
 
Spuzic et al. (2016) determined that within engineering, criticality and creativity are valuable skills.  Whilst 
creative thinking can be seen as imaginative and critical thinking more analytical, both have worth in design 
and engineering.  The report cites Adriansen’s (2010) table that attempted to differentiate the two cognitive 
skills (Table 1.1). Mulnix (2012) concured with the above and that there should be a clear distinction 
between creative thinking and critical thinking as they are not “equivalent”. 
 
Table 1.1. Idealised differences between criticality and creativity taken from Table 1 Spuzic et al (2016, p.5) 

 

Whilst the above research suggest that critical thinking can be found within D&T activities, the vast 
majority of research has taken place within secondary schools (aged 11-16) or further and higher education. 
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Little evidence and research has been found within primary schools and this prompted a further research 
avenue of when critical thinking could, or should, be taught. 

1.4. When to teach critical thinking 

Both Facione (1990, 2000) and Rauscher and Badenhorst (2020) built upon the practicalities of teaching 
critical skills to children and young people and the ‘dispositions’ to developing this higher order thinking 
skills.  Facione (2000) promoted ‘habits of mind’ and that this type of thinking is valuable not just for older 
students but can be taught to younger children at primary level. Chew et al. (2020) agreed that critical 
thinking “should be encouraged and instilled in students starting from a young age” (p. 249) and Gelerstein 
et al. (2016) suggested primary schools as the most advantageous time to teach critical thinking. Willingham 
(2020) concurred, and additionally suggests that “children are more capable than we thought” (p.45). With 
the above in mind, the key research question, and emphasis of this article, evolved: ‘What are teacher 
perceptions of critical thinking in primary schools within design and technology sessions?’. 

2. METHODOLOGY 

To understand the perceptions of teachers, interviews were chosen as the main source of collecting data.  
This would entail a requirement to interpret what has been expressed and therefore an interpretivist, 
epistemological stance was chosen consistent with a qualitative approach. This study aimed for an 
ethnographical feel, exploring the participants experiences and seeking to understand perceptions and thus 
a phenomenological approach was taken.   

2.1. Phenomenological Approach 

Phenomenology is a description of a participants experiences without bias and can be seen as a 
philosophical exercise (Silverman, 2013) and a precursor to future research investigations. Having been 
influenced by Bell’s (2016) interviews with secondary teachers, this study also could not take a holist 
commitment to the methodology but used aspects of the phenomenological approach.  Whilst interviewer 
bias was considered throughout and open-ended questions and minimal interviewer contributions were 
phenomenologically sound, there was a structure throughout the interview which focused upon critical 
thinking and thus it became a semi-structured interview. A myriad of interesting themes transpired through 
the interviews but this paper relates solely to teacher perceptions of critical thinking. 

2.2. Participants 

The study had eight participants gathered from social media, contacts within schools and, as can be seen 
from (Table 1.2), the majority of those who completed the interview were very experienced.  I will declare 
here that I did know some of the interviewees but had last worked with them at least seven years prior to 
the interviews. 
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Table 1.2. Overview of participant experience 
 

 

Whilst having a breadth of experience was positive, having participants from around the country provided 
an even wider experience. This could be seen as both a positive and a negative. The benefits meant a wide 
range of opinions from a large cross section of the country where training and expertise might be different 
but conversely it might be more challenging to explain why certain beliefs and perceptions have been 
expressed. With a phenomenological approach however, the emphasis is upon exploring and identifying 
themes and raising further questions rather than reasoning why something happens.   

2.3. Ethical Considerations 

The study followed guidelines set out by the British Educational Research Association (BERA, 2018) and 
an ethics form was approved by the Faculty of Education at University of Cambridge which assured the 
safety of the participants through core principles of anonymity, informed consent and the freedom to 
withdraw at any point. Researcher bias was considered throughout and in order to be able to compare 
interviews to identify themes, the interviews had a similar process where possible.  

3. RESULTS 

Whilst following a qualitative, phenomenology approach, I also used quantitative ways to analyse the 
transcripts as this can still aid the triangulation of thoughts within a phenomenographic study (Silverman 
2008). 

3.1. Word cloud analysis  

Using an online qualitative analysis tool (NVivo), word cloud diagrams were produced for every 
participant’s transcript and the results can be seen individually in the below table. Looking at the Combined 
word cloud ‘thinking’ was the key word to come from the transcripts.  Whilst one has to remember that 
responses in an interview might be ‘I think that..’, to have the word ‘thinking’ with the additional suffix 
implies that an action, product or process is occurring.  
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Table 1.3. Word cloud analysis 
 

  

3.2. Hierarchal activity 

As part of the interview process, participants accessed a ‘Jamboard’, an online interactive whiteboard, and 
were asked to move ‘sticky notes’ into a hierarchal order.  Hendley and Lyle (1996) completed a study 
asking pupils about the different learning attributes from D&T activities and this study used the majority 
of these for the sticky notes.  Four were kept blank in case interviewees wanted to contribute their own 
ideas; but none of them did.  
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Figure 1.2. Jamboard example 
 
The table below shows the outcomes of the activity.  Learning items placed as most commonly seen by 
teachers received 5 points, second most commonly seen learning received 4 and so on.  Working resiliently 
and problem solving were clearly elements of learning teachers considered as beneficial from high quality 
D&T activities. Interestingly, well finished products and excellent drawings were not mentioned at all.  
Critical thinking was specifically mentioned by three out of eight interviewees (see Mode column 
representing how often each area of learning was chosen) but usually lower down in the hierarchy. The 
question this study suggests is whether skills such as problem solving for example, is in fact a key part of 
critical thinking itself. 
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Table 1:4: Jamboard analysis; in order of frequency 
 

 

3.3. Thematic analysis  

Through analysis of the transcripts, three key themes of outcomes, approaches and attitudes emerged. A 
number of ‘units of meaning’ associated with each of these was recorded, quantified and transferred into a 
spreadsheet to demonstrate the results (Table 1.5). The blue coloured boxes denote the most mentioned 
theme within each interview, orange boxes denoting the least frequency. As can be seen, critical thinking 
was the most commonly mentioned emerging theme but it must also be stated that there was a question 
specifically about this within the interview.  
 
Table 1.5. Overview of themes from NVivo; in order of frequency 
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3.4. Interview analysis  

One criticism of phenomenography is the challenge for the researcher to eliminate their preconceived ideas 
and focus on themes and patterns analysed from the transcripts (Webb, 1997).  In addition, “different people 
may experience the same ‘thing’ in different ways”(Bell, 2016) and a researcher would need to be aware 
of the differing opinions upon the same subjects. However, by continually being aware of researcher bias 
the analysis retained an interpretive stance and became demonstrative of a “reflexive, reactive interaction 
between the researcher and the decontextualized data that are already interpretations of a social encounter” 
(Cohen et al., 2011). Throughout the process, a phenomenological stance was taken as much as possible 
and being mindful of maintaining consistency with this choice of research method. 
 
Through analysing the transcripts, examples of critical thinking were evident throughout the interviews 
albeit not always explicitly. Defining critical thinking skills was occasionally an area some respondents 
asked for clarification.  The aforementioned Cambridge University Press (CUP) definition of critical 
thinking was shared to stimulate discussion where necessary and teachers were able to openly talk about 
their experiences.  The three key areas of ‘critical evaluation’, ‘analytical framework’ and ‘synthesising 
ideas’ became themes arising from within the interviews and teachers reflected upon occasions that they 
had examples of critical thinking within the classroom. 

3.4.1. Critical thinking in D&T activities 
Within discussion about D&T projects teachers had taught, elements of all three categories of critical 
thinking were apparent.  Examples of critical evaluation provided by the interviewees included making 
predictions about the products they were making and the consequences of potential design choices.  
Whether this be through the design process which many teachers were able to clearly communicate, or 
through trial and error, the teachers were able to identify children who had the “skills to be able to explain 
what they were doing, and what would what they thought would work better.” (Ada). 
 
Analytical framework examples included a range of problem-solving techniques. From children identifying 
problems and then reasoning solutions, to how children described and justified choices within their given 
project.  To be able to differentiate between critical thinking and problem solving, Caroline suggested that 

Problem solving, to me is kind of the basis form of critical thinking, you've got problem solving where you solve a 
problem. And that can be a very small problem or a bigger one. And whereas critical thinking is more, you're kind of 
anticipating problems as they come up. And you're, you're kind of preparing for that and thinking, ‘Well, okay, if I do 
that, then that might happen. So how can I stop that’ and things like that. 

The final sub theme from the CUP (2019) of synthesising ideas can be defined as solving problems 
collaboratively or using ideas and information from different sources to create a structured plan. Ada 
described this as an “understanding is how to get from A to B, and use all these bits and pieces in between.”  

3.4.2. Critical thinking and pupil outcomes 
The relevance of critical thinking within D&T tasks as a development of pupil outcomes is one that was 
mentioned favourably by the interviewees.  Whilst Rosalind’s view was “I don't think much about thinking 
critically...well, just that I haven't thought about it myself much”, Alex was more forthright in the opinion 
that “D&T activities lend themselves perfectly to critical thinking” because, “D&T tasks lend themselves 
more than other tasks to being critically analysed”. 
 
When discussing which children Ada felt demonstrated critical thinking skills, she gave the example where 
children look at their designs and “think critically about it and what they could improve, I guess, yeah, 
there's some children that it comes automatically.” Mary agrees with this whilst surmising that children 
“must think more critically than I had ever sort of given them credit for”. However, interviewees recognised 
the fact that not all children will naturally have this instinct, or perhaps even have had the prior experience, 
and this is key to planning future teaching opportunities.   
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3.4.3. Teaching critical thinking 
Pat provided an example of a teaching technique to develop critical thinking skills within an Early Years 
environment: “it's also something that we sometimes teach explicitly, not criticizing each other's work 
necessarily, but perhaps we'll look at maybe a piece of art or something, and we'll talk about what we like 
about it”. Modelling skills to enable them to develop critical thinking skills is something that Ada also 
suggests as important and that she would “deliberately make a mistake and model those critical thinking 
skills so that would be beneficial to them.” 

4. DISCUSSION 

Critical thinking was evident throughout the interviews and whilst it could be said that the interview 
structure or researcher bias influenced this, during the analysis of attitudes towards D&T activities examples 
of critical thinking emerged throughout, consciously or subconsciously, even before the subject of critical 
thinking arose.  One could suggest the importance of critical thinking within D&T activities is supported 
not only with the interviewee findings but also the research by Nicholl (2017), Spuzic et al. (2016) and Wei 
(2020). 
 
Whilst nine themes emerged from the wider study analysis, elements of critical thinking were evident within 
many of them. Initially, some teachers needed further explanation of what critical thinking actually meant 
within a D&T context and Ab Kadir (2018) suggested that teacher subject knowledge of critical thinking is 
necessary in order to be promoted within classrooms.  All respondents in this study gave examples of critical 
thinking before critical thinking was first mentioned which led me to conclude that critical thinking skills 
do exist within D&T activities. The literature concurs with this suggestion but the majority of research 
usually pertains to pupils older than the primary phase and thus the findings of this study could validate 
further investigation. 
 
If a true phenomenological stance was taken by specifically questioning about critical thinking within the 
interview, some could say the corresponding evidence could be disregarded.  It was therefore necessary to 
be pragmatic about how much could be achieved phenomenologically. Key themes emerged relating to 
critical thinking within D&T activities throughout the interviews and would certainly justify considering 
further evidence to support this study. 
 
This however, could require a different research methodology.  The aim of phenomenology is to gather 
themes and create further questions. These potential research avenues transpired through a 
phenomenological research stance and perhaps, for example, an action research project to gather evidence 
in practice through a series of observations and lesson studies may support the theories suggested from the 
respondents within this study and triangulate the evidence to support the notion that critical thinking is a 
valuable part of D&T activities.  
 
From a personal point of view, this research has enabled me to reflect upon my own practice and consider 
how to utilise my understanding of teacher perceptions within the training I deliver for trainee teachers at 
the University of Cambridge and also within my school D&T activities as a D&T leader. The critical 
thinking skills and using D&T as a conduit to provide children with skills for their future materialised as 
important values from these interviews.  The positivity from teachers within these interviews about D&T 
was also very pleasing and to complete further research to evidence the existence, and importance, of critical 
thinking within primary school D&T activities is one that I personally feel has value in order for us to 
deliver high quality activities so that pupils have the skills to make “an essential contribution to the 
creativity, culture, wealth and well-being of the nation” (Department for Education, 2013). 
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Abstract 

This study describes a lesson with pre-service technology teachers within a STEAM environment 
in higher education. During the years we have worked with teacher preparation, we have seen 
students struggle to understand and define technology. This is also a known issue in our research 
field. By teaching technology through STEAM, we aimed to promote the students’ acquisition of 
technological knowledge and encourage thinking about technology. We chose aesthetic learning 
processes as a basis for this initiative. The concept of aesthetic learning processes has been 
developed within Scandinavian educational research and is often used in our specific teaching 
environment. Using clay and stop motion, the students were asked to express what technology meant 
to them as they manifested this physically. Stop motion is a technique for making films. We analysed 
the students’ films through inductive analysis, and the results showed us the extent of the 
technological content. The films were revealing, as the results showed that the students included 
very little technological content in the films, even though that was the aim of the task. We discovered 
that neither knowledge in science nor technology transferred into the students’ stop motion films. 
We had lost the T and E in STEAM. The study's findings can be applied as support in choosing 
content areas and teaching materials when engaged in interdisciplinary teaching. 

Key Words: Teacher education, Aesthetic learning processes, STEAM, Technology Education 

1. INTRODUCTION  

This paper is centred on the education of pre-service technology teachers within a STEAM environment. 
Teaching technology education within an interdisciplinary realm is complex (e.g. Lewis, 2006; Sanders, 
2008). This complexity may be linked to STEM education's identity struggle (Hsu & Fang, 2019), an 
identity that shifts depending on the context in which it is presented, and to the inclusion of disciplines that 
do not always relate to each other. Not in content or pedagogy (e.g., Hallström & Schönborn, 2019). 
Generally, STEM stands for teaching where Science, Technology, Engineering and Mathematics are 
integrated. It is assumed that the integration of the STEM subjects benefits pupils and students in their 
understanding and learning, as the combination provides opportunities to apply interdisciplinary knowledge 
in everyday life or design exercises (Allen et al., 2016; Breiner et al., 2012; Bryan et al., 2015). One 
criticism of STEM is that Technology (T) and Engineering (E) can often be downplayed in favour of 
Science (S) (Hallström & Ankiewicz, 2019). 
 
Our teaching experience shows that it is a challenge to fit Swedish technology education into the STEM 
package. Technology education in Sweden today is an interdisciplinary subject that includes crafts, 
engineering science, and technology history. It is described by The Swedish National Agency for Education 
(2011) as having a role in shaping our future by developing technological skills and literacy. It does this by 
raising awareness of the various dimensions of technology as we see it, which is already in line with STEM, 
though it has a hard finding its place in it, or perhaps more accurately – finding it hard to take its place. 
Hallström and Ankiewicz (2019) point to design, as found in technology and engineering, as the most 
promising way to unify the STEM subjects. Integrating Art (A) with STEM emphasises the importance of 
design, creativity and innovation when learning STEM (Bautista, 2021). Therefore, our aim in this 
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descriptive study was to lean into the integrated STEAM more than STEM and explore issues that arose 
when teaching technology education in relation to STEAM.  

1.1 Research setting 

This study describes a portion of the first week of a five-week course in technology education. During this 
segment, the student's task was to create a film about technology. It could be about an artefact, an idea, a 
system, or anything else connected to what the students saw as technology. The students were pre-service 
teachers at a Swedish University. During the third semester at the location where this study was conducted, 
the students engage in compulsory courses covering subjects including biology, chemistry, physics, 
sustainable development, and technology. The subject teaching is influenced by the aesthetic learning 
process, and creativity is seen as a vital part of the course sessions. Technology education accounts for 7.5 
credits of a total of 30. As is the case for many other higher education institutions, STEAM subjects are 
largely still taught in isolation at the institution in the study (e.g Bautista, 2021; Kelley & Knowles, 2016). 

1.2. The T (and E) 

“Technology” is one of the keywords of our world, yet it is also one of the most confused (Agar, J., 
2019. P, 377) 

To explore the student's technological content, we took inspiration from Bourdieu’s thinking 
on symbolic forms. Using a Bourdieusian perspective gives us a vehicle to see technological 
knowledge embedded in the student's projects and helps us unpack the T and E in their 
choices. Bourdieu’s thinking presents technology as mainly a result of invention, 
implementation, use, and cultural transmission (Bourdieu, 1979). Romele (2020) describe a 
Bourdieusian perspective as one that shows how technologies are entangled in social (and 
cultural) dynamics of classification, separation, and eventual exclusion and discrimination. 
In other words, technologies are more than artefacts. Bourdieu (1979) contends that 
technological capital exists in three states: 

• Objectified – All the technologies that are owned, used, or are designed for an actor/group  
• Institutionalised – Some actors can use technological artefacts in a certain way or have access to them while 

others are not. 
• Embodied – Actors/groups allow or prohibit the use of technological artefacts in a particular way.  

1.3. Aesthetic learning process 

An aesthetic learning process is a representative method of learning. Symbolic expressions are characterised 
by representation, for example, the perception of the world, an experience, an emotion or an object.  But a 
learning process can only happen when practical knowledge, reflection, and relationships to earlier 
experiences meet the new knowledge gained. The aesthetic learning process used in this paper is creativity 
scaffolding, a socio-cultural collaboration between the students, rather than just an individual trait (e.g. 
Bergfeldt, 2022; Horh, 1998). Hohr (1998) stresses that an aesthetic activity is something you can use to 
express the unspeakable. When the learning experience develops into knowledge, it becomes an aesthetic 
learning process. In our study, through the act of creating a stop motion film, the students learn to work 
with clay, build environments, and use art to communicate a message while learning about technology. The 
relationship between what students do and what they understand creates a depth and width in an experience 
far beyond an unreflective “doing”.  The difference between “just making a film” and the learning process 
that results from the students' work with animation is the awareness the students gain in the relationship 
between what is produced and what they can understand through reflection and then by doing themselves.  
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2. METHODOLOGY 

We chose to do a descriptive study. The data collected through observational sessions provided information 
about the technological content present in the student's films. The descriptive research also aims to reveal 
issues in the relationships between technological content and STEAM. The data collection method in this 
study was chosen to describe the what more than the how or why students do what they do. This choice was 
made with an ambition to add to the research field’s understanding of what happens in a STEAM classroom. 
We use descriptive categories to sort and analyse the data. As the descriptive study often aims to explore 
and retell, we follow up with an analysis of the implications of the findings. 
T, in this study, stands for tool use, such as iPad, iMovie, photos, and digital media. E stands for making 
structures and the intellectual capital of technology, such as knowledge and ideas. A stands for visual arts, 
storytelling, and auteurship. In the data, we zeroed in on the T, E and A in the STEAM-related activity. The 
focus was thus on the T and E, since we see these aspects as most closely related to technology education 
as we taught it in this specific course. By introducing stop motion film as a tool, the goal of the course 
session was to give students a practical tool to use as in-service teachers and provide teachers with an 
understanding of their knowledge of what technology is. 

2.1. Stop motion as a tool to gain data 

Stop Motion is a program where you take single-frame photos of an object. In the frame on display, a 
shadow of the object becomes visible. With a shadow of the object on display, it is possible to find the last 
position. That makes it possible to move the object slightly. It is possible to remove the object, change it 
slightly, and then put it back into the same position. Therefore, small changes between each shot are 
possible. Clay is a material that is shapable and easily re-shapable, is often found in classrooms, is 
inexpensive, and requires minimal experience to use. Orraryd (2021) stresses that although the use of clay 
models for learning can be meaningful, one of the limitations is that it is a time-consuming process. The 
students were asked to manifest what technology meant to them using clay and stop motion. 
 
 

  
 
Figure 3. Stop motion session. 
 
Example of a small table studio made by the students. The students used a print by Danish painter PS as a 
background. Kröyer. They positioned the clay figures in front of the print. They photographed the setting with an iPad, 
set in 3D printed holders. A black holder is seen on the table in front of the students. 
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2.2. Course sessions 

The day before the film session, which was the focus of our data collection, the students were given a 
homework assignment to locate and photograph examples of technology in their everyday indoor and 
outdoor environment. The following day, the students participated in a 3-hour session that started with the 
random grouping of the students into four groups. One lecturer then continued by presenting the basics of 
traditional western storytelling; for example, by starting with “once upon a time”, continuing by describing 
the setting and characters, delivering waypoints and then a clear ending. 
The students presented their photos as a group and discussed and reflected on the previous day’s technical 
findings. In the discussion, the students decided how and what they would like to present as technology. 
The group then agreed on a technological story they would each like to tell through stop motion, resulting 
in stories such as “the lever”, “elevator”, and “space”. These stories shifted and evolved during the 
production phase. When they had decided on a story, the students built a background. The background 
could be essentially anything, as seen in Picture 1. The students used Plastina clay to create the main 
characters. Plastina is a soft, colourful clay that does not dry out and can be used and reused. The students 
then created the film by taking three shots for every scene (movement) to make the film run smoothly. 
When all the scenes were shot, they transferred the raw material into iMovie. There they cut scenes and set 
sound effects and background music. Students then orally presented and premiered their movies on the big 
screen using a projector in the study hall. The audience, which included lecturers and students, provided 
feedback to the filmmakers using the two stars and a wish assessment method. For example: 

• Interesting story (star) 
• Nice waypoint (star) 
• More light (wish) 

Most of the feedback related to the narrative. After the assessment, the students and lecturers watched the 
films again. Students had the opportunity see new things by revisiting the film a second time after receiving 
feedback. The finished films provided the data we used to study the student’s understanding of technology. 

3. RESULTS 

This section presents a concise description of the movies we studied. We offer a frame from each film to 
provide insight into the visual expressions. 

3.1. Course sessions.  

3.1.1. Description film 1 – The Inclined Plane 
Scene setting. A fly 
agaric in the centre of the 
picture. A fork on the 
ground to the left of the 
mushroom.  
A ladybug sees and walks 
towards what appears to 
be a tasty fly agaric 
(walking sound is heard). 
The ladybug tries to 
climb the mushroom cap 
using the stem/stalk. 
Fails. Walks towards the 
fork, picks it up and uses 

it as an inclined plane. Once on top of the cap, takes a bite, dies, and falls. 
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3.1.2. Description film 2 – The Watch 
Scene setting. Stone and 
mineral landscape. Cave 
in the centre of the 
picture. 
The wristwatch moves in 
from the right of the 
picture towards the centre 
(music playing in the 
background). The watch 
is heading towards the 
cave. The watch goes into 
the cave, and it closes. It 
was a trap. The film ends 
with a narrator's voice 
saying – don’t forget to 
insure your watch. 

3.1.3. Description film 3 – The Trampoline 
Scene setting. 
Trampoline to the 
right of the picture. 
Blue sky, sunny day. 
A ball-shaped clay 
figure enters the 
scene, sees the 
trampoline and begins 
to jump on it (springy 
sounds). Falls. It 
becomes flattened as 
it hits the ground. The 
ambulance enters 
from the left. Sirens 
on (communication 

radio sounds). Two ball-shaped ambulance personnel jump out from the back of the vehicle and help the 
flattened figure. Afterwards, all three jump on the trampoline together (happy sounds). They all fall off the 
trampoline and become flattened. The scene ends with the ambulance driving over them all. 

3.2. Analysis 

We analysed the films and stills from the films using inductive analysis. Each film was watched multiple 
times. First, the data managing sessions authors watched the films together (in silence and only taking 
notes). We then discussed the films from the perspective of our different subject traditions. We sorted the 
film content according to our specific subject knowledge. 
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Table 1. Example of subject sorting. 
Film  Science content Art content Technological content 

No 1 Ladybug, fly agaric, 
poisoned, death 

Ladybug and fly 
agaric, background 

Fork, inclined plane 

No 2 Minerals, rocks Barren lunar 
landscape 

Watch, trap 

No 3 Sky, clouds, organisms, 
sun, forces 

A blue sky with 
small woolly clouds 
and a sun 

Radio communication, 
ambulance, trampoline 

 
The authors re-watched the films after sorting and discussing the content. Using the three states of 
technological capital (Bourdieu, 1979), we learned that film number one showed how the actor, the ladybug, 
could use the fork as an inclined plane. Therefore, by being in an institutionalised state, the fork was also 
objectified, used by someone else, and left for the ladybug to use. Technology was not embodied. In film 
number two, the actor was a watch. Someone owns it. This we learn from the narrator's voice reminding us 
to get insurance. It is also institutionalised, as it is something that can be used. It is not embodied except for 
the fact that it is portrayed as a living organism. In film number 3, the ambulance, radio, and trampoline are 
designed, used, and owned, making them objectified. The use of the ambulance and trampoline shows that 
the actors have access to the technology. The trampoline is embodied since it allows for a particular service. 
The ambulance is made to behave opposite of what is expected when it drives over the ball-shaped 
organisms. 
 
Using the perspective of an aesthetic learning process (Bergfeldt, 2022), we found that the expression of 
the film changes through different image sections, camera angles, and the number of images. The 
multimodality is enhanced via sound and light in the animation. In the aesthetic learning process, aesthetic 
expression is central to conveying knowledge and understanding. It is about asking and answering 
questions, such as “what have we done”, “how have we done it”, and “why”? It is about creating a learning 
environment that offers creative teaching. In working with the animated film, the students learned to use 
different image sections, different angles, and photographs in different sequence lengths to create a 
narrative image. If we look at the animated films from an aesthetic perspective, we saw in film number one, 
for example, that the ladybug does not correspond to reality, nor does the red fly agaric. But the films are 
appealing from an aesthetic point of view. We read the picture as a ladybug and fly agaric. Using a scientific 
perspective, we learned that scientific knowledge is not automatically acquired through the analysis of the 
films. In film number one, there is a background with a summer garden, and we can see a fly agaric and a 
ladybug. The fly agaric foot is not true to life, and the colour of the foot is not accurately depicted. Nor is 
the ladybug true to life. It lacks a thorax. It has less than six legs, and the position of the legs is not accurate. 
In addition, the fly agaric (trace body) does not emerge in summer. The fruiting body mostly emerges during 
autumn. The ladybug is seen during summer, so this is an accurate depiction. 

4. DISCUSSION AND IMPLICATIONS 

This research is limited to a specific setting and the scope is narrow. Thus, a few conclusions can be drawn. 
When focusing on the technological content, we found that extraordinarily little technology was expressed 
even though this was the focus of the course session. We were not aware of this when the data was collected. 
When analysing the data, it became clear that the student's focus was solely on making the film. The 
technological knowledge was narrowly expressed, even though the students were free to make the films 
about whatever they wished. The films depict artefacts from a Western, more modern notion of technology, 
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such as forks, trampolines, and vehicles. They had elements of everyday life, such as the fork, the watch, 
and the trampoline. We were surprised to find that the technological content was not broader or deeper even 
after a day of preparation. This raised questions about how students think and define technology and how 
it affects our future teaching and learning.  
 
The filmmaking experience created what seemed to be an enjoyable lesson, but it did not develop new 
knowledge or create an aesthetic learning process. Aesthetic learning processes can be a tool for 
understanding students’ existing and emerging technological capital, but achieving this requires a different 
approach. In line with Orraryd (2021), we contend that the subject content is important to consider before 
the stop motion animation process, but we saw that even if this is done, the content can be lost. As we 
discovered, neither knowledge in science nor technology content transferred into the stop motion films. 
This was an unexpected finding. The students, who were high achievers in earlier courses with proven 
knowledge in science, did not apply this knowledge in the films. Even though the students were instructed 
to make films about technology, they did not.  
 
In order to make a STEAM lesson like the one we describe here successful, we suggest preparing a clear 
and articulate task that includes active student preparations, film making, analysis of the film, and reflection 
on how students can improve the subject knowledge, then revisiting and editing. In line with Hallström and 
Schönborn (2019), we see a challenge in designing classroom activities that integrate two or more 
STE(A)M subjects. Transfer of subject knowledge does not happen automatically. Since transfer is lost, we 
advocate for an “outer disciplinary” approach when students reflect on the content of films, sorting subject 
by subject. This is to make the students aware of each subject’s role in the film, as we did when analysing 
the results in a table. We therefore believe teachers like ourselves can benefit from support in choosing 
content areas and teaching materials when engaged in interdisciplinary teaching. One conclusion we can 
draw from the experience we describe in this paper is that it is easy to lose the T (and E) in STEAM. 
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Abstract 

Understanding how design is, could be, and should be incorporated into technology education is of 
growing importance, as evidenced by an increasing amount of research in this area. However, there 
is considerable variance surrounding the ways in which design is defined and operationalised within 
technology education research. Creating an overview of this would allow for people who are 
interested in design to efficiently gain insight into how design has and could be further investigated 
and could be used to identify gaps in the relevant knowledge base. 

There have been no empirical studies aiming to systemically identify and describe the aims of 
design-based research in contemporary technology education, which in turn presents a lack of 
awareness surrounding the trends and hotspots of studying design. This project aims to support 
future design-oriented research studies by conducting such a systematic analysis. 

To achieve this, a mapping review is being conducted to identify the aims of design research and 
the trends in how design has been studied during the previous ten years in technology education 
research as published in the following three journals: the International Journal of Technology and 
Design Education, Design and Technology Education: An International Journal and the Journal of 
Technology Education. A mapping review employs a systematic search to identify relevant studies, 
followed by the quantitative categorization of the research aims, and the codification of 
methodologies used. This paper presents the current phase of the project, where an initial 
categorisation of the aims of design-based research in technology education has been inductively 
developed from a review of a sample of identified studies.  

Key words: Design, Mapping review, Design and Technology Education 

1. INTRODUCTION 

As the field of technology education is evolving, so too are associated understandings of design and aims 
of design related research. Seminal studies in this area such as the e-scape project (Kimbell, 2012) and the 
publishing of The Orange Series by Professor Ken Baynes and Phil Roberts evidence the foundational work 
which continues to influence the bidirectional relationship between research and practice in technology 
education as they relate to design. In fact, as a result of these projects and the extant design literature, in 
addition to the industrial and societal demands of the 21st century, many countries have recently or are 
currently seeing reforms of technology education. The origins of technology education stem from technical 
and/or handicraft education whose aims and agendas were regimented in local and national needs to support 
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the transition into a trade or further vocational employment (Buckely, In Review). Looking specifically at 
the Irish progression of technology education, a design-driven technological environment has redefined 
technology education steering away from the traditional vocational dominant and craftmanship mastery 
culture in 2006 (Leahy & Phelan, 2014). The aims and new agendas for design within technology education 
are explicit within subject specifications, for example in the Irish ‘Junior Cycle Engineering’ subject 
(NCCA, 2018), and as design becomes more prominent, the need for further pertinent research will continue 
to grow and gain in breadth and sophistication.   A part of these reforms involves a more design-centred 
subject area where key competencies such as technological capability, technological literacy and 
technological perspective are broad curricular goals (Seery et al., 2019). This reform is seen internationally 
(Buckley, In Review) and so this project is grounded in uncovering the aims of design research in 
technology education within the international context.  
  
Significant research has been conducted to review and map the body of literature surrounding technology 
education such as the reviews conducted by Williams (2013, 2016) and Xu et al. (2020). Williams (2013) 
found that through a meta-study, the most popular topic across all conferences and journals was ‘design’. 
The topic of ‘design’ in this study had varying contexts including “conceptual foundations of design”, 
“theoretical understandings of design”, “analysis of pupils design decisions”, “exemplars of and 
correlations between design practice in school and in industry”, “design teams”, “designing and teaching 
styles”, and “elements of student design” (Williams, 2013). Subsequently, Williams’ (2016) literature 
review identified that ‘design’ became the second most popular research topic between 2006-2013 behind 
‘curriculum’,  which emphasises the dominance of ‘design’ in this field. Finally, Xu et al. (2020) conducted 
a review of the literature from 2000-2018 focusing on the trends and hotspots in the International Journal 
of Technology and Design Education. The most dominant research trend identified was ‘technology 
education’ where some of the specific hotspots were ‘design education’, ‘design and technology’ and 
‘product design’. ‘Design’ was identified as the fourth most prominent research trend  behind ‘technology 
education’ (investigating hotspots such as “creativity” and “design education”), ‘technology education’ 
(investigating hotspots such as “problem solving” and “technology teacher knowledge”) and ‘technology’ 
(investigating hotspots such as “technological literacy” and the “design process”) (Xu et al., 2020). The 
identified ‘design’ research trend investigated hotspots such as “design-based learning approaches”, 
“engineering design”, “design thinking” and the “design of learning environments” (Xu et al., 2020). What 
can be concluded from this work is that design is a prominent research trend and hotspot within technology 
education research and that there are many facets and aims of this work.  
   
Early career researchers with intentions to engage in design related research within technology education 
are confronted with challenges in understanding the overarching aims within this field. The diverse and 
large body of literature that exists requires researchers to invest significant effort in trying to understand 
the landscape of this field when stepping into this research conversation. This breadth and diversity is 
positive in that it can inspire intersectional research (Williams, 2013), however identifying and 
understanding research gaps and developing the capacity to decide which are most worth addressing and 
how to address them can be a challenge.  To this end, a systematic mapping review, where the broad aims 
of and methodologies used in design-related research within technology education are identified and 
mapped has the potential to be a valuable contribution to the body of literature, and is what this work 
purports to achieve. This paper presents the first phase in this project, which relates to the identification and 
qualification of broad research aims, and thus the following research question is investigated: What have 
been the aims of design related research in technology education over the last decade?  
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2. METHOD 

2.1. Approach 

A mapping review is focused on analysing existing literature to categorise and map research on a specified 
topic with the aim of identifying trends and gaps in the literature to influence future research (Grant & 
Booth, 2009). In this project the aim of the mapping review is to categorise the aims of design research as 
they have been attended to over the last decade. Compared to a literature review, where recommendations 
of future work will be explicit in the concluding remarks based on analysing research results, the goal of 
this mapping review is to provide researchers/policymakers/practitioners with the overarching aims of 
design-based research within technology education to support the identification of research gaps and initiate 
discussions based on the needs within this field.  

2.2. Dataset 

The Google Scholar database was used to conduct the literature search. When searching for literature the 
‘advanced search’ tool was utilised to identify relevant studies. The focus of this study is to investigate 
design and so the key phrase “design” was inputted into the search criteria. The scope of the literature 
ranged from 2012 to the start of 2022 (3rd January 2022, when the search was conducted) to gather a broad 
range of literature for the mapping review. This timeframe was chosen for two reasons. First, going beyond 
10 years would broaden the scale of this project which would create a heavy workload on the researchers 
that would be unrealistic to achieve and second, setting the timeframe to less than 10 years would risk not 
gaining a clear understanding of the research conducted due to its widely diverse scope and would reduce 
the ability to see any trends. Technology education is the field that this research project is focused in and 
so the selection of academic journals to conduct the literature search was specific to this field which created 
the third search criteria of relevant journals. These included  

• International Journal of Technology and Design Education (IJTDE) 
• Design and Technology Education: An International Journal (DTEIJ) 
• Journal of Technology Education (JTE) 

These three journals are directly focused on the field of technology education and were also chosen for the 
relatively large volume of work published in them during the timeframe of interest within this project. On 
completion of the creation of categories of the aims of design research, further academic journals will be 
included in the review such as the Australasian Journal of Technology Education. Other journals were 
excluded for not focusing solely on design and technology education, or for not being published in English.   
Specifically, three searches within Google Scholar were conducted and included 

1. "design" source:"international Journal of Technology and Design Education" 
2. "design" source:"Journal of Technology Education" 
3. "design" source:"Design and Technology Education: An International Journal". 

This search resulted in 998 articles being inputted into the dataset as shown in Fig.1. The ‘Literature Search’ 
phase of this study as shown in Fig.1 highlights the number of articles that were identified from each of the 
three academic journals. Before the commencement of the screening phase of the identified articles, 93 
articles were removed because they were duplicates, from a journal outside of the inclusion criteria, or the 
paper could not be accessed. All articles were downloaded into the Zotero reference management software 
and recorded into a digital file to create a dataset for all articles identified (supplementary material found 
here; https://osf.io/bw7q2/). 
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Figure 1.  Flow diagram of identified, screened, and included literature. 

2.3. Screening of Articles 

The previous stage concluded with the identification of 905 articles that were found to be relevant through 
the literature search criteria. This next phase of the review involved screening the 905 articles and removing 
those which were deemed not relevant based on the following criteria; 

2.1: The article did not present an original study with the collection and analysis of primary source 
data. 
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2.2: The article did not explore design in the context of technology education.  
 
A total of 325 articles were excluded at this stage, and 580 were retained for review. This enabled the 
commencement of the next phase, to create a coding scheme of the aims of design research.  

2.4. Analysis 

The next phase was to create a coding scheme to categorise each article around an aim of design-based 
research in technology education. To code each article, the title, abstract and research questions/hypotheses 
were analysed to identify the aim of the study. A random sampling method was used to select articles from 
the dataset (580 articles) without bias using the RStudio software. Articles were randomly selected in 
groups of 3 using the sample function for inductive coding of their aims, and this process was repeated until 
theoretical saturation was reached. The most important part of this code to ensure that after a group of 3 
articles were randomly selected, that they were “removed” from the sample before another group of three 
was identified (supplementary material found at https://osf.io/bw7q2/) 
 
A total of 17 rounds of samples (51 articles) were coded before the point of data saturation was deemed to 
have been reached. The last code that was created was during round 13 and a further 4 rounds were analysed 
(12 articles) to qualify whether data saturation had been reached. Data saturation is difficult to define and 
recognise when coding literature but failure to reach data saturation will have an impact on the quality of 
the research and will hamper content validity (Fusch & Ness, 2015). During the screening phase, where 
each article’s title, aim and research questions/hypotheses were analysed to identify literature for the 
dataset, an initial list of aims based on this reading was created. This supported the researcher in identifying 
the saturation point as they were broadly aware of the breadth of reported investigations.   

3. RESULTS 

Aims that were identified have been categorised and are presented in Table 1 which displays the title of the 
category and the associated interpreted overarching aim. Following this table is a brief description of each 
category. These categories are not mutually exclusive and were created based on the random sampling 
discussed in 2.3 by the primary author.  
 
Table 1. Identified category and aim 

No. Category Title Aim 
1 Design Education Pedagogy To explore how the teaching and learning of 

design is impacted through various pedagogies.  

2 Design Education Setting To explore the impact the classroom setting has 
on technology education. 

3 Technological Literacy/Nature of Technology through 
Design 

To investigate technological literacy/nature of 
technology through its relationship with design  

4 Technology in Design Education To explore how the development of the 
technological world will impact on design 
education though the implementation of new 
technological tools.  

5 Conceptual Design  To investigate the initial stage of the design 
process and to explore effective pedagogies to 
support learning/teaching this stage of design. 

6 Integrated Design  To explore the use of design 
activities/methodologies/pedagogies with aims 

https://osf.io/bw7q2/
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*Design Education is in the context of Technology Education  

3.1. Identified Categories 

3.1.1. Category 1: Design Education Pedagogy 
This category is focused around investigating effective activities/tools/tasks/pedagogies that an educator 
can implement to support the development of design abilities within the design and technology classroom. 
An example study from this category investigated the use of a unique creative problem-solving strategy in 
designing and building solutions to technical problems in an innovative engineering design-build course 
(Liebenberg & Mathews, 2012). 

3.1.2. Category 2: Design Education Setting 
This category is centred around the environment or context to which the classroom is set in and the use of 
blended learning, virtual learning, and the impact of the design studio on design performance in education 
contexts. A study from this category investigated the use of ICT in the classroom, specifically implementing 
a virtual learning environment to develop a model for enhancing practice in design and technology 
education (O’Connor et al., 2018). Although this article is reflective of this category, from the primary 
author’s understanding of the dataset, there are more influential studies centred on the aim of this category 
that were not selected during the random sampling phase of this review. 

3.1.3. Category 3: Technological Literacy/Nature of Technology through Design  
This category focuses on investigating the impact that design-based activities/tasks have on technological 
literacy and students/educators understanding of the nature of technology. A study from this category 
looked at students’ technological literacy through a multiple-choice survey where some questions were 
centred around design. Results suggested that the gender bias leaves females with less development of 
technological literacy and discussed the creation of a more user-focused, empathy driven design task in 
education with the aim of developing technological literacy (Walach, 2015). 

3.1.4. Category 4: Technology in Design Education 
This category investigates how the implementation of new teaching/learning technologies can impact 
technology education. Design tasks focused with the use of robotics, using 3D printing techniques and 
investigating the need to incorporate new technologies into the curriculum based on the demand at industry 
level are examples of research into this area. A study from this category explored craft practitioners’ 

beyond design education – multidisciplinary 
contexts 

7 Design Thinking To explore design thinking, focusing on its 
multidiscipline involvement and effective 
pedagogies to foster design thinking 

8 The ‘how-to’ of Design To explore the design process/approaches to a 
design task with the aim to formulate 
models/frameworks/evidence to support design 
education 

9 How Design is Understood To investigate what is known about design and 
the process of designing to uncover curriculum 
needs. 

10 Design Cognition To investigate the cognitive demands of design-
based activities to better understand the attributes 
of designers.  

11 Supporting Design Educators To explore tools/frameworks to support and guide 
educators to effectively teach design in various 
contexts.  

12 Assessment in Design Education To explore how design solutions and/or design 
abilities can be assessed 
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motivation to introduce new technology into their practice, and the impact that this had on maker culture 
and creative industries. Results suggested that there is a re-design of design focused curriculum needed to 
incorporate digital fabrication technologies (Song, 2021). 

3.1.5. Category 5: Conceptual Design 
This category investigates the ideation stage of the design process to gain a better understand as to how this 
stage can be supported through teaching/learning. Research into this specific stage of the design process 
has been seen as a prominent aim of the dataset during the screening phase which gives justification for this 
category. A study from this category investigated the use of collaborative design, crowdsourcing design 
and the use of the idea tree to produce conceptual designs (Sun et al., 2015).  

3.1.6. Category 6: Integrated Design 
This category explores the implementation of design methodologies/tasks/frameworks through multiple 
disciplines (mainly STEM) and to gather external data (outside of technology education) measuring its 
effectiveness. A study from this category explores pre-service teachers’ use of design tasks in integrated 
STEM (Science, Technology, Engineering and Math) modules, focusing on the use of design in other 
disciplines (Ryu et al., 2019).  

3.1.7. Category 7: Design Thinking 
This category looks specifically towards design thinking to investigate how this can be effectively fostered, 
developed, and will also include its impact beyond technology education. A study from this category 
investigated factors that affect students’ development of design thinking within a first year design program 
(Gray, 2013).  

3.1.8. Category 8: The ‘how-to’ of Design 
This category looks to investigate key components of the design process and the approach to design-based 
tasks with the aim to enhance the effectiveness of design education. Research includes exploring design 
within education practices but also within design-focused industry to understand experienced designers 
approaches to and understanding of designing. A study from this category explored cultural memory and 
investigates how designers imbued cultural memory factors into design solutions with the aim to develop a 
framework to support design practices to create sustainable and innovative cultural sensitive products which 
represent users’ identities (Moalosi et al., 2016).  

3.1.9. Category 9: How Design is Understood 
This category investigates what is known about design, the design process, how it is conceptualised, it’s 
perceptions and experiences with design activities through the lens of students, educators, and designers to 
uncover what are the needs for the technology education curriculum. A study from this category surveyed 
practicing teachers to get an understanding of the difficulties and challenges to implementing design into 
their classroom (Zhang et al., 2020). 

3.1.10. Category 10: Design Cognition 
This category seeks to investigate the cognitive demands that is required to successfully engage in design-
based activities. Spatial ability has been identified as one of the most prominent cognitions to be explored 
to uncover its relationship with design abilities. A study from this category explored the relationship 
between design and spatial ability, investigating the effects that an understanding of spatial relations, spatial 
orientation, and spatial visualisation have on designers’ performance in 3D product design (Liao, 2017). 

3.1.11. Category 11: Supporting Design Educators 
This category investigates how educators within technology education can be supported to effectively teach 
to design, about design and with design. Supports include development of specific workshops and continual 
professional learning events. A study from this category explored the use of a support framework in 
assisting teachers deepening of their understanding of technology content knowledge, pedagogical 
knowledge and pedagogical content knowledge (Fox-Turnbull, 2019).  
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3.1.12. Category 12: Assessment in Design Education 
This category seeks to investigate methodologies to assess aspects of design such as design solutions and 
design abilities to support educators’ effective assessment within technology education. A study from this 
category investigated how creativity is evaluated and assessed in industrial design and offers a method for 
teachers to reduce their subjectivity when assessing creativity in design (Hsiao et al., 2017). 

4. DISCUSSION 

A total of 12 categories were identified from the random sample coding phase of this project and it is 
important to understand that these categories reflect the focal aims of studies but not any secondary aims. 
These categories are not fully defined at this stage. As more articles are coded, they will be refined. The 
next phase of this project will be to use these categories to code the dataset to map the identified research 
agendas from 2012-2022. To effectively communicate the aims of design research from this project, trends 
in these codes over time will be graphically illustrated. 
 
The next stage of this project will investigate the methodologies used in design research within each 
category to identify trends in how design research is conducted. Researchers will be able to identify the 
associated methodologies used within areas of design research which they are interested in, and this 
mapping exercise will provide clarity on previous work conducted thus supporting the undertaking of future 
research studies.  
 
In conclusion, this project will provide an outline of the focus of design research studies, the overlapping 
aims and associated methodologies, support researchers to identify relevant readings based on their interest 
and to identify trends and hotspots to recognise the changing scope of this field.  This project will support 
and enable systematic literature reviews in specific areas of design research to identify research gaps 
through the identification and categorisation of research studies, which is a driving factor in the undertaking 
of this work.  

5. REFERENCE LIST 

Buckley, J. (In Review). Historical and philosophical origins of technology education. In M. McLain, D. Irving-Bell, 
D. Wooff, & D. Gill (Eds.), The Bloomsbury Handbook of Technology Education: Perspectives and Practice. 
Bloomsbury.  

Fox-Turnbull, W. (2019). Assisting teachers’ understanding of student learning in technology. International Journal 
of Technology and Design Education, 29(5), 1133–1152. https://doi.org/10.1007/s10798-018-9484-x  

Fusch, P. I., & Ness, L. R. (2015). Are we there yet? Data saturation in qualitative research. 20(9), 1408–1416. 
https://doi.org/10.46743/2160-3715/2015.2281   

Grant, M. J., & Booth, A. (2009). A typology of reviews: An analysis of 14 review types and associated methodologies. 
Health Information & Libraries Journal, 26(2), 91–108. https://doi.org/10.1111/j.1471-1842.2009.00848.x 

Gray, C. M. (2013). Factors that shape design thinking. 18(13), 8–20. https://files.eric.ed.gov/fulltext/EJ1119596.pdf 

Hsiao, S.-W., Wang, M.-F., & Chen, C.-W. (2017). Time pressure and creativity in industrial design. International 
Journal of Technology and Design Education, 27(2), 271–289. https://doi.org/10.1007/s10798-015-9343-y 

Kimbell, R. (2012). Evolving project e-scape for national assessment. International Journal of Technology and Design 
Education, 22(2), 135–155. https://doi.org/10.1007/s10798-011-9190-4 

Leahy, K., & Phelan, P. (2014). A review of technology education in Ireland; A changing technological environment 
promoting design activity. International Journal of Technology and Design Education, 24(4), 375–389. 
https://doi.org/10.1007/s10798-014-9266-z 



121 
 

PATT 39 Conference Proceedings June 2022 
 

Liao, K.-H. (2017). The abilities of understanding spatial relations, spatial orientation, and spatial visualization affect 
3D product design performance: using carton box design as an example. International Journal of Technology 
and Design Education, 27(1), 131–147. https://doi.org/10.1007/s10798-015-9330-3 

Liebenberg, L., & Mathews, E. H. (2012). Integrating innovation skills in an introductory engineering design-build 
course. International Journal of Technology and Design Education, 22(1), 93–113. 
https://doi.org/10.1007/s10798-010-9137-1 

Moalosi, R., Setlhatlhanyo, K. N., & Sealetsa, O. J. (2016). Cultural memory, an asset for design-driven innovation 
within the creative industries sector: Lessons for design education. Design and Technology Education, 21(2), 
9–22. https://eric.ed.gov/?q=source%3a%22Design+and+Technology+Education%22&id=EJ1119407 

NCCA. (2018). Junior Cycle Engineering. Department of Education and Skills. 
https://www.curriculumonline.ie/getmedia/80a6f0c8-e5a1-439e-a6af-cde49336f735/Engineering-
Specification.pdf 

O’Connor, A., Seery, N., & Canty, D. (2018). The experiential domain: Developing a model for enhancing practice 
in D&T education. International Journal of Technology and Design Education, 28(1), 85–99. 
https://doi.org/10.1007/s10798-016-9378-8 

Ryu, M., Mentzer, N., & Knobloch, N. (2019). Preservice teachers’ experiences of STEM integration: Challenges and 
implications for integrated STEM teacher preparation. International Journal of Technology and Design 
Education, 29(3), 493–512. https://doi.org/10.1007/s10798-018-9440-9 

Seery, N., Kimbell, R., Buckley, J., & Phelan, J. (2019). Considering the relationship between research and practice 
in technology education: A perspective on future research endeavours. Design and Technology Education: 
An International Journal, 24(2), 163–174. http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-259910 

Song, M. J. (2021). Craftspeople’s new identity: The impact of digital fabrication technologies on craft practices. 
International Journal of Technology and Design Education, 1–19. https://doi.org/10.1007/s10798-021-
09687-1          No Volume/issue 

Sun, L., Xiang, W., Chen, S., & Yang, Z. (2015). Collaborative sketching in crowdsourcing design: A new method 
for idea generation. International Journal of Technology and Design Education, 25(3), 409–427. 
https://doi.org/10.1007/s10798-014-9283-y 

Walach, M. (2015). Measuring the influences that affect technological literacy in Rhode Island high schools. Journal 
of Technology Education, 27(1), 56–77. https://doi.org/10.21061/jte.v27i1.a.4 

Williams, P. J. (2013). Research in technology education: Looking back to move forward. International Journal of 
Technology and Design Education, 23(1), 1–9. https://doi.org/10.1007/s10798-011-9170-8 

Williams, P. J. (2016). Research in technology education: Looking back to move forward … again. International 
Journal of Technology and Design Education, 26(2), 149–157. https://doi.org/10.1007/s10798-015-9316-1 

Xu, M., Williams, P. J., Gu, J., & Zhang, H. (2020). Hotspots and trends of technology education in the international 
journal of technology and design education: 2000–2018. International Journal of Technology and Design 
Education, 30(2), 207–224. https://doi.org/10.1007/s10798-019-09508-6  

Zhang, Y., Kelley, T. R., & Gu, J. (2020). Chinese technology teacher challenges to infuse engineering design into 
technology education. International Journal of Technology and Design Education, 32(3), 773-790. 
https://doi.org/10.1007/s10798-020-09624-8

 

  



122 
 

PATT 39 Conference Proceedings June 2022 
 

K-ULF A Collaborative, Practitioner Research Model between School 
and Academia – Lessons Learned 

Eva Hartell1, 2*, Cecilia Kozma1 and Arnold Pears1 

 
1Department of Learning in Engineering Sciences, KTH Royal Institute of Technology, Stockholm, Sweden 

 
2Haninge Municipality 

 
*Correspondence: ehartell@kth.se 

Abstract 

The K-ULF (Compensatory teaching for learning and research) project is part of a Swedish 
government initiative, to develop and evaluate sustainable collaboration models for empirical 
participatory research. Aiming to strengthen the research base for educational practice in schools 
through integrating the teaching profession and its development in collaboration with research and 
teacher education on a national level. Participatory research within K-ULF focuses on scholarship 
of teaching and learning to strengthen the scientific foundation and professional experience basis 
for Technology in K–12 STEM education. K-ULF contributes to increased knowledge and insight 
regarding how to design a model that supports the school’s compensatory mission in a strategic co-
designed action research framework. This paper provides an overview of the collaborative research 
models developed in this initial phase as well as a summary and analysis of the outcomes of the 
participatory research within the partnership between KTH’s teacher education and STEM teachers 
in five partner education providers. 

Key Words: Technology education, Engineering education, K–12 STEM education, Participatory 
research, Practice-based research, the Third room. 

1. INTRODUCTION 

This paper provides an overview of a participatory action research framework for practice-based research 
(KTH, 2022). K-ULF Kompensatorisk Undervisning för Lärande och Forskning is part of a Swedish 
government national initiative to expand practice-based participatory school research called ULF-avtalet 
(Olsson, 2017). This national pilot activity attempts to strengthen the research-base for educational practices 
in schools through integrating the teaching profession and teacher professional development with university 
research and teacher education. It involves 25 universities and 150 Education Providers [huvudman]1 
ranging from Municipal Boards of Education to private schools across Sweden. ULF is an abbreviation for 
Utbildning Lärande och Forskning [in English: Education, Learning and Research]. ULF is inspired by the 
well-established tradition in medical field / healthcare education. Within the medical research-practitioner 
framework, medical doctors and nurses are provided opportunities to combine their clinical work with 
research alongside their career, and medical students are given the opportunity to do their internship where 
clinical research is conducted, and patients are often asked to participate in different studies, whereas in 
education this is not so common. The ULF-avtal aims to remedy this deficiency by piloting different 
collaboration models between academia and school in terms of research, school activities and teacher 
education on a national level. ULF is beyond traditional research and should be characterized by equal 
conditions between school and academia, which means researchers as well as groups of practitioners in 
school are able to take the initiative for development and research projects. The aim is to develop an 
infrastructure with long-term collaboration models between academia and school districts to strengthen the 

 
1 http://uis.unesco.org/en/glossary-term/education-provider  

mailto:ehartell@kth.se
http://uis.unesco.org/en/glossary-term/education-provider
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scientific basis and the scientific approach in the school. Collaboration models that have proven successful 
during the trial will become permanent and be implemented on a national level from 2024.  
 
One of these pilot collaborative projects is the K-ULF project at KTH Royal Institute of Technology [KTH]. 
K-ULF involves close collaboration between teachers, teacher students, teacher educators, researchers, and 
five municipalities; Haninge, Lidingö, Nynäshamn, Stockholm, and Värmdö who are also the educational 
provider for the children within their municipality. K-ULF is a part of the teacher education Master of 
Science in Engineering and Education [MSEE] at KTH and is linked to the teacher-student’s master thesis 
(MSc) projects and the school placements / teaching rounds [Sw. verksamhetsförlagd utbildning ‘VFU’). 
 
Practice-based research and co-design of teaching and learning studies are widely perceived to be a pathway 
towards a systematic strengthening of the scientific basis of education at a national level. We are particularly 
interested in how participatory research can improve the quality and relevance of school teaching in 
Technology, and ultimately STEM-education. Hence, K-ULF’s goals are to increase knowledge and insight 
into how the design of teaching contributes to strengthening the school’s compensatory/egalitarian mission. 
A key aspect of the participatory research framework is to develop research plans using a co-design process 
involving a series of schoolteacher workshops with a focus on pedagogy and didactics.  

2. METHODOLOGICAL CONSIDERATIONS  

2.1. Theoretical underpinnings  

Participatory research has a long tradition in medical education, especially in public education related to 
medical care provision and community health (Mold & Peterson, 2005). The primary motivation driving 
participatory research is a perceived need to have direct impact in target communities, and applications 
beyond medicine include awareness of sustainable development (Dlouhá & Pospísilová, 2018). Enlarging 
the scope of participatory research to educational settings is well aligned with concepts of social justice and 
agency, providing pathways for learners and educational practitioners to both participate in and influence 
the nature of educational research (Biggs, 2004). In our view this is particularly crucial to effective change 
and innovation processes in classroom-based educational research in which the profession and professional 
practices are in the ‘first room’. Hence, they are the primary focus, and principal interest, occupying a 
position of highest strategic priority in all activities. Educational research in the Nordic countries uses the 
terminology of ‘rooms’ to delineate areas within school education research distinguishing between practice 
and profession (the ‘first room’) and research, the academy and teacher education (the ‘second room’). 
Recent research on participatory and practitioner co-designed research places this activity in a hypothetical 
‘third room’ defined by the interaction and integration of the other two (Olsson & Cederlund, 2020; Prøitz 
et al., 2020). Regrettably this recent literature is published in the Nordic Languages hence less accessible 
to the English-speaking research and education community.  

2.2. Research epistemology  

Swedish education at all levels is based on two fundamental ideologies, enshrined in the law governing 
compulsory schooling, see (Riksdagsförvaltningen, n.d. Chapter 1, 4 & 5):  

• That all children are provided the opportunity to achieve the school’s goals regardless of gender, language 
skills, the parents’ level of education or the socio-economic environment in which they grow up. The school’s 
egalitarian mission includes providing all students equal opportunities to achieve the best possible learning 
outcomes.  

• That all education is founded on educational research, good practices that have stood the test of time and rich 
professional experience.  
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Our activities are strongly linked to these objectives, and our main goal is to contribute to practice-based 
research (Biggs & Büchler, 2007), thus strengthening the scholarly foundation upon which Swedish 
technical education is built. We employ a participatory practice-based research approach (Rose, 2018), in 
which research studies are crafted and executed in a co-design environment (Luck, 2018), as is common in 
research aiming to change beliefs and practices (Dlouhá & Pospísilová, 2018). Our action research 
framework supports a continuous improvement model in relation to both the research study and the school 
environment. Figure 1 provides an overview of the typical elements in a research cycle. 

 
Figure 1. K-ULF participatory practice-based research structure 

3. RESEARCH FRAMEWORK 

The K-ULF-project aims to contribute with increased knowledge and insights regarding how the design of 
teaching contributes to strengthening the school’s compensatory mission in STEM education. The 
compensatory mission of education is defined in the Swedish National Curriculum; emphasizing the 
importance of taking account for the various circumstances and needs of children and students so that they 
may develop as far as possible. How to do this, is not pre-defined except provisioning them with support 
and stimulation to offset differences regarding e.g., social background, learning needs and gender. Gender, 
or rather gender bias, which may be of particular interest for technology education is put forward as follows 
in the English version of Swedish National Curriculum. 

 
The school should actively and consciously promote the equal rights and opportunities of pupils, 
regardless of gender. The school also has a responsibility to combat gender patterns that limit the 
pupils’ learning, choices and development. How the school organises education, how pupils are 
treated and what demands and expectations are made of them all contribute to shaping their 
perceptions of what is female and what is male. The school should therefore organise education so 
that pupils meet and work together, and test and develop their abilities and interests, with the same 
opportunities and on equal terms, regardless of gender. (Skolverket, 2018, p.6 in English version.) 

3.1. Practice-lead research planning  

The K-ULF project commenced in 2020 as a collaboration between KTH, Vetenskapens Hus [VH] 
(Stockholm House of Science) and schools in three municipalities: Stockholm, Haninge Municipality and 
City of Lidingö. In 2021 the project received additional funding to extend the practice-based research 
network to two further municipalities: Nynäshamn and Värmdö. The goal is to develop, test and evaluate 
the K-ULF collaboration model [Figure 3] linked to the students’ MSc thesis and school placement (VFU) 
in teacher education within the MSEE program at KTH. Teachers, school management and researchers 



125 
 

PATT 39 Conference Proceedings June 2022 
 

identified through various workshops, conversations, and dialogues – three central themes to gather around 
and systematically investigate: digitalization, boys’, and girls’ achievements and how laboratory and 
practical work can support students’ language development. K-ULF offers a framework and a structure for 
collaboration where overall themes and issues have been developed and where different sub-projects and 
pilots are developed based on the in-service teachers’ and teacher-students’ shared interest and 
commitments.  
 
The K-ULF organisational structure [Figure 2] includes several meeting arenas intended to facilitate the 
development of the previously mentioned ‘third room’. The strategic group discusses overarching, strategic 
issues. The group includes a representative from the Department of Education (DoE) in each municipality, 
a representative of scientific management and from the teacher education at KTH, and the present 
representative in the Uppsala node’s steering group for ULF and project manager for K-ULF.  
 
The working group is where the practical work within K-ULF takes place. It consists of teachers, teacher 
students, teacher educators, communicators, as well as researchers (senior and doctoral students) and the 
supervisors for the MSc-degree projects. Teacher students who write their master thesis within the K-ULF 
are a natural part of the working group. In addition to these members, additional functions such as VFU-
coordinators at schools and universities, students at the teacher education program, ethics managers etc, are 
invited depending on current topic.  
 
Each educational provider has organized their work according to their local context where the in-service-
teachers in the working group are local project managers at the schools and/or within the municipality to 
integrate K-ULF as a part of their day-to-day activities. Various forms of already existing teacher networks 
and groupings at the local levels are embedded as well. 

 
Figure 2. K-ULF organisational structure  
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K-ULF is now (Spring 2022) embedded in all (3) VFU-courses and the final master’s degree project for the 
MSEE program [CL-programmet] at KTH. In addition, a course for VFU-supervisor has been initiated by 
K-ULF in direct response to teachers within the project. Students at KTH do their final master thesis project 
during one full semester in year five. As the students in the MSEE program get a dual degree, engineering 
and education, their master thesis project should demonstrate their knowledge in both fields. A common 
approach is that the thesis project has a developing part, related to engineering, and an investigative part, 
related to education. The K-ULF master thesis is developed in dialogue with in-service-teachers and should 
match their challenges during current discourse.  

3.2. The K-ULF research environment  

The research themes within K-ULF are based on teachers’ experiences, school management and the overall 
quality development of the municipality, as well as previous research in the field. In dialogue with these 
actors, new, relevant research areas and research questions become the starting point for pilot projects. 
These pilot projects are carried out together with teacher students in collaboration with in-service teachers 
and researchers. Results and data from the pilot projects can then be used as part of, or as a starting point 
for further studies. Results contribute to increased knowledge within the schools and teacher education, and 
how teaching and learning activities can be designed to better meet the learners’ needs.  

 

 
Figure 3. K-ULF participatory and practice-based research model 
 
The evolution of the K-ULF approach is strongly influenced by our previous work in Discipline Based 
Education Research (DBER) (Singer, Nielsen, & Schweingruber, 2012). We see K-ULF as a systematic 
school-based application of the main principles of Scholarship of Teaching and Learning (Boyer, 1990), 
there are strong parallels to the SoTL movement as an approach to educational capacity building in the 
tertiary education sector (Pears, Fincher, Adams, & Daniels, 2008). 
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4. METHOD 

Phase one of K-ULF consists of a three-year research programme built up in direct collaboration with 
school administration and teachers. The original study design emerged from a series of workshops with 
school staff in the three municipalities participating in the pilot phase of KTH’s ULF activities. The project 
writing team comprised representatives from Vetenskapens Hus, KTH academic research staff and 
educational leaders from the municipalities. The project received funding of 450 thousand Euros over a 
period of three years. A summary of the project activities is shown in Figure 4.  
 



 
 
 

 
 
Figure 4. K-ULF research plan 2020 – 2023. 
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5. RESULTS 

The main K-ULF outcomes can be summarised in terms of the impact of MSc theses. 

5.1. Masters theses  

The K-ULF thesis themes are timely and responsive to current discourse, e.g., “Digital writing - an 
opportunity or an obstacle in today’s classroom?” (Jevring, 2020), which was undertaken in collaboration 
with one of the partner schools, examined whether high school students’ performance in mathematics is 
affected by whether they solve problems on paper or on a computer. The results showed that students 
perform worse if they are not used to working with computers in mathematics teaching and that they need 
more practice to be able to perform as well on a computer as they do on paper. Students using tablets and 
stylus were less disadvantaged than those using keyboard-based systems. Hence, students must be provided 
with an opportunity to practice. The results might not be so surprising but was an eye-opener for K-ULF-
teachers involved, who subsequently allowed class time for pupils to practice the digital format. This 
example shows how participatory research can stimulate reflective practices and provide opportunities to 
enhance daily practice. The result gained national interest through an article in a teaching professional 
journal due to the relevance of the result for a proposal that national tests should be digitized.  
 
Another master-thesis (Strand & Thorén, 2021) focuses on high-school students’ experiences of online 
teaching in mathematics during the Covid-pandemic. Student survey data (n=627) and interviews with 
teachers and students were conducted in close collaboration with the K-ULF partner-schools. Many 
students found it more difficult to ask questions and get help from the teacher, to interact with other students, 
and to keep focus in general. The results also showed a negative shift in students’ attitudes towards the 
subject of mathematic. Building upon the results from this thesis and dialogue with in-service teachers, 
another ongoing MSc-study explores teachers’ experiences of online learning during the pandemic. Lessons 
learned and how it feeds into their classroom practices in post-Covid “new normal”. This is aligned with 
our goal that MSc thesis may build on previous work by other students in response to the needs identified 
by teachers.  

5.2. School placements  

The five-year MSEE-program includes three school placement rounds: in Year 1, 3 and 4. The second VFU 
course [focusing Experiments and informal learning] was part of the K-ULF project from the very start in 
2020. During spring 2021, K-ULF was introduced to the other two VFU-courses as well. The aim is for 
scientific method and educational research to become an integral element of teacher education at KTH. 
There is a focus on professional development through the VFU courses, culminating in master’s thesis 
projects in collaboration with experienced teachers in year 5. Students on school placement traditionally 
perform classroom observations as a starting point for reflection. An example of integration of K-ULF is 
that teacher-students may collect more structured observations during the VFU. Analysis is then undertaken 
by researchers and/or senior students in their master’s thesis. Observations have been undertaken by 
researchers, teachers, and teachers-students during the school placements. Different means for example 
online observations of online experiments during Covid-19 pandemic and in-house observations at 
Vetenskapens hus. 
 
K-ULF-teachers contribute to the courses in different ways, e.g., as supervisors at the schools, lecturing, 
and course development. Results emphasise that MSEE-students competence may supplement their VFU- 
supervisors’ and contributes to the development of classroom practices in e.g., programming in technology 
education (reported at PATT38). Results also show that finding school placements has been greatly 
simplified and numbers have increased through K-ULF.  
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6. DISCUSSION AND CONCLUSIONS  

During the first year most K-ULF projects implemented in the schools were done in close collaboration 
with researchers at KTH and teacher students as a part of their master thesis project. As the project evolved, 
and the teachers in the working group, working as local project managers at the schools, gained experience 
of the process of practitioner research, several local initiatives have started.  
 
Between 2019 and 2022 the extent of the impact of the K-ULF project has increased both at the university 
and in the municipalities:  

• The number of courses involved in K-ULF has increased from two to five. In addition to the four previously 
mentioned, a course for supervisors has been developed and introduced.  

• The number of municipalities active in K-ULF has increased from three to five.  
• The teachers in the K-ULF schools are starting up local practitioner research projects in their schools together 

with local teacher networks. 
• The number of master thesis projects within K-ULF has increased. We currently (spring 2022) have 8 students 

involved in the K-ULF master thesis projects and look forward to reporting on their findings in future PATT 
conferences.  

• The collaboration within the master thesis work has increased to encompass students, active teachers, and 
researchers from several institutions at KTH, as well as Stockholm University.  

The external evaluation of the national ULF-initiatives concludes that it is possible to achieve results and 
common goals through collaboration in which the parties complement each other with their different 
competencies (Prøitz et al., 2020). In such common environments - a ‘third room’ - school staff (from the 
‘first room’) and researchers (from the ‘second room’) have together been able to deepen their 
understanding of each other’s competencies and assignments (through sharing their areas of expertise in 
the context of the ‘third room’). The parties have been able to work together to, for example, identify the 
need for knowledge, take advantage of both proven experience and previous research results, and formulate 
long-term priorities in dialogue. All in all, the K-ULF working method contributes to creating a sustainable 
development of both school and academy, where teacher education is a specially identified common interest 
and a common priority for all parties.  
 
Piloting shows the importance of creating and sustaining this ‘third room’ (Prøitz, 2020) at several different 
levels in the contexts K-ULF provides. Our experience in managing K-ULF over the last three years 
demonstrates that stakeholder engagement at different levels, long term strategic decision level (e.g., 
management level K-ULF strategic group) and in local coordination groups (K-ULF working group) as 
well as in concrete projects (e.g., local groups and teacher student master thesis) is crucial. Through diligent 
project management it has been possible to scaffold and create support structures. Regular meetings 
between people with management positions (such as school principals / principals and deans / heads of 
department) and between people active in actual projects (e.g., K-ULF working groups) have increased the 
understanding of each other’s requirements and goals. This is something we recommend to others launching 
similar initiatives as a valuable as well as a particularly challenging aspect of working in this ‘third room’.  
 
Key factors for long-term sustainability include:  

• Taking advantage of synergy effects with already existing and established processes e.g., VFU and local 
teacher-networks in municipalities,  

• lower the bar for teachers to participate by for example provide time and space, and facilitating for 
participation by e.g., on-line meetings, 

• contributing to the attractiveness of the teaching profession, and recruitment of teachers. Participating in K-
ULF provides competence development (lifelong learning) and career opportunities for teachers,  

• leveraging the compensatory mission as an overarching theme, we see that K-ULF provides avenues to 
increase interest among young people and to broaden recruitment to STEM,  
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• forming arenas, a ‘third room’, school and academia meet on equal terms and contribute their knowledge and 
experience, at all levels of both organisations.  

7. REFERENCES 

Biggs, M. (2004). Learning from Experience: approaches to the experiential component of practice-based research. 
Forskning-Reflektion-Utveckling. 6-21. Stockholm: Swedish Research Council, Vetenskapsr det. Retrieved 
from https://uhra.herts.ac.uk/bitstream/handle/2299/7464/901028.pdf   

Biggs, M., & Büchler, D. (2007). Rigor and Practice-based Research. Design Issues, 23 (3), 62–69. Retrieved 2022-
03-10, from https://www.jstor.org/stable/25224118  (Publisher: The MIT Press)  

Boyer, E. (1990). Scholarship Reconsidered: Priorities of the Professoriate. Hillsdale, NJ: Carnegie Foundation for 
the Advancement of Teaching and Josey-Bass.  

Dlouhá, J., & Pospísilová, M. (2018). Education for Sustainable Development Goals in public debate: The importance 
of participatory research in reflecting and supporting the consultation process in developing a vision for 
Czech education. Journal of Cleaner Production, 172, 4314–4327. (Publisher: Elsevier) 

Jevring, A. (2020). Digitalt skrivande: En möjlighet eller ett hinder i dagens klassrum? KTH, Learning. Retrieved 
from urn:nbn:se:kth:diva-285492 (Backup Publisher: KTH, Learning Issue: 2020:581 Pages: 91 Series: 
TRITA-ITM-EX)  

KTH. (2022). K-ULF - Compensatory teaching for learning and research. Retrieved 2022- 03-11, from 
https://www.kth.se/en/larande/forskning/pagaende-projekt/k-ulf-kompensatorisk -undervisning-for-larande-
och-forskning-1.1048897   

Luck, R. (2018, November). What is it that makes participation in design participatory design? De sign Studies, 59 , 
1–8. Retrieved 2022-03-10, from https://linkinghub.elsevier.com/retrieve/pii/  S0142694X18300681  
https://doi.org/10.1016/j.destud.2018.10.002  

Mold, J. W., & Peterson, K. A. (2005, May). Primary Care Practice-Based Research Networks: Working at the 
Interface Between Research and Quality Improvement. The Annals of Family Medicine, 3 (suppl 1), S12–
S20. Retrieved 2022-03-10, from https://www.annfammed.org/content/3/suppl 1/S12  (Publisher: The 
Annals of Family Medicine Section: Original Research) https://doi.org/10.1370/afm.303  

Olsson, L. (2017). Start - Ulfavtal. Retrieved 2022-03-12, from https://www.ulfavtal.se/?languageId=1  (Publisher: 
Uppsala University, Sweden)  

Olsson, L., & Cederlund, A. B. (2020, December). Det tredje rummet som mötesplats. Pedagogisk forskning i Sverige, 
25 (4), 87–89. Retrieved 2022-04-24, from https://open.lnu.se/index.php/PFS/article/ view/2609  (Number: 
4) doi: 10.15626/pfs25.04.06  

Pears, A., Fincher, S., Adams, R., & Daniels, M. (2008, October). Stepping Stones: Capacity building in engineering 
education. In Frontiers in Education Conference, 2008. FIE 2008. 38th Annual (pp. 1–6). doi: 
10.1109/FIE.2008.4720485  

Prøitz, T. S. (2020). Praksisnær forskning og partnerskap i et tredje rom. 79-82 . Retrieved 2022-04-24, from 
https://openarchive.usn.no/usn-xmlui/handle/11250/2723114  (Accepted: 2021-01-14T13:12:49Z) 
https://doi.org/10.15626/pfs25.04.04  

Prøitz, T. S., Rye, E., Barstad, K., Afdal, H., Risan, M., & Aasen, P. (2020). Utbildning, l¨arande, forskning - en 
evalueringsstudie – delrapport 2 (Report). Universitetet i Sørøst-Norge. Retrieved 2022-04-24, from 
https://openarchive.usn.no/usn-xmlui/handle/11250/2641753  (Accepted: 2020-02-14T12:23:05Z ISSN: 
2535-5325)  

Riksdagsförvaltningen. (n.d.). Skollag (2010:800) Svensk författningssamling 2010:2010:800 t.o.m. SFS 2022:275 - 
Riksdagen. Retrieved 2022-04-24, from https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-
forfattningssamling/skollag-2010800_sfs-2010-800  (Last Modified: 2014- 12-12 15:00:54)  

Rose, D. (2018, August). Participatory research: real or imagined. Social Psychiatry and Psychiatric Epidemi ology, 
53 (8), 765–771. Retrieved 2022-03-10, from https://doi.org/10.1007/s00127-018-1549-3  

https://uhra.herts.ac.uk/bitstream/handle/2299/7464/901028.pdf
https://www.jstor.org/stable/25224118
https://www.kth.se/en/larande/forskning/pagaende-projekt/k-ulf-kompensatorisk%20-undervisning-for-larande-och-forskning-1.1048897
https://www.kth.se/en/larande/forskning/pagaende-projekt/k-ulf-kompensatorisk%20-undervisning-for-larande-och-forskning-1.1048897
https://linkinghub.elsevier.com/retrieve/pii/
https://doi.org/10.1016/j.destud.2018.10.002
https://www.annfammed.org/content/3/suppl%201/S12
https://doi.org/10.1370/afm.303
https://www.ulfavtal.se/?languageId=1
https://openarchive.usn.no/usn-xmlui/handle/11250/2723114
https://doi.org/10.15626/pfs25.04.04
https://openarchive.usn.no/usn-xmlui/handle/11250/2641753
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/skollag-2010800_sfs-2010-800
https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-forfattningssamling/skollag-2010800_sfs-2010-800
https://doi.org/10.1007/s00127-018-1549-3


132 
 

PATT 39 Conference Proceedings June 2022 
 

Singer, S. R., Nielsen, N. R., & Schweingruber, H. A. (2012). Discipline-Based Education Research: Understanding 
and Improving Learning in Undergraduate Science and Engineering. National Academies Press.  

Skolverket. (n.d.). Curriculum for the compulsory school, preschool class and school-age educare (revised 2018) 
[text]. Retrieved 2022-04-24, from https://www.skolverket.se/publikationer?id=3984 

Strand, E., & Thorén, S. (2021). Gymnasieelevers upplevelser av onlineundervisning i matematik: En undersökning 
om hur övergången till onlineundervisning till följd av coronapandemin år 2020 har påverkat elevers 
matematikstudier. KTH, Learning. (Backup Publisher: KTH, Learning Issue: 2021:76 Pages: 70 Series: 
TRITA-ITM-EX)

 

  

https://www.skolverket.se/publikationer?id=3984


133 
 

PATT 39 Conference Proceedings June 2022 
 

 

 

 

 

 

 

 

 

 

 

Section 02 
 Curriculum, Pedagogy, and Policy 

  



134 
 

PATT 39 Conference Proceedings June 2022 
 

Pre-Service Technology Education During COVID-19: A Canadian 
Perspective 

 
Thomas Kennedy1*, David Gill2 

 
1Skilled Trades and Technology, Eric G Lambert School, Churchill Falls, Newfoundland and Labrador 

 
2Faculty of Education, Memorial University of Newfoundland and Labrador 

 
*Correspondence: TomKennedy@ericglambert.org 

 

Abstract 

The COVID-19 Pandemic forced post-secondary institutions to shift their technical offerings to 
blended and/or remote delivery. The Pandemic was a catalyst for pre-service technology education 
programs that had been traditionally designed for face-to-face learning to explore innovative 
pedagogical arrangements. The purpose of this study was to understand the experiences and 
perceptions of pre-service technology education teachers as they navigated their way through their 
Pandemic-impacted diploma program. In particular, pre-service teachers were asked about the 
challenges, benefits, and lessons learned through their lived experiences dealing with the re-
organization of their diploma program for remote, blended, and face-to-face learning in response to 
the various waves of the COVID-19 Pandemic. An exploration of the learner experience within pre-
service technology education programs contributes to a growing body of literature that continues to 
offer meaningful insight on the institutional arrangements to cope with the limitations brought on 
by the Pandemic. Interviews from a purposeful sample of nine former technology education diploma 
pre-service teachers was the primary data collection method within this qualitative study that sought 
to understand the following research question:  How have institutional responses to COVID-19 
impacted the experiences and perceptions of pre-service teachers in developing their own identity 
within technology education? Thematic analysis was used as the method to identify and explore 
reoccurring nodes within the data. Preliminary analysis suggests that the shift in instructional 
modality had significant impacts on how pre-service teachers viewed the nature of technology 
education. The data also suggests that the re-organization has impacted the development of peer 
relationships within the program fostering uncertainties regarding feelings of comfort and belonging 
in technology education. 

Key Words: Pre-Service Education, Technology Education, COVID-19 

1. INTRODUCTION 

The Covid-19 Pandemic forced the post-secondary world to re-envision their program offerings and adjust 
their delivery model. Faculties that could no longer host face-to-face classes had to adapt to minimize the 
disruption to programs.  
 
Memorial University’s Faculty of Education offers a Technology Education Diploma program that has 
traditionally been delivered in a face-to-face capacity. As the Pandemic struck, two cohorts of pre-service 
teachers found themselves amid a shift. One cohort were entering their last semester of the program while 
the second were set to begin the program remotely. Their experiences within the program became an 
interplay of face-to-face, blended, and remote offerings as the Covid-19 restrictions fluctuated. These study 
candidates gained a unique perspective as they experienced a glimpse of various practical program offerings 
through the shift in classroom modality. 
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2. LITERATURE REVIEW 

While there is an emerging base of literature on the effects of COVID-19 on various elements of K-12 and 
post-secondary education, the literature available concerning the effect the Pandemic is having on 
technology education, in particular, is still sparse.  Nevertheless, there are a number of empirical studies 
that have emerged over the course of the Pandemic that are applicable to technology education.  Many of 
these studies have focused on the teaching and administrative implications of trying to offer traditionally 
design studio based programming within the realm of remote emergency learning (Code et al., 2020; Desai 
et al., 2021; Gill & Kennedy, 2021; Shdaifat et al., 2020).  What little is known about the effect the 
Pandemic restrictions are having on technology education, from a student perspective, come from a much 
smaller pool of research.  Statistics Canada commissioned two short surveys at the beginning of the 
Pandemic in 2020 that were in relation to post-secondary student academic and work placement impacts.  
By and large, trades and vocational students reported a significantly larger number of courses/programs 
cancelled due to public health mandates and technology and engineering students reported higher losses of 
work placements than other students engaged in areas such as science or the arts (Doreleyers & Knighton, 
2020; Wall, 2020).  Studies from the K-12 and post-secondary levels have also identified a loss of student 
motivation and engagement and teacher pedagogical uncertainty as technology education curriculum where 
forced into remote or blended formats due to Pandemic restrictions (Code et al., 2020; Gill & Kennedy, 
2021; Shdaifat et al., 2020).  While these studies have pointed out many of the deficiencies in moving 
design studio and technical education into various remote delivery modalities, there are also a number of 
positive or future potential opportunities that have been reported. 
 
Gill and Kennedy (2021) reported findings related to the impact of the Pandemic on the administration and 
instruction of a pre-service technology education teacher preparatory program.  While many of the negative 
impacts reported in other research were confirmed, they also indicated that there were significant areas of 
potential positive growth.  These included more student autonomy in the development of their own technical 
skills and the opportunity for an exploration of alternative program pedagogies that were not considered 
prior to the Pandemic’s onset.  These types of alternative programming pedagogies were further explored 
by Lehtonen et al., (2021).  Their empirical study highlighted that virtual design studios (VDS) are nothing 
new, but that many educational design institutions with no tradition of VDS were faced with major 
challenges shifting their signature pedagogies into such a space. While these challenges were difficult 
during the onset of the Pandemic Lehtonen et al., (2021) noted that VDSs should not be considered a 
stripped down version of traditional design studios and that there must be an open collaboration between 
instructors and students in developing a space that extends beyond the physical - virtual dichotomy that can 
dominate the conversation on design education.  This extension and blurring of the design studio was also 
evident in this study from the analysis of students’ perceptions concerning their experiences completing a 
pre-service technology education preparatory program during the COVID Pandemic. 
 
The Technology Education Diploma program offers a cohort structure where newcomers develop 
competencies through co-participation within technological activity. Lave and Wenger’s (1991) work on 
situated learning frames such a cohort as a community of practice as each member is engaged in similar 
activity. In the absence of experienced cohort members, the course instructor’s engagement within the 
cohort represents the knowledgeable old-timer within an authentic apprenticeship model. Feelings of 
comfort and belonging develop as cohort members become connected to their peers through shared histories 
and experiences (Wenger, 2000). A connected cohort becomes a strong community of practice but only 
through social interaction. Covid-19 restrictions posed an immediate threat to developing and sustaining 
social relationships (Wang & DeLaquil, 2020). Interaction between within the cohort can offer critical 
support as members build their technological identity and place amid the community. Jaber and Kennedy 
(2017) noted the importance associated with the establishment of self in social learning environments and 
how the shift online can often impede the construction of identity.  
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3. PURPOSE 

The purpose of this study was to understand the experiences and perceptions of pre-service technology 
education teachers as they navigated their way through their Pandemic-impacted diploma program. This 
study was conducted to broaden the understanding of how a shift from face-to-face to remote or blended 
delivery in technical program offerings impacted the development of identity among pre-service teachers. 
The knowledge gained from this work can inform future offerings within the program at the centre of the 
study but also to any parallel programs in other jurisdictions.  
 
The present study emerged from an auto-ethnographic study (Gill & Kennedy, 2021) that was previously 
conducted to explore the perspective of the administrative and instructional team that re-shaped the program 
offering. This work purposely focused on another perspective within the same technology education pre-
service program to offer a balanced representation of the experiences during the Covid-19 Pandemic and 
disruption. The findings of this study begin to fill a gap that exists in the literature to include experiences 
within technology education.   

4. RESEARCH QUESTION 

An exploration and understanding of student experiences within the Covid-19 Pandemic can offer insight 
into the challenges, benefits, and lessons learned when faced with a shifting classroom modality. Studies 
published early in the Pandemic focused on the administrative and instructional perspectives of but as 
students transition through re-organized course offerings, their narrative offers a complementary addition 
to existing studies.   
 
The main research question that guided this study was:  How have institutional responses to COVID-19 
impacted the experiences and perceptions of pre-service teachers in developing their own identity within 
technology education? 

5. METHODOLOGY 

A qualitative case study design was selected to analyse emergent themes from an in-depth exploration of 
participant experiences within the Technology Education Diploma program during the Covid-19 Pandemic. 
The participants of this study formed a purposeful sample where eligibility was based on candidate 
enrolment in either the 2019/2020 or the 2020/2021 cohorts of the Technology Education Diploma program 
at Memorial University. There were 36 candidates eligible for the study with 9 (N=9) agreeing to 
participate. Of the nine participants, there was a gender distribution of 6 females and 3 males in the study. 
Miles et al. (2014) noted that it is common for qualitative studies to work with small groups especially as 
it highlights a phenomenon. The candidates for this study were the first pre-service teachers in the 
program’s history to work through a global Pandemic and experience a shift in the program delivery from 
face-to-face instruction to remote or blended models.  
 
The interview was selected as the sole method of data collection due to its potential for rich description and 
ability to generate a detailed narrative. An interview protocol was developed to guide the process and offer 
consistency across the two researchers who conducted the data collection. Thematic analysis was used as a 
method to identify and explore reoccurring nodes within the data. The process adopted for this study rested 
upon the phased approach published by Braun and Clarke (2006). The data captured through virtual 
recorded interviews was imported into qualitative data analysis software and coded to identify preliminary 
nodes. The analysis of the preliminary nodes was used to collate related nodes into thematic categories. 
Finally, categories were reviewed and named for presentation and discussion. 
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6. FINDINGS  

The data collected during this study was richly descriptive, offering an in-depth perspective on how 
participants experienced the Technology Education Diploma program during the Covid-19 Pandemic. 
Participant experiences offered emerging themes as narratives repeatedly focused on the re-organization of 
program offerings, the limitations of asynchronous support, and the impact of remote offerings on peer 
relationships. The following offers a preliminary overview of these central themes that were highlighted 
throughout the data. 

6.1. Participant Perceptions Regarding the Re-Organization of Program Offerings  

Overall, participant data indicated a degree of anxiety when faced with the shift in program modality. The 
participants who began the program during the Covid-19 Pandemic expressed a general sense of uncertainty 
following their acceptance. Their feelings of initial discomfort were based on their first courses shifting to 
remote delivery. As participant01 noted, “I do feel like the online portion did cause a lot of stress…stress 
that wouldn’t have been there if we were in person”. Participants were immediately struck by unfamiliar 
expectations that remote offerings thrust upon them. Issues with hardware setup or software installation 
were noted as stressful especially as access to immediate support were not as readily accessible as when 
the program was offered in a face-to-face capacity. Participant02 described the installation process of one 
particular piece of software to be especially problematic as many within the cohort were experiencing 
different issues. Troubleshooting the issue used valuable class time as instructors worked to bring the cohort 
online.  
 
Yet, feelings of uncertainty were met with an understanding of the necessity for reorganization to move 
forward during the Pandemic. Despite what many considered to be minor issues, participants described 
their initial impression upon entering the blended model using descriptors such as “impressed”, 
“purposeful”, and a “natural fit”. Participants spoke positively regarding their remote learning journey and 
emphasized the benefits of student autonomy within the new framework. In particular, the findings noted 
self-paced learning, flexibility, access, and time on activity tasks as the primary benefits identified in 
relation to moving to a remote learning environment. Screen recordings of technical lectures and 
demonstrations were noted by the majority of participants as a means to set their own pace through the 
course workflow.  If students were unable to follow or grasp a concept in real time, they had the flexibility 
to return to a recording and play, pause, and rewind until they could master the technical concept or task.  
The idea of flexibility also extended into their balancing of personal and academic commitments as they 
were not confined to a particular space and time to access what happened during a class.   
 
The use of a single platform by all course instructors was noted to facilitate the transition between courses. 
One participant noted that this helped a great deal as there could be a variety of different platforms in other 
courses and programs that they were taking in conjunction with their diploma.  It was great to be “always 
working from the same place when it came to attending the meetings and you knew where to go”. 

6.2. The Limitations of Asynchronous Activity and Timely Support in Practical Activity. 

Learning technical skills requires feedback between expert and novice practitioners.  The feedback loop 
within a design studio learning environment is typically very efficient and near immediate as students can 
call on instructors and even peers to correct misconceptions or technical misunderstandings in a timely 
manner. A consistent criticism that emerged throughout the data focused on the potential for delayed 
feedback when working through technological activity remotely. Participants noted a disconnect in their 
workflow as they would proceed through learning tasks but were unable to access immediate support from 
the course instructor as would be typical in pre-Pandemic offerings. Participant03 described the danger of 
struggling through technological work such as text-based programming without the just-in-time support. 
He feared establishing bad habits while waiting to connect with the course instructor for support. 
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The transition to a remote learning modality caused a significant interruption as many participants had the 
autonomy to work through their course material based on their respective schedules. Participants noted that 
while instructors were available during virtual office hours and through asynchronous tools, the nature of 
this type of interaction did not lead to the just-in-time support required. One course offering, in particular, 
was noted to offer limited communicative access to instructors where the complexity of an overwhelming 
course load was felt by participants. “The workload just seemed impossible” as participant06 described that 
the pedagogy had not shifted to match the new modality. Ultimately, it fostered a perspective that 
participants were not being supported in their work, especially as they were approaching the end of their 
program. Participant06 described a similar perspective, “The communication was definitely difficult…I 
don’t think I experienced it personally, but I know there as a lot communication issues with the instructor 
not replying… [for]… a few days”. The inability to access instructor feedback during long periods (noted 
as potentially a couple of days in the data) only worsened feelings of discomfort.  
 
Participant06 aptly described the benefit and challenge associated with independently working through the 
course material. She noted that while she did enjoy the ability to work at her own pace and progress through 
the course work, seeking support from the instructor amid a cohort working at various points in the course 
was difficult as “[it was] hard not to bombard the [online] chat and take over the meeting because there was 
so much going on already. So many people had questions and everyone was at a different stage in what 
they were doing”. Using the chat during the online classes was noted by participant02 as an aspect of the 
remote learning that allowed him to ask questions and receive timely answers and feedback. This was a 
desirable option to actually being synchronous in the classroom via microphone.  

6.3. The Limited Development of Peer Relationships in Virtual Settings. 

Participants were asked a series of questions to prompt a targeted reflection on their cohort experiences 
with a particular emphasis on peer relationships. As the study surveyed two separate cohorts that were 
impacted by the Pandemic differently, the data provided a rich perspective on how the shift in program 
modality influenced the connections between cohort members. The data indicated the importance of cohort 
connectedness in establishing a supportive community of practice within the program. Each participant 
offered a similar perspective that highlighted the value of peer connections to support their navigation of 
technological learning tasks. The data indicated that participants felt the face-to-face time spent with their 
peers was a critical component to strengthen their relationships and ease the workload of the technical 
program. 
 
The participants who were already mid-way through the program when the Pandemic hit noted how their 
cohort was already a close-knit unit. Several participants described their cohort like a family. It was this 
connectedness that offered direct support throughout the course work, where peers were always accessible 
even when the instructor was not. Social media-based group chats were noted to offer a constant lifeline 
between cohort members. But, as the group shifted to remote learning, participant05 described the potential 
for loneliness. She described the challenge of transitioning from a face-to-face environment to being 
reduced to a profile picture within the virtual classroom - a comment regarding the tendency for participant 
video feeds to be off during online sessions. These feelings of isolation were not limited to those students 
that were attending from different geographical locations.  Students that were living in the same region or 
city also reported feelings of peer isolation, especially at the beginning of the Pandemic as government 
restrictions limited extra-program contact as well. 
 
The shift to remote learning delayed the strengthening of peer relationships for the incoming cohort who 
did not meet face-to-face until after their initial courses. As participant01 described, “we were late getting 
to know each other and … ask[ing] for help when most of us actually needed it within the first couple of 
weeks and not within the last couple”.  Participant04 spoke about his isolation and not knowing those within 
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his cohort.  He found this very difficult as he had no one to rely on for support when he reached an impasse 
to compare experiences which he expressed as: “I didn’t have anyone to reach out to say ‘hey are you 
getting stuck here or what did you do for this?’  So it was really banging your head against the wall.”    
 
The impact on participant connectedness was not limited to the pre-service teachers but was also felt as 
course instructors entered the program without the opportunity to interact with the cohort face-to-face. 
Participant06 offered a unique perspective as she described her experience within the pre-Covid courses as 
building a foundation with the instructors. In knowing the instructor, she explained that the cohort was more 
dismissive of any glitch or growing pain as they transitioned to working remotely. However, she admitted 
that their understanding did not necessarily transfer to other instructors they met in a strictly digital 
environment. She noted that their relationship with those digital instructors lacked a personal note, the 
absence of inside jokes and banter. In the end, this translated to valuing experiences in one course over 
another.  

7. DISCUSSION  

As participants reflected on their program experiences, they described the benefits of remote learning in 
relation to their own autonomy while working through the course work. This participant perspective aligned 
directly with the findings of a previous study by Gill and Kennedy (2021) that explored the instructional 
and administrative perspective of the same Technology Education Diploma program. Their findings noted 
the growth in student capacity to work independently and troubleshoot issues that arise in remote 
technological work. Participant comments regarding the workload and expectations were also consistent 
with Lehtonen et al.’s (2021) work that emphasized that virtual design studios (VDS) are a shift in pedagogy 
but not necessary a change in technological expectations. 
 
The primary criticism of the shift in program modality involved the disconnect that participants experienced 
with asynchronous feedback and support. As much of the data within this theme spoke of inability to access 
the course instructor or cohort peers for support within a shared physical space, the narrative seems to 
highlight the importance of social presence. Jaber and Kennedy (2017) conducted a study to explore the 
relationship and identity in online learning. Their findings highlighted a perspective that students engaged 
in online learning need opportunities for social interaction to foster emotional support. Excerpts from their 
study’s data align with many of the quotations collected from the Technology Education Diploma program.   
 
The importance placed on peer relationships within the cohort was consistent across all participants 
narratives. Although participant demographics – age, gender, academic background, geographic location – 
varied, each one described how the relationship with their peers formed a support structure as they 
progressed through the program. The overall data narrative placed an importance on the connectedness of 
the cohort, a concept explored by Wenger’s (2000) work on social identity and communities of practice. 
His notion of connectedness was described as an aspect that strengthens social identity and built upon the 
shared histories and experiences of a collective or community. As participants described how their peers 
helped them along in the program, they are describing how the connectedness fostered feelings of belonging 
and comfort within the cohort. Wang and DeLaquil (2020) noted a similar difficulty in establishing and 
sustaining peer relationships. Their reflective work described the Pandemic-based isolation that they 
experienced within their doctoral education program and the extra effort required to establish relationships 
when working remotely. Similar to the participants in this study, they noted that the formation of 
relationships would be shaped through collaborative in-person work during traditional face-to-face course 
offerings.  
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8. CONCLUSION 

The data analysis and discussion of the findings have given ample evidence to report that pre-service 
technology education teachers were affected by the institutional responses to the COVID-19 Pandemic.  In 
particular their sense of belonging within an otherwise close-knit community of practice was interrupted 
and/or stunted. For those students that had started the program during the Pandemic, there was a real 
struggle to develop instructor and peer relationships that are essential for supporting both technical and 
pedagogical skill and self-awareness.  This sense of isolation was compounded by an interruption in the 
real-time instructor-student feedback loop that is one of the foundational supports built into design studio 
teaching and learning; what normally could be resolved within seconds or minutes ended up taking hours 
or even days.  While students recognized the unique situation and even highlighted positives such as the 
increase in autonomous self-paced learning, any similar shift away from the traditional modality must 
compensate for the new dynamic.  While we recognize the limitation of this study to recommend 
interventions, anybody within the technology education community planning a similar transition within 
their respective fields of technology education programming must prepare contingencies for the loss of 
social presence that has been highlighted in this research. The findings of this study are not limited to the 
context of the Covid-19 Pandemic but offer insight to potentially impact technological programs that view 
a re-organization as a means to extend their course offerings and reach a larger demographic.   
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Abstract 

Spatial thinking is embedded in science, technology, engineering, arts, and mathematics (STEAM) 
learning. Design and Technology education inherently encompasses a wide range of spatial 
activities, such as mentally transforming objects to form design ideas, visually representing design 
ideas, and creating 2D and 3D design artifacts. Among different design topics, biomimicry offers a 
unique avenue for pupils to recognize and analyze forms and functions in nature. It is expected that 
pupils exercise multiple types of spatial thinking when envisioning the analogical links between 
nature’s strategies to design strategies. This case study is one of the first to highlight the 
opportunities to scaffold primary-school pupils’ spatial thinking through a biomimicry design 
project. Embracing the methodology of educational design-based research, this project is designed 
along with teachers’ input and authentic classroom feedback. Data are gathered from sixteen 11- to 
12-year-olds at an international school in the Netherlands. Classroom videos and audios, pupils’ 
self-documentation of the design process, 2D and 3D design artifacts, a baseline survey of spatial 
reasoning ability, formative assessment on design, and semi-structured interviews with pupils 
triangulate evidence for pupils' spatial thinking in this project. Our preliminary findings suggest that 
pupils actively used their spatial thinking when forming biomimicry design ideas and visually 
elaborating their designs. This study contributes to the growing theories of integrating spatial 
training in primary curriculums and offers empirically-grounded recommendations for the design of 
spatially engaging learning ecologies. 

Key Words: Spatial thinking, Design education, Analogy, Biomimicry, Primary education 

1. INTRODUCTION 

Spatial thinking is fundamental to the learning of a wide range of STEAM (science, technology, 
engineering, arts, mathematics) disciplines, including Design and Technology (D&T) (e.g. Buckley et al., 
2018, 2022; Hegarty, 2014; Kell et al., 2013). Applying spatial thinking appropriately can fuel creativity 
and facilitate problem-solving in D&T (Kell et al., 2013; Suh & Cho, 2020). However, a lack of necessary 
spatial thinking skills may lead to frustration in comprehending and creating designs (Sorby, 2009).   
 
The process of forming a mental representation of a tangible object in our daily life, as Lane and Sorby 
(2021) explained, demands a variety of spatial thinking, such as imagining an altered version of an object. 
The process of designing is even more challenging as it requires not only formulating, manipulating, and 
communicating mental representations of ideas that are not yet present in reality but also the transformation 
of 2D sketches into 3D artifacts. We find D&T education to be a suitable vehicle to nurture a higher level 
of spatial thinking. However, little research has looked into how pupils use and develop their spatial 
thinking in design and technology classrooms.  
 

mailto:c.zhu-1@tudelft.nl


143 
 

PATT 39 Conference Proceedings June 2022 
 

One way to develop spatial thinking in the classroom is through the use of analogies (Newcombe, 2010, 
2016, 2017). Analogy, as one of the essential expressions of creativity (Boden, 2001), means mapping the 
knowledge about one situation parallelly to prescribe for another situation. A specific approach to designing 
through analogies is biomimicry, where designers use knowledge from nature to inspire human designs. 
Since analogical comparison between highly different fields is especially helpful for stimulating innovative 
ideas (Chan et al., 2011), we believe that biomimicry, which combines the knowledge from design and 
biology, will provide a challenging yet exciting opportunity for pupils to practice spatial thinking.  
  
In the biomimicry design project we developed, we provided 11-to-12-year-old pupils with ample 
opportunities to exercise their spatial thinking, including closely observing, visualizing, using mental 
transformation to relate forms with functions, sketching, modeling, and physically interacting with 
organisms in nature. To solve the design challenge of creating nature-inspired, wind- or water-resistant 
camping gears, pupils are expected to explicitly identify the analogies between nature’s strategies against 
excessive wind or water and possible human design strategies. Through envisioning the spatial features of 
organisms in nature and identifying the analogical links between nature’s design and human design, pupils 
will draw spatial insights from nature to inspire their designs.  
  
The main goal of this case study is to uncover how a design project emphasizing analogies between nature 
and human designs can entail opportunities for pupils to exercise spatial thinking. Currently, only a few 
studies have zoomed in on the processes during which learners develop spatial thinking (e.g. Cohrssen et 
al., 2017). Therefore, our study aims to add to the knowledge base about how spatial thinking can be 
engaged and scaffolded in the classroom through design projects. 
 
2. LITERATURE REVIEW 

2.1. Spatial thinking in the classroom 

Spatial thinking consists of the understanding of the properties of space, the utilization of representations, 
and the reasoning to make meaning and use of spatial information (National Research Council, 2006). 
Whether it is identifying the spatial features of organisms in nature, such as their shape and size (Ermayanti 
et al. 2017), or visualizing and creating representations of three-dimensional structures and processes in 
biology (Milner-Bolotin & Nashon, 2012), spatial thinking plays a critical role. While spatial thinking can 
be developed (e.g. Hawes et al., 2017; Sorby, 2009; Uttal et al., 2013), the challenge lies where multiple 
rather than a single spatial skill are usually required to solve complex spatial problems (Atit et al., 2020). 
Thus, there is a substantial need for pupils to learn and practice spatial thinking in the context of real-world 
problems (Uttal et al., 2013). 
  
Integrating spatial training in the classroom and spatializing the existing curriculums have drawn increasing 
attention from researchers (Buckley et al., 2022; Newcombe, 2010, 2016, 2017; Newcombe et al., 2013). 
For example, Hawes et al. (2017) infused spatialized geometry instruction in classrooms and successfully 
translated the knowledge from research to create an educational impact. Therefore, to achieve a holistic 
design of spatial training, it is important to integrate spatial thinking with domain knowledge in mind (Atit 
et al., 2020).  

2.2. Analogy as a way to integrate spatial thinking in the classroom: analogical links in Biomimicry  

One way to integrate the training of spatial thinking and skills in classrooms is through analogies 
(Newcombe, 2010, 2016, 2017). Positioning analogous examples side by side allows pupils to recognize 
the common patterns in their features and relations (Gentner et al., 2003). Such processes are fundamental 
to spatial thinking (Mathewson, 1999) and have been used to facilitate the development of spatial thinking. 
For example, 6-to-8-year-olds can learn the spatial concept of stability through reasoning analogically about 



144 
 

PATT 39 Conference Proceedings June 2022 
 

two similar spatial structures (Gentner et al., 2009). In Geosciences, Ormand et al. (2017) trained students’ 
mental slicing skills, such as visualizing the slices of fossils, through an analogous Slicing Fruit activity.  
 
Biomimicry, an example of design by analogy, plays an increasingly important role in both design processes 
and design education (e.g. Benyus, 1997; Stevens et al., 2021) and has been recognized as an important 
STEM topic to be taught in primary classrooms (NGSS Lead States, 2013). According to the U.S. National 
Research Council (2006), spatial thinking processes can be summarized as “extracting spatial structures, 
performing spatial transformations, and drawing functional inferences” (p. 47). In the case of biomimicry, 
pupils extract spatial features of organisms in nature, perform a spatial transformation with an analogy to a 
potential human design, and draw functional inferences from nature for their designs.  
 
The role of biomimicry in developing pupils’ spatial thinking has not been explored much. Wolf et al. 
(2022) made a promising attempt to use phenomena in nature to support young children’s spatial 
development. However, their research uses the visual language system in nature to mainly support 
mathematics education rather than design education. Thus, no other previous research to our knowledge 
has explored the potential of using a biomimicry design project to engage primary pupils in spatial thinking. 
 
A powerful use of analogy, which is especially valuable in design education, is mapping the knowledge 
about one situation to inform a similar but novel situation (Holyoak, 2012). We expect that by placing 
analogous biological examples and human design examples side by side, pupils will identify the 
commonalities between examples at both the form level (spatial features) and the function level (what those 
features do) and then transfer the knowledge gained from biological examples to inform their own 
biomimicry designs. We expect the design-by-analogy process would engage them in multiple types of 
spatial thinking, such as constructing and comparing visual or spatial representations (Smith & Gentner, 
2012; Vendetti et al, 2015), identifying the shared spatial relations (Loewenstein & Gentner, 2001), visually 
and verbally elaborating the mental models (Goldschmidt, 1995), and the learning of spatial concepts 
(Gentner et al., 2009).  
 

 
Figure 1. An example of an analogy from Gentner (1983) and a biomimicry example from Biomimicry 3.8 Institute that 
reflect analogical comparison and the potential spatial thinking required for analogical comparison   



145 
 

PATT 39 Conference Proceedings June 2022 
 

2.3 Developing spatial thinking through Design and Technology education 

Using analogy to scaffold pupils’ spatial thinking fits well with Design and Technology education since 
analogy has been studied extensively for problem-solving and innovation in these disciplines (e.g. 
Beveridge & Parkins, 1987; Casakin & Goldschmidt, 1999). Applying visual analogies, especially with a 
wide range of analogous examples given, boosts the generation of novel solutions to design problems 
(Goldschmidt, 2001; Wilson et al., 2010) and may be especially helpful for those who are new to design 
(Casakin, 2004). Given the emerging efforts to study spatial thinking in the field of Design and Technology 
(e.g. Bhaduri et al., 2019; Buckley et al., 2022), we believe that D&T education provides an ideal platform 
to study how spatial thinking training can be integrated into formal and informal D&T curriculums and 
consequently influence pupils’ interest and performance in STEAM.  

3. METHODOLOGY 

We developed the biomimicry design project in this study and adopted a design-based research (DBR) 
approach to bridge the gap between the knowledge from research and the application in authentic education 
settings. DBR provides the empirical grounding to test innovative education designs with the goal of 
developing generalizable theories on educational practices and phenomena (Bakker, 2018).  
Our project is conveniently designed into one module in the International Baccalaureate (IB) design course. 
Working collaboratively with the classroom teacher, we adapted the content in the design project to not 
only reflect the aim of our study but also what pupils have been practicing in their IB design modules, such 
as TinkerCAD, a 3D computer-aided design platform where pupils can use functions such as combining 
shapes, resizing, and rotating to digitally represent their designs. The core concepts in this biomimicry 
design project align with several IB key concepts, such as form, function, and seeing in perspectives. We 
refined the activity structures after each design session using feedback from the class and the teacher.  
 
3.1. Participants, lesson structure, and data collection 

16 pupils and one classroom teacher from an international school in the Netherlands have consented to 
participate in the study. In eight 45-min sessions, pupils were expected to solve the design challenge by 
sketching their nature-inspired, wind- or water-resistant camping gear designs in 2D and then creating 3D 
visualization of their designs on TinkerCAD (Figure 2). We selected this design topic since wind- or water-
resistant function is often performed by organisms’ external features, which requires pupils to use spatial 
thinking to observe and visualize. Analogical comparisons between nature and human design were 
practiced in every session, before and during the design process. 

 
Figure 2. Session plan 
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Multiple strands of quantitative and qualitative data are collected to demonstrate pupils’ spatial thinking in 
the design project. We used the Spatial Reasoning Instrument (Ramful et al., 2017) primarily to understand 
the baseline spatial reasoning ability of pupils in this class and as an additional reference to explain potential 
differences in their use of spatial thinking in design. This instrument surveys mental rotation, spatial 
visualization, and spatial orientation and is appropriate for our age group. Qualitative data consist of video 
and audio from each session, pupils’ self-documentation of their design process on Google Jamboard, 
intermediate design artifacts (2D annotated sketches), final design artifacts (3D design on TinkerCAD), 
formative assessment of pupils’ design, and semi-structured interviews with pupils. 

4. RESULTS 

In our data, we looked for moments where pupils actively exercised their spatial thinking, including but not 
limited to when they observe and analyze the spatial features of organisms in nature, analogically compare 
nature’s strategies to human design strategies, and when they visualize and elaborate design ideas through 
spatially complex sketches and TinkerCAD designs. Three themes emerged about how this design project 
can scaffold pupils’ spatial thinking.  
 
4.1. Designing with embodied experiences 

In the second session, pupils gathered specimens from nature and used sketches to explain their initial ideas 
towards a wind or water-resistant design inspired by nature. Through close observation and physical 
interaction with a plant called the silver carpet, two pupils noticed that “the small hairs (on its surface) will 
make the water slip,” serving a water-resistant function while making the leaf feels soft in touch. Their 
understanding of the function of the small hairs on silver carpet indicates that they visualized, to some 
extent, the motion trajectory of water droplets on the leaf surface. They then aligned these characteristics 
with something humans can make use of: a silver-carpet-inspired, water-resistant teddy bear that feels soft 
and does not get wet easily (Figure 3). Being the first pair of pupils to come up with a design idea, they 
mentioned that what they observed and felt in nature helped them most in mapping out the nature-design 
connection and grasping the challenging idea of biomimicry.  
 
While both pupils were at the lower end of the baseline spatial reasoning scores compared to their 
classmates, their thorough examination of the silver carpet leaves helped them recognize the shared physical 
features of the leaves and a teddy bear. They imagined and mentally transformed both the form and the 
function of tiny hairs on a plant as being used on a toy and used their spatial thinking to represent this idea 
visually. While these pupils’ work only shows their initial ideas, we can infer from this case that embodied 
experience and analogies helped them think and design spatially.  



147 
 

PATT 39 Conference Proceedings June 2022 
 

 
Figure 3. Two pupils’ design of water-resistant teddy bear: Aquadog 
 
4.2. Using analogies to clarify the design theme and spark novel ideas  

In the fourth session, one pair of pupils used pine cones as their biological model but encountered 
difficulties. They first thought of directly using pine cones as weather-tellers, yet they received feedback 
from the teacher that a biomimicry design means burrowing the function served by pine cones’ scales 
instead of using the entire organism to make a new design. To further clarify the concept of biomimicry, 
the teacher reminded them of one previous example they learned, in which the human femur bone and the 
Eiffel tower share a similar structure that maximizes stability but are made of distinct materials and are of 
different sizes. This example helped them realize that their design goal was to use pine cone’s form and 
function as an inspiration for an analogous situation.  
 
Eventually, they designed a pair of camping shoes with bottoms that close when raining to provide grip and 
prevent people from slipping in the rain (Figure 4). Their design reflects their visualization of the 
transforming process, where the bottoms of the shoes close when in contact with water just like the scales 
of pine cones. In this case, analogical examples served as anchor points for pupils to check their 
understanding of the shared spatial features between nature and human design and transfer knowledge from 
nature to inspire their design. 
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Figure 4. Two pupils’ design of non-slipping shoes suitable for walking in the rain  
Another pair of pupils recalled that the idea of biomimicry was hard to grasp at first. Yet after being exposed 
to many design-by-analogy examples in the first four sessions, they were able to clearly distinguish what is 
or is not a biomimicry design. When given the hornbeam leaves as a source of inspiration, this pair of pupils 
not only correctly identified that the foldings on the leaf allow for its flexibility in the wind but also 
identified an additional trait, being that the foldings help the leaf stay rigid during photosynthesis. They 
associated photosynthesis in plants analogically with the solar energy gathering by humans, thereby 
deciding on designing a wind-resistant solar panel that mimics how hornbeam leaves cope with strong wind 
(Figure 5).    

 
Figure 5. Two pupils’ design of wind-resistant solar panel: EcoSun 
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4.3. Visualizing the design in the use  

By the end of the fifth session, two pupils identified that a spiral-grained trunk allows the tree to better cope 
with the tension from wind and also help the distribution of nutrient. They used their spatial thinking to 
extract the spatial features of the tree trunk, comprehend the function served by the spiraling form, and 
envision how spirals can be transformed and applied in an analogous situation that requires wind resistance. 
They also learned about a spatial concept that, compared to a straight-grained structure, a spiral-grained 
structure deflects tension by allowing more bending.  
 
Upon finalizing their camping tarp design on TinkerCAD (Figure 6), one of the pupils questioned if this 
design would really work. “Actually, it doesn’t work because all the water will get stuck at the four corners,” 
the other pupil responded in realization, pointing to the screen and explaining that their current design might 
not work mechanically as intended. They solved this problem on TinkerCAD by first elevating the surface 
of the tarp to make a pyramid structure and then using a sphere to cut out four corners for the water to fall.  
 
We observed that three out of eight pairs of pupils actively visualized through their thinking and discussions 
about how well their designs will hold up to wind or water. By mentally testing their designs out, they not 
only need to imagine a spatially complex process where their designs are in use but also visualize the 
solution to any perceived obstacles when testing the functionality of their designs. Notably, the three pairs 
of pupils who actively visualized how their design would function in reality all scored on the higher end in 
the baseline spatial reasoning test compared to their classmates.  

 
Figure 6. Two pupils’ design of a wind-resistant and water-recycling camping tarp: Drytent 

5. CONCLUSION AND DISCUSSION 

In our preliminary analysis, 14 out of 16 pupils in this class successfully produced designs that reflect 
biomimicry and provide promising solutions to the design challenge. We identified two specific moments 
where pupils actively used multiple types of spatial thinking in this biomimicry project. First, when forming 
biomimicry design ideas, pupils used one or more of the following spatial thinking processes, including 
visualizing how organisms in nature react to excessive wind or water, identifying common features between 
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biological examples and human designs, using mental transformation to relate forms with functions, 
drawing functional inferences from the spatial features of biological examples, and analogously applying 
mechanisms found in nature to develop design ideas for a different context, the campsite.  
 
The second moment is seen when pupils visually elaborated their design thinking through detailed 2D 
sketches and 3D models in TinkerCAD. Pupils often need to visualize their designs from different 
perspectives, mentally rotate and resize the many components of a design, and measure the different 
components to create accurate representations of their ideas. It is worth highlighting that some pupils 
mentally tested out whether their design would work in real life, indicating that they may have used their 
spatial thinking to imagine a series of interactions happening between their designs and the surroundings. 
Thus, the active visualization of designs in real-world applications may be a helpful practice in design 
education that challenges pupils to create functional designs and exercise their spatial thinking. How to 
support all students to embark on a spatially challenging evaluative process remains a question.   
 
We also observed that the interaction with physical objects in nature allows pupils to understand the 
functions served by the spatial features of organisms and aids their generation of novel design ideas, even 
among pupils with relatively lower spatial reasoning scores. Physical manipulatives from nature might have 
acted as a scaffold for pupils to understand nature’s strategies and apply such knowledge in their designs. 
Our finding on using embodied experience to scaffold the process of spatial thinking in design projects 
aligns with what Stull et al. (2012) suggested about using physical models to help students envision and 
solve spatially-challenging chemistry problems. 
 
This case study documents how and where in a design project do pupils practice spatial thinking and 
demonstrates the potential of a design-by-analogy project in scaffolding pupils’ spatial thinking. As one of 
the first attempts in Design and Technology education to implement a biomimicry design project in the 
primary classroom, this study adds to the theories of integrating spatial thinking training in the classroom 
(e.g. Buckley et al., 2022; Newcombe, 2010, 2016) and practicing spatial thinking in the context of real-
world problems (Uttal et al., 2013).  
 
Additionally, this project invited pupils to draw knowledge from design, technology, and biology and the 
design of this project has been iterated based on inputs from teachers and researchers from different 
disciplines. It resonates with Bruce et al.’s (2017) proposal for taking a transdisciplinary approach to 
studying spatial thinking. We will explore the possibilities of developing concrete practices in Design and 
Technology projects to scaffold pupils’ spatial thinking through future studies.  
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Abstract 

To this day, few girls in secondary and higher education opt for technology courses, which is 
reflected in the labour market. In order not to lose this potential, education must focus on gender 
sensitive teaching, more specifically when it comes to technological activities.   
 
It requires certain insights, skills, and sensitivity to effectively empower girls in science and 
technology. Previous research is often widespread and not translated into concrete practice. For this 
design study, we brought together previous research and developed the Gender Sensitive Education 
Checklist (GSEC) in such a way that it evokes a sense of urgency for teachers and supports teachers 
and edutainers in this quest. In an additional workshop we presented the checklist and its four main 
pillars regarding gender sensitivity in education, namely: attitudes, representation, interaction, and 
pedagogical methods.  
 
Teachers can use the developed checklist both as a practical tool, or as a reflection tool when 
designing and organizing their activities. They scale their own skills, talents, and challenges on a 
continuum from strong to less strong in response to the relevant questions, relating to the four main 
pillars. Teachers can also, by using the checklist, be ‘just-in-time' reminded to make small 
adjustments to their lessons or workshops and by this means support girls more adequately in their 
STEM career.   
 
Through multiple feedback-loops, qualitative questionnaires and focus groups we have learned that 
both (student-)teachers and edutainers consider the checklist to be a meaningful support. Teachers 
recognize a gender sensitive approach in STEM as very important, but also admit that they missed 
opportunities in the past, because they did not know how to tackle these challenges and were not 
always conscious about the existing stereotypes and bias concerning gender. They indicate that after 
the workshop, they are motivated to teach more gender sensitive, by focusing on some of the offered 
practical tools and tips.  
  

Key Words: Gender sensitivity, Teacher training, Equity in STEM 

1. INTRODUCTION 

Already at the age of twelve, girls are less interested in a future in STEM than boys (Denessen, et al., 2015; 
Ardies et al, 2015a). This untapped potential talent is a waste on a personal, social and economic level (Van 
den hurk et al., 2019). Certainly, in times of shortages in technological professions, a society cannot afford 
to neglect professional talent. 
 
We know that this gender gap in STEM is more bias driven than ability driven (Brown, 2021). Both 
students, teachers and parents believe boys are better at STEM than girls, which influences the support and 
chances girls get in this field. In a study by Newall and colleagues (2018) for example, teachers in a blind 
test indicated that girls are less proficient in physics than boys. If teachers believe, implicitly or not, that 
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girls will enjoy STEM-oriented education less, they can encourage them less and even make them feel that 
they do not belong there and that they are not competent in technology or science (Eddy & Brownell, 2016; 
Wang & Degol, 2013). It is important that teachers become aware of these implicit biases and ideas, as they 
do influence their interactions with students. 

2. WHAT DO WE ALREADY KNOW? 

2.1. The role of teachers 

Gender biases influence both students, teachers and parents (Newall et al, 2018; Ardies et al, 2021). They 
are particularly difficult to unravel as they are part of the standing and accepted cultural environment in 
which children grow up (Brown, 2021). Because both implicit and explicit biases of teachers influence the 
motivation, attitudes and proficiency of girls and boys in technology (and broader, STEM), the starting 
point of this study is the teachers’ self-reflection in order to map out their own strengths, mindset and blind 
spots around gender-sensitive teaching. For this purpose, we developed a checklist that starts from a solid 
basis or ground condition concerning gender (sensitivity) as a first pillar, and further focuses on three pillars, 
namely imagining/representation of girls and STEM, interaction and teaching methods. 
 
Because this checklist serves as a reflection tool, teachers can mark on a non-numeric scale the extent to 
which they believe they (don’t) agree with a statement or question. In this way, we emphasize the possibility 
of growth within gender-sensitive teaching, rather than see it as a measurable, quantitative subject. 

2.2. What teachers need to know: the checklist 

Since knowledge and consciousness of existing ideas, stereotypes, biases and biased interaction patterns 
is the first step in improving gender equity, a gender sensitive fundamental attitude is indispensable. The 
teacher needs to step away from a so called ‘gender blind’ attitude (Garrahy, 2001), which is an ideology 
where people claim they don’t see differences between genders and treat boys and girls in the same way. 
This is a harmful attitude as it ignores historical and current different treatments between people of 
different genders. It is indeed important to be aware of the influences of gender on our own thinking and 
behaviour (Consuegra et al., 2013) before we can take further steps in the design process of a gender-
sensitive technology lessons. This awareness or ground condition is the first of 4 pillars of the Gender 
Sensitive Education Checklist (GSEC), where we offer teachers two reflective questions (see attachment).  

The second pillar is about the imaging and representation of girls and technology. Children form an early 
image of what an engineer looks like. When children are about seven years old, they have already absorbed 
the idea that boys are naturally betters at STEM. These stereotypes only get more entrenched as they grow 
older. These biases are not innocent, as they make girls lose confidence, motivation and interest in STEM 
subjects, even when their grades are good (Brown, 2021). Once girls internalize the harmful idea that math 
is for boys, they turn their academic selves away from math and towards languages (Steffens & Jelenec, 
2011). Female role models and role models who challenge STEM-stereotypes, can have a positive influence 
on the attitudes of both girls and boys towards women in technology (Cheryan et al., 2011). The most 
effective role models are those with similar backgrounds to those of the participants. That resemblance can 
encourage girls to imagine that one day they might end up in those specific positions (Martens et al, 2006; 
Smeding 2012; Zirkel, 2002). 
 
Opposed to what some teachers might believe, feminizing the study or work environment by adding glitter 
and pastel colours for example doesn't provide more motivation for technology education for girls. On the 
contrary, they can reinforce girls in the idea that this is not the course for them by emphasizing their gender, 
which is associated with negative stereotypes about STEM (Heybach & Pickup, 2017). In other studies, the 
addition of pastel-coloured blocks in a game did not positively affect girls' technical ability, but negatively 
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impacts boys' performance (Mulvey et al., 2017). Previous research confirms that much of the learning 
material and imagery used in STEM classes still enhance the stereotypical idea that science associates with 
white men (Kerkhoven et al., 2016; McGuire et al., 2020). Within this dimension, we offer teachers five 
reflective questions to help them screen their learning materials (see attachment). 
 
The third pillar focuses on interactions in the classroom. Teachers perceive little difference in the way they 
interact with boys and girls, while research suggests that boys and girls are treated differently in terms of 
how (often) they get feedback, compliments and support (e.g. Consuegra, Engels, & Willegems, 2016). 
Further, our language use has a major influence on our students. Children actively look for cues about 
gender in their environment to organize and make sense of their social world (Ruble et al., 2006). Even 
without any experience with technicians or physicist for example, one may learn about their stereotypical 
gender from language. Languages encode gender in multiple ways. These include for example gender-
specific titles (‘Mr.’ versus ‘Miss.’), pronouns (‘he’ versus ‘she’), certain job titles (‘waiter’ versus 
‘waitress’), and higher-order linguistic associations (gender-neutral words can become gendered by 
association with explicitly gendered contexts (we think of a ‘scientist’ as a man). In most European 
languages there is a distinction between the male and female form of scientist for example. Past studies 
show that language can influence stereotype formation (Cimpian & Markman, 2011; Rhodes, Yee & 
Saunders, 2019). Other research shows that naming science as behaviour or action rather than as a fixed 
identity contributes to the interest of young girls (4 to 9 years old) in technology. These effects are especially 
true for children who are targeted by stereotypes (e.g. girls) that suggest that they may not be the kind of 
person who is successful in STEM (Rhodes et al., 2019). This is of large importance as many girls and 
those around them think that succeeding in this field is a matter of an innate and fixed talent as opposed to 
something you can work for and grow in (Hill et al., 2010, Ardies et al, 2015a). Within this dimension, we 
offer teachers seven questions to interact more gender sensitive with their students (see attachment).  
 
The fourth and last pillar handles about different teaching methods. Connecting students’ lives and their 
lessons can increase interest and outcomes, especially for students with low success expectations (Hulleman 
& Harackiewicz, 2009). Above this, girls prefer a contextualized curriculum, in which technology is seen 
as a means to solve social problems or to enrich human experiences, and they feel even more motivated if 
they can design and conduct their own research (Ardies et al, 2015b). Concerning this dimension, we offer 
teachers six questions (see attachment). 

3. RESEARCH QUESTIONS 

We therefore a checklist and workshop based on the need to make teachers consciously look at their own 
practice. And also, to support them to develop more gender-sensitive lessons where possible. This led us to 
the following two research questions:  

• How do teachers and education professionals experience the checklist and the accompanying workshop?  
• What is their perception about the extent to gender-sensitive teaching, and do they experience a difference 

after the explanation of the checklist in a workshop? 

4. HOW THE RESEARCH WAS DONE 

The checklist with four pillars and accompanying workshop were developed using Educational Design 
Research. Educational design research has proved to be an effective approach for research projects focused 
on the design and evaluation processes of instructor training programs and initiatives (Dede et al, 2009). 
Through an extensive literature review and multiple feedback-loops with both experts and teachers we came 
to the current practical tools (Dierickx et al, submitted). 



157 
 

PATT 39 Conference Proceedings June 2022 
 

  
Figure 1. Generic model for conducting educational design research 
 
In order to obtain the first distribution of the checklist, we and our project partners sent out a mailing to 
more than 1000 primary and secondary school teachers in Flanders, Belgium. The secondary teachers were 
teachers with a technological or scientific background. We received a positive response of 58 who were 
interested in our workshop. Due to the Covid-19 measures in force, we were obliged to organize the 
workshops online. Teachers who registered received a package in advance at home containing a poster with 
the 4 statements, as well as the checklist as both a brochure and a bookmark. 
The workshop took 2 hours, during which the 4 different aspects were systematically reviewed. The 
necessary theoretical background and relevance was explained, interspersed with practical examples and 
the participants' chance of interaction. For the development of the workshop, we started from the work of 
Merchie et al. (2016). In this way we assured ourselves of effective elements, such as at least a context-
bound approach and attention to reflection and practice in practice. Inspired by Van Thienen (2013), in our 
workshop we made use of appreciative inquiry. Based on a description and reflection of reality (one's own 
workshop or teaching practice) and projecting a dreamed future (gender-sensitive STEM-activities), we 
arrived at concrete plans and growth points. 
 
After the workshop, we asked the participants to complete a questionnaire about the checklist and the 
workshop.  
 
In general, we surveyed teachers' self-esteem with regard to gender-sensitive teaching with two questions. 
For this, the respondents could indicate to what extent they agreed with the question about their gender-
sensitive teaching:  

• Before this workshop I already taught gender sensitive.  
• After this workshop I will teach gender sensitive.  

We also inquired about what participants expected to change in their own practice after the workshop:  

• Are there things you will do differently during your classes after attending this workshop? Which? 

4.1. Checking the Checklist 

We questioned the participants for their feedback on the checklist with 5 statements. On a 5-point Likert 
scale, participants indicated to what extent they agreed: 

• I find the checklist easy to use. 
• I understand everything that is quoted in the checklist. 
• I would also understand the checklist if I had not followed the workshop. 
• Using the checklist can help me to organize lessons in a more gender-sensitive way. 
• I think I would use the checklist again later. 
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And also 3 open questions about the checklist: 

•  What do you like about the checklist? Multiple answers possible. 
•  What do you dislike about the checklist? Multiple answers possible. 
•  Is there anything you think could be added or addressed differently? 

4.2. A workshop that works 
 
First, a 5-point Likert scale, participants indicated to what extent they agreed with 4 statements about the 
workshop: 

•  I found the workshop clear and informative. 
•  The workshop ensures that I will organize my lessons in a more gender-sensitive way. 
•  The workshop has given me new insights. 
•  I would recommend the workshop to colleagues. 

 
Second, participants answered 4 open questions about the workshop itself.  

• Why did you attend the workshop? What did you hope to learn?  
• What did you like about the workshop? Multiple answers possible. 
• What did you like less about the workshop? Multiple answers possible.  
• Is there anything you think could be added or addressed differently? 

5. RESULTS  

We organized the workshop 4 times, with a total of 58 participants, 42 of whom completed the survey 
afterwards. Secondary teachers were the most widely represented with a number of 25. There were also 
primary school teachers (6), teacher training students (5) and edutainers (6). 
The students were all from our own University. In the group of teachers and edutainers there was a diversity 
in gender and age that is representative for the population. 
 
Subsequently we will describe the different outcomes of this study. Here one should be aware of the aspect 
that we didn’t actually measure teachers change in behaviour, nor their capabilities. Nevertheless, teachers’ 
perceptions, experience and ambitions to change their lessons can be seen as an indicator of motivation for 
an actual step forward to a more gender-sensitive approach. 

5.1. Perceptions of the participants 

The questionnaire was administered after the workshop. The focus of these questions was not to map out 
what the current situation regarding gender sensitivity is like. We did try to estimate the extent to which 
teachers feel that there is a difference before and after the workshop. In this way we indirectly gauge their 
self-efficacy and perception.  
 
Most teachers who participated in the workshop indicated that they are already engaged in gender-sensitive 
teaching at least to some extent. This is of course not abnormal as they voluntarily participated in a 
workshop on gender sensitive teaching in science and technology. However, there were only 2 participants 
who gave themselves the highest score. 
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Table 4: Frequency of participants self-perception on gender-sensitivity before and after the workshop divided per 
category 
 

 Strongly 
disagree 

Disagree Agree nor 
disagree 

Agree Strongly 
agree 

Before       
  Edutainers    2 3 1 
  Students   2 3   
  Primary teacher    4 2  
  Secondary Teacher   4 7 13 1 
       
After       
  Edutainers     2 4 
  Students    1 2 2 
  Primary teacher     4 2 
  Secondary Teacher    1 14 10 

5.2. How participants experience the checklist & workshop 

Most participants (35) indicated that the checklist is easy to use. Also, regarding the comprehensibility of 
the questions, there is almost unanimous agreement (35 out of the 42 participants) that the checklist is easy 
to interpret. Most participants (29) also agree the checklist would be understandable without the workshop. 
 
32 Participants estimated that the checklist is a help to organize lessons in a more gender-sensitive way. On 
the other hand, 13 participants already indicate at the end of the workshop that they doubt if they will re-
use the checklist ever again. Three of them explained their response, one participant defined the checklist 
as ‘cumbersome’. One other participant declared that the scale was difficult to indicate, it might have been 
easier if you worked with bullets to represent the scale. And the third participant found the checklist “rather 
confusing”. as it wasn’t clear to him from which perspective to fill in the list. 
 
The other 10 participants nevertheless stated that the list was clear and easy to use. And although they 
indicated that they would probably no longer use the checklist, they did indicate that they will scan their 
lessons to make them more gender sensitive. 
 
Almost all participants (38) found the workshop very informative and most (37) indicated that they will 
teach in a more gender-sensitive way after the workshop. Most participants (39) state that the workshop has 
given them new insights.  

5.3. Changes in teaching practice  

When asked, the teachers indicated possible changes in behaviour and didactics they were going to 
implement after the workshop and implementation of the checklist. It was noticeable that they mainly 
included mostly small and relatively ‘easy tips’. Most of these come from within the pillars 'guidance and 
interaction' and 'imaging'. 
 
Eighteen participants indicated that they will pay extra attention to their language. They will use gender-
neutral job titles more consciously and/or apply both the male and female version. Nine participants (from 
which seven teach in secondary education) say they want to focus on gender stereotyped believes of their 
students. Six participants talk about language adaptations in general. 
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In terms of imaging, the intention of screening for language and images in student workbooks or manual 
stands out. Nine people indicated that they explicitly want to pay attention to the role of women in the 
course materials. 
 
More complex adjustments, such as giving growth-oriented feedback or consciously opting for 
collaborative assignments, and the division of groups are not or hardly discussed. It is not unusual for the 
participants to opt for the low hanging fruit. And that shouldn't be a problem either. Another possible 
explanation for these results could be the order in the checklist and workshop (feedback and group division 
comes late) and the limited attention span of the participants in an online workshop.  

5.4. Growth in gender sensitivity?  

Based on the figures from table 1 we determine, according to the perception of the participants, their gender 
sensitivity has increased during the workshop. If we look in more detail at this evolution, 11 participants, 
of which 7 secondary teachers, indicate that they have not increased. However, these specific participants 
indicated that they were already strongly to very strongly gender-sensitive before the workshop. Most 
participants (21) rate themselves 1 step higher after the workshop than before. The distribution is equal over 
the different participants, students, primary or secondary teachers. 

6. DISCUSSION 

Although girls are equally talented in STEM (Blickenstaff, 2005; Ceci & Williams, 2010; Eddy & 
Brownell, 2016; Wang et al., 2013), they are remarkably less likely than boys to choose a field of study in 
which (one of the components of) STEM is central (Flemish government, 2019). Because of the central role 
of teachers in promoting STEM to their pupils, but often still act in a so-called gender-blind way (Garrahy, 
2001), we examined how teachers can be supported in gender sensitive teaching. Therefore, we designed a 
checklist and corresponding workshop for teachers in primary and secondary education in Flanders. 
 
This study was conducted on a representative but relatively small group. 58 participants attended the 
workshop and provided feedback on the workshop and checklist. The conclusions of this study can therefore 
be interpreted in that respect.   
 
First, the checklist was found to be useful and a practical tool to help organizing lessons in a more gender-
sensitive way. We therefore recommend making the checklist more accessible (and easier to use digitally). 
A possible way to further spread this checklist, is through an online platform where teachers can evaluate 
their own actions and get concrete advice. 
 
Second, most teachers evaluated the workshop as valuable and indicated that their behaviour has changed 
since attending the workshop. Given the Covid-19 measures in force, the workshops had to continue online 
at the time of the investigation. We expect that an offline workshop will have an even stronger effect as the 
interaction between the participants and the experts can then be more in-depth.  
 
In line with previous research (e.g., Consuegra et al., 2016), the results of this study indicate that further 
professional development is necessary to support teachers in gender sensitivity. We therefore recommend 
implementing longer and more in-depth professional development trajectories for teachers. After all, we 
know that one-off workshops do not warrant the most sustainable change in attitudes and behaviours. More 
hours of collective and professional development is needed (Merchie et al, 2016). A longer and more in-
depth professional development course also has the potential to focus on supporting gender-sensitive 
teaching within a whole school team and support school teams in focusing on gender sensitivity in their 
school policies. Hereby, we have the chance to focus on supporting teachers who do not (yet) see the 
importance or who have resistance to gender sensitive teaching. More research is still needed. 
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To conclude, we can say that the participants were unanimously enthusiastic about the workshop and the 
checklist. Almost every participant indicated that they had gained new insights during the workshop and 
the use of the checklist. Considering the groups’ interest in and certain amount of knowledge of gender 
sensitivity, we may say that other teachers certainly also can benefit from this support. 

7. REFERENCES 

Ardies, J., De Maeyer, S., Gijbels, D., & van Keulen, H. (2015a). Students’ attitudes towards technology. International 
Journal of Technology and Design Education, 25(1), 43-65. 

Ardies, J., De Maeyer, S., & Gijbels, D. (2015b). A longitudinal study on boys’ and girls’ career aspirations and 
interest in technology. Research in Science & Technological Education, 33(3), 366-386. 

Ardies, J., Dierickx, E., & Van Strydonck, C. (2021). My Daughter a STEM-career?‘Rather not’or ‘No problem’? A 
case study. European Journal of STEM Education, 6(1), 14. 

Brown, S. C. (2021). Unraveling Bias: How Prejudice Has Shaped Children for Generations and Why It's Time to 
Break the Cycle. BenBella Books. 

Cheryan, S., Siy, J. O., Vichayapai, M., Drury, B. J., & Kim, S. (2011). Do female and male role models who embody 
STEM stereotypes hinder women’s anticipated success in STEM? Social psychological and personality 
science, 2(6), 656-664. 

Cimpian, A. & Markman, E. M. Te generic/nongeneric distinction infuences how children interpret new information 
about social others. Child Dev. 82, 471–492 (2011).  

Consuegra, E., Engels, N., & Struyven, K. (2013). Gender differentiated classroom interaction: a systematic review 
and theoretical perspectives from appreciative learning approaches. Procedia-Social and Behavioral 
Sciences. 

Denessen, E., Vos, N., Hasselman, F., & Louws, M. (2015). The relationship between primary school teacher and 
student attitudes towards science and technology. Education Research International, 2015. 

Dierickx, E., Luyckx, K., Ardies J., (submitted). Are my technology lessons for girls? The Gender Sensitive Education 
Checklist (GSEC) for teaching Science and Technology. Design and Technology Education, an International 
Journal 

Eddy, S. L., & Brownell, S. E. (2016). Beneath the numbers: A review of gender disparities in undergraduate education 
across science, technology, engineering, and math disciplines. Physical Review Physics Education Research, 
12(2), 020106. 

Garrahy, D. A. (2001). Three third-grade teachers' gender-related beliefs and behavior. The Elementary School 
Journal, 102, 81–94. 

Gottfredson, L. S. (1981). Circumscription and compromise: A developmental theory of occupational aspirations. 
Journal of Counseling psychology, 28(6), 545. 

Gottfredson, L. S. (2005). Implications of cognitive differences for schooling within diverse societies. Comprehensive 
handbook of multicultural school psychology, 517-554. 

Heybach, J., & Pickup, A. (2017). Whose STEM? Disrupting the gender crisis within STEM. Educational Studies, 
53(6), 614-627. 

Hill, C., Corbett, C., & St Rose, A. (2010). Why so few? Women in science, technology, engineering, and 
mathematics. American Association of University Women. Washington, DC. 

Hulleman, C. S., & Harackiewicz, J. M. (2009). Promoting interest and performance in high school science classes. 
science, 326(5958), 1410-1412. 

Merchie, E., Tuytens, M., Devos, G., & Vanderlinde, R. (2016). Hoe kan je de impact van professionalisering voor 
leraren in kaart brengen? 



162 
 

PATT 39 Conference Proceedings June 2022 
 

Mulvey, K. L., Miller, B., & Rizzardi, V. (2017). Gender and engineering aptitude: Is the color of science, technology, 
engineering, and math materials related to children’s performance? Journal of Experimental Child 
Psychology, 160, 119-126. 

Newall, C., Gonsalkorale, K., Walker, E., Forbes, G. A., Highfield, K., & Sweller, N. (2018). Science education: Adult 
biases because of the child’s gender and gender stereotypicality. Contemporary Educational Psychology, 55, 
30-41. 

Rhodes, M., Leslie, S. J., Yee, K. M., & Saunders, K. (2019). Subtle linguistic cues increase girls’ engagement in 
science. Psychological Science, 30(3), 455-466. 

Van Thienen, J. (2013). Meisjes zus jongens zo. Hoe omgaan met gender op school. Lannoo Campus. 

  



163 
 

PATT 39 Conference Proceedings June 2022 
 

8. ATTACHMENT: CHECKLIST 

General awareness questions 

• Are you aware of implicit ideas and prevailing prejudices about m/f/x in society? (Boys are better at 
engineering than girls) 

• Are you aware of your own ideas and prejudices about m/f/x? (I need to give girls feedback in a more sensitive 
way.) 

Questions about imagery and representation of girls and STEM 

• Will there be an equal number of men and women? 
• Do the women in pictures have an active role? (e.g. Plumber Burçu is pictured repairing the faucet 
• Is attention paid to the (historical) contribution of female scientists and technicians? (e.g. Edith Clarke, Grace 

Hopper, Hedy Lamarr, Katherine Johnson, Annie Easley,…) 
• Do the children come into contact with a female supervisor, scientist or technician during class or workshop? 
• Do you use neutral colored material? For example, no pink or purple hammers or work trays? 

Questions about the interactions in the classroom 

• Do you use the masculine and feminine form (or he/she...) for professions? (If it exists in your language) 
• Do you use active language? for example: We are going to do design and technology, instead of we are going 

to be technicians. 
• Do you use growth-oriented feedback? (I admire your perseverance, even if it doesn't work right away. Are 

there any other ways?) 
• Do you address students on gender stereotypes statements? (Why do you say that girls are less good at this) 
• Do you limit gender-oriented tasks? (Why do you say that girls are less good at this) 
• Do you actively monitor student turns? (Do you make sure that a student is not dominating in an activity or 

lesson? do you wait long enough after asking a question?) 
• Do you ask all students the same type of questions? (Do you ask the same number of open questions to all 

students?) 

Questions about teaching methods 

• Do you promote collaboration in the classroom? 
• Do you divide groups based on characteristics other than gender? (Not always the boys against the girls?) 
• Do you place the activity in a broader context so that the relevance is clear?  (Are you starting from an 

authentic problem or a real question: "we still have a few boxes needed for the class") 
• Are you clarifying the social, human relevance of STEM in your activities? ('In the future, these robots will 

be able to offer the elderly company' or 'drones will also be used to clean the oceans'.) 
• Do you give enough space to experiment and get started with problem solving? (The students do not have to 

follow a step-by-step plan for every activity)  
• Would you let the students design and carry out research based on their own input?

 

  

  



164 
 

PATT 39 Conference Proceedings June 2022 
 

Results of the Technological Profile Inventory Questionnaire among 
Swedish Preschool Staff 

Pernilla Sundqvist1*, Tor Nilsson1 

1Mälardalen University, School of Education, Culture and Communication, Västerås, Sweden 

*Correspondence: pernilla.sundqvist@mdu.se  

 

Abstract 

The competence and knowledge of the preschool teacher is the most important factor for how the 
teaching is organised, and what the children are given opportunities to learn. For teaching 
technology, technological literacy (TL) constitutes such a competence. The aim of this study is to 
research the TL among the preschool staff in a Swedish municipality, as well as assessing the 
instrument for measuring TL in this specific context. We used the Technological Profile Inventory 
(TPI) questionnaire, created by Luckay and Collier-Reed. The TPI was created from a 
phenomenographic study on upper secondary students in South Africa and has thereafter been tested 
and validated for several groups of students in South Africa. We used the TPI to test the TL of 184 
preschool teachers and childcare attendants. To test the validity and reliability of the instrument in 
this context, we performed an exploratory factor analysis followed by a test of internal consistency 
using Cronbach alpha. This resulted in five factors/categories, two for conceptions of technology 
and three for interaction with technology: Technology is conceived of as an artefact or a process, 
and interaction with technology is through direction, instruction or tinkering. This differs somewhat 
from the categories presented by Luckay and Collier-Reed. We discuss possible reasons for this.  
The technological profile of the preschool staff was then explored for the group by calculating the 
mean score for each category. Regarding the conceptions of technology, the scores for artefact and 
process are similar, implying that the preschool staff view technology as both artefacts and a process. 
For the interaction with technology, the category instruction got the highest score, followed by 
tinkering, while the score for direction was considerably lower. This shows an unafraid and curious 
approach to technological objects, which can be considered valuable in the teaching of technology. 

Key Words: Technological literacy, TPI, questionnaire, preschool teacher, preschool staff 

1. INTRODUCTION 

Previous research indicates that the competence and knowledge of the preschool teacher is the most 
important factor influencing how teaching is organised, and thus, how children are given opportunities to 
learn (Sheridan & Williams, 2018). However, it is not clear which knowledge is considered the most 
important. Knowledge about the subject and content has been emphasised by many researchers (e.g. Öqvist 
& Högström, 2018; Strawhacker et al., 2018), while others claim that this is not enough (Lee, 2017; 
Opperman et al., 2016). These scholars claim that something more is needed for preschool teachers to 
organise and perform teaching that leads to improved learning outcomes. In Opperheim et al.’s (2016) 
study, self-efficacy was examined as an additional factor, demonstrating that a sense of security and belief 
in one’s ability to teach are important. For the subject of technology, a high level of technological literacy 
(TL) could constitute this security. According to Collier-Reed (2006, p. 1–2), TL can be defined as “being 
in a position to understand the nature of technology, have a hands-on capability and capacity to interact 
with technological artefacts, as well as the ability to think critically about issues relating to technology”. 
We have previously studied preschool teachers’ conceptions of technology, but only with a small sample 
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(Sundqvist et al., 2018). To our knowledge, no study has investigated preschool teachers’ TL as a whole or 
their capacity and ability to interact with technology. 
 
The aim of this study is to research technological literacy among preschool staff in a Swedish municipality 
and assess an instrument for measuring TL in this specific context. We used the Technological Profile 
Inventory (TPI), created and validated for upper secondary students in South Africa (Luckay & Collier-
Reed, 2014). The research questions are as follows: 

• How can the technological literacy among preschool staff in a Swedish municipality be characterised?  
• Is the Technological Profile Inventory questionnaire a valid tool for examining TL within this population? 

2. THEORETICAL POINT OF DEPARTURE  

The questionnaire used in this study, TPI, was developed using a phenomenographic study in which the TL 
of 15-year-old students in South Africa was explored (Collier-Reed, 2006). The results described the 
participants’ TL in two categories: conceptions of technology and interactions with technology. The first 
category includes five dimensions related to how one conceives technology, and the second includes four 
dimensions about how one interacts with technological objects. The dimensions for conceptions of 
technology are as follows: technology is conceived as an artefact (TAA), the application of artefacts (TEA), 
the process of artefact change (TAP), using knowledge and skill to develop artefacts (TSK), and the solution 
to a problem (TSP). There is a hierarchy among the conceptions, from the simplest (TAA) to the most 
complex (TSP). 
  
With regard to how one interacts with technological objects, the four dimensions are interaction through 
direction, instruction, tinkering and engaging. Here, the hierarchy ranges from fear and reluctance about 
interacting with technology (low capacity to interact) to curiosity and a drive to understand what you can 
do with the technology (high capacity to interact). Collier-Reed (2006) used these results to create a 
questionnaire with 41 items that could test people’s TL. He presented two versions of this questionnaire: a 
discreet option type (DO) and a Likert type (LT). The LT version of the questionnaire was then tested and 
developed (Luckay & Collier-Reed 2011a, 2011b, 2014). In 2014, Luckay and Collier-Reed presented a 
valid questionnaire containing 29 items to be graded on a Likert scale of 1–7. For the validity of the 
questionnaire, some of the categories were merged, as shown in Table 1.  
 
Table 1. Merged categories for the TPI 
 

 Categories from Collier-Reed 
2006 

Categories after revision 

Conceptions of technology An artefact Technology as an Artefact 
The application of artefacts 
The process of artefact change  

Technology as a Process Using knowledge and skill to 
develop artefacts 
The solution to a problem 

Interaction with  
technological objects 

Direction Direction / Instruction 
Instruction 
Tinkering Tinkering 
Engaging Engaging 

 
The questionnaire was tested on several samples in South Africa by Luckay and Collier-Reed (2014). To 
use it for studying TL in Sweden, we investigated its validity in this new context. 
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3. METHOD 

A digital questionnaire was conducted in an existing collaboration between the researchers and preschools 
in a Swedish municipality. A list of all staff members’ email addresses was provided by the municipality´s 
administrative system via the leader of preschool development. The list contained 324 email addresses to 
which the questionnaire was sent. A total of 211 responses were received. A post-examination of the 
responses revealed some professional groups whose work did not involve teaching children. These were 
excluded from the study, leaving 184 remaining participants who were either preschool teachers (n = 85) 
or childcare attendants (n = 99)2.  
 
The questionnaire was a 7-point LT version of the TPI. First, the questionnaire, as presented by Collier-
Reed (2006), was translated, and two items were adjusted to the Swedish context. The questionnaire was 
digitalised and distributed by email, together with information regarding research ethics (Swedish Research 
Council, 2017). In this, we described the aim and how data would be handled and used, as well as indicating 
that participation was voluntary. 
 
Two analyses of the data were performed using SPSS 28. First, a factor analysis was performed on the 29 
items validated by Luckay and Collier-Reed (2014) to explore consistency with previous studies; that is, 
whether our sample would produce the same factors presented by Luckay and Collier-Reed (2014). The 
results of the factor analysis provided categories that described the different dimensions of TL. The factors 
were then used in the second analysis, in which the sample’s TL was presented as mean scores for each 
category.  
 
Before conducting the factor analysis, each item’s suitability for factorisation was checked. As 
recommended by Cohen et al. (2011), we used Bartlett’s test of sphericity, which should show statistical 
significance, and did (p < .001). The result of the Kaiser-Meyer-Olkin measure of sampling adequacy, 
which should not be lower than .6, was .81, and we explored communalities to examine the amount of 
variation explained by each item (should not be lower than .3). 
 
When performing a factor analysis, the sample size is important. There are different recommendations in 
the literature, but many recommend a sample no smaller than 100 (Cohen et al., 2011; Kline, 1994) and a 
sample-to-variable ratio of at least 5:1 (Cohen et al., 2011) or even 2:1 (Kline, 1994). Our sample of 184 
participants had a sample-to-variable ratio of 7:1. 

4. ANALYSIS AND RESULTS 

4.1. Factor analysis 

We first performed a factor analysis based on the eigenvalue. Eight factors were extracted, all with an 
eigenvalue greater than 1 and good item suitability for factorisation. However, some factors were difficult 
to interpret. For example, two factors included high loading variables from the TEA category alone, and 
we could not see how they differed from each other. 
  
We continued with a fixed factor number and chose five based on the TPI. Items with communalities lower 
than .4 were examined with regard to their loadings. Three of these had low and unclear loadings and were 
excluded: “With a new technological thing, I play with it a bit and read the manual a bit—whichever helps 
me the most”, “Technology is an idea that has been put into place by someone to help people” and “I can 

 
2 Preschool teachers and childcare attendants are two different professional groups in Sweden. Both are involved in 
the teaching and caring of children, but only the preschool teachers have a university degree. 
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usually use technological things when I follow instructions”. The results of the five-factor solution with the 
remaining 26 variables are presented in Table 2. 
 
Table 2. Results from the five-factor solution, showing all loadings above .3. 
 

Variable/Item (the item’s categorical belonging is in 
brackets, according to Collier-Reed (2006)) 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Technology is making use of knowledge people have 
about something and using this to solve a problem. 
(TSP) 

 .790    

Technology is using knowledge and skill to develop 
some product. (TSK) 

 .718    

Technology is the planning and research of 
something and then the making of it. (TSK) 

 .707    

Something is technology because a person had a plan 
that was put into practice by making it. (TSK) 

 .646    

Technology is a person making something to solve a 
problem and improve quality of life. (TSP) 

 .641    

Technology is about solving a problem. (TSP)  .609    
Technology is about using scientific knowledge to 
make life easier. (TSK) 

 .596    

I always seem to do something wrong when I try to 
use technological things. (ITD) 

  .776   

I would rather get someone else to work a 
technological thing. I might get it wrong or mess it 
up. (ITD) 

  .760   

I would rather watch someone work with a 
complicated technological thing instead of trying to 
do it myself. (ITD) 

  .735   

I always ask permission before I use some new 
technological thing in case I break it. (ITD) 

  .720   

Things with complicated wires and parts that you 
don’t understand are technology. (TAA) 

.384  .524   

When using technological things, instructions tell me 
exactly what to do—and only then I can do it. (ITI) 

   .765  

Finding out how a technological thing works is 
easiest by reading the manual and at the same time 
playing around with it. (ITE) 

   .693  

If someone first shows me how to do something with 
a technological thing then I can use it (ITI) 

   .679  

With instructions I would be able to find how to do 
what I want with a technological thing (ITI) 

 .321  .652  

I like to understand a technological thing by playing 
with it as well as by reading more about it. (ITE) 

  -.344 .550 .303 

Manuals often help to find new features on the 
technological thing and understand it better (ITE) 

 .330  .394  

Technology is all about computers and other 
electronic and electrical things like that. (TAA) 

.738     

An external hard drive is technology only when you 
connect it to a computer and copy files onto it. (TEA) 

.734     

A computer is technology when you can watch a 
movie over your wireless network. (TEA) 

.644 .395    

A cell phone or a computer is technology when it is 
switched on. (TEA) 

.561  .409   
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A washing machine thrown on a rubbish dump with 
no motor or wires is no longer 
technology. It is just a thing. (TAA) 

.448     

It is fun figuring out how technological things work 
without being given instructions to follow. (ITT) 

    .796 

I would rather play around with a technological thing 
than waste time first reading instructions about how 
to do it. (ITT) 

    .727 

When I see a new technological thing, the first thing I 
want to do is play around with 
it to see what it can do. (ITT) 

    .722 

% Variance after rotation 9.2 15.1 12.6 10.7 8.0 
Eigenvalue 1.78 5.60 3.60 2.10 1.40 

 
In the process of choosing which variables to include in each factor, we followed the recommendations of 
Cohen et al. (2011), who suggested the following criteria: variables with the highest loadings should be 
included, and these variables’ loadings should be close to each other and have a clear distance in loading 
from other variables. They also need to be conceptually related, and the researcher needs to use their 
knowledge from theory and previous research to interpret the factors and choose which variables are 
relevant to include.  
 
In Table 2, we see that items initially belonging to the instruction and engaging dimensions load on the 
same factor. In reviewing these variables, it is evident that all items involve the support of some instruction 
in the interaction with technology. Thus, we interpreted this factor as ITI. This means that there is no factor 
representing ITE as it is described by Collier-Reed (2006). Apart from this, the factors follow the 
dimensions of the TPI. Cronbach’s alpha was used to test internal consistency for the factors and ranged 
from .62 to .82. The five factors are presented in Table 3. 
 
Table 3. The name, cut-off point and reliability coefficient of each factor 
 

Factor Cut-off point Cronbach alpha 
Technology is conceived of as an artefact .38 .734 
Technology is conceived of as a process .59 .816 
Interaction with a technological artefact is through direction .72 .803 
Interaction with a technological artefact is through instruction .39 .617 
Interaction with a technological artefact is through tinkering .72 .689 

4.2. Preschool staff’s technological profile  

The technological profile of the preschool staff is presented for the group by calculating the mean score and 
standard deviation for each category based on the staff’s responses on a Likert scale of 1–7. Regarding how 
technology is conceived, technology as a process received a higher mean score than technology as an 
artefact. Regarding interaction with technology, instruction received the highest score, followed by 
tinkering and direction (see Table 4). 
 
Table 4. Mean score for each dimension of TL 
 

Factor Mean SD 
Technology is conceived of as an artefact 4.6 1.4 
Technology is conceived of as a process 5.2 1.3 
Interaction with a technological artefact is through direction 3.2 1.5 
Interaction with a technological artefact is through instruction 5.6 0.9 
Interaction with a technological artefact is through tinkering 4.6 1.4 
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5. DISCUSSION 

To a large extent, technology is described by preschool staff as both an artefact and a process. In a previous 
study, where the DO version of the TPI questionnaire was used, the preschool staff described technology 
almost exclusively as a process (Sundqvist et al., 2018). In that study, the results were explained by the 
design of the questionnaire, which forced the participants to choose one of five statements (the five included 
one from each of the original five dimensions for conceptions of technology) that they agreed with the most. 
When the participants had to choose, they chose a more inclusive and complex description of technology. 
The participants stated that they also agreed with the artefact descriptions, but that these seemed too simple 
and narrow when they had to choose only one. In this study, the participants were not forced to choose only 
one; instead, they had to grade all of the descriptions on a Likert scale. Hence, we allowed for the possibility 
of describing technology as both artefacts and a process. Considering Sundqvist et al. (2018), the results 
here seem predictable. Previous studies have also found that preschool staff consider technology to be 
“everything” (Elvstrand et al., 2018), which is in line with the results of this study. 
 
For interaction with technology, the instruction dimension received the highest mean score. This dimension 
indicates that the person wants to understand how a technological object works and what they can do with 
it, and to find this out, the person uses different types of instructions, such as manuals. This implies a curious 
and unafraid attitude towards technological objects. The next highest mean score was for the tinkering 
dimension, which represents an even more curious and positive attitude towards technological objects. 
Direction, on the other hand, represents fear and unwillingness to interact with technological objects 
(Collier-Reed, 2006). This is strengthened by another variable loaded on the component, namely “Things 
with complicated wires and parts that you don’t understand are technology”, indicating an attitude that 
technology is something difficult. 
 
When we started working with the TPI, we took the items from Collier-Reed (2006) and translated them 
into Swedish, then adjusted two of items to fit the Swedish context. In accordance with Luckay and Collier-
Reed (2014), we used the 29 items they validated. However, in their publication, Luckay and Collier-Reed 
revised four items to clarify the difference between the dimensions ITI and ITE, three of which are variables 
in our five-factor solution presented in Table 2. The fact that we did not make this modification to these 
items might be a reason for the categories of ITI and ITE emerging in our study. We conclude that the 
questionnaire was functional and reliable for studying preschool staff’s TL. However, further study is 
required in which the questionnaire is tested with the aforementioned modifications to demonstrate whether 
the TPI questionnaire produces the same dimensions as in the original context. 
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Abstract 

This work expands on the prior research of Stellini and Pule (2019) which investigated the 
relationship between subject attainment and the factors governing students' decisions in relation to 
the further study of design and technology areas. The study for the year 2019 by these authors 
indicated positive perceptions of the subject of design and technology by state-middle school 
students of both genders. Meanwhile, other variables were discovered, showing that sociocultural 
considerations and future career objectives impact students' decision-making interests in subject 
taking. The subjects chosen by students have implications for future employment, societal mobility, 
and the knowledge and skills required to drive the economy (Davies & Ercolani, 2018). According 
to the most recent National Statistics Office report on the labour force survey in Malta, public 
administration, defence, education, social work, and human health have the highest distribution of 
jobs. Manufacturing, industry, quarrying, and construction are all mid-level jobs with a large male 
representation (Labour Market and Information Society Statistics Unit, 2020).  

The research presented in this paper investigates the relationship between gender and students’ 
attainment in their ordinary level exams at the age of 16, for technology education subjects over a 
span of 12 years. This longitudinal study is based on quantitative data derived using official 
Matriculation and Secondary Education Certificate Examinations, MATSEC statistical reports 
(https://www.um.edu.mt/matsec/reportscommunication). The Statistical Package for the Social 
Sciences was used to test the secondary quantitative results. The hypothesis of an association, for 
the association between gender and subject attainment in most topics, is accepted. Other variables 
associated with gender are present in this study, such as grades and the type of school from which 
students applied. The study concludes that, even though male registrations dominate technological 
subjects and the gender-achievement relationship is weak, girls attain slightly higher marks. 
Furthermore, as their rate of registration and accomplishment was seen to increase, females seem to 
be moving away from stereotypical traditions. 

Key Words:  Technology Education, Gender Representation, Subject Attainment 

1. INTRODUCTION 

The earliest form of technical subject in the Maltese island dates to 1893, when Canon P. Pullicino 
introduced geometric forms and linear designs in elementary schools. Pullicino was not particularly 
interested in technical education, but he did feel that industrial education offered a context for learning via 
application at the time. The first technical school in Malta was established in 1893, with the introduction of 
the initial form of technical education (Sultana, 1992). Shortly following World War II in 1945, the Maltese 
government established the second technical school where subjects including technical and engineering 
drawing, electrical engineering and practical were taught (Vella, 1954). Along the years technical drawing 
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was provided in boys’ Secondary schools in 1956 and then in 1987 for all students in Junior Lyceums 
(Sultana, 1992). Due to low responses from girls, technical drawing was offered in boys’ secondary schools 
only (Darmanin, 1992). In 1972, trade schools were introduced in Malta, until they phased out in the early 
2000s (Navarro Carmel & Pulé Sarah, 2015; Purchase, 2005). Here the former title of Technology 
Education experienced a change and transitioned into Design and Technology, D&T in 2012 (Purchase, 
2005). In 2015/6 Vocational Education and Training, VET Engineering Technology was introduced to all 
state schools and a few church and independent schools in Malta (Joseph Micallef, 2014). 
The issue of low female representation in technology-related subjects can be traced to its roots. Sultana 
(2017), outlines that the history of technology education is mainly that of male education. Over the years 
there has been an emphasis on gender equity in classrooms, especially through the STEM movement 
(Fergusson & Horwood, 1997; Ro et al., 2021). However, through statistical data collected by Matriculation 
and Secondary Education Certificate Examinations, MATSEC 
(https://www.um.edu.mt/matsec/reportscommunication), the number of female students registering for 
technology-related subjects at an ordinary level remains under-represented compared to male registrations. 
In the meantime, research into female performance in technological subjects is being conducted to 
determine if females have yet to achieve parity with their male counterparts due to their performance.  Wang 
and Degol (2016) present a theoretical framework for policymakers' proposed practice recommendations 
based on six explanations, some of which are relevant to this study. The present issue of low gender 
representation in design and technology subjects in Malta is presented as part of the research objective of 
this paper. Hereunder, the research questions are listed: 

1. Is there a relationship between gender and students’ attainment in technology education subjects, at 
an ordinary level exam aged 16 years? 

2. Are there any patterns or variables in how students perform in technology subjects at an ordinary 
level? 

3. Is there a relationship between grades obtained at an ordinary level by gender and the type of school 
students are registering from? 

2. LITERATURE REVIEW 

Children begin to form a notion of themselves and attempt to relate themselves with their gender identity 
as early as their second birthday. A child can achieve gender constancy between the age of three and seven 
(Wolter & Hannover, 2016). Identity-based motivation, IBM, explains why people prefer to act in ways 
that they feel are consistent with their social identities, particularly their gender identity (Elmore & 
Oyserman, 2012). The formation of youth growth, such as interest, is heavily influenced by their identity 
(Philp & Gill, 2020). Interest is identified as a motivating factor that is elicited by psychological, physical, 
social, and biological factors. It progresses through four stages: triggered situational interest, sustained 
situational interest, emerging individual interest, and well-developed individual interest (Hidi & Renninger, 
2006). Interest development theories and other motivational theories address how interest influences 
attention, objectives, and learning levels, as well as how interest interacts with child development contexts 
(Philp & Gill, 2020). Interests influence subject choices as they guide students' future decisions about what 
they want to be when they grow up (Sharp & Coatsworth, 2012). This is assumed to begin at the end of 
primary school and progress throughout the following education and professional careers  (Vulperhorst et 
al., 2019). 

2.1. Skills and Knowledge  

Skills and knowledge are two aspects that are interdependent. Martin and Owen-Jackson (2013) examine 
how knowledge affects skills and how one gains knowledge through the practice of skills. According to 
prior studies mentioned, interest is a fundamental determinant for learning, and information is its driving 
source in certain aspects (Martin & Owen-Jackson, 2013). Interest is also an independent variable, whereas 
knowledge is a dependent variable (Rotgans & Schmidt, 2017). One of the earliest forms of technological 
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knowledge is related to Walter G. Vincenti’s book as he classifies technological knowledge into six 
different categories (Vincenti, 1990). Ever since other frameworks of technological knowledge were 
distinguished over the years (Bayazit, 1993; Broens & de Vries, 2003; De Vries, 2016; Ropohl, 1997; 
Rossouw et al., 2011; Williams, 2012). 
 
The aim of Kovierienė’s (2010) study investigates the relationship between technological expertise and 
technological jobs that are related to engineering and technology in relation to gender. The study suggests 
that employment independence, as manifested in technology occupations, is a prerequisite for improving 
applied technological knowledge, particularly among boys. Furthermore, the results show that autonomous 
girls have more theoretical knowledge than boys (Kovierienė, 2010). 

2.2. Prior Attainment 

In this study, subject attainment is investigated to determine whether it correlates to or is subject to being 
affected by different variables. D&T originated as a male-dominated subject, but in some countries, girls 
soon outperformed boys in terms of grades (Spendlove, 2000). Some other studies show that boys are 
overrepresented in lower school tracks due to their grades, whereas girls are overrepresented in high school 
tracks (Kessels et al., 2014). The association between gender inequalities and academic grades was 
investigated among 1.6 million students in a study dominated by the North American dataset. According to 
the latter study, the top 10% of pupils in a STEM class are split evenly between males and females. 
Alongside, results indicate female students are generally over-represented in non-STEM related subjects 
(O’Dea et al., 2018). The gender difference in STEM academic grades is relatively small, with male-skewed 
statistics only at the very top of the rankings. In comparison to non-STEM areas, the researchers claim that 
the internal and external pressures of being heavily dominated by male rivals have an impact on females’ 
decision to pursue STEM employment hence excluding the influence of scholastic achievement. 
  
Wang and Degol (2016) presented a theoretical guide using a social cognitive perspective by identifying 
six empirical factors that cause female underrepresentation. Among these factors, the authors explain how 
cognitive ability and strengths are indicating factors in quantitative and verbal reasoning. In the meantime, 
career preferences, lifestyle choices and field-specific abilities are motivators that reflect personal interest, 
mindset goals and values. These cognitive and motivational factors are potentially affected by stereotypes 
and biases as students experience and reinforce the gender gaps over time. Throughout this theoretical 
guide, the issue of mindset is presented where it is emphasized that a growth mindset in women leads to 
persistence against challenges which makes them more likely to succeed.  
 
According to 2020 research on secondary school courses and student enrolment in Germany, Ireland, and 
Scotland, women are less likely to enrol in fields and settings related to STEM (Jacob et al., 2020). It also 
establishes a pattern across countries, claiming that the main gender divide is in Engineering and 
Technology enrolment. In 2002, Harding claims that when a masculine bias exists within a field of study, 
girls are less comfortable to opt for these subjects. The same applies to boys as they are excluded from 
female-related disciplines. However, research in educational science implies that female students are more 
likely to pursue courses dominated by male students in single-sexed classes since they result in superior 
performance by girls in these male-dominated fields (Schneeweis & Zweimüller, 2012). Through the years, 
Maltese secondary schools phased out from single-sexed to co-ed since 2014/5 (Times of Malta, 2014). A 
report produced by John Baptist Galea in 2007 was financed by UNESCO in the University of Malta and 
intended to identify the rate of women engaging in science and technology subjects in four secondary 
schools in Forms 2 and 3. According to the findings, the performance of individuals in the minority, females 
is superior to that of the dominating group, males. This is since such a group is prepared to go against the 
traditions of the opposite gender. As a result, they are eager to prove themselves capable (Galea, 2007).  
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3. METHODOLOGY 

The research in this paper is based on quantitative secondary data gathered from a major qualifying body 
in Malta recognized as the Matriculation and Secondary Education Certificate Examinations MATSEC's 
official statistics releases from 2008 to 2019 (https://www.um.edu.mt/matsec/reportscommunication). 
Secondary data can be derived from research conducted for purposes unrelated to the research topic, yet it 
can be useful in other contexts (Hox & Boeije, 2005; Wyse et al., 2016). The number of 16-year-old students 
applying for their ordinary level examinations in technological subjects and all other subjects is detailed in 
the MATSEC statistical reports. These reports also include information on the applicant's gender, the type 
of school they applied from, and their grades. Design and Technology, Graphical Communication, and VET 
Engineering Technology are the three subjects provided at the ordinary level in Malta that are classified as 
technological subjects, apart from the digital technologies.  

4. RESULTS 

4.1. Statistical Scenario of Subjects at ordinary level 

Secondary data of registered students by year for D&T, Graphical Communication, and Engineering 
Technology was collected over a 12-year period from MATSEC's official statistics releases 
(https://www.um.edu.mt/matsec/reportscommunication). Figure 1 depicts the number of students who have 
enrolled for the Design and Technology at O-level exam during the last twelve years. The data is broken 
down by gender, registering male students at a higher rate each year with a total of 2440 registrations in 12 
years, when compared to girls’ 540 registration also in these 12 years. 
 

 

Figure 1. Design and Technology Registrations by Gender Per Year 
 
Registrations for Graphical Communication and VET Engineering Technology demonstrate that these 
subjects have long been dominated by males, with a low female participation rate (Figure 2 and 3). The rate 
of students registering for Graphical Communication is greater than for the other subjects, with a total of 
5518 male and 1316 female registrations. 
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Figure 2. Graphical Communication Registrations by Gender Per Year 
 

Figure 3. Engineering Technology 
Registrations by Gender Per Year 

                                           

The Statistical Package for the Social Sciences, SPSS is used to generate the chi-square test used in Table 
1 to evaluate the relationship between two categorical variables for D&T. The student's grade will be 
provided by one of these variables, while the student's gender will be indicated by the other. The null 
hypothesis states that there is no relationship between the two categorical variables and is accepted when 
the p-value is greater than 0.05. The null hypothesis states that the two categorical variables have a 
significant relationship and are accepted if the p-value is less than the 0.05 threshold. 
 
As seen in Table 1, the null hypothesis must be accepted since the resulting p-value of <0.001 is less than 
the 0.05 standard of significance. This suggests that there is an association between gender and academic 
achievement grades. 
 
Although there is evidence of an association between achieved grades and gender, it is worthwhile to look 
at the strength and magnitude of any such association through Pearson’s coefficient. Although the chi-
square test indicates that there is a significant relationship between the two variables, the strength of the 
relationship is weak since Pearson's coefficient is 0.114. 
 
Table 5. Crosstab showing attainment of students in the past twelve years, grouped by gender for D&T. 
 

 Gender 
Total  Male Female 

Grade 
1 

Count 54 28 82 
% 2.3% 5.3% 2.9% 

2 
Count 122 48 170 

% 5.3% 9.1% 6% 

3 
Count 178 53 231 

% 7.7% 10.1% 8.1% 
4 Count 391 83 474 
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% 16.9% 15.8% 16.7% 

5 
Count 357 53 410 

% 15.5% 10.1% 14.5% 

6 
Count 366 76 442 

% 15.8% 14.5% 15.6% 

7 
Count 176 41 217 

% 7.6% 7.8% 7.7% 

U 
Count 666 143 809 

% 28.8% 27.2% 28.5% 

Total 
Count 2310 525 2835 

% 100% 100% 100% 

              X2(7) = 36.637, p = <0.001, Cramer’s V /Phi = 0.114 

 
Similarly, when the data are used to analyse the association between gender and grades in Graphical 
Communication as in Table 2, the null hypothesis is accepted because the p-value is 0.023, which is less 
than the 0.05 level of significance. Although there is evidence of an association between grades and gender, 
it would be interesting to investigate the strength and size of this relationship. Since the percentages in 
Table 2 indicate a little difference in grades, the Phi (φ) and Cramer's V tests were used. Even though the 
chi-square test indicates that there is a significant relationship, the relationship has a weak strength since 
the Phi (φ) coefficient is 0.05. Tests for Engineering Technology could not be presented because this subject 
is a recent introduction in Maltese secondary schools and sufficient data does not yet exist. 
 
Table 6: Crosstab showing attainment of students from 2008 till 2019, grouped by gender for Graphical 
Communication. 
 

 
Gender 

Total Male Female 
Grade 1 Count 319 85 404 

% 6% 6.7% 6.1% 
2 Count 583 150 733 

% 10.9% 11.9% 11.1% 
3 Count 732 188 920 

% 13.7% 14.9% 13.9% 
4 Count 1010 230 1240 

% 18.9% 18.2% 18.8% 
5 Count 1205 294 1499 

% 22.6% 23.3% 22.7% 
6 Count 321 57 378 

% 6% 4.5% 5.7% 
7 Count 292 43 335 

% 5.5% 3.4% 5.1% 
U Count 878 217 1095 

% 16.4% 17.2% 16.6% 
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Total Count 5340 1264 6604 
% 100% 100% 100% 

                    X2(7) = 16.220, p = 0.023, Cramer’s V /Phi = 0.05 

The weak relationship between gender and grades obtained in D&T, is displayed in a cluster bar graph with 
respective trendlines for male and female students in Figure 4. From 1 (highest grade) to U (lowest grade), 
this bar graph depicts the percentage of students divided by gender in each grade. Similarly, trendlines are 
also created in Figures 5, and 6 to assess the relationship between students' gender and the grade they obtain 
in the subjects of graphical communication and engineering technology. It is clear from these findings that 
girls acquire a higher percentage of grades ranging from 1 to 3 than males, except in engineering 
technology’s highest grade 1. Males outnumber females in the lower classes, which range from 6 to U 
(Unclassified). 
 

 
 
Figure 4. Clustered bar graph showing attainment of students from 2008 till 2019, grouped by gender for D&T 
 

 

Figure 5. Clustered bar graph showing attainment of students from 2008 till 2019, grouped by gender for Graphical 
Communication 
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Figure 6. Clustered bar graph showing registration of students from 2008 till 2019, grouped by gender for Engineering 
Technology 

4.2. Evaluating the association between gender and school type registration 

The official statistics releases of MATSEC provide more data on which to test the various assumptions. 
The statistical data presented in each report provides a summary of students' type of registration school, 
with State, Church, and independent schools having the most registrations. Table 3 shows that most D&T 
student registrations come from state schools. Meanwhile, Graphical Communication registrations are 
common in State, Church, and independent institutions. Engineering Technology is exclusively taught in 
State schools and only a few Church and independent schools.  
 
Table 7. Design and Technology Crosstab Registration of Students by School Type and Gender. 
 

 
Gender 

Total Male Female 
 
School 

State Count 1424 423 1847 
% 59.6% 78.3% 63% 

Church Count 488 0 488 
% 20.4% 0% 16.7% 

Independent Count 5 0 5 
% 0.2% 0.0% 0.2% 

Post-secondary Count 9 0 9 
% 0.4% 0% 0.3% 

Malta private candidate Count 40 7 47 
% 1.7% 1.3% 1.6% 

Gozo Count 421 109 530 
% 17.6% 20.2% 18.1% 

Gozo private candidate Count 3 1 4 
% 0.1% 0.2% 0.1% 

Total Count 2390 540 2930 
% 100% 100% 100% 

                  X2(6) = 140.107, p = <0.001, Cramer’s V /Phi = 0.219 
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Table 8. Graphical Communication Crosstab Registration of Students by School Type and Gender. 
 

 
Gender 

Total Male Female 
School State Count 1846 726 2572 

% 33.6% 56.7% 38.0% 

Church Count 2431 63 2494 
% 44.3% 4.9% 36.8% 

Independent Count 445 222 667 
% 8.1% 17.3% 9.8% 

Post-secondary Count 70 28 98 
% 1.3% 2.2% 1.4% 

Malta private candidate Count 179 41 220 
% 3.3% 3.2% 3.2% 

Gozo Count 504 197 701 
% 9.2% 15.4% 10.4% 

Gozo private candidate Count 16 4 20 
% 0.3% 0.3% 0.3% 

Total Count 5491 1281 6772 
% 100.0% 100.0% 100.0% 

                             X2(6) = 716.502, p = <0.001, Cramer’s V /Phi = 0.325 

 
The chi-square test was used to examine the association between registered students’ gender and school 
type. Table 3 demonstrates a significant discrepancy between male (59.6%) and female (78.3%) students 
enrolled in D&T in State schools. Males dominate church school registrations in D&T since no female 
Church school offers D&T as an optional subject. As to other schools or institutions, there is a little 
discrepancy between the number of registrations for male and female students. Nevertheless, the null 
hypothesis which states that there is an association between gender and type of registration is accepted since 
the resultant p-value is <0.001, which is less than the 0.05 level of significance. This indicates that the two 
variables being gender and type of registration have a significant link. Although the connection is apparent, 
Phi (φ) and Cramer's V are useful for determining the strength of the link weak, with a Phi (φ) value of 
0.219. The same test is applied for Graphical Communication (Table 4), indicating that the  null hypothesis 
that there is an association between gender and type of registration is accepted with a p-value of  <0.001 
which is below the 0.05 level of significance. It is of interest to test the magnitude of such strength and 
since Phi (φ) value is 0.325 and exceeds the 0.3 level of weakness, the magnitude of such relation shows a 
medium strength between gender and type of registration  

5. DISCUSSION AND CONCLUSION 

This research presents a clear image of the association between gender and subject attainment in 
technological subjects at the ordinary level, with a particular emphasis on D&T. Other unforeseen patterns 
have been recognized within a wider study and will eventually be reported elsewhere. 

5.1. Gender disparities in students’ achievement in technological subjects 

The number of students registering for technological subjects at the ordinary level, such as D&T, Graphical 
Communication, and VET Engineering Technology, was examined (section 4.1.). The statistical data in 
figures 1, 2, and 3 show a clear spectrum of registrations submitted during a twelve-year period, segregated 
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by gender. The data for D&T and Graphical Communication reveals a clear picture of how male 
registrations dominate these fields year after year. It is also widely acknowledged that the representation of 
women in these fields has been steadily rising throughout the years. Spendlove’s (2000) argument 
recognizes that these subjects have been highly dominant by the masculine gender, which can be associated 
with the result obtained in this study. As a result, the pressures caused by the idea of technological subjects 
being male-dominated, effects internal and external pressures on the decisions students make about 
pursuing STEM-related employment. Hence, it can be a result of these pressures rather than subject 
achievement (O’Dea et al., 2018).  Statistical results obtained by Stellini et al. (2019) showed that students' 
career goals were a significant factor in their decision to study D&T. The data revealed a substantial 
association between gender and career aspiration, with a moderate strength of contingency coefficient. 
  
Spendlove (2000), O'Dea et al. (2018) and Galea (2007) clearly discuss how the minority group in these 
technological subjects are those students who achieve excellent marks compared to the largest male-
dominated group. This hypothesis was tested by using chi-square, Phi (φ) and Cramer's V tests to examine 
the association between gender and subject attainment at the ordinary level. Only D&T and Graphical 
Communications tests were analysed due to their largest number of years within the educational system 
(Tables 1 and 2). Results determine that although there is an association between these two variables their 
strength is weak. A clear spectrum of this longitudinal study shows in figures 4 and 5 that females are well 
represented in higher grades compared to their male counterparts which correspond to Kessels et al., (2014) 
statement. Girls exhibit lower test scores in STEM disciplines compared to their grades, whereas boys have 
higher test scores in standardized examinations rather than grades. Wang and Degol (2016), presented a 
framework on how cognitive ability and motivation are key factors that direct students with growth 
mindsets to succeed as they go against challenges. The small number of females registered for their ordinary 
exams, respectively shows how they performed what Wang and Degol (2016) have explained in their 
theoretical framework of a growth mindset. Field-specific abilities potentially emerge at a young age, which 
comes mostly into play during middle school and teenage years. Girls are more likely to outperform boys 
in exams due to their verbal performance while mathematical performances favour male students. 
Therefore, as sociocultural factors have a strong impact on students on decision making, we should 
intervene to improve female representation in Maltese technological subjects.  

5.2. The effects of co-educational and single-sexed schools/ institutions 

Findings of this study showed that across all subjects the largest number of registrations is from State 
schools as they offer all these subjects. Commonly both D&T and Graphical Communication are generally 
offered in State, Church, and independent schools. Tests showed that there is an association between gender 
and type of registration (tables 3 and 4). This association is of weak strength for D&T but of moderate 
strength for Graphical Communication. Ever since 2014/5, Maltese State secondary schools shifted from 
single-sexed to co-educational, having schools with mixed-gender (Times of Malta, 2014). Meanwhile, 
Church schools are still largely single-sexed although some are in the transition to co-educational, whereas 
independent schools are mixed-gender in Malta. In single-sexed schools, females are more likely to pursue 
technological subjects that are dominated by males whereas in co-educational schools they may feel less 
comfortable being in minority (Harding, 2002; Schneeweis & Zweimüller, 2012). This can result in a 
disservice for girls in Maltese Church schools that are single sexed as these do not offer D&T as an optional 
subject. In fact, results showed that the largest number of female registrations is from State schools that are 
co-educational. This shows that females are in the transition of going against traditions of the opposite 
gender in co-educational schools and subject attainment as stated by Galea (2007). 
 

In Malta, the dissemination of information and research in technology-related educational areas is 
strengthening and deepening its roots inside the educational system. Students' perspectives and attitudes 
may be impacted by the new modifications in the syllabus that will go into effect in 2022/3, affecting their 
interest in pursuing courses in technology fields. Within the academic sector, it would be beneficial to 
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research and invest in the advanced level of D&T to give a longitudinal development similar to that 
provided for Graphical Communication. As a result, research relating to gender and the uptake of these 
subjects with career opportunities is vital, since career aspirations were found to be one of the main 
motivators for pursuing studies in technology-related domains  (Potvin & Hasni, 2014; Stellini, 2017; Wang 
& Degol, 2016). 
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Abstract 

In 2020 an article about USA experts’ opinions on the future of technology education was published. 
Several concerns were expressed by the experts in the Delphi study that had been conducted, such 
as a shortage of teachers and funding. From the start of the study in USA the idea was to conduct 
similar studies in other countries. In Finland such a study has also been done but the outcomes have 
not been published yet. It is interesting to see to what extent the outcomes are USA specific or more 
broadly valid. To find that out a similar study was done also in Flanders (the Dutch-speaking part 
of Belgium) and the Netherlands. It became clear that there are similarities between the USA 
outcomes but also differences. Most of those differences can be explained by taking into account 
the local developments in the different countries. 

Key Words Delphi study, impact factors, expectations for technology education. 

1. INTRODUCTION 

The position of Technology Education in de school curriculum still today is not to be taken for granted. 
Although good practices are available in various countries, there is still confusion among school boards, 
parents and policy makers about the purpose, focus and content of technology education. The historical 
craft tradition out of which technology education emerged in most countries still lingers around in 
discussion about how to teach about technology in school. Adding the term ‘engineering’ to ‘technology 
education, as was done in the USA (in the name of the main teacher association this led to the change from 
‘International Technology Education Association’ into ‘International Technology and Engineering 
Education Association’) was an effort to show that technology education had left its craft past behind. In 
other countries there is hesitation to add that term to the name of subject and association because of the 
vocational ‘flavor’ that sometimes comes along with the term ‘engineering’. The developments towards 
STEM (Science, Technology, Engineering and Mathematics) education has added to the confusion, as this 
acronym and the educational developments associated with it, raise the question of how technology is 
related to science and math and what the term engineering means in the context of a situation in which 
engineering is not a school subject like science and math. 
 
All together the future of technology education is not easily predictable. Yet, it can be worthwhile to ask 
selected experts what their ideas about this are. This was done in a Delphi study conducted in the USA and 
reported by Johnny Moye, Philip A. Reed, Ray Wu-Rorre and Douglas Lecorchick (Moye, Reed, Wu-
Rorrer and Lecorchick 2020). Their study was not a standard Delphi study in which a selected group of 
about 25-30 experts respond to outcomes of the previous round so that in (usually) three rounds a consensus 
can be established. Instead, two hundred sixty-eight participants were in involved in the third and final 
round of the USA study. The similarity with the traditional Delphi set-up outcomes of one round were fed 
back int the next so that respondents could change their opinions based on the averages found of the 
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previous round (which eventually leads to consensus). The main outcomes of the USA study were that 
respondent expressed concerns about the lack of technology teachers and the lack of funding for programs. 
The identity and perceived relevance of technology education also was a reason for concern as was the 
quality of teacher preparation. A positive outcome was the increase attention of student inclusion and 
equity. In the discussion of the outcomes, the authors show how the outcomes can be understood in terms 
of actual developments in the country. 
 
This raises the question as to what extent the outcomes of the USA study are specific for this country and 
to what extent they are more broadly valid. From the very start of the USA study, the idea was to conduct 
similar studies in other countries. In Finland, a study was done by Sonja Niiranen (2021) and others. In the 
Dutch-speaking part of Belgium (Flanders) and in the Netherlands, the historical development of 
technology education is different. That makes it worthwhile to do another similar study there. 

2. HISTORICAL DEVELOPMENT OF TECHNOLOGY EDUCATION IN FLANDERS AND 
THE NETHERLANDS 

2.1. Flanders 

In 2004 the TOS21 working group was started up from the Departments of Education and Science of the 
Flemish government. TOS21 stands for Technology at School in the 21st century and must work on a sound 
development of technical education with the development of concrete attainment targets for primary and 
secondary education (Moens, 2008). However, the major objective, remains to make young people 
enthusiastic about technology. From 1 September 2010, the subject 'Technological education' was replaced 
by the subject ‘Technique’ (‘Techniek’, in Flemish, which has a different connotation than Technology). 
Characteristic of the subject 'Technique' is that this time it is about 'Technical literacy for everyone', starting 
in kindergarten (2.5-year-olds) and continuing until the end of secondary education (18-year-olds). In 2014, 
the renewal of secondary education is once again on the agenda. Ardies and Boeve De Pauw (2014) propose 
a two-track policy with regard to technology in education. The first is a socially motivated perspective for 
broad technical literacy, based on the idea that every citizen should be able to participate optimally in 
society. The second, more economically inspired track is the demand from the labor market for sufficient 
technically skilled workers. In 2015, the Flemish government formulates a STEM framework for Flemish 
education. This is partly the base for the new educational goals for secondary education, which started in 
the scholastic year 2019-2020. In these educational goals we no longer find separate goals for technology, 
they are now integrated in STEM. Although with its own frames of reference. Anno 2022, technology will 
retain its place in the curriculum with 2 hours a week in the first two years of secondary education. In 
primary school, technology is no longer in the subject ‘World Orientation’, but in the less broad subject 
‘Science and Technology’. 

2.2. The Netherlands 

In the Netherlands, technology education was introduced as a separate school subject in lower secondary 
education (pupil ages 12-15 years) in 1993. In-service education programs were set up to re-educate 
teachers of other subjects to become technology teachers. Later the government initiated a national program 
for primary teachers also, but left it to primary schools whether or not they would implement technology 
education or not. Only some fairly superficial standards were formulated and these did not have much 
impact on what happened in schools. For upper secondary school, it was decided to have technological 
elements in the exam syllabi for physics, chemistry and biology. In 2000 school were also given the option 
to integrate technology education in science education, and many school did this. In the 2010s a new type 
of school was developed called Technasium schools and they had a subject ‘Researching and Designing’ 
(in Dutch: Onderzoeken en Ontwerpen, abbreviated O&O) that often was implemented not next to but 
instead of technology education. Around the same time for upper secondary a new (elective) school subject 
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called Nature, Life and Technology (abbreviated NLT) was initiated. This subject can truly be called 
integrated STEM and several of the modules that are taught have design assignments. The current situation 
is that the number of schools still having a separate subject technology education in lower secondary school 
is much lower than before but stable and in upper secondary education technology education is part of 
science education (in the exam syllabi and in the subject NLT). In primary education there is a still 
increasing number of schools taking up technology education and teachers are supported by regional so-
called science-and-technology hubs. The most recent development is called Curriculum.nu. It entails a 
complete revision of the curriculum for primary and secondary education. New standards have been 
formulated for nine ‘learning areas’, one of which is called ‘Humans and Nature’. Science and technology 
education standards can be found here. The idea is that schools can decide how to organise the curriculum, 
but it is stimulated that boundaries between the existing school subjects are made more porous. It is not 
quite clear what will become of this initiative as at the moment it is still in political debate. 

3. RESEARCH QUESTIONS AND METHODOLOGY 

3.1. Research questions 

In the Low Lands study we used the following research questions: 
 
1a. What currently has a positive impact on science and technology education? 
1b. What currently has a negative impact on science and technology education? 
2a. What trends will most likely impact the Technology and Engineering Education profession in the next 
three to five years in a positive way? 
2b. What trends will most likely impact the Technology and Engineering Education profession in the next 
three to five years in a negative way? 
3a. what new topics will become part of technology education? 
3b. what topics will disappear from technology education? 
 
It can be read from the questions that we used a term similar to STEM but more common for our experts, 
rather than ‘technology education’. This made it more recognizable particularly for the experts involved in 
primary education. 

3.2. Methodology 

In the first round, the experts formulated trends and topics in their own words. These were combined and 
fed back in the second in the order of the number of times they had been mentioned in the first round. In 
the second round, the experts were given the opportunity to change the order of the trends and topics based 
on the average order of the first round that was presented to them in the second round. The revised order 
was then again presented for revision to them in the third round after which sufficient consensus was 
established (a score was given to each trend and topic according to the order in which it appeared in the list 
and it was considered to be sufficient consensus when the interquartile range – the spread of the middle 
50% of the scores - was 3 or less because this means that the upper and lower score round the median - the 
value separating the higher half from the lower half of the scores - differs less than two places in the order 
of importance; here we followed the indications used by Heiko, 2012). The fact that consensus was reached 
even though the experts were from two countries shows that our impression that the two countries show 
comparable developments was correct. 
 
Contrary to the USA study we did not submit the questions to a large number of respondents as in a survey, 
but to a small number of selected experts, as in most Delphi studies. The group of experts was a mix of 
teachers, teacher educators, pedagogical supporters, and policy makers. All of the experts are in the field 
of technology education, but for primary education science education and technology education are not 
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separate subjects. Some of the experts for secondary education had a background in science education also. 
In that sense, the experts often also connect to STEM. There was also a spread of experts over primary and 
secondary education. 
 
Table 9. Numbers of respondents 

 
 
 
 
 
 
 
 
 
 
 

 
From the Table it can be seen that the number of respondents dropped dramatically with each round. This 
means that we can be fairly confident in the content of the factors that were mentioned but less of the 
status of the consensus. Statistically it is a consensus indeed but with a very low number of respondents 
left over. 

4. RESULTS 

First in this section the outcomes for each of the six research questions will be presented briefly (in terms 
of lists of most important factors and topics) and then in the conclusion and discussion session we will build 
the overall picture of what the experts have brought forward. 
In Table 2 the outcomes of the six research questions have been combined to get an overview of all factors 
and topics brought forward by the experts. 
 
Table 2. Factors and impacts combined 

 Positive (Factor)/increasing (topic) Negative (factor)/decreasing (topic) 

Current impact factor 1. enthusiasm of technology teachers. 
2. increasing attention for inquiry- and 
design-based learning. 
3. the new national STEM standards. 

1. lack of knowledge and skills of teachers. 
2. negative image of technology education 
at schools. 
3. little or no focus on STEM in primary 
education. 
4. Little cooperation between subjects 
resulting in isolated position of technology 
teacher. 
 

Respondents  Round 1 Round 2 Round 3 
The Netherlands 11 4 2 
Flanders 17 9 5 
    
Teachers  8 2 1 
Teacher educators 11 6 3 
Pedagogical support  4 2 1 
Policy makers 4 2 2 
Unknown 1 1  
    
Total 28 13 7 
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Future impact factor 1. Better teacher education for technology 
teachers. 
2. The introduction of STEM-specialised 
teachers. 
3. Cooperation with knowledge institutes. 
4. A new vision on STEM by the 
government (more integrated education). 
5. Modernization of the curriculum with 
STEM as a key competence. 
 

1. Time pressure for technology teachers 
2. Fragmentation of STEM subjects 
3. Uncontrolled labelling of activities as 
‘STEM’ 

Topic in curriculum 1. Project-based and explorative activities 
with practical relevance 
2. Iterative design cycles with increasing 
complexity 
3. More multidisciplinary and integrated 
STEM education 
4. ICT-related topics (AI, VR, robotics 
and programming) 
5. Sustainability, environment and 
climate 
6. (less prominent in the list) Health 

1. Design work and classroom experiments 
with a fixed sequence of steps without 
explanation of the rationale for these steps 
2. Contextless and abstract teaching 
3. Tinkering and craft 

5. CONCLUSION AND DISCUSSION 

Table 2 suggest that there are three main issues to which the experts refer: teachers and curriculum. 
On the one hand, the enthusiasm of teachers is seen as the most positive impact factor for technology 
education. On the other hand, the fact that there is a shortage and that the teacher there are lack knowledge 
and skills is a serious threat for technology education. Also the fact that there is a time pressure on teachers 
is problematic. For the future the experts have high expectation of the emergence of new teachers that are 
have been trained as specialized STEM teachers. 
 
The second issue is the status of technology education. Experts expressed their concern that this status is 
still low, in spite of all the efforts made in the past decades to develop a fully up-to-date subject in which 
making is no longer the most important activity, but designing and the social aspects of technology also are 
important elements of the curriculum. This image does not get better of course when, e.g., the government 
put the label ‘STEM’ on all sorts of activities without distinguishing between high quality teaching and 
activities that are of inferior quality. For the future the experts see hope in the expectation that the role of 
tinkering and craft will be further diminished and the curriculum will be more in line with other STEM 
subjects (more contextualized, more ‘trendy’ topics like sustainability and ICT). 
 
That brings us to the third issue, namely the curriculum. The experts are concerned about the fact that the 
position of technology education in the school curriculum is weak in certain respects. In the first place it 
does not have a good presence in primary education. Furthermore, it is often isolated which means that 
technology education does not gain from the higher status of other STEM subjects (particularly science 
education). For the future the experts have expectation of the new vision on STEM as promoted by 
government. If the idea is to have better connections between the STEM subjects, this will give technology 
education a better position. That, combined with the increased role of contemporary topics like 
sustainability and ICT will likely improve the position of technology in the school curriculum. 
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For the Netherlands these outcomes can be understood in the context of the Curriculum.nu process that was 
described in section 1. From the start of that process the position of technology was a concern and there 
was even a special committee to provide directions to the development teams for each of the learning areas 
as to how to include elements of technology in the standards they were about to develop. The end products 
of the development teams clearly contained traces of efforts to do justice to the role of technology in that 
learning area. As for the concern about teachers, for the Netherlands there certainly is a shortage, although 
more prominently for science than for technology. New teacher education programs have been initiated for 
integrated STEM subjects like O&O (Researching and Designing) and NLT (Nature, Life and Technology). 
A first effect is already visible in that the new teachers coming out of such programs are strongly welcomed 
by Technasium schools and given high responsibilities in setting up curricula for O&O. 
 
In Flanders technology education was never a point of discussion the last years. A broad consensus remains 
that technology must have a place in the curriculum from the age of 2.5 till 18. Nevertheless, when looking 
at how it is placed in the curricula of primary and secondary education there is a shift. In primary education 
technology education gained some prominence as it was before part of the lessons under the umbrella of 
‘world orientation’, and since 2010 this subject is split up in ‘Human and Society’ and ‘Science and 
Technology’. By doing so technology became more visible in the primary curricula. Primary teachers often 
still struggle with the content, and despite their enthusiasm we experience a large need for workshops, and 
the development of knowledge and skills in technology.  
 
In secondary education however Flanders is currently in transition to a new structure and goals. STEM 
becomes more prominent as it is one of the 8 domains students can choose. Technology however is isn’t a 
main subject in this domain, the focus in more theoretical studies is often on science, mathematics. In labour 
market-oriented studies, we find the development of skills in electricity, mechanics, etc. A real theoretical 
study that (also) focusses on technology or engineering in the higher grades of secondary education is 
lacking. In the first year of secondary education the subject technology remains present although it is 
difficult to find qualified teachers. The number of students in teacher training that choose technology 
education as a main subject is diminishing year by year.  
 
It is also interesting to compare the results of the ‘Low Lands’ study with the previous USA study. A clear 
communality is the concern about teachers, both in terms of availability and preparation in teacher 
education. The study in the USA did not mention the quality of teachers themselves. It would be to easy to 
conclude that USA teachers are better than teachers in the Netherlands and Flanders, particularly because 
for both contexts the quality of teacher education was mentioned as a reason for concern. The status of 
technology education is another common concern for the two contexts. Technology education is still not 
acknowledged as a subject of high relevance, probably due to its history in craft. A difference between the 
two contexts is that funding is not mentioned as a reason for concern in the ‘Low Lands’ whereas it was 
mentioned as a reason for concern in the USA. Probably this can be explained by the fact that in the past 
the government has provided a fair budget for schools to set up a technology education classroom with 
good equipment. Teachers gets an annual budget per pupil to purchase materials and replacement tools. 
The positive expectations expressed in the USA study concerning increased attention for inclusion and 
equity are absent in the ‘Low Lands’ study. This can be explained by the fact that the ‘Low Lands’ generally 
speaking have a stronger multicultural tradition than the USA (race segregation, for instance, only belong 
to a period far back in history) and a stronger social tendency for acceptance of alternative gender identities 
compared to the more traditional ones. 

6. CONCLUDING REMARKS 

Both the USA and the ‘Low Lands’ study have shown that a consultation of experts on the present and 
future of technology education as an element of STEM yields results that can be well interpreted from the 
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national contexts of the studies. Both studies show that there are serious concerns for the future but also 
that there are opportunities to safeguard the future of technology education in the context of STEM. Both 
studies show that a better connection of technology education with the other STEM subjects can enhance 
the position of technology education in the curriculum. Teachers, however, are always a crucial factor and 
the availability and education of them is a continuing concern. 
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Abstract 

Iterative research was undertaken to identify factors which teachers of design and technology (D&T) 
felt may have contributed to the decline of entries within the General Certificate of Secondary 
Education (GCSE) of the subject in England (JCQ, 2021) for pupils generally aged 14-16. 

A range of accessible methods of data collection was chosen to encourage participation from 
teachers, who often feel that they are time poor and that their workload is excessive (Jerrim et al, 
2021). Despite an awareness of such concerns, perspectives from teachers themselves were limited 
within the literature review and therefore, it was pertinent to the research question that the lived 
experiences and perspectives of teachers were investigated. Participants were largely recruited 
through a social media campaign. Data collection was participant led and triangulated through three 
phases to strengthen the validity of the research. Data analysis, which continued to influence 
subsequent data collection, indicated many factors which participants felt may have contributed 
towards the decline in entries within the GCSE, such as the English Baccalaureate (EBacc) and 
parental influence. However notably, many factors could be resolved by the initial teacher training 
(ITT) that is undertaken to achieve Qualified Teacher Status (QTS) within England, alongside 
continued professional development (CPD).  

Although, this research was conducted within England, it is hoped that the findings and 
recommendations from this research will prompt professional dialogue both within England and 
internationally to help reform the educational practices of ITT and CPD. In particular, the findings 
from this research demonstrate an urgent need to review ITT and instigate changes for teachers 
within D&T, which acknowledge this subject as a distinct domain. In conclusion, both ITT and CPD 
within the subject, must be strategically considered for the betterment of our teachers, pupils and 
future society. 

Key Words: Design and Technology, Initial Teacher Training, Continued Professional 
Development, Decline, England 

1. INTRODUCTION   

Within England and Wales, a national curriculum was enforced to ensure all pupils received a broad and 
balanced education that prepared them effectively for adult life (Great Britain. Education Reform Act 
1988). As part of the national curriculum, Design and Technology (D&T) was introduced as a new subject 
of compulsory study for all children from the ages of 5-16. Although a newly introduced subject, D&T was 
heavily influenced from the roots of existing non-statutory subjects that were often taught within schools, 
in particular home economics, craft and design. The purpose of D&T was to prepare children for life in the 
21st century, by ensuring they were able to excel in a man-made world; creatively designing and 
manufacturing their own ideas (National Curriculum Design and Technology Working Group, 1988). To 
enable pupils to learn the skills and knowledge related to a variety of materials such as textiles, timbers and 
metal, practical work was vital and encouraged. As such, attainment targets of this subject were solely based 

mailto:claire.vickery2021@my.ntu.ac.uk
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upon practical capabilities of pupils rather than their theoretical knowledge (National Curriculum Design 
and Technology Working Group, 1988).  
 
Although D&T was initially a compulsory subject, little over a decade later, D&T lost this mandatory status 
and the subject had become a non-statutory area of study for pupils aged 14-16. Instead, schools had a 
responsibility to ensure that they merely offered all pupils the opportunity to study at least one course 
leading to an approved qualification within D&T (Department for Education, 2014). There is no doubt, that 
this revision led to a decline in entries, however it is the continued decline following this change, which 
requires further investigation. To explore this further, an initial literature review was undertaken.  

2. LITERATURE REVIEW  

To ensure the literature that was reviewed was relevant and accurately reflected the current context of D&T 
education, a conscious effort was made to select resources that were no more than ten years old. However, 
there have been some exceptions to key pieces of literature, which were deemed as having a significant 
relevance to the investigation. A preference was also given to research which had been peer-reviewed, 
which is considered to add a level of quality assurance to the information that is presented. To identify 
contributing factors that may have led to the decline within D&T entries, the literature review was initially 
influenced by the themes identified by Miller (2011).  

2.1. English Baccalaureate (EBacc)  

Following concern that educational settings were failing to offer rigorous programmes of study for pupils 
aged 14-16, the EBacc (Department for Education, 2016) was introduced. This grouping of subjects is 
highly significant for all, with a heavier weighting of these subjects used to measure pupil progress across 
educational settings and for individuals embarking upon their future endeavours, such as further education 
or employment.  The intention of the EBacc is to raise the standards of education within England and to 
ensure pupils have the expansive knowledge and competence required to compete in the global job market 
(Morgan, 2015). However, despite seeking to ensure a broad and balanced curriculum, many contest that 
failure to include D&T is counter-intuitive and fails to encourage a truly broad and balanced curriculum 
(Wood and Haddon, 2021; Donelan, 2016).  
 
Indeed, as pre-empted by Miller (2011), the EBacc has led to many unfavourable consequences for the 
subjects which were omitted, such as a decrease in financial, staffing and time allocation within schools 
(Lilliedahl, 2021). Despite a general agreement that the EBacc has forced a decline in creative subjects 
(Busby, 2018; Long, 2016), we must critically consider that D&T had already steadily declined prior to the 
implementation of the EBacc and therefore the literature review began to instead consider why D&T may 
have been omitted as an EBacc subject.  Indeed, following warnings that D&T was under researched and 
facing degeneration (OFSTED, 2011, 2008), the Department for Education (2011) announced that D&T 
would not be a subject within the EBacc, citing that there was insufficient disciplinary coherence within 
the subject. Bernstein (2000), Biglan (1973) and Becher (1994) tend to agree, describing D&T as a soft 
applied science which is often difficult to define. However, Baynes and Norman, (2013) dispute this 
suggesting that there is a substantial body of knowledge unique to D&T, such as material knowledge. 
Design thinking is also considered to be unique knowledge within D&T (Lor, 2017). Likewise, Hardy 
(2015) and Miller (2011) consider that D&T was not excluded through its lack of disciplinary coherence, 
but instead through a lack of understanding and a poor perception of the subject. To consider this theme 
further and to seek an understanding of how a poor perception may have occurred, the following themes 
were investigated. 
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2.2. Historic Failure  

Although one cannot change the past, to enable one to seek an understanding of the alleged poor perception 
of D&T, it is crucial to consider the historic context of the subject. Miller (2011) felt that the subject had 
been given a great base to establish itself, however the literature review revealed a number of discrepancies, 
which one could argue has had a detrimental impact upon the execution of the subject. Shortly after D&T 
was first established, there was found to be some confusion regarding the intent and implementation of the 
subject (Her Majesty’s Inspectorate, 1992). Within educational settings an incoherent delivery of the subject 
was observed to be influenced by broad interpretations of the guidance. However, the guidance from the 
National Curriculum Design and Technology Working Group (1988), had neglected to present the subject 
with a clear definition, identity, or clarity by failing to define the terms ‘design’ and ‘technology’. Instead, 
ambiguously stating that both words mean different things to different people in different contexts. 
Similarly, inconsistency continued when the subject was referred to as just ‘Technology’ on official 
documentation (National Curriculum Council, 1992).  
 
The Department for Education (1995) sought to resolve the initial confusion that had been identified by 
amending and minimising the national curriculum. However, guidance for the subject has remained 
somewhat ambiguous and the current national curriculum (Department for Education, 2013) could be 
argued as ambivalent, with the word ‘design/designing’ appearing more frequently (29) than the word 
‘technology’ (16). An imbalance between the two terms could indicate a bias towards the curriculum 
content that is taught, which is incongruous to the subject as it was established. 

2.3. An Inconsistent Curriculum  

Despite exam boards specifying specialist material areas that must be studied to successfully achieve the 
formal qualification, the current national curriculum (Department for Education, 2013), suggests but does 
not stipulate specific material areas or the proportion that they must be taught. Therefore, the material areas 
offered within settings can differ and some schools may have a more diverse offering than others. Material 
offerings may depend upon the existing tools and equipment within a school, as well as the specialisms and 
individual preferences of the teaching staff. It is also worthy to note here that only local authority-
maintained schools within England must follow the current national curriculum (Department for Education, 
2014), which accounts for just 57% of schools (GOV.UK, 2021). The remaining 43% can devise and deliver 
their own curriculum. Lawson (2013) insists that the inclusivity of material areas should not be questioned 
but advises one should seek to consider how material areas can be brought in line to sit comfortably with 
the aims of D&T education. Across the world D&T has many guises with diverse aims and material areas 
(Buckley et al, 2020). This demonstrates inconsistency on a wider scale which critically one may consider 
stems from the fact that the subject has been socially constructed rather than established through traditional 
academic origins as previously discussed earlier in section 2 of this paper. 
 
Wooff (2017) claims that implementation of a subject is often influenced by an individual's interpretation 
of a subject, which can be far removed from the aims and content outlined in a national curriculum. As 
such, a natural inconsistency occurs in the way the subject is structured and delivered within settings. 
Likewise, intended curriculums can be perceived differently by non-teaching individuals, such as pupils, 
their parents and teacher educators. Therefore, the intent and implementation of the subject must seek to 
impact the perceived curriculum of stakeholders (Maw, 1993). Critically this is difficult when the 
perceptions of individuals can vary so widely.  
 
Additionally, individual subjects are also subjected to the consequences of an unintended hidden curriculum 
which influence subliminal messages about a subject. Such subliminal messages can stem from miniscule 
and often overlooked details such as the clothes worn by teachers of the subject, the positioning of 
classrooms, pupil groupings, timetable allocation and requisitions for extrinsic contributions. The hidden 
curriculum within D&T vacillates between schools and is suggested as an influential factor towards the 
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decline of the subject (Hardy, 2021; Sultan et al., 2018; OECD, 2015; Harding, 2009), which can be 
challenging to both identify and to control. 
 
With interpretations of the subject, been affected by many variables, ITT within the subject also naturally 
differs, which Miller (2011) considers detrimental. 

3. METHODOLOGY  

Within the literature review, conclusions were generally formed by academics rather than the voice of the 
teacher. Therefore, to build upon existing research, it was pertinent that the lived experiences and 
perspectives of teachers themselves were investigated. The initial sampling criteria was purposely broad, 
to encourage diversity within the sample, however minimal stipulations were required to ensure data was 
relevant and well informed. Participant criteria was as follows: 

• Have experience of teaching Design and Technology, either on a part-time or full-time basis, as a qualified 
teacher within secondary education for at least one full academic year within England since September 2020. 

Teachers were recruited through social media campaigns on Twitter and Facebook, in addition to postal 
mailings to randomly selected schools which invited teachers to participate. Several methods of 
participation were offered to enable participants to contribute in ways which were convenient to themselves. 
It was also hoped that this approach would encourage participation from teachers who often feel that their 
workload is excessive (Jerrim et al, 2021). Research consisted of three phases of data collection over a 
period of three months. Phase 3 of the research introduced an online survey to utilise quantitative 
approaches (Walliman, 2016; Maxwell, 2013) which would support earlier phases of qualitative data 
collection. Throughout the data collection, the researcher sought to ensure that their own biases and 
experiences did not influence the responses of participants. For this reason, interviews were only semi-
structured, and participant led. Table 1. ‘Sources of Data Collection’ provides further information of the 
methodologies used.  
 

Table 1. Sources of Data Collection 

Methodology Phase Justification No. of 
Participants Data Collection 

Asynchronous 
Focus Group 

1 Allowed participants time to 
consider responses to prompts and 
to discuss their personal thoughts 
as well as that of others. Promoted 
professional connections and 
relationships with other. 

21 Data was collected over a 
period of 11 weeks and in 
response to 37 prompts. 

Semi-Structured 
Individual 
Interviews 

2 Allowed participants to explain their 
own views on an individual basis 
with the researcher, which was 
more convenient and reduced 
anxiety for some. 

7 Individual interviews varied 
in duration from 36minutes 
to 1hour 18minutes. 

Synchronous 
Focus Group 

2 Allowed ‘real-time’ discussion 
between participants to discuss their 
personal thoughts as well as that of 
others. 

3 40minutes in duration 

Online Survey 3 Allowed those that do not have 
access to Facebook or could not 
attend real-time events to 
participate. As this was launched 
later within the research project, this 
allowed those who found the 
research project later to also 
participate.   

12 Participants were 
presented with 90 
questions which took an 
average completion time of 
49minutes. 
 
Questions were posed in a 
variety of ways including 
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Open-ended, Closed, 
Multiple Choice, Likert and 
Ranking Scales. 

 
Diverse methods of data collection enabled data to be triangulated to strengthen the validity of the research. 
Data was collected iteratively and analysed in a timely manner to guide subsequent data collection. 
Participants were asked to provide valuable insights into their lived experiences as a teacher of D&T, as 
well as their journey to becoming one. Research was conducted ethically and informed by BERA (2018). 

4. DATA ANALYSIS 

Despite a wealth of data being collected, this paper focusses mainly upon analysis of the online survey, 
which derived from the former phases of research. The online survey elicited many responses, however 
only twelve of these met the sampling criteria. Participants of the survey varied in age from 26 – 60 and all 
had taught for at least seven years. Eight of these teachers stated they had an additional responsibility of 
being the head of department within their setting.  
 
Analysis of the data from the online survey identified several factors that may have contributed towards the 
decline in GCSE entries, indicating that the issue is complex. Figure 1, ‘Tier 1 Factors’ identifies the leading 
factors in order of frequency. Rows which contain two or more factors are an indicator that each of these 
factors were identified equally by participants. Therefore, one cannot be placed higher than another within 
the illustrated hierarchies. 
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Figure 1. Tier 1 Factors: More than 50% of participants suggested these factors. 
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Figure 2. Tier 2 Factors: More than 33% of participants suggested these factors. 
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Figure 3. Tier 3 Factors: More than 25% of participants suggested these factors. 
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Figure 4. Tier 4 Factors: Additional factors that were suggested by less than 25% of participants. 
 
 
 

 
Figure 5. Material Experience: Based upon use of each material area throughout the teachers higher based 
education.  
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Figure 6. Confidence and Competence Scale of Teachers: Self Assessed by Teachers. 

4.1. Key Findings 

(a) Only 17% of participants within the survey felt that their ITT properly prepared them for their role 
as a teacher of D&T. 

(b) 83% of teachers feel that there is a lack of subject specific support available.   
(c) Across all participants, only 3% of their combined CPD was estimated to be subject specific.  
(d) 67% of teachers stated they would seek advice from Facebook.  
(e) Only 17% of participants said they would recommend the job to others 

5. DISCUSSION  

Despite participants strongly suggesting that the EBacc was the main factor of the decline, the researcher 
had already established, during the literature review, that this could not be the isolating factor, as the subject 
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was already in decline prior to the implementation of the EBacc. However, the data analysis demonstrates 
that the EBacc has continued to have a negative impact upon the subject and has added further challenges 
to a subject which was already in decline. For example, KS4 option blocks, which was another leading tier 
1 factor, seem to be largely influenced by the EBacc. Beyond this initial suggestion however, there is a 
commonality amongst the factors identified which could be resolved by changes to the ITT and CPD 
programmes currently delivered within England. Seven initial recommendations are identified in Table 2. 
‘Factors and Recommendations’. This is not an exhaustive list but could act as an initial checklist for 
reflection on a nano, micro, macro and meso level to promote changes. Notably, the recommendations that 
follow within this discussion are not considered as short-term solutions but will need to be interminable to 
remodel ITT and CPD within England to create cultural change.  
 

Table 2. Factors and Recommendations. 
 

Tier Factor Recommendation for ITT and/or CPD 
1 Influence from parents Promotion and branding of a department to 

educate others. 
1 KS4 option blocks Multidisciplinary learning. 

Promotion and branding of a department to 
educate others. 
Shared understanding of the value of other 
subjects. 

1 Earlier experiences of pupils within D&T aged 11-
14. 

Curriculum development. 
Improving material confidence & competence. 
Subject Specific Professional Development Time. 

2 Lack of skilled teachers. Improving material confidence & competence. 
Subject Specific Professional Development Time. 

2 Lack of funding/tools and equipment. Curriculum development. 
Improving material confidence & competence. 
Subject Specific Professional Development Time. 

2 Influence from other school staff Multidisciplinary learning. 
Promotion and branding of a department to 
educate others. 
Shared understanding of the value of other 
subjects. 

2 Disparity between teachers in the perception of 
what D&T is or should be. 

Curriculum development. 
Professional learning communities. 
Subject Specific Professional Development Time. 

2 Ill-Fitting National Curriculum. Curriculum development. 
Improving material confidence & competence. 
Subject Specific Professional Development Time. 

2 Lack of KS4 time. Curriculum development. 
Improving material confidence & competence. 
Subject Specific Professional Development Time. 

4 Resistance to change from D&T teachers. Professional learning communities. 
Subject Specific Professional Development Time. 

4 Too many or unsupported changes to the subject. Professional learning communities. 
Subject Specific Professional Development Time. 

4 Earlier experiences of pupils within D&T aged 7-
11. 

Curriculum development. 
Improving material confidence & competence. 
Professional learning communities. 
Subject Specific Professional Development Time. 

 
Although this research considers the ITT and CPD of only D&T teachers, changes to ITT and CPD more 
widely could allow teachers within other subject domains and educational phases, to seek a better 
understanding of subjects besides their own. As such, this would ensure that trainees who later progress on 
to become decision makers within educational settings, will have a better understanding of a variety of 
subjects rather than just their own. This would help D&T, alongside other subjects to receive fair allocations 
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of teaching hours and financial support amongst additional requirements. Additionally, this would 
strengthen connections between subjects and could lead to multidisciplinary learning. 

5.1. Subject Knowledge 

With exception to students themselves, teachers have the highest impact upon pupil progress amongst other 
influences such as their home, peers, and the school they attend (Hattie, 2003). Strong subject knowledge 
is paramount for the effective transfer of knowledge (Coe. et al., 2014; Hashweh, 1987 and Shulman, 1987). 
Therefore, it is concerning that participants felt there is not sufficient time for subject specific knowledge 
to be developed to allow them as teachers, to teach confidently across the specified material areas 
commonly taught within English schools. 
 
Throughout all phases of research, a misconception that all teachers of D&T can teach expertly across all 
specified material areas, was discussed by participants who claimed that the subject was often 
misunderstood by others. Participants recalled several senior leaders who had expected them to be ‘Jack of 
all trades and master of none’ and explained, how this false assumption of their expertise had negatively 
affected their own well-being and the quality of pupil progress. Many participants recollected occasions 
where they had observed colleagues, who were not specialist in the material area they were teaching at the 
time, fail to recognise their own misconceptions or that of their pupils. Such scenarios in a profession where 
the primary role is to transfer knowledge to others is of great concern, for both pupils and the teachers who 
are put in such positions. It is also important to question here the validity of using self-assessment when 
discussing subject knowledge. Participants spoke of the anxiety they experienced in preparation and during 
the teaching of material areas different to their own specialism. Many were afraid to seek support or to 
reveal this anxiety to others for worry that they would be judged as ‘not good enough’, especially at earlier 
points within their careers. 
 
Participants claimed time, within both ITT and CPD, was allocated more so to general pedagogy, such as 
questioning and classroom management, rather than subject specific knowledge. This meant that 
participants had to gain their subject specific knowledge from elsewhere, in their own time and at their own 
expense. Amongst other avenues of support, many cited they would seek to gain professional advice from 
social media. Some participants recalled how they had been taught lesson content by classroom technicians, 
shortly before imparting the very same knowledge onto pupils. Participants felt increased exposure to a 
range of materials and further opportunities to learn technical knowledge, during their initial teacher would 
have been advantageous. They also felt once becoming a teacher there was a lack of CPD available.  

5.2. Subject Specific Professional Development Time (SSPDT) 

As a solution it is recommended, teachers of D&T to receive Subject Specific Professional Development 
Time (SSPDT). Such time could be used by teachers to experience and experiment with new equipment, 
materials, and techniques, within their subject area. For example, this time could be used to gain industry 
related experience, by creating their own projects or by sharing knowledge with others collaboratively. 
Such a resolution may encourage teachers to become enthused and inspired, which several participants had 
observed can diminish the longer one is within the profession. Additionally, this time could be accredited, 
such as the achievement of a formal qualification within different areas, so that teachers feel a purpose in 
completing the work and remaining focussed during this time. SSPDT could initially be set at 10% of an 
individual’s teaching time and would be in addition to current PPA time and the requirement for all teachers 
to attend five in-service training days (INSET). INSET days could then be used to focus upon CPD which 
is non-subject specific, such as behaviour management and literacy. Implementing SSPDT would have an 
adverse effect on school finances, however one could argue the gain of retaining more knowledgeable 
teachers, who are able to increase current pupil progress, outweighs such financial outlay. Notably, 
throughout this research, participants often used emotive and negative language during open questioning, 
indicating bitterness and resentment when recalling their experiences within the profession. Furthermore, 
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just 17% of participants said they would recommend their job to others. This proposal would seek to make 
the job more attractive to graduates and current teaching staff, which would potentially have a positive 
impact upon teacher recruitment and retention.  
 
It is noted that although recommendations are presented within this paper, this research also poses further 
lines of enquiry which include:  

• Is there a need for all teachers of D&T to teach confidently across all material areas?  
• Can ITT and CPD realistically ensure all teachers can teach across all material areas expertly?  
• How can misconceptions and assumptions surrounding D&T be eradicated? 
• What material areas should be utilised within the subject and how is this determined? 
• Is inconsistency between settings a strength or weaknesses for the future of D&T?  

Regardless to the questions above, to which this paper does not seek to answer, this research has confirmed 
that we must not underestimate the impact that teachers as individuals have upon their subjects. For that 
reason, we must implore the government to undertake a review of the ITT and CPD which is currently 
provided within D&T. Although, this research has focussed specifically upon teachers of the subject within 
England, it is intended that the findings and recommendations of this research prompt conversations to 
instigate change and influences education beyond this locality and subject domain. Changes should be 
monitored to ensure they are well supported and sustainable to have a positive effect on pupil progress as 
well as the personal and professional development of teaching staff. This research was designed to 
acknowledge the importance of the teacher and reinforce that their voice must be listened to for positive 
change within education to be truly successful.  

5.3. Limitations  

All participants within this research had taught for a minimum of seven academic years. Therefore, we must 
be mindful that this research may not be reflective of the current experiences of teachers who have qualified 
more recently. Unfortunately, despite several advertising campaigns to recruit participants within the 
sample, there was also an absence of teachers from the North of England and Central London. Finally, 
within the key findings it is noted that participants are highly likely to seek subject specialist support from 
the social media platform Facebook, however the promotion of this research and data collection heavily 
relied on social media. This may mean that those who are more averse to such platforms, did not participate 
and may have offered alternative perspectives. 
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Abstract 

The coincidence of almost two decades of declining examination entries for Design and Technology 
(D&T) in England with an emerging grassroots interest in schools for educational research 
highlights a dearth of accessible evidence to inform subject teaching. Identifying a need for action, 
the D&T Association launched a research steering group in summer 2021 to highlight existing and 
support emerging research and researchers. This study reports emerging findings from an online 
survey of D&T stakeholders in England and beyond. The findings indicate that there is strong 
interest in D&T educational research to inform and improve classroom practice. They also suggest 
that there are a relatively small number of teachers who have conducted, but not published research 
– typically as part of postgraduate studies. Furthermore, responses suggest that whilst the definition 
of research differs amongst participants, there is a genuine interest in engaging with activities to 
strengthen evidence-based to curriculum design and pedagogical approaches. Therefore, there is 
evidence to suggest that interventions to overcome barriers to teacher engagement with D&T 
research is both needed and desired by many teachers.  

Key Words: Design & Technology, Evidence-based Practice, Research, Practitioner Inquiry, 
Survey. 

1. INTRODUCTION 

In England, there has been an increased interest in research and evidence-informed practice, partly due to 
the school inspectorate (Ofsted, 2020), government funded organisations (e.g. the Research Schools 
Network and Educational Endowment Fund) and independent movements (e.g. ResearchED and 
CollectiveED). There are two assumptions here: first that teachers want to be more research informed (e.g. 
DfE, 2017, 2013) and second that research is available and accessible to teachers. In answer to the second, 
D&T research is available via several sources but not all of it is accessible, that is open access. One 
exception is the Design and Technology Education: An International Journal, an open access publication 
for D&T research both within the UK and internationally (we acknowledge there are other sources but as 
this study focuses on England, we are focussing on UK based D&T journals). The D&T Association 
(D&TA) hosts this journal and has recognised the need to develop the evidence-base for the subject. In 
2021, D&TA established a Research Steering Group (DTRSG), who launched the research project 
presented in this paper. This initiative aligns with the Association’s primary purpose - to support D&T 
education in schools (both nationally and internationally), assisting teachers in delivering high-quality 
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education to students from the age of five through to 18. To become research informed, teachers need to 
not only have access to research, but they also need to be able to know how to make use of the research 
(Cain 2019; Davis 2020). One way to do this is to build research capacity amongst teachers. 
 
Between 2000 and 2003, the UK government funded the Best Practice Research Scholarship (BPRS) 
programme, an initiative designed to build teachers’ research capacity and engagement, during which 
approximately 3000 scholarships were awarded to classroom teachers (Furlong & Salisbury, 2005). 
Evaluating a sample of the teachers’ research, Furlong and Salisbury determined that most focussed on 
improving practice in the teachers’ schools, rather than wider knowledge generation and exchange. The 
projects did impact on teachers’ professional development and their local settings, but due to a lack of 
rigour and dissemination there were missed opportunities for the wider teaching communities to learn. 
(However, two of this paper’s authors benefited from this funding and later progressed into academic and 
doctoral studies.) Furlong and Salisbury concluded that mentoring, funding, and formal facilitation in 
schools would lead to greater success. Elsewhere, Skogh & de Vries (2013) outline the implementation and 
impact of funded doctoral studies that aimed to bridge the gap between academia and the classroom in 
Sweden. More recent examples of support for teacher engagement with research and evidence-based 
practice include the Teaching Council of Ireland (TC, n.d.), supporting with seminars, databases and 
funding for PhDs (DCU, 2021), and the Chartered College of Teachers in England (CCoT, n.d.), providing 
a professional journal for members. In summary, these initiatives demonstrate the importance of 
collaboration in planning and funding research, focusing on understanding the impact on practice, a 
supportive community with experienced researchers and teachers working together in a symbiotic and 
mentor-mentee relationship and providing access to research findings and resources to facilitate further 
study and inform classroom practice. These themes resonate with a statement from the recent education 
white paper from the UK Government, albeit without reference to the role of universities or support for 
subject specific research: 

“The best schools are realising these standards already, but our aim is to achieve these excellent outcomes for children 
and young people nationally. We will do this through two key principles: a rigorous commitment to using, building and 
sharing evidence so that every school knows ‘what works’ for all of their children; and a focus on enabling collaboration 
between teachers, schools and wider children’s services so that every child is supported to realise their full potential.” 
(DfE, 2022, p.8, emphasis added) 

To support the ambition of developing the evidence-base and supporting teachers in becoming research-
informed, D&TA launched a research project exploring the current situation in schools. The project has a 
wide scope, so this paper reports on only one of the three research questions: RQ1. to what extent are 
teachers of D&T currently engaged with educational research? The intention is to provide DTSRG with a 
report from which they can plan their next steps in building D&T teachers’ research confidence, in engaging 
with existing research and generating new.  

2. METHODOLOGY 

The project uses a convergent mixed-methods, collecting qualitative and quantitative data at a single data 
collection point (Creswell & Creswell, 2018) using an online questionnaire. 
 
Our analysis focuses on responses to four items from the survey: 

• Q6. How interested are you in educational research, in general?  
• Q7. How interested are you in D&T educational research? 
• Q8. Do you currently use any D&T educational research to inform your practice or as part of your 

role? 
• Q9. How confident do you feel undertaking educational research? 

 



207 
 

PATT 39 Conference Proceedings June 2022 
 

Initial sampling was purposive, with everyone on the D&TA mailing list sent the survey link, with snowball 
sampling via social media; 277 completed the survey between June and September 2021. At a confidence 
level of 95% and confidence interval of 6, this sample is sufficient for this initial study. 
 
The participants held a range of roles in education (Table 1) across all phases of education and educational 
settings (Table 2). Most participants identified as curriculum leaders (56.0%) and qualified teachers 
(35.0%), accounting for 72.6% of the responses – note that participants could select multiple roles and we 
assume that curriculum leaders are also qualified teachers. 
 

Table 1. Participants’ main role and multiple identities 
 Table 2. Participants’ involvement in Education 

Phases 

Role 
Main role 
n (%) 

Multiple identities 
n (%) 

 
Phase 

Number 
n (%) 

Student Teacher  5 (1.8%) 5 (1.8%)  Early Years 11 (3.1%) 
Early Career Teacher 1 (0.4%) 1 (0.4%)  Primary 72 (20.2%) 
Qualified Teacher 62 (22.4%) 97 (35.0%)  Middle 3 (0.8%) 
Unqualified Teacher  1 (0.4%) 1 (0.4%)  Secondary 224 (62.9%) 
Curriculum Leader  139 (50.2%) 155 (56.0%)  Special 3 (0.8%) 
Senior Leader  27 (9.7%) 31 (11.2%)  Further 22 (6.2%) 
Educational Consultant  11 (4.0%) 15 (5.4%)  Higher 15 (4.2%) 
Teacher Educator  15 (5.4%) 28 (10.1%)  Other 6 (1.7%) 
Educational Researcher  2 (0.7%) 10 (3.6%)   

 Retired  4 (1.4%) 4 (1.4%)  
Technician  7 (2.5%) 7 (2.5%)  
Other  3 (1.1%) 2 (0.7%)  

3. RESULTS 

3.1. Levels of interest and engagement in research 

Most participants have an interest in general educational research (91.7%), almost all are interested in D&T 
educational research (96.4%) (Table 3). However, in the written responses some participants expressed a 
greater interest or focus on general research, such as one secondary school senior leader, who stated that 
their role takes them “on a wider field which looks at impact on students across the curriculum” and a 
secondary curriculum leader whose school “are very focused on more general pedagogical research in our 
school, for example of literacy, knowledge acquisition and recall”. The latter went on to say this left “little 
time for extras and DT [sic.] specific research needs to be pushed to us because we are not good at going 
looking for it”. The issue of access to and availability of D&T research is picked up below. 
 
Table 3. Participants’ interest in research (Q6 and Q7) 

Level of interest 
Very 

interested 
Quite 

interested 
Quite 

disinterested 
Very 

disinterested 
Q6 How interested are you in educational 

research, in general? 
114 (41.2%) 140 (50.5%) 20 (7.2%) 3 (1.1%) 

Q7 How interested are you in D&T 
educational research? 

150 (54.2%) 117 (42.2%) 8 (2.9%) 2 (0.7%) 
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Over half (59.2%) stated they used research at least some of the time (Table 4). 
 
Table 4. Do you currently use any D&T educational research to inform your practice or as part of your role? (Q8) 

Engagement with D&T research 
Number 
n (%) 

Yes, all the time 31 (11.2%) 
Yes, some of the time 133 (48.0%) 
Rarely 80 (28.9%) 
Not at all 26 (9.4%) 
Not applicable 5 (1.8%) 
Other 2 (0.7%) 

 
Of those respondents who wrote about their research interests, all had indicated they used research all or 
some of the time.  The research interests were wide ranging, the most common aspects were (in order of 
magnitude): pedagogy and assessment; STEM, engineering and new technologies; curriculum; designing 
and design processes; knowledge; creativity; and under-represented groups including gender and ethnic 
minorities. The majority of respondents mentioning specific interests were curriculum leaders. Respondents 
frequently identified more than one area of interest, as illustrated by the following examples:   
 
Table 5. Examples of areas of research interest 

Examples of respondent comments in different Areas of interest Participant 
context 

Practical skills; progress with EAL students; Craftivism; Design disrupted - how recording the 
design process disrupts iterative design. 

Curriculum Leader, 
Secondary School. 

Raising the profile of STEM subjects on the curriculum in particular focus on encouraging 
greater uptake from females and students from underrepresented groups – BAME. 

Curriculum Leader, 
Further Education. 

Use of advanced technology; flipped learning methodologies; motivation for students 
engaging with D&T; values associated with D&T. 

Curriculum Leader, 
Secondary School. 

Smart Materials; Engineering and science; STEM projects; digital technology. Curriculum Leader, 
Primary School. 

Closing the gap with disadvantaged students; Link between D&T education and careers; 
Assessment in practical subjects; The curriculum in D&T and current qualification set ups. 

Curriculum Leader, 
Secondary School. 

Cognitive load theory; higher level thinking skills within the iterative design process; spatial 
cognitive awareness. 

Qualified Teacher, 
secondary School. 

Engineering in the classroom development of STEM to integrate and maximise substantive 
and disciplinary knowledge. 

Senior Leader, 
Primary School. 

 
 
Participants main reasons for either not or rarely using D&T research were a lack of time (33.1%) and 
access to quality research (30.0%) (Table 6). The few qualitative comments given reiterated the lack of 
visibility of D&T research:“[I’m not] really sure where to go to gain access”, “[there] doesn't appear to be 
much out there to access” and they were “[not] too sure where to start”. A primary school senior leader 
observed that “most of the research that I come across is very secondary or tertiary based”, although they 
acknowledged that they “could be looking in the wrong place” - again, highlighting the lack of visibility of 
D&T research relevant to different educational settings. 
 
Table 6. Participants’ reasons for not or rarely using D&T educational research (Q8c) 

Reasons Number (Percentage) 
Lack of time 43 (33.1%) 
Lack of access 39 (30.0%) 
Belief that research is irrelevant 16 (12.3%) 
No interest in research 10 (7.7%) 
Interested in generic research 10 (7.7%) 
Unaware of what is available 7 (5.4%) 
Other 5 (3.9%) 
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Other comments indicated the issue of time outweighed their recognition of the value of research:  

“Sadly [sic.] down to time, I would like to read more right across the publication options. I do feel it would help our 
department and my teaching, [sic.] I would hope to do more this year. I do listen to some podcasts from [D&TA] and a 
couple of others.” 

A significant minority signalled that research was irrelevant to their practice (12.3%) or they were 
disinterested in research (7.7%), whilst others were interested in generic research but not D&T research 
(7.7%) (Table 6). One secondary teacher commented that the “job does not require it” and that they 
“occasionally see it in the press but most of it irritates me”, although it was not clear whether they meant 
research in general, educational research or D&T research – the latter rarely featuring in the media. Several 
participants stated or hinted that D&T was not valued in their school setting, while others suggested that 
research was not always relevant to classroom practice: 

“It's boring, normally by people who have rarely been in a classroom. Written for those that have unlimited funds and 
small class sizes. Most educational theorists talk a great game but rarely can 'do it' in the classroom, and those that can 
work 24 hours a day and it is their life.” 

Several qualitative comments suggested that there was an interest in and an awareness of research, including 
the need for transferable findings and larger studies – one hinted that working with Multi Academy Trusts 
(MATs), rather than individual teachers and schools, may potentially provide access to “a broader range 
of statistical data for researchers”.  

3.2. Confidence in undertaking research 

When asked how confident they felt undertaking educational research, over two thirds (67.5%) expressed 
that they were at least quite confident (Table 7).  
 
Table 7. How confident do you feel undertaking educational research? (Q9) 

Confidence with research Number 
Very confident 52 (18.8%) 
Quite confident 135 (48.7%) 
Quite unconfident 70 (25.3%) 
Very unconfident 26 (7.2%) 

 
When focusing on senior/curriculum leaders and qualified teachers it is apparent that those with leadership 
responsibilities express greater levels of confidence (figure 1) When asked whether they are, or had, 
undertaken research, two senior/ curriculum leaders had undertaken Doctorate level study and eight 
Master’s level study, compared to only one in the qualified teacher group teacher who studied at Doctorate 
level and two at Masters level.  This suggests that the more leadership responsibility you have, the more 
likely it may be that you have research experience and confidence. 
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Figure 1. Comparing research confidence levels between teachers with different levels of responsibility 
 
Senior and middle leaders acknowledged a need for contemporary research given the rate of change in the 
D&T curriculum, and the challenge of keeping up with research linked to changes. One Senior leader 
identified this when contrasting the subject with mathematics, asking the rhetorical question “when did 
pythagoras [sic.] theory last change?!” The mode response regarding confidence levels was higher for 
senior and middle leaders than for classroom teachers (very confident, as opposed to quite confident), but 
a similar (small, but noteworthy) proportion indicated a degree of unconfidence. However, there was a low 
correlation (0.31) between responses to confidence (Q9) and frequency in use of research in practice (Q8), 
and a relatively low proportion of the teacher responses (approx. 30%) had not completed postgraduate 
studies since graduating. 
 
A separate issue, articulated by some classroom teachers, was a desire to engage in research but a lack of 
confidence without the support to do so. This was illustrated by comments such as “I would like to take 
part in research but would like training” and “I don’t have anyone to have professional conversations 
with”.  A related issue was the desire to be part of a research community “I would be motivated to research 
when sharing research with other interested people e.g. meet and share opportunities would be great”. 
Genuine interest in both supporting and undertaking research in D&T was shared by teachers, for example, 

“I would be honoured to support the educational research of the subject I have taught my entire teaching career, in all its 
many iterations. I have long thought about pursuing a doctorate in this very area of the curriculum to support the evolution 
of the subject into the future.” 

4. EARLY INSIGHTS AND FUTURE DIRECTIONS  

This section will outline the initial analysis of findings, which align to our  research question - To what 
extent are teachers of D&T currently engaged with educational research? – and relate to findings from 
previous studies:   focusing on understanding the impact on practice, a supportive community with 
experienced researchers and teachers working together in a symbiotic and mentor-mentee relationship and 
providing access to research findings and resources to facilitate further study and inform classroom 
practice.  
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4.1. Access to research findings and resources to facilitate further study and inform classroom practice\  

Throughout the participants’ written responses, a clear theme was the difficulty in accessing relevant 
research, whether general or D&T specific. Analysis suggests the accessible issues are not only about being 
easy to find and open access, but also communicated in a way that teachers can use in their practice. Whilst 
journals and research-led organisations are making endeavours to freely share their research either through 
open-access articles and journals or through research summaries (such as MESHGuides.org and blog posts), 
many teachers do not know how to find these and too many are still behind paywalls or written for other 
researchers rather than practitioners. Critical summaries of individual studies or syntheses of findings from 
the wider literature could go a long way to helping D&T teachers to understanding the implications and the 
impact evidence-informed approaches on practice (Skogh & de Vries, 2013). 
 
D&TA has recently introduced a series of online ResearchMeets to support teachers in identifying and 
engaging with research in their schools. At a recent ResearchMeet one of this paper’s authors gave a 
presentation on where to find research and how to use it. Stephanie Atkinson (2021) has also written about 
this topic. However, these contributions rely on teachers being able to access the academic writing style in 
found some articles or to find the blogs and summaries. Researchers also need to think about ‘audience’ 
and practitioners they hope to impact. 

4.2. A supportive symbiotic community 

Whilst only two participants indicated that their principal role was educational research, ten (3.6%) 
indicated that they were active researchers. Taking the example of teacher research in Sweden, where there 
is collaboration between key stakeholders and both funding and time allowed to support teachers as 
researchers it is clear that teachers who interested in taking research further. Responses from participants 
demonstrated a keenness to collaborate (Skogh & de Vries, 2013). In the English context, some of this 
might be addressed at a grassroots level, with experienced researchers mentoring teachers as teacher-
researchers. However, it would be foolish to expect a sustainable community of school-based researchers 
to be developed, without financial and ideological support of the State, schools and universities. Any short-
term reactionary responses to the call for support in schools, must be converted into a long-term viable 
strategy.  

4.3. Future directions for D&T research 

Our next steps in this research project are to complete the data analysis answering two further questions: 

• RQ2. Is there interest in the development of support from the D&T Association for educational 
research?  

• RQ3. Where should the D&T Association prioritise educational research? 

Next, the D&TA’s Research Steering Group (DTRSG) will present a full report to the board of trustees, 
and membership, outlining proposals on what the Association can do to support D&T teachers with 
research, as well as conducting further research (such as focus groups and interviews with survey 
participants), to better understand teachers’ needs; including teachers’ motivations for engaging with or in 
research.  At a time where there is an interest in evidence-informed approaches to teaching and learning 
across schools in England, the findings suggest some practical ways forward that D&TA and other D&T 
researchers, might adopt to remove barriers and facilitate access to high quality research. 
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Abstract 

In the early eighties, Seymour Papert pioneered the use of computers as a tool for children's learning. 
Papert's programming language LOGO provided children a tool to instruct and control computers 
and observe the outcomes. Grounded in Papert's thinking, and popularised by Wing in her 2006 
article, the term computational thinking defines approaches and concepts needed to interact and 
control computers and other digital artefacts. Sweden, along with many countries, has responded to 
political and societal pressure by integrating programming into the compulsory school curriculum. 
Besides programming, the new curricula also place significant emphasis on digital skills and on 
enhancing awareness of how the digitalization of society affects us. Sweden has chosen not to 
introduce a new “programming” subject at schools, and content analysis reveals that there is no 
explicit mention of computational thinking in the recently revised curriculum. Is computational 
thinking then not a relevant topic for Swedish schools? We approach the analysis of the Swedish 
approach through a thematic analysis of literature on the topic identified through a systematic review 
of research literature in the area. The aim is to investigate how computational thinking is represented 
and discussed in both the Swedish research literature and as a part of the discourse around the 
development of the Swedish curriculum. Our analysis of the published literature and school 
curricula reveals that computational thinking is not well integrated into Sweden’s current 
educational system. We conclude that the subject Technology should be revised to include a greater 
focus on creativity regarding computational thinking and construction of computational 
technological artefacts.  

Key Words: Computational thinking, Curriculum, K-12 education, Programming 

1. INTRODUCTION 

Computational thinking is a widely debated and elusive concept (Tedre, et al., 2021). It is also doubtful 
whether today's focus on programming and coding gives students the right knowledge to live in an even 
more digitalized world in which artificial intelligence and machine learning systems are likely to dominate 
(Pears, et al., 2021). This article examines the concept's positions in technology education, taking Sweden 
as an example. Our primary data sources are the Swedish curriculum (Skolverket, 2018a, 2018b) for 
compulsory school and research on computational thinking related to Swedish education (Appendix 1). 
 
It is difficult to discuss computational thinking without considering Seymour Papert. Piaget's knowledge-
based learning (Papert, 2020/1980, p.175) influenced Papert to develop two dimensions of Piaget's theory 
in relation to how working with computers can support development of , [1] intellectual structures in the 
child and [2] “[...] the design of learning environments that are resonant with them” (2020/1980, p.181).  
The environment that Papert describes is designed to support children's learning in mathematics and physics 
by “Doing science” (2020/1980, p. 107, p. 116-121). 
 
The artificial world is important to Papert and things (computational artefacts) occupy the learning 
environment he creates. It is in the interaction and communication with these ‘things’ that learning takes 
place, and in his conception of the process the child is in control (2020/1980). In the book Mindstorm, 
Papert describes computers and robots as learning aids and the child communicates with these devices using 
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an artificial turtle and the language LOGO (2020/1980). When the child tries an idea, the turtle shows the 
result as a drawing on the computer screen or with the help of a robot drawing the results on paper. It is 
important to Papert that the child has control over the interaction with the technical artefacts and he argues 
[...] “my central focus is the mind not the machine” [...] (2020/1980, p.8). 
 
Some decades after Papert formulated his vision of a supportive learning environment where children 
develop ideas in mathematics and physics, Jeanette Wing attracts considerable attention with her article 
Computational Thinking (Wing, 2006). She describes a vision of a generalised application of computer 
science principles, arguing that a way of thinking using concepts and approaches from computer science 
will be a central competency area for future citizens. She argues that computational processes, with or 
without computers, are central to understanding the modern world. Both Papert and Wing emphasize the 
human aspect of the interaction between people and computers. Papert emphasizes the exploration of ideas 
and Wing argues for computational thinking as a fundamental skill (Papert, 2020/1980; Wing, 2006). Much 
attention in society, however, has been on the skills of instructing the machine, on programming (Pears, et 
al., 2021; Wanngård, et al., 2015). 
 
Sweden, along with many countries, responded to political and societal pressure to address the need for 
these types of skills by integrating programming into the compulsory school curriculum (Wanngård, et al., 
2015). A revised curriculum was published in 2018 (Skolverket, 2018a, 2018b) with the aim of 
strengthening students' digital competence (Sweden, 2017). The same year the Swedish National Agency 
for Education also published a research overview, disseminating knowledge on how digitalization affects 
education (Skolverket, 2018c). The report describes programming as a digital competence and 
computational thinking as important for gaining an understanding of programming (Skolverket, 2018c).  
 
In this educational discourse Computational thinking (CT) emerges as important and is seen to relate to 
both programming and digital competence, but how is CT presented and integrated into the Swedish 
curriculum in practice? 

2. METHOD 

 

Figure 1. Data sources and analysis approaches 
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To answer this question, we analyse two primary data sources: the school curriculum, course descriptions 
and advisory documentation for teachers; and the research literature published in the period 2015 to 2021. 
The data sources and analysis approaches are summarised in Figure 1. 

2.1. Content analysis 

A qualitative content analysis aims to get an overview of computational thinking, programming and digital 
in the curriculum. The analysis object is the Swedish curriculum for the compulsory school (Skolverket, 
2018a, 2018b), all five sections, but not the supplementary material. Document format is pdf and tools used 
in the analysis process are Acrobat Reader (Adobe Acrobat Reader DC), Excel (Microsoft Excel 2016) and 
NVivo (NVivo). 
 
According to Rapley (2007), documents are not just containers with objective information but tell about the 
specific context in which they are used. “We never just somehow neutrally or abstractly engage with 
documents, they are always engaged with in a specific local context; as such, they are always read or used 
in a specific way, to do specific work.” (Rapley, 2007, p. 97). In line with Rapley's (2007) argument, we 
consider a curriculum analysis to reflect conditions for teaching and learning. 
 
Prior (2003) describes reference counting as a powerful tool for revealing patterns and telling about the 
context in which the text is used. This analysis uses reference counting to show how government directions 
affect the prerequisites for teaching and learning. 

2.2. Rapid literature review 

The process for this review follows the characteristics of a rapid review, the selection process is systematic, 
it has a narrow focus, and is completed for a limited time (approximately 12 months, not full-time) 
(Denscombe, 2016; Folkhälsomyndigheten, 2017; Ganann, et al., 2010). Rapid literature reviews can be 
extensive and form the basis for authorities' decisions (Folkhälsomyndigheten, 2017) or be the ground for 
analysis in small-scale qualitative research studies (Denscombe, 2016). The rapid literature review in this 
study is used in a small-scale qualitative research project. Compared to a systematic review, a rapid review 
may miss some perspectives since it is not as comprehensive as a systematic review and may not cover 
everything. This study, therefore, does not claim to cover all research, but only that which emerged through 
the search procedure shown in Figure 2. 
 
In the search for research concerning Swedish teaching and learning, the databases SCOPUS, ERIC and 
Web of Science are used. Keywords used are computational thinking, school, education, Sweden and 
programming. Four combinations of the keywords result in four parallel search procedures in each database. 
Besides the key words is a criteria that the research concerns K-12 teaching and learning. The search was 
conducted on the specified databases for literature published between 2015 and 2021.  After screening and 
selection, the search identified 24 research articles and papers (Figure 2). 
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         for publications used in the literature review. 

Three articles focus on pre-school, one on upper secondary school and twenty refer to primary or grades K-
12. Ten have been published prior to, and fourteen after, the publication of the revised Swedish curriculum 
in 2018. 

2.3. Thematic analysis 

All 24 publications were read consecutively to find patterns in the text concerned with how the authors 
define and discuss computational thinking. During repeated reading, new patterns appear, and these are 
coded with new keywords and the procedure continues (Braun & Clarke, 2006). Keywords and word lists 
take the words out of their original context (Ryan & Bernard, 2003). Reference texts are coded together 
with the keywords to provide some context. Excel (Microsoft Excel 2016) and NVivo (NVivo) are used as 
tools. 
 
Themes are thus identified through; keyword search in the entire text corpus (Braun & Clarke, 2006), 
reading of references and re-reading of the publications individually. 

3. RESULTS 

3.1. Mapping to curriculum 

Government and teachers are actors within the same system but active in different arenas (Larsson & 
Westberg, 2019; Rapp, 2021). Previously, the curriculum had a physical form and was on a shelf in the 
teacher's room. Today, the curriculum is a digital artefact with supplementary information on the authority's 
website. The curriculum formulates desired goals for education and is an expression for educational policy 
control (Larsson & Westberg, 2019). New elements highlighted in the Swedish curriculum from 2018 are 
programming and digital competence (Skolverket, 2018a, 2018b).  
 
In the analysis (Table 1), the Swedish words digital (digital), programmering (programming) and 
datalogi/sk/t (computational) are used as references. Combinations or variations of the words are included. 
For example, Datalogi/sk/t (computational) in combination with tänkande (thinking), datalogiskt tänkande 
(computational thinking), is considered as one reference. References to Programming (programming) 
include programmeras (programmed) and programmeringsmiljöer (programming environments). In the 
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curriculum are twelve combinations with the word Digital (digital), examples are digital media, digital tool, 
digital model, each combination is counted as one reference. Digitalisering (digitization) is also included. 
 

Table 1. Content analysis of the Swedish curriculum Läroplan för grundskolan, förskoleklassen och fritidshemmet 
2011. Revised 2018. 
 

Curriculum 

Syllabus (rows 1-21) 

Reference count 

Digital - 
Digital 

Programming - 
Programming 

Datalogiskt 
tänkande - 

Computational 
thinking 

1 : Bild_Art 3 0 0 

2 : Biologi_Biology 6 0 0 

3: Engelska_English 0 0 0 

4 : Fysik_Physics 6 0 0 

5 : Geografi_Geography 3 0 0 

6: Hem- och konsumentkunskap_Home and 
consumer studies 

0 0 0 

7 : Historia_History 3 0 0 

8 : Idrott och hälsa_Physical education and health 3 0 0 

9 : Kemi_Chemistry 6 0 0 

10 : Matematik_Mathematics 12 9 0 

11 : Moderna språk_Modern languages 15 0 0 

12 : Modersmål_Mother tongue tuition 10 0 0 

13 : Musik_Music 9 0 0 

14 : Religionskunskap_Religion 3 0 0 

15 : Samhällskunskap_Civics 12 1 0 

16 : Samiska_Sami 4 0 0 

17 : Slöjd_Crafts 6 0 0 

18 : Svenska_Swedish 19 0 0 

19 : Svenska som andra språk_Swedish as a second 
language 

19 0 0 



218 
 

PATT 39 Conference Proceedings June 2022 
 

20: Teckenspråk för hörande_Sign language for the 
hearing 

0 0 0 

21 : Teknik_Technology 14 4 0 

Other parts of the curriculum       

Skolans värdegrund och uppdrag Fundamental 
values and tasks of the school 

5 0 0 

Övergripande mål och riktlinjer_Overall goals and 
guidelines 

5 0 0 

Förskoleklass_Preschool class 3 0 0 

Fritidshemmet_School-age educare 4 0 0 

 

Table 1 presents the results of the calculation of references, the column on the far right shows that there are 
no references to computational thinking. In the syllabus of three subjects, Civic, Mathematics and 
Technology are references to programming. References to Digital are common in all five sections of the 
curriculum. This analysis reveals the priorities the government wants to convey to teachers. There is a clear 
focus on digitization, while computational thinking is completely neglected.  
 
Governing documents omit computational thinking; does this mean that it is of no relevance to Swedish 
teaching and learning? To investigate the issue further, we turn to previous research. 

3.2. Publication themes 

What research is there concerning computational thinking in the Swedish compulsory and upper secondary 
school context? To answer this question a thematic analysis was performed on the material extracted by 
our rapid review of research literature. All publications included in the analysis can be found in Appendix 
1. 
 
What can we learn from this research? What are the definitions of computational thinking and what 
influences does it have on teaching and learning in Sweden? 

3.2.1. Definitions of computational thinking in the research 
Fifteen frameworks are identified in the publications, each intended to be used to define computational 
thinking. The most common approaches to constructing definitions refer to Papert and Wing (Figure 3). 
Characteristics of computational thinking derived from Papert’s work are learning by doing; exploring with 
code; testing and debugging; constructing artefacts from own ideas; robot programming for children. 
 
Research referring to Wing emphasises computational thinking as specific thinking derived from computer 
science. The core of computational thinking is the ability to formulate problems so an information agent 
can solve them. Understanding this type of problem solving is, according to Wing, beneficial for everyone. 
 
All frameworks are found in Figure 3. Furthermore, other definitions of computational thinking than 
Papert's and Wing's are listed below. 

• Tedre and Denning (2016) (referenced in Vrieler, 2017) emphasize development of computational thinking 
through professional practice.  
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• Perkovic (2015) (referenced in Mozelius & Öberg, 2017) addresses understanding of processes and more 
specifically computational processes. 

• Aho (2012) (referenced in Bråting & Kilhamn, 2020) and Kafai and Burke (2014) (referenced in  Bowden, 
2019; Kjällander, et al., 2021; Palmer, 2017) describe problem solving as a process where the problem is 
broken down into smaller components with solutions constructed as algorithms. 

• Lye and Koh (2014) underline the relation between children and the digital world and the needs of digital 
literacy when solving problems with programming (referenced in  Bowden, 2019; Kjällander, et al., 2021; 
Palmer, 2017) .  

• Bers, et al. (2014) underline practice and emphasize that certain mental tools and attitudes are used when 
exploring and creating (referenced in Otterborn, et al., 2020; Palmer, 2017; Zhang, et al., 2020).  

• Barr, et al. (2011) stress that certain attitudes are important when practicing computational thinking 
(referenced in Vinnervik, 2020). 

Some frameworks are described in more detail (Figure 3; Appendix 2).  

• Barefoot (2019) describes six concepts and five approaches (referenced in Mannila, et al. 2020; Otterborn, et 
al., 2020) 

• Brennan and Resnick (2012) define three dimensions; computational concepts, computational practices and 
computational perspectives (referenced in Bråting & Kilhamn, 2020; Mozelius & Öberg, 2017; Zhang, et al., 
2020).  

• Zhang & Nouri (2019) develop the framework of Brennan and Resnick (2012) with one concept, three 
practices and one perspective (referenced in Zhang, et al. 2020).  

• CSTA and ISTE (2020) present nine concepts suitable for K-9 education (referenced in Kjällander, et al., 
2021; ).  

• Shute, Sun & Asbell-Clarke (2017) describe a model for computational thinking with six aspects (referenced 
in Humble, et al., 2019; 2020). 

Figure 3. Frameworks defining computational thinking and numbers of publications referring to them. 

There is no uniform definition of computational thinking in the research examined, even though some of 
the frameworks have overlapping terminology. The legacy of Papert and Wing is clear, and it is apparent 
that computational thinking is a dynamic construct still evolving, for example Zhang, et al. (2019) building 
on the framework of Brennan and Resnick (2012) (referenced in Zhang, et al., 2020).  
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In addition to these existing definitions of computational thinking, what else can we glean from this 
research?  
 
Thematic analysis of the selected papers results in six themes related to computational thinking (CT). 

1. Definitions of CT 
2. CT as problem solving 
3. CT and programming 
4. CT as a universal competence 
5. CT and educational perspectives 
6. CT and instructional materials  

Themes (1)-(4) are in line with the topics described in the frameworks presented previously.  Themes (5) 
and (6) focus on educational issues. Examples of sub-themes for CT and educational perspectives are 
curriculum (much focus on the revision 2018), assessment of CT skills, progression of CT skills, CT for 
young children. In CT and instructional materials, the most common sub-themes are about CT in relation 
to block-based programming and the software Scratch.  
 
In addition to themes directly related to computational thinking, other themes emerge (Figure 4).  
A recurring theme in all publications is programming. Computational thinking and programming are 
intertwined and hard to separate, a common argument is that computational thinking develops through 
programming. We note that the Swedish curriculum includes programming in the syllabi of three school 
subjects, Civic, Mathematics and Technology but there are computational thinking and programming 
activities in other school subjects as well. 

Figure 4. Themes in the research besides definitions of computational thinking. 

3.2.2. School subjects and computational thinking 
The theme School subjects (Figure 4) map programming and computational thinking (CT) to school 
subjects, and word counts indicate that those concepts are most commonly discussed in Mathematics and 
Technology. 

• CT in Mathematics is discussed in relation to problem solving.  
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• CT in Technology linked to the control of objects, for example robots. Simulations using micro:bits are also 
described.   

• In Art, the students redesign a game, including both coding and aesthetic features (Bowden, 2019; 2020).  
• An interdisciplinary activity (Civic and Mathematics) contextualises mathematics when the students analyze 

voting results with programming to learn about the Swedish electoral system (Sjöberg, et al., 2019).  
• Ahmed, et al. (2019) study students’ perceptions of programming. Students associate programming with 

Craft. This association is explained by the fact that construction is a prominent element in programming and 
computational thinking. 

• Students also associate programming with Language. There are similarities in structures between 
programming and language syntax. They also associate with language when using Swedish and English in 
programming (Ahmed, et al., 2019). Heintz, et al. (2015) see possibilities to introduce computational thinking 
concepts during language lessons.  

• In physics, students analyse physics problems by programming simulations that visualise phenomena through 
animations. Svensson, et al. 2020, claims that simulations and animations help students understand concepts 
not only in physics but also in other fields of science.  

4. DISCUSSION AND CONCLUSIONS 

While Computational Thinking is not addressed explicitly in the Swedish national curriculum; there is a 
strong focus on digital competencies (Table 1). Other publications from the National Agency for Education 
claim that computational thinking is important in understanding programming (Skolverket, 2018c), but our 
analysis shows that this is not reflected in the overall curriculum or in the learning outcomes of individual 
STEM subjects. An important result of our analysis of the published literature is that research to date does 
not help to define computational thinking. In fact, these publications contribute to an increasing diversity 
of CT definitions, although all are characterised by an implicit assumption that the underlying model of 
execution is imperative and sequential. Concepts of concurrency, parallelism, data driven and functional 
execution are completely ignored by the school education literature. 
 
Conceptions of Computational Thinking continue to evolve, researchers build on definitions of other 
researchers (Zhang, et al., 2020; Tedre, et al., 2021), strategies regarding assessment and progression are 
also being developed (Barendsen, et al., 2020; Mannila, et al., 2020; Zhang, et al., 2020). However, the 
major focus in the current Swedish syllabi is on digital competence. Programming is identified as an 
important future knowledge area (Skolverket, 2018c), but the curriculum gives teachers scant directives 
when it comes to understanding the specifics of programming and computational thinking. The analysis in 
this paper shows that block programming with Scratch is widely used in Swedish classrooms. The gap 
between this and activities in higher education concerning creation of future technical products and systems 
(KTH, 2021) seems large.  
 
The thematic analysis of the literature dealing with CT in Swedish compulsory schooling shows the impact 
of these policy decisions.  Computational thinking content is treated as part of the teaching and learning 
activities in a range of different subjects with different learning goals. Research studies describe a variety 
of digital artefacts used in the classroom; software, e.g. Scratch or Python; robots e.g. BlueBots, Lego EV3, 
embedded systems e.g. Arduino and Micro:bits(Chibas, et al., 2018; Sjöberg, et al., 2019; Svensson, et al., 
2020; Vinnervik, 2020; Tyrén, et al., 2018). The interplay between school subject and digital artefacts 
differs from discipline to discipline, in physics the students work with simulations, in art with visual 
interfaces and in technology with automatic control. We can also see examples of classroom activities 
including computational thinking such as game design, animation, visualisation, simulations, control and 
automation. The activities are primarily in subjects with programming learning goals, but also in other 
subjects, such as Art. 
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The Technology school subject is also about the artificial world, for example the creation of technical 
artefacts and systems, ethical dilemmas in sustainable product development, historical and future 
perspectives on technology (Skolverket 2018a; 2018b). Our analysis demonstrates that activities within the 
Technology subject already involve computational thinking to a considerable degree. It also seems to be 
the most appropriate school subject to take responsibility for the legacy of Papert and further develop his 
ideas on teaching strategies for the interplay between humans and technical artefacts, where the students’ 
own ideas are at the centre. 
 
We conclude that Sweden, and other countries with a similar integrative approach to embedding CT in the 
curriculum such as Finland, need to place greater emphasis on the relevance of computational thinking and 
programming for school subjects like Technology and Mathematics, where programming is explicitly 
mandated to be taught, and where computational thinking skills can be expected to be developed. We argue 
that the Swedish curriculum must be strengthened, providing a clearer role for the subject of Technology 
in developing computational thinking and programming. 
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algorithms (also 
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concept) 

          

iteration           

generalization       

Concepts          

abstraction (also 
component) 

          

algorithms (also 
component) 

          

automation           

conditionals           

data           

data analysis 
          

data collection 
          

data representation 
          

decomposition (also 
component) 
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evaluation           

events           

input/output           

logic thinking 
          

loops           

operators           

parallelism           

pattern recognition 
         

sequences           

simulation           

Approaches           

collaborating           

creating           

debugging (also 
component, practice) 
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persevering           

tinkering           

Practices           

abstracting           

debugging (also as 
approach, component)           

iterative           

interpreting and 
communicating code 

          

modularizing           

multimodal design 
          

predictive thinking 
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remixing           

reusing            

testing            

Perspectives           

connecting           

expressing           

questioning           

user interaction 
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Abstract 

In 2017, five technological areas, two of which have a digital focus, became a part of the New 
Zealand technology curriculum. With this recent inclusion, learners aged from 5 to 14 years old are 
expected to engage more than ever with digital technologies. Like many subjects, technology 
education encourages children to research, contact experts, design, and develop digital outcomes. 
For many students, face-to-face or phone communications, letters, or library searches are 
anachronistic as Generation-Z increasingly engages with digital resources for learning, 
collaboration, and research. Whilst this has been shown as a positive outcome for most learners, few 
have considered the impact this may have on students and teachers with online and digital 
addictions. The majority of people are cognisant that the use of digital technologies is not risk-free. 
With cyber-security now at an all-time high, many countries have developed security guidelines and 
policies to ensure safe online practices for children. Generally, these focus on protecting children 
from people who may harm them; reducing their possible exposure to inappropriate content; 
preventing or minimising security breaches, such as viruses, phishing, or scams. These strategies 
may vary but commonly include web security processes, reducing screen time, and providing 
guidelines for parents and teachers to ensure ‘safe online practices’. Rarely does this protection 
focus on keeping the learners and teachers safe from themselves, specifically, from their compulsive 
behaviours online. With the recent advent of COVID, the online and digital addiction issues have 
been exacerbated, and it is now timely to consider options for supporting these people. The multiple 
issues concerning appropriate and timely use of digital technologies, are beyond the scope of this 
paper. This paper outlines current trends and issues related to online and digital addictions and their 
implications for technology education students and educators.  

Key Words: online addiction, digital addiction, technology education 

1. INTRODUCTION   

Adapting to change is challenging yet necessary for everyone’s survival. Aotearoa New Zealand, a small 
archipelago in the South Pacific with a population of just over 5 million, was initially settled by Māori who 
travelled from Hawakii. Later it was colonised by various groups of Europeans and soon became home for 
newcomers from all over the world. Due to isolation and lack of traditional resources from their ‘homeland’, 
each one of these early settlers needed to be innovative in order to survive and flourish in this new 
environment.  These were people who could solve a problem with the limited resources at hand, adapting 
or inventing solutions. They became a nation of people, who are now often seen as ‘early adopters’ of 
innovations (Davis, 2017; Eppel & Allen, 2020) in many areas, including technology. An example of this 
being      New Zealand Māori TeKura provided a full-time distance learning programme to K-12 students 
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in the 1920’s (Davis, 2017).  But what happens when the modern solution IS the problem? This paper will 
discuss the issue of how the prevalence and daily required use of devices and the internet have made life so 
difficult for those teachers and learners with online and digital addiction issues.  
   
As technology teachers generally spend more time using devices and being online, this exploratory paper 
will provide a basic overview of the role and place of the digital technologies technological area and e-
learning in the current New Zealand technology curriculum. This section will be followed by an outline of 
the benefits and issues faced by learners and teachers when utilising digital tools and technologies. The 
paper further investigates current literature on digital and online addictions and problematic internet use 
(PIU) and highlights some strategies to support teachers and learners with digital addictions. The paper 
concludes by suggesting future directions for research.  

2. TECHNOLOGY EDUCATION IN THE NEW ZEALAND SETTING   

Technology is defined in the New Zealand Curriculum (NZC) as “intervention by design; the use of 
practical and intellectual resources to develop products and systems (technological outcomes) that expand 
human possibilities by addressing needs and realising opportunities” (Ministry of Education, 2017a, p.1).  
  
Having been a compulsory subject in New Zealand for over 25 years, Technology Education has already 
seen a number of iterations. The first technology curriculum being published in 1995, held three strands 
(Technological Knowledge and Understanding, Technological Capability, and Technology and Society) 
and eight achievement objectives (Ministry of Education, 1995). The second revised technology curriculum 
was published in 2007 and contained three new strands (Nature of Technology, Technological Knowledge, 
and Technological Practice) and eight components and achievement objectives (Ministry of Education, 
2007). Whilst a third version was published in 2017, building on the 2007 curriculum, with the addition of 
five new technological areas, two of which have a digital focus (Ministry of Education, 2017b). 
   
Over the last decade, there has been a push to move from digital literacy to digital fluency. Digital fluency 
is described as “supporting teachers, kaiako, ākonga and students to confidently and effectively use digital 
technologies to enhance teaching and learning outcomes” (Ministry of Education, 2022d). In recent years, 
there has been much development and support for teaching and learning in the area of digital fluency. 
Current Ministry of Education professional learning development (PLD) priorities include digital fluency 
(Ministry of Education, 2022d) and there are now 206 accredited Ministry of Education facilitators 
providing government-funded professional learning (Ministry of Education, 2022d). Within digital fluency, 
there are distinct categories, digital technologies and e-learning (Digital Technology/Information & 
Communication Technology). E-learning is described as “learning and teaching that is facilitated by or 
supported through the smart use of information and communication technologies” (Ministry of Education, 
2006). Whereas digital technologies is “learning about technology. It involves learning to be a creator in 
the digital world, not just learning to use systems” (Ministry of Education, n.d._b, ¶.1). By following a 
technological design process students learn how to think logically and computationally to design and create 
digital solutions for authentic needs and contexts. 
  
Teachers are encouraged to integrate digital fluency into their teaching practice, as Wright states it is the 
“role of the teacher to harness these tools purposefully and to teach students to benefit from using these 
ubiquitous tools for learning” (Wright, 2010, p.46). 
  
From 2018 to 2020 Kia Takatū ā-Matihiko: the digital readiness programme was created to support teachers 
and schools to develop strategic planning for teaching and learning in digital fluency, in particular digital 
technologies, based on the revision of the Technology curriculum in 2017 (Ministry of Education, 2017a). 
Essentially, e-learning is the use of digital tools to communicate, collaborate and use resources and digital 
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technologies is the creation with and of tools to solve authentic needs and problems in society. Figure 1 
demonstrates some of the differences between e-learning and digital technologies.  
  

 Figure 1. Kia Takatū ā-Matihiko:the digital readiness programme e-learning/ICT capabilities versus Digital 
Technologies in New Zealand Education. Source: Ministry of Education (n.d._b)  
 

With the 2017 revision to the New Zealand Technology curriculum there is greater consideration of digital 
technologies with two of the five technological areas focussing on developing students’ capability to create 
technological outcomes for specific purposes (Ministry of Education, 2017).  Within the digital 
technologies, there are now two foci, computational thinking (CT) and designing and developing digital 
outcomes (DDDO), each with its own set of progressive learning requirements, known as progress 
outcomes that are separate to the three main strands of the Technology curriculum. Teaching the 
Technology curriculum is compulsory for all students in Years 1 to 10, and optional for Years 11 to 13.  
Not only do students develop knowledge and skills in CT and DDDO, the intention of the Digital 
Technologies curriculum content is to, “significantly contribute to students developing the knowledge and 
skill they need as digital citizens and as users of digital technologies across the curriculum” (Ministry of 
Education, 2017a, p.3).  
 
New Zealand has a second curriculum Te Marautanga o Aotearoa which supports the learning of Māori 
students in kura (schools). As part of the Hangarau Matihiko (Digital Technologies) technological area 
there are two branches of specialisation; Te Whakaaro Rorohiko (Computational thinking) which includes 
using te reo Māori to express problems, formulate solutions and solve them using algorithms, programme 
and data representation and Tangata me te Rorohiko (People and computers) which involves designing and 
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developing digital outcomes while considering their role and responsibility as digital citizens (Ministry of 
Education, 2017b). 
  
Curriculum coverage of Technology education is taught in many different ways in schools across New 
Zealand. Schools are encouraged to develop student graduate profiles or strategic planning incorporating 
progressive digital learning in a variety of curriculum areas including Technology (Ministry of Education, 
n.d._a).  
  
In the primary sector, Year 1 to Year 6, the majority of Technology lessons are taught by a ‘general’ 
classroom practitioner who needs to teach every curriculum subject in one classroom space. Some primary 
level educators focus on the Digital Technologies technological area as a ‘siloed’ subject, teaching it on its 
own, whereas others use an integrated curriculum approach through play-based methodologies, 
inquiry/project-based learning or STEM/STEAM (Science Technology Engineering Arts Mathematics) to 
provide opportunities to deepen digital technologies and develop digital fluency. In middle schools, Year 7 
to 10, the primary classroom model can continue, however, here we see the introduction of Technology 
specialists that either teach pure digital technologies or integrate digital technologies and e-learning into 
their own technological learning space. At a secondary level, the Technology subject of digital technologies 
is very specialised with classrooms being computer suites dedicated to this learning. However, there is still 
the expectation that digital fluency is incorporated across curriculum subjects.  
  
With an increase in BYOD (Bring Your Own Device), distance learning due to COVID lockdown situations 
and new teaching approaches such as blended learning and hybrid learning, general classroom teachers and 
specialist technology teachers have experienced a marked increase in learning time with devices and online 
learning. To aid continuity of learning for students, either in class or when isolating at home, there is a 
greater expectation for teachers to set up a school presence in a digital form (Ministry of Education, 
2022a).    
  
Technology Education itself is partially responsible for the growing use of digital tools and devices in New 
Zealand schools. Not only does it have the subject specialism of digital technologies but it encourages the 
use of digital hardware such as 3D printers, laser cutters, robotics and software, for example, graphic design 
packages, CAD (Computer-aided design) and programming, in all other technological areas.  
The Technological strands support students to work through a design thinking process in which they are 
expected to use e-learning to communicate with clients/stakeholders, research by collecting data and 
analysing results, contacting industry experts to support their study, design, develop and test ideas (and 
show evidence of this process), planning the process and write evaluative reports. Technology develops the 
key skills of collaboration and communication and uses many different types of software to aid and guide 
learners in these tasks. The effects of the increasing use of e-learning and digital technologies in education 
may vary; while holding a promise for better learning outcomes, in some cases, they may also cause 
challenges and issues.  

3. POSITIVE AND NEGATIVE OUTCOMES FOR LEARNERS   

Equitable access to devices and access to the internet at home has been identified as a way of reducing the 
achievement divide. A few of the countries that have supported home internet access include; Singapore 
(Lim, 2009), Israel (Zilka, 2017), Norway (Brand, 2018), the United Kingdom (Home Access, 2010), and 
many states in the United States of America (for example, Digital Promise, 2014). Children who are 
competent users and creators conversant with digital technologies have been shown to achieve greater 
educational outcomes (Brandtzaeg, 2016), higher engagement in classroom learning (Newton, 2018) and 
have higher cultural and social capital (Hargittai & Hinnant, 2008) than those who have less access, time, 
support and ability. In a recent New Zealand study investigating the education value (learning, 
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psychological and social domains) of home internet access 68 studies reported a positive learning outcome, 
four reported neutral outcomes, and six reported negative outcomes (Starkey et al., 2018).  
  
However, the use of devices per se, is far from being the panacea for all educational ills. For instance, 
Beland and Murphy (2016) warn against distractions and the loss of productivity caused by devices and 
report an increase in student performance after banning mobile phones in schools. Specifically designed to 
be addictive, many online games, social media and online shopping platforms are constantly enhanced to 
captivate the users’ attention and maximise the time users spend using these services (Abbasi, et al., 2021; 
Marengo, Fabris, Longobardi & Settanni, 2022; Rigby & Ryan, 2011). Gecikli (2020) concludes that 
“Youngsters and adults feel incomplete during the hours they aren’t using their phones” (p.1), and that 
younger users with free and unlimited internet access tend to be more exposed to the risks associated with 
devices and the internet (Kuss, Van Rooij, Shorter, Griffiths, & van de Mheen, 2013; Tang, Koh, & Gan, 
2017). Romania, developed a voucher system to increase home computer use amongst disadvantaged 
families. Some children reported increased computer skills, however, the majority reported a surge in 
playing computer games on a daily basis. The research also suggested that less time was spent doing 
homework and reading (Malamud & Pop-Eleches, 2011).  Hence, having access to devices and the internet 
does not necessarily equate to an increase in academic grades (Fairlie & Robinson, 2013).  
  
The effects of internet expansion permeate all spheres of human life including education, work, social 
interactions, consumption, entertainment, and privacy. Unlike traditional television, smartphones allow 
access to an unlimited range of content at any time, and any place (Jung, 2014). Most people are inseparable 
from their phones (Turkle, 2011), which results in co-present interactions, where one or more people are 
physically present, but the conversation occurs via mobile media (Burchell, 2017). Young people especially 
tend to continually check their digital devices for fear of missing out (FoMO) (Klimmt et al., 2018); some 
studies linked FoMO to smartphone addiction (Davey and Davey, 2014, Kwon et al., 2013, Salehan and 
Negahban, 2013) and problematic mobile phone use (Cheever et al., 2014, Lepp et al., 2014). The coinage 
of the term ‘phubbing’, where a communication partner is snubbed for a smartphone (Schneider & Hitzfeld, 
2019), marks a rapid shift in communication etiquette and an increasing acceptance of such behaviour as a 
current social norm (Chotpitayasunondh & Douglas, 2016). Phubbing, the dynamics between phubbers and 
phubbees, and related changes in social norms are now a commonly researched field (Cahir & Lloyd, 2015; 
Rainie & Zickuhr, 2015; Schneider & Hitzfeld, 2019; Vorderer et al., 2016)￼, which remainsoutside the 
scope of this paper.  
 
While enjoying the benefits and convenience brought by Web 2.0, the public is aware of the risks linked to 
the use of devices and the internet, especially for young users. These risks are often associated with external 
threats, such as data harvesting or hacker attacks. With cyber-security now at an all-time high, many 
countries have developed security guidelines and policies to ensure safe online practices for children 
(International Telecommunication Union, 2020; UNICEF, 2015). New Zealand has developed a number of 
strategies and support structures for the safe use of devices and the internet (Ministry of Education, 2022b). 
These safeguards mostly focus on protecting children from bullying and harassment; reducing their possible 
exposure to inappropriate content; preventing or minimising security breaches, such as viruses, phishing, 
or scams. These strategies may vary, but commonly include web security processes, reducing screen time, 
and providing guidelines for parents and teachers to ensure ‘safe online practices’ (Ministry of Education, 
2022b; UNICEF, 2015).   
  
However, these recommendations attribute little importance to the mental health and wellbeing issues 
triggered by the excessive use of devices, in particular, in situations when study, work, shopping, 
entertainment and social life suddenly moved online, especially for those who already have a large element 
of their working hours online (Gurvich et al., 2021). Before the pandemics, over 26% of students reported 
spending more than six hours per day online during the weekends, and 16% reported a similar amount 
during weekdays; these students were more likely to feel lonely, have low expectations of their future 
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education, and arrive later at school (OECD, 2017). Many parents feel their children are becoming obsessed, 
addicted or dependent on their smartphones or tablets (Bergert, Koster, Krasnova & Truel, 2020). A Korean 
study of 5-year-olds found negative developmental effects of using the devices, specifically, that higher 
habitual computer use was associated with lower socio-emotional development (Hyun, Hui, Seung, & Mi, 
2011). The recent research by Smith and colleagues (2020) highlights an increase in screen time during the 
pandemics and the consequent physical and mental health risks related to excessive yet often unavoidable 
use of devices and the internet. The most significant physical health issues include the risk of myopia and 
eye strain, disrupted sleep cycles (Singh & Balhara, 2021; Wong et al., 2021), and a decrease in physical 
and outdoor activities (Bahkir & Grandee, 2020). Physical symptoms such as muscle pains, obesity or 
carpal tunnel syndrome are often accompanied by mental health issues ranging from irritability and 
difficulties in concentration to mental illnesses such as anxiety, depression, attention-deficit hyperactivity 
disorder (Király et al., 2020; Meyer et al., 2020; Oberle et al., 2020; Stavridou et al., 2021). Other mental 
health impacts manifest in attention-deficit symptoms, impaired emotional and social intelligence, social 
isolation, phantom vibration syndrome, and technology addiction, eg.gaming disorder (King et al., 2020; 
Lodha & De Sousa, 2020; Oswald et al., 2020).  Nevertheless, recognition, classification, diagnostics, and 
treatment of internet addictions remains contested terrain (Kuss, Griffiths & Pontes, 2017). The issue of 
compulsive behaviours online is rarely discussed in the technology education literature, however, the 
implications of digital and internet addictions on teaching and learning require further investigation.    

4. DIGITAL AND ONLINE ADDICTION ISSUES    

Over the last decade the divide between those with and without access to devices and the internet has 
reduced (OECD, 2015). Globally, internet use has surged by 1,332 % between 2000 and 2021, and as of 
March 2021, the number of active internet users exceeded 5 billion. Facilitated by the increasing 
accessibility of devices, apps and technologies, the average internet penetration rate reached 66% 
worldwide with a high of 94% in North America and a low of 43% in Africa (Internet World Stats, 2021). 
Whilst more people have gained access to the internet and routinely engage with devices and the internet, 
internet addiction (Lopez-Fernandez & Kuss, 2020) has now become a serious threat to users’ mental health 
and wellbeing (Kuss & Griffiths, 2012).  
  
The global pandemics of 2020-2022 added a new dimension to the discussion of digital technologies in 
education, and in technology education, in particular. During the prolonged periods of nationwide 
lockdowns, online learning became an acceptable, and often the only accessible education mode (Dhawan, 
2020). As a result of COVID, the physical and metaphorical walls which traditionally separated a school 
from its community have become more permeable, and online/virtual learning has become mainstream 
(Core Ed, 2020). Whilst the research has shown that the use of devices generally delivers positive outcomes 
for most learners (Starkey et al. 2018), the efficiency and implications of the pandemic ‘emergency’ 
delivery mode for a wide range of learners and educators is yet to be assessed from both educational and 
mental health perspectives.   
  
A saviour for many, digital devices and the internet has also been a significant contributor to raised internet 
addiction levels (Gupta, Swami &  Nebhinani, 2020).  The research of internet addictions has originated 
and saturated in the fields of clinical psychology and psychiatry (Cash, Rae, Steel, & Winkler, 2012; Kuss 
& Griffiths, 2012; Kuss & Lopez-Fernandez, 2016) with minimal literature highlighting internet addictions 
issues in education. Over two decades ago, researchers identified that social pathologies existed in 
cyberspace in the form of technological addictions (Griffiths, 1999, Marks, 1990). These compulsive 
behaviours contained the core components of addiction: salience (dominates the person’s life), mood 
modification (reaction when engaging in the activity), tolerance (increasing amounts of the activity are 
required to achieve the same effect), withdrawal (effects when the activity is discontinued), conflict 
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(conflicts involving the activity) and relapse (tendency to revert to earlier behaviour patterns) (Griffiths, 
1999). 
  
The notion of internet addiction disorder (IAD) (Goldberg, 1995) precedes a more holistic term, 
problematic internet use (PIU) (Shapira et al., 2000), which is also sometimes referred to as high internet 
dependency (Hur, 2006), pathological internet use (Davis, 2001), excessive internet use (Hansen, 2002), 
and compulsive internet use (Widyanto and Griffiths, 2006).Various forms of IAD and PIU,  including 
hacking (Shotton, 1991), computing addictions (Turkle, 1995), cyberspace addictions (Suler, 2004), virtual 
relational addictions and were also investigated in the literature. The research on internet gaming addictions 
(Salicetia, 2015) has gained significant traction (Young, 2009; Wang, Chan, Mak, Ho, S., Wong, & Ho, R., 
2014; Kuss & Griffiths, 2012). In 2013, American Psychiatric Association included internet gaming 
disorder (IGD) in the Diagnostic and Statistical Manual of Mental Disorders (commonly referred to as the 
DSM-5). The World Health Organisation (WHO) officially recognized gaming disorder (GD) as a diagnosis 
in the International Classification of Diseases (ICD-11; WHO, 2018). The official recognition of IDG and 
GD opens a pathway for discussions on whether these disorders constitute a learning problem and should 
be accommodated accordingly by education providers.   

5. IMPLICATIONS FOR TECHNOLOGY EDUCATION STUDENTS AND EDUCATORS  

Even in the pre-smartphone era (prior to 2007), excessive Internet use was regarded as “a real addiction 
and of genuine concern” (Griffiths, 1999, p.250). Whilst more recently, a number of digital addictions have 
been classed as diagnosable mental health conditions. China is one of many countries concerned about these 
disorders with up to 13.7% of Chinese adolescent internet users meeting internet addiction diagnostic 
criteria, equating to approximately 10 million teenagers (Block, 2008). Whilst research into childhood, 
teenage and university student addiction is common (Lodha & De Sousa, 2020; Oswald et al., 2020), there 
is a dearth of research focussing on addiction levels of teachers. As the number of internet users increased 
tenfold from 1999 to 2013, to the current level of over 5 billion users (Internet World Stats, 2021), one must 
presume that teachers would represent a proportion of these statistics.  
   
Knowing that a proportion of our teaching population will have digital addiction issues and mandating them 
to work totally online, to deliver online teaching, online engagement with students and parents, online 
planning, and online reporting is a concern. It would be unconscionable to mandate that a person with a 
gambling addiction work in a casino or an alcoholic work in a bar, yet this is what many teachers were 
forced to endure. Previously teachers could divide and limit their time online, however, as soon as learning 
moved to online these support structures were removed.  With the arrival of COVID many professional 
activities moved online, however, the ramifications for the teachers and learners with internet and digital 
addictions were unprecedented.   
  
With Technology Education in New Zealand demonstrating many facets that encourage and expect the use 
of digital technologies, teachers and students need to be made much more aware of the implications and 
risks of more frequent and regular online and digital use. Teachers need to be cognisant and able to provide 
strategies in teaching and learning that reduce addictive tendencies in students. During class time evidence 
suggests that supplementing standard teaching rather than replacing it with technology interventions can 
have the most positive impact on student achievement (Lewin et al., 2019; Higgins et al., 2012). Teachers 
need to think carefully about the benefits of using a digital tool and the impact of learning by utilising 
digital technologies or e-learning.  Can the activity be taught without the need to be online or using a digital 
device? As MacCallum and Brown (2021) state, devices should clearly add value or improve teaching and 
learning, not simply replace traditional practices. Other strategies for technology students who need to be 
online for their learning could include regular breaks from the screen, the use of unplugged activities to 
teach computational thinking and the setting up of learning tasks that can take place away from a digital 
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device or reduce time physically using digital tools, for example, create a mindmap brainstorm using paper, 
pen and post-it notes and taking a photograph to show evidence of the work as opposed to using a tool like 
Google Jamboard which encourages students collaborating online.  

6. RECOMMENDATIONS  

Prior to COVID, support for those afflicted with this addiction was varied. The research suggests a number 
of coping strategies that can be helpful in preventing negative effects of PIU, starting with detecting early 
warning signs of addictive tendencies and switching from using digital media to physical or no-screen 
activities (Király et al., 2020). Most researchers admitted that total abstinence was neither possible, nor 
helpful, but rather abstinence from problematic applications and the development of controlled and 
balanced internet usage might be a desirable goal (Petersen, 2009). The approaches to tackling PIU and 
digital addictions depend on the severity of the issue and may include pharmacological or psychological 
interventions. A non-psychological, pharmacological approach with the use of selective serotonin reuptake 
inhibitors (SSRIs) because of the co-morbid psychiatric symptoms (depression and anxiety) of IAD (Huang 
et.al, 2010). Some common psychological approaches focus on self-help coping strategies, such as 
accepting the issue, identifying its triggers, tracking, scheduling and moderating of screen time, practising 
digital detox and digital dieting and reinforcing and rewarding positive behavioural changes (Gupta, Swami 
and Nebhinani, 2020). Others supported psychological measures such as physical exercise to compensate 
for the decrease in the dopamine level due to limited online usage (Greenfield, 2000; Lanjun, 2009), 
engaging in family therapy (Peukert, Sieslack, Barth & Batra, 2010), motivational interviewing (Miller, 
2010), reality therapy (Kim, 2007), Acceptance & Commitment Therapy (ACT) (Twohig & Crosby, 2010), 
cognitive-behavioural therapy (CBT) (Widyanto & Griffiths, 2006), or a multimodal approach utilising a 
number of strategies (Du, Jiang, & Vance, 2010).  Approaches that changed patterns and timing of internet 
use, prompted or limited engagement, including time-related goals, abstaining from specific applications, 
using reminder prompts of the costs and benefits for behaviour change, developing a personal log, attending 
support groups and engaging in family therapy, were all shown to be effective in changing addictive habits 
(Young, 1999).   
  
However, as a result of COVID, we now need to learn to use and adapt these well-established support 
strategies as they apply to ever-changing situations, to ensure secure behaviours and enhance users’ well-
being and quality of life (Lopez-Fernandez, 2020; Young, 2013).  The pandemic has also taught us the 
importance of regular sleep and exercise, routines, a healthy diet, stress-reduction techniques, maintaining 
relationships, alone time if living in a family group, and following World Health Organisation updates, 
whilst also minimising excessive exposure to news updates. Specific measures also include monitoring and 
regulating screen-time, role-modelling reducing the time on devices, using wellbeing apps and analogue 
technical tools (e.g. watches), keeping in touch with friends, and seeking help (Király et al., 
2020).  Numerous prevention programmes have been developed for schools (Carbonell, et al. 2018; 
Ministry of Education 2022b; Neverkovich et al., 2018), but generally, these are designed to keep a user 
safe from others and do not specifically address internet addictions. Little if anything is designed to keep 
learners and teachers safe from themselves, and often self-diagnostics and self-help remain the only 
accessible options to tackle the PIU. Few if any guidelines have considered the impact of lockdowns and 
the COVID-related hybrid learning and compulsory teaching of digital fluency and technologies on those 
afflicted with digital addictions.   
  
We all react to situations in different ways, and through no fault of their own, a proportion of people, 
including those in our teaching and learning community have digital addiction issues. Teachers who are 
expected to teach technology online and face-to-face have the added difficulty of not being able to utilise 
some of the classical coping mechanisms and support approaches. These teachers are expected to be 
cognisant of the latest digital technologies and their use; hence, their role requires a personal online 
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experience and presence. Due to the demands of the profession these technology teachers cannot easily 
change the time of their online usage, nor limit their time online; as for many, it is their job to be online.    

6.1. Recommendations for future research  

The Technology Education sector has a key role in preventing digital and online addictions. Even after 
twenty years of research, there is still a need to raise awareness and inform users about the risks (Lopez-
Fernandez & Kuss, 2020). More research is needed into the drivers of online addictions. Is technology seen 
as the medium of communication and connecting with others (ability to have online interactions), source 
of information, or access to activity itself (gambling, computer games)? Is an addiction driven by the cost, 
instant gratification, ability to become ‘famous’, anonymous, or partake in an alternative reality; or whether 
it is a result of poor mental health or poor parent/child relationships? How do these drivers affect teaching 
and learning, especially when intensive use of devices and digital resources is required?       

6.2. Implications for Technology Education  

The scale of the digital and online addictions issue in technology education is yet to be determined as well 
as the effective support strategies for those suffering from digital addictions and who are exposed to 
working in a digital environment. Those working in the technology education field, and hence most at risk 
and possibly most affected, need to be prioritised. COVID must have hit this group hard and yet their plight 
has gone undetected - thus far.  Accepting that 1. the PIU issue exists and is being exacerbated in the ‘new 
normal’; 2. that it might affect an increasing number of educators and learners, particularly in the area of 
technology education; and 3. that the issue should be formally recognised to enable adequate support 
mechanisms is essential for mitigating the long-term physical and mental health impacts of the PIU. 
Therefore, further research on digital addictions among teachers and learners and the ways of mitigating 
these in the educational contexts is an urgent matter.    
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Abstract 

Spatial ability is documented as a predictor of success in STEM disciplines and noted to contribute 
to individuals problem-solving approaches. While there is a significant body of correlational 
evidence indicating that spatial ability relates to success in different areas in STEM, there is a gap 
in understanding of the cause of this relationship. The work presented through this paper seeks to 
contribute towards addressing this gap. Spatial ability is outlined as a cognitive factor through 
theories of intelligence. Thus, it is theorised through this research that spatial ability’s contribution 
to complex problem solving may be due to the management of cognitive resources. To evaluate this 
theory, this paper seeks to explore whether individuals with higher levels of spatial ability have a 
greater capacity to manage cognitive resources while solving problems, therefore reducing the 
cognitive load experienced. 

Undergraduate engineering students in their first (n = 114) and third (n = 79)  year of study were 
invited to participate in the research. Participants were asked to solve the three-disk and more 
difficult four-disk Tower of Hanoi problem, which are representative of a complex problem. 
Following the completion of each problem a 9-point Likert-type item was administered to measure 
cognitive load. Three psychometric spatial tests were administered to participants, The Purdue 
Spatial Visualization Test and Rotations/Mental Rotation Test-A, Surface Development Test, and 
Paper Folding Test. 

Through analysis of the data a significant relationship was found between spatial ability and 
problem-solving performance, where higher levels of spatial ability related to improved 
performance. A significant relationship was also found between spatial ability and the cognitive 
load experienced during problem solving, where higher levels of spatial ability related to lower 
levels of cognitive load. These findings suggest that higher levels of spatial ability support the 
management of cognitive resources during problem solving. The findings are discussed in relation 
to the existing body of research and potential avenues for future work are explored. 

Key Words: Spatial ability, Problem solving, Cognitive load, STEM education. 

1. INTRODUCTION 

Throughout the last number of years, a significant body of research has demonstrated that spatial ability is 
a predictor of success of individuals in Science, Technology, Engineering and Mathematics (STEM) 
disciplines (Kell & Lubinski, 2013; Lubinski, 2010; Sorby et al., 2018; Sorby & Veurink, 2019; Stieff & 
Uttal, 2015; Uttal et al., 2013; Uttal & Cohen, 2012; Wai et al., 2009). Aligning more than 50 years of 
research on spatial ability in STEM disciplines, Wai et al. (2009) demonstrated that individuals with higher 
levels of spatial ability are more likely to pursue studies in STEM fields and achieve advanced degrees i.e., 
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bachelors, masters, and PhDs. Further to this, research has also indicated that spatial ability relates to the 
underrepresentation of cohorts in STEM (Ball et al., 2019; Blums et al., 2017; Sorby & Veurink, 2019; 
Wang & Degol, 2017). Considering these factors, research has evolved to focus on how spatial ability 
relates to performance in STEM fields. Research has included explorations of the malleability of spatial 
skills, spatial training interventions, and the relation of spatial ability to success in solving various types of 
problems (Buckley et al., 2019; Casey et al., 2017; Lowrie et al., 2019; Sorby & Veurink, 2019; Stieff & 
Uttal, 2015; Uttal, Meadow, et al., 2013) . While research continues to examine how spatial ability relates 
to success in STEM, it is also necessary to work towards understanding why spatial ability relates to 
performance in these disciplines. This research aims to contribute towards understanding why spatial ability 
relates to success in problem solving, a significant component of STEM practice, by exploring this 
relationship from a cognitive perspective. As spatial ability is a cognitive factor (Schneider & McGrew, 
2018), this work posits that it may relate to the levels of cognitive load experienced by learners when 
engaging in problem-solving experiences. Should a relationship be identified between spatial ability and 
cognitive load in problem solving, it would not only serve to advance understanding of why spatial ability 
relates to success in STEM. This could also inform a means for educators to support students in managing 
cognitive load, which can influence learners in achieving learning goals (Sweller et al., 2011), during 
problem-solving educational experiences.  

2. BACKGROUND 

2.1. Spatial ability and problem solving 

Within the most extensive contemporary theory of intelligence, the Cattell-Horn-Carroll (CHC) theory, 
spatial ability is classified as one of sixteen broad cognitive factors which contribute to the structure of an 
individual’s general intelligence (Schneider & McGrew, 2018). Through this theory, spatial ability is 
described as “the ability to make use of simulated mental imagery to solve problems - perceiving, 
discriminating, manipulating, and recalling non-linguistic images in the “mind’s eye”” (Schneider & 
McGrew, 2018, p. 125). Problem solving is a significant component of STEM disciplines and solving 
problems in these disciplines often requires individuals to reason about spatial information (Stieff & Uttal, 
2015). Given the varying structures of problems in STEM, from ill-defined design problems to complex 
well-defined problems requiring a specific solution, spatial ability’s role in problem solving may vary when 
solving different types of problems (Reid et al., 2018). Research has also moved to explore the different 
problem-solving approaches of students with various levels of spatial ability. Studies in this space have 
demonstrated that higher visualisers show a more holistic approach to problem solving, whereas lower 
visualisers may use ‘piecemeal’ or analytic strategies to solve problems (Khooshabeh et al., 2011; Lin, 
2016; Tzuriel & Egozi, 2010). Holistic approaches to problem solving are outlined as being more efficient 
than analytic or ‘piecemeal’ strategies used by lower visualisers (Tzuriel & Egozi, 2010).  
 
As problem solving is a core component in STEM practice, it is important that STEM education emphasises 
the development of students’ capacity to employ these more efficient holistic problem-solving strategies. 
Spatial skills are malleable (Sorby et al., 2018; Sorby et al., 2013; Stieff & Uttal, 2015; Uttal, Meadow, et 
al., 2013), therefore advancing these skills throughout education may support STEM students in developing 
holistic problem-solving capability. However, it is also necessary to understand why spatial ability supports 
the use of more holistic problem-solving approaches. This may be due to higher visualisers having more 
cognitive resources available to build referential connections between different types of information 
representations e.g., verbal, and visual (Mayer & Sims, 1994). If this is the case, this could be reflected in 
the cognitive load experienced during problem solving. 
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2.2. Cognitive load 

Cognitive load relates to the total working memory resources required to carry out a learning activity (P. 
A. Kirschner et al., 2018) . Cognitive load theory seeks to explain how the load placed on an individual’s 
capacity to process information during learning experiences can influence their ability to effectively learn 
and process new information (Sweller et al., 2019) . The theory is based on the premise that individuals 
limited capacity to temporarily hold and process information, working memory capacity, can constrain their 
cognitive processing capacity therefore increasing cognitive load (Chen & Kalyuga, 2020; Sweller et al., 
2019).  
 
The goal in education is to facilitate learning and therefore it is necessary to optimise intrinsic cognitive 
load which is associated with the structure of the information that a learner needs to acquire (F. Kirschner 
et al., 2009; P. A. Kirschner et al., 2018). In situations where this load is not optimised, too much demand 
can be placed on working memory resources and hinder student’s capacity to; learn, successfully perform 
a task, or willingness to engage in similar tasks in the future (Chen & Kalyuga, 2020; Sweller et al., 2011, 
2019). It is theorised through this research that when problem solving, higher visualisers may have a greater 
capacity to optimise cognitive load than lower visualisers. Problem solving is initiated by constructing 
internal representations of the problem statement creating the “problem space” (Fischer et al., 2011). This 
research proposes that higher visualisers, by virtue of having increased visualisation capacity, may 
experience less difficulty in building the problem space and thus experience less cognitive load. Through 
experiencing less cognitive load, they may have more mental resources available to deal with the 
information they need to acquire and therefore have a greater possibility of successfully solving the problem 
and learning from the experience. 
 
This theorised relationship between spatial ability and cognitive load during problem solving will be 
explored through this paper. The work aims to advance understanding of the cause of spatial abilities 
relationship to success in STEM disciplines. This study will specifically focus on investigating this 
relationship with engineering students engaging in a complex problem-solving activity. 

3. METHOD 

Undergraduate engineering students in the first (n = 114) and third (n = 79) year of their studies were invited 
to participate in the research. Participants were recruited through email, lecture visits, and notice board 
advertisements. An incentive of entry into a draw to win a Samsung Tablet was used. Ethical approval was 
sought and granted by the ethics committee at the institution. Details and records relating to participants 
were stored securely in line with institution guidelines for ethical handling and storage of data. Participant 
numbers were assigned to ensure participant anonymity. Participants were made aware that they were free 
to withdraw from the study at any time without providing reason and written consent was obtained. 
 
Participants in the research were scheduled to take part in two sessions. In the first session, participants 
completed two complex problems and indicated the level of mental effort experienced when solving the 
problem. In the second session, participants completed a series of spatial tests to obtain a measure of spatial 
ability. Performance was then analysed across groups and correlation analysis conducted to examine the 
hypothesised relationship between spatial ability and cognitive load experienced during complex problem 
solving. 

3.1. Implementation 

In session one, the well-defined closed problem, the Tower of Hanoi (TOH) was administered. This 
represents a measure of complex problem-solving capability (Eielts et al., 2020; Schiff & Vakil, 2015) 
which is a key skill for performing in STEM. To solve the TOH, an individual is required to get the 
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arrangement of disks on the left-most peg onto the right-most peg in the same order. There are two 
constraints for the problem solver; (1) only one disk can be moved at a time and (2) a larger disk cannot be 
placed on top of a smaller disk. Success in solving the problem is typically measured by the number of 
moves made and time taken to solve the problem. The TOH has previously been critiqued for being too 
simplistic, transparent, and static (Funke, 2010). However, the complexity of the problem is noted to lie 
within the identification and management of sub-goals, consideration for implications of actions and 
awareness of the need for counterintuitive moves to reach the goal state (Schiff & Vakil, 2015).  
 
In this session participants were administered the three-disk and more difficult four-disk version of the 
TOH. Initially participants were presented with the three-disk problem and the instructions for the task 
explained. They were then asked to begin the problem, represented in Figure 1 below. Participants 
engagement with the problem was audio and video recorded to facilitate retrospective evaluation of 
performance. Once a participant had completed the problem, they were asked to indicate on a 9-point Likert-
type item the amount of mental effort, representative of overall cognitive load experienced (Paas, 1992), 
they experienced solving the problem. Upon completion of this, the more difficult four-disk TOH problem 
was administered and when completed participants were again asked to indicate the amount of mental effort 
they experience on the Likert-type item. 
 

 
Figure 7. Three-disk TOH problem physical setup 
 
In the second session, a series of spatial tests loading on the narrow cognitive factor of visualisation were 
administered. Visualisation is commonly used as a proxy measure for the broad cognitive factor of spatial 
ability (Buckley, 2020; Schneider & McGrew, 2018). Measuring a narrow cognitive factor, like 
visualisation, requires the use of multiple tests specific to the factor as using one test in isolation would 
represent an imperfect measure of the factor (Schneider & McGrew, 2018). Thus, the Purdue Spatial 
Visualisation Test (PSVT:R) (Bodner & Guay, 1997)/Mental Rotation Test-A (MRT-A) (Peters et al., 
1995), Surface Development Test (SDT) and Paper Folding Test (PFT) (Ekstrom et al., 1976) were used to 
obtain a measure of visualisation. These tests are commonly used to measure spatial visualisation in 
research. The PSVT:R (a 30-item test) requires individuals to mentally rotate a shape into a position though 
the same rotation as an example shape and select the correct answer from five possible options. The MRT-
A is a 24-item two-part test which requires the individual to identify which two images of four possible 
options represent the same shape rotated into two different positions. The SDT is a two-part 12-item test 
requiring individuals to visualise how a piece of paper may be folded to form an object. The individual is 
then required to match the lettered edges of the piece of paper to the numbered edges of the object. The 
PFT is a 20-item two-part test where an individual must imagine a piece of paper being folded, a hole 
punched, unfolded, and identify where the holes in the paper would appear. The order of the tests was 
randomised across participants to support analysis considering test fatigue. 
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4. RESULTS 

The data collected was initially compiled in Microsoft Excel before cleaning and analysing in R Studio (R 
version 4.1.0.) and IBM SPSS (Statistics 27).  

4.1. Data cleaning and pre-processing 

Of the participants that completed the spatial tests, 18 completed the MRT-A in place of the PSVT:R as 
these participants were taking part in another spatial study. These 18 participants MRT-A scores were 
merged with the PSVT:R scores as through previous research a significant correlation of very large effect 
size has been demonstrated between performance on the two tests (r = 0.621, p <0.001) (Schmidt et al., 
2020). To correct for the PSVT:R and MRT-A having a different number of items, participants scores were 
converted to percentages before they were merged as a means of standardisation. Participants scores on the 
SDT and PFT were also converted to percentages for consistency. Scores on each test were then transformed 
into z-scores and a composite z-score taken as the average across the three spatial test scores. This is similar 
to the process implemented by Hambrick et al., (2012)  when investigating spatial ability in scientific 
problem solving. 
 
Having determined a composite spatial score, univariate outliers for all variables in the study were identified 
(see Table 1) and transformed to the upper and lower limits of respective variables using R Studio. 
 
Table 10. Identification of univariate outliers 
 

Univariate outliers in variables 
Variable Univariate outliers % of the data 
Spatial ability  1 0.56 
Three-disk moves 5 2.82 
Three-disk time 14 10.21 
Four-disk moves 10 5.95 
Four-disk time 12 8.76 

  

4.2. Analysis 

4.2.1. Performance and expertise 
Initially descriptive statistics were determined for the number of moves made to solve the two complex 
problems, represented in Table 2 below. The minimum number of moves to solve the three-disk problem 
is 7 and for the four-disk problem is 15. As the mean number of moves for both first (M = 9.59) and third 
year (M = 10.50) students was close to the minimum number of moves for the three-disk problem a ceiling 
effect was investigated. This demonstrated that there was a ceiling effect with the three-disk problem and 
thus it was removed from further analysis. 
 
Table 2. Descriptive statistics for moves made at different levels of engineering expertise 

 Y N M SD Med Min Max Skew Kurt 
Three-disk moves 1 107 9.59 3.88 8 7 26 2.16 5.42 
 3 70 10.50 4.05 9.5 7 26 1.67 3.78 
Four-disk moves 1 99 29.67 17.78 25 15 101 2.01 4.05 
 3 69 32.49 18.13 27 15 96 1.51 2.11 
Y = Year of study, N = sample size, M = Mean, SD = Standard deviation, Med = Median, Min = Minimum 
value, Max = Maximum value, Skew = Skewness, Kurt = Kurtosis 

 
A Mann-Whitney U test was used to compare the performance of students on the four-disk problem across 
levels of expertise as the assumption of normality was violated. The results of this test indicated that there 
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was not a statistically significant difference between performance on the four-disk problem (U= 2977.5, p 
> .05 (p= 0.1576), r = 0.09) with respect to engineering discipline expertise. 

4.2.2. Spatial ability and performance 
The analysis then proceeded to explore any potential relationship between spatial ability level and 
performance on the four-disk problem. A Spearman’s rank correlation was conducted (see Table 3) which 
demonstrated a significant negative correlation between spatial ability and the number of moves to solve 
the problem r(155) = -.23, p = .033, and time taken to solve the problem r(135) = -.28, p = .022, with 
medium effect sizes. This suggests that as spatial ability increases, the number of moves to solve the 
problem and time taken to reach a solution decrease. 
 
Table 3. Spearman correlation of complex problem-solving performance and spatial ability 
 

Variable M SD 1 2 
1. Spatial ability 0.01 0.83   
2. Moves 29.55 14.81 -.23**  
   [-.38, -.08]  
3. Time 110.57 72.31 -.28** 0.78*** 
   [-.43, -.11] [.70, .84] 
p-value adjustment method: Holm (1979).   
Observations: 137-155. 
Note: **. Correlation is significant at the 0.01 level (two-tailed).  
*. Correlation is significant at the 0.05 level (two-tailed). 

4.2.3. Performance and cognitive load 
Following the investigation of the relationship between spatial ability and performance, an analysis was 
carried out to explore a potential relationship between complex problem-solving performance and mental 
effort (overall cognitive load) experienced during problem solving. A Spearman’s rank correlation was 
conducted (Table 4) which indicated significant positive correlations between mental effort and the number 
of moves to solve the problem (r(166) = .31, p < .001), with large effect size, and time taken to solve the 
problem (r(135) = .49, p < .001), with very large effect size. This suggests that as cognitive load increases 
the number of moves and time also increase, indicating poorer performance. 
 
Table 4. Spearman correlation of complex problem-solving performance and mental effort 
 

Variable M SD 1 2 
1. Mental effort 4.72 1.67   
2. Moves 29.55 14.81 .31***  
   [.17, .45]  
3. Time 110.57 72.31 .49*** .78*** 
   [.35, .61] [.71, .84] 
p-value adjustment method: Holm (1979).   
Observations: 137-168. 
Note: **. Correlation is significant at the 0.01 level (two-tailed).  
*. Correlation is significant at the 0.05 level (two-tailed). 
 

4.2.4. Spatial ability and cognitive load 
The relationship between spatial ability and mental effort experienced during complex problem solving was 
then investigated through conducting a Spearman’s rank correlation. Through this analysis, a significant 
negative correlation was determined between spatial ability and mental effort, (r(155) = -.18, p = .03), of 
small effect size. Thus, indicating that as spatial ability increases the cognitive load experienced during 
complex problem-solving decreases.  
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5. DISCUSSION 

Through the data analysis for this study, significant relationships were identified between complex 
problem-solving performance, spatial ability, and cognitive load as depicted in Figure 2 below. Individuals 
with higher levels of spatial ability demonstrated greater levels of complex problem-solving capability, by 
virtue of solving the problem in less moves and time than individuals with lower levels of spatial ability. 
Therefore, indicating that higher visualisers were able to identify a more optimal solution to solving the 
problem. This aligns with existing research demonstrating that individuals with higher spatial ability 
employ more holistic problem-solving approaches, whereas individuals with lower levels of spatial ability 
may employ ‘piecemeal’ or analytic methods to solve a problem which are less optimal (Khooshabeh et al., 
2011; Lin, 2016; Tzuriel & Egozi, 2010). 

 
Figure 2. Relationships of significance identified between pertinent variables through statistical analysis 
 
In addition to this finding, individuals with higher levels of spatial ability also experienced less overall 
cognitive load than individuals with lower spatial ability, where individuals that experienced higher levels 
of cognitive load had poorer complex problem-solving performance. This indicates that these students may 
have been experiencing extraneous cognitive load which can hinder their capacity to solve the problem, 
learn from the experience, and influence their motivations to engage in similar activities in the future (Chen 
& Kalyuga, 2020; Paas et al., 2004; Sweller et al., 2019). However, through this research a possible means 
of addressing this issue has been identified. As spatial ability is a malleable cognitive factor, spatial skills 
may be developed to support lower visualisers in developing more holistic problem-solving approaches and 
managing cognitive resources during problem solving. Spatial skills can be developed through direct and 
indirect approaches e.g., spatialising curricula and semester-long training interventions (Julià & Antolí, 
2017, 2016; Mohler & Miller, 2008; Sorby, 2005; Sorby & Baartmans, 1996). Where spatialising curricula 
includes the use of spatial activities, using symbolic systems, analogical learning, and learning which is 
grounded in embodied experience (Newcombe, 2017). Newcombe (2017) details specific approaches that 
educators and curriculum designers can integrate into practice for developing spatial skills to support STEM 
learning.  
 
This research sought to contribute towards addressing the gap in understanding of the cause of spatial 
abilities relationship to success in STEM disciplines and contribution to individuals problem-solving 
approaches. The findings of this work indicate that spatial ability supports the management of cognitive 
resources during problem solving and more successful problem-solving approaches. Although this study 
was a single site study and therefore the findings are not widely generalisable, the findings do indicate that 
it is necessary to further explore the relationship between spatial ability and cognitive load experienced in 
STEM education to work towards understanding why spatial ability relates to STEM success. Future work 

Spatial ability Problem solving 
Time r = -.28** 

 

M    23** 

Cognitive load 

Mental effort r = -.18* 
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may look to examine the relationship between spatial ability and cognitive load on various types of 
problems, in varying contexts and environments as a means of advancing this understanding. 
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Abstract  

This paper reports on a pilot project focused on the use of the formative assessment resource Make 
Design Learning Visible (MDLV) in different national settings.  The MDLV resource centers on a 
design model involving seven interactive design skills and a formative assessment model involving 
five strategies. A team of researchers from seven countries in three continents, are working 
collaboratively with a teacher practitioner from each country to develop the structure of the research 
project and trial of a design activity that utilises the MDLV skills and approach to formative 
assessment. This paper reports on ongoing exploratory early work with the teacher practitioners 
trialing a short design project with an overarching theme of sustainability, a focus on developing 
two design skills (Empathy and Sharing ideas) and two formative assessment strategies (‘Activating 
learners as resources for one another’ and ‘Activating learners as owners of their learning’). The 
project centers on a design brief customised for each national setting and relevant for learners aged 
between 10 and 15 years of age. A structured portfolio supporting an iterative design process forms 
the basis of tangible evidence of learner responses. The pilot is providing insights into the 
effectiveness of the MDLV resource in developing design skills and formative assessment across 
national settings. Additionally, the pilot contributes understandings of comparative participatory 
research involving teacher practitioners across countries. The exploratory nature of the early stages 
of the project intentionally allows some aspects to be customised locally by teachers as we seek to 
understand rather than dictate how the resource is best used in the local educational contexts. To 
this end, the overarching structure and pedagogy of the activity is fixed, but aspects such as lesson 
timings, choices around the use of MDLV tools and the further MDLV design skills are flexible. 

Key Words: Design learning, formative assessment, comparative participatory research, 
practitioner researchers, peer feedback 
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1. INTRODUCTION 

This paper reports on ongoing, exploratory research that has at its core formative assessment and skills of 
designing. The project has been developed from the Make Design Learning Visible (MDLV) resource, 
developed at the Delft University of Technology. This resource had been used across a range of schools in 
the Netherlands and, once translated into English, a small number of schools in England. The resource was 
presented at several PATT conferences and sparked interest amongst colleagues in other countries.  On the 
basis of this interest, a collaborative international research team involving Ireland, India, Israel, Sweden 
and South Africa, alongside the Netherlands and England was formed. 
  
The MDLV resource, Figure 1, centers on a design model involving seven interactive design skills - bring 
ideas to life, share ideas, make productive mistakes, think in all directions, develop empathy, decide on 
your direction and make use of the process and a formative assessment model (Figure 2), developed by 
Wiliam (2011), involving five strategies; clarifying and sharing design skills and success criteria, eliciting 
evidence of learning, providing feedback that moves learning forward, activating learners as resources for 
one another and activating learners as owners of their learning.  
 

 

Figure 1. MDLV Design skills framework  Figure 2. Wiliam’s (2011) five formative assessment strategies 
 

The overarching aim of the team is to explore the impact of the MDLV resource when used in different 
cultural and technology education contexts. Specifically, we aim to gain insights into teachers’ different 
pedagogical approaches, and the challenges of sharing design based resources across cultures, languages 
and international curricula. We hope that these insights can support future endeavors to embed visible 
design learning and formative assessment practices into international design education curricula. This 
overarching aim is the long term ambition for the project.  The information and insights presented through 
this paper are drawn from the early exploratory stage of our journey to achieve this aim.  

2. LITERATURE REVIEW  

The formative assessment model within the MDLV resource is holistic, embedded and makes learning 
visible through drawing insights from Wiliam (2011) and Hattie (2009). The resource provides 
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opportunities for teachers and learners to integrate assessment as a support for learning based on the 
reciprocal interaction between learner and teacher needs. Through the project based approach, seven design 
skills are developed through a choreographed pedagogical approach that embeds strategic and purposeful 
assessment (Kimbell and Stables 2007). The embedded design skills and assessment tools have their own 
clear focus enabling teachers and learners to identify and articulate different aspects of learning that is 
taking place, thus bringing learning to life and making it visible. However, a note of caution is that the 
choreography of the formative assessment approach  does not dictate or disturb learners' processes of 
designing. The formative assessment tools furthermore contribute  to the reflection and action iterations at 
the heart of designerly activity (Kimbell, Stables, Wheeler, Wozniak & Kelly 1991; Kimbell & Stables 
2007) that support divergent and convergent thinking through the having, growing and proving of ideas 
(Kimbell, Miller, Bain, Wright, Wheeler, & Stables, 2005) 
 
Learning is a complex process and embedding assessment as part of a learning task comes with challenges. 
In this complex process quite often pupils receive little feedback and have no  clear view of the learning 
goals or the success criteria (Gulikers & Baartman, 2017). A mis-alignment between teacher and learner 
views of the learning goals and insufficient collection of evidence of learning can lead to practices of 
formative assessment that provide  incorrect diagnoses of capability and low quality or no feedback that is 
critical to moving learning forward.  To this end, clarifying design skills and success criteria creates a clear 
lens for eliciting evidence of learning which in turn can move design learning forward (McLaren, 2007). 
Providing this clarity was a key aspect of the development of the MDLV resource.  
 
With a focus on peer and self assessment, learners develop the agency to activate both themselves and each 
other as learning resources in their own right. (Klapwijk, Holla & Stables, 2019). This agency allows 
students to take ownership of their own learning, by supporting them to set personal learning goals, develop 
strategies to achieve these goals, monitor their progress, and develop a sense of quality of their work through 
reflection and evaluation. Similarly, peer assessment broadens learners’ view of possibilities and potential 
to both give and receive feedback, which is known to have a positive influence on learning (Moreland, 
Jones & Barlex, 2009). When structured pedagogically through learners acting as critical friends it also 
supports learners to develop skills of collaboration alongside becoming peer assessors (Costa & Kallick, 
1993; Hakkarainen et al., 2013).  
 
Although there is much focus on ways in which learners engage in designing, much current research focuses 
only on the stages and phases of designing. Few studies have explored the fundamental skills involved in 
design-based learning (Haupt, 2018).  Of studies that do, few report on ways to assess and develop design 
skills in general (Kimbell & Stables, 2007). To this end, this study is concerned with developing design 
skills through using formative assessment tools, so as to contribute to the emerging body of research on 
design pedagogy. The aim of our research is to embed strategies to clarify learning objectives, collect 
evidence and provide feedback for the next steps in a design project in a powerful and connected way. The 
study will focus on both the context of the learning task and the integration of assessment and learning 
activities and the resultant impact on the practice of teachers and the experience of learners.  

3. METHODOLOGY 

3.1. Research Design 

For this study, we will follow a Design-based Research approach (van den Akker & Nieveen, 2021). 
Design-based research involves the practical improvement or innovation of curricula, within realistic 
contexts and addressing the development of this curricula at various levels (student, teacher, researcher).  
We will emphasise five levels of involvement: a) Researcher-researcher, b) Researcher-teacher, c) Teacher-
teacher, d) Teacher-learner, e) Learner-learner.  The interactions on and between the different levels of 
involvement guides the iterations of the support materials. 
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3.2. Setting and Participants 

Teacher participants for this study have been recruited mostly purposively and conveniently from the seven 
countries of the pedagogical leads (researchers). The aim is for each pedagogical lead to work with one or 
two teachers that express a willingness to engage in the curriculum design based research in their 
classrooms. A variety of selection criteria were used to choose participant teachers for this project. These 
criteria included experience in teaching design and technology related subjects, working with an age group 
of 10-15 years old, willingness to experiment with the MDLV toolkit and being able to adapt their teaching 
schedule for the 6 hour duration of the design challenge. Each teacher identified a class group in which to 
situate the research project. The selection criteria for the learner participants (class group) were that pupils 
should be between the ages of 10 and 15 years old and that they are studying a design based technology 
subject or equivalent in their country.  The population sample for data used in this paper consisted of three 
teachers, with mixed teaching experience in a technology subject discipline. The full study has class groups 
consisting of eleven classes across seven countries.   
 
Table 1. Contextual information about the research participants 
Country  Number of teachers  Level of experience in 

Design and Technology 
Learner age group  Teacher selection 

methods 

The Netherlands   2 Medium/High 11-12 Purposive 

UK   1 High 11-12 Purposive 

Israel  2 Medium 10-12 Convenience 

Sweden  2   Medium/High  11–13  Purposive 

South Africa  1  Medium/High  14-15  Snowball 

Ireland  1  High  13-15  Purposive 

India   2 Medium  11-13 Purposive 

 

3.3. Curriculum development intervention 

Through a collaborative process, the researchers from each country met regularly to decide on an 
appropriate design challenge, appropriate for the different contexts in each country. A design task and 
portfolio used previously for assessment research was modified to form the basic structure of the classroom 
based project. (Kimbell e.a., 2005). The task and portfolio structure were chosen as a base as they provided 
an iterative design approach and had been used effectively with learners across a wide age range. The focus 
of the design brief was to re-design light bulb packaging so that it converted to a lighting feature, creating 
reuse rather than discarding the materials. The MDLV version was designed to integrate effective formative 
assessment practices developed by Wiliam (2011) and that form the basis of the MDLV assessment 
framework (Klapwijk and van den Burg 2020). For the exploratory project we chose to focus on Activating 
learners as a resource for each other and Activating learners as owners of their learning. To support this 
within the activity, while each learner had their own design task, they were seated in groups of three that 
worked as a team of critical friends to provide an opportunity to develop the design skill of sharing ideas 
and foster learners as partners in formative assessment (Costa & Kallick, 1993). A decision was made to 
highlight the MDLV design skills of empathy and sharing ideas and also a context of sustainability, all of 
which fitted the design context of the chosen task. 
 
The purpose of the task and portfolio was to provide opportunities for curriculum materials to be developed 
that would support teachers from the participating countries in implementing effective design pedagogy. 
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We aimed to support teachers in cultivating learners’ design skills and use formative assessment to move 
learning forward, while addressing issues of sustainability and empathy. To do this the research team 
developed user personas, a choreographed portfolio, a modeling kit, a handling collection, a slide deck and 
teacher guidelines. These were accompanied by the MDLV toolkit, with five tools strategically integrated 
into the portfolio to support learning through formative assessment activities.  The teacher guidelines 
supported them at each stage of the activity.  Figures 3&4 illustrates how this was approached showing an 
example of the learners’ first task and the teachers’ corresponding guidance. 
 

 

Figure 3. Extract from pupil portfolio 
 

 

Figure 4. Extract from Teacher Guide 
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3.4. Data collection 

In this pilot, we use qualitative data collection methods. All data will be documented into textual 
information that can be analysed. For this paper we only present data from three schools where early trials 
have started that focuses on Researcher-Teacher interactions. 
 
Table 2. data collection methods based on the four levels of interactions  

Levels of interaction Data collection methods 

Researcher-researcher Video recordings, personal reflections, group reflections  

Researcher-teacher Unstructured interviewers, semi-structured interviews, 
discussion notes 

Teacher-learner Classroom observations, design tools, design portfolio 

Unstructured interviewers, semi-structured interviews 

Learner-learner Design portfolio 

Classroom observations 

Unstructured interviewers, semi-structured interviews 

 

3.5. Data Analysis 

To analyse the data, we will follow Braun and Clarke’s (2021) guidelines for conducting thematic analysis. 
This method will allow us to engage in a process of systematically identifying, organising, and generating 
deductive and inductive themes across the various data sets.  

4. INSIGHTS FROM EXPLORATORY PILOT STUDY 

4.1. Has design learning become visible? Initial insights from Netherlands and English trials  

The exploratory project is in the early stages.  Here we present initial insights from trials in three schools, 
two in the Netherlands and one in England. Both schools in the Netherlands work with gifted children.  One 
teacher is very experienced in D&T teaching, the other has some experience.  The age of the children 
involved was 11-12 years. The researcher held recorded discussions with the teachers in advance and was 
present in the lessons.  The school in England has learners of mixed abilities.  The teacher involved is 
experienced in teaching D&T.  The children involved were aged between eleven and twelve years old.  The 
researcher held recorded discussions with the teacher in advance and between lessons but was not present 
in the classroom. Initial discussions focused on the nature of the classroom project and the resources 
presented (the choreographed portfolio, persona cards etc) and the ways that formative assessment were 
integrated into the project. The focus on the highlighted design skills of developing empathy and sharing 
ideas and on sustainability was discussed, along with the teacher guidelines. 
 
The need for and development of the teacher guide emerged as a productive mistake of the research team.  
Both the activity portfolio and the guide were created in English and based on approaches from England.  
The guide itself was initially minimal.  Using this with the earliest teacher to start, whose first language 
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was not English raised immediate challenges including a misunderstanding of an aspect of the design task.  
This resulted in a more developed version that not only provided clearer and more detailed guidance for the 
teachers but also greater understanding of curriculum differences amongst the research team and the value 
of an exploratory approach in the first stage of the project. 
 
In respect of making the design learning visible, four aspects stood out in the early trials.  The first of these 
was developing understanding of the term ‘empathy’ and then seeing how the learners’ understanding of 
the term impacted positively on their designing. IDEO (2015) has identified empathy as a foundational 
principle of design thinking and increased interest in the value of user-centred design has raised the 
awareness of empathy as a design skill that can be developed in young learners  (Bosch et al., 2022). A key 
strategy we are researching in this context is the use of persona cards that provide user details. Seven cards 
were created for teachers to choose from.  The personas included people of different genders, age groups 
and diverse backgrounds. One of the teachers from the Netherlands chose to use seven and the other to use 
four. The teacher in England chose three. Figure 5 gives an example. 

 

Figure 5. Example of persona card 
 
In making his choice, the English teacher was influenced by having personas that the learners could relate 
to but that also broadened their experience of different people and their needs. 

“I need to make sure that the three [chosen] are ones that can be relatable to the kids, they understand it, but at the same 
time ... I want it to challenge their perceptions on different people from different cultures and different backgrounds … 
these are people from around the world and actually as a designer you could be faced with this problem, how do you 
respond to it? No prejudice, no bias, anything like that, you just go open minded, open book, to really resolve that issue." 

One teacher in the Netherlands developed the approach further by identifying the director of the light bulb 
company as a stakeholder, creating a different perspective on empathy. 
 
From the conversation between learners in all three schools it was evident that the personas stimulated 
understanding and evidence of showing empathy.  They were able to select a persona in a limited time and 
– at first sight – identify with the person depicted, talking about what the person would like etc. 
 
There was also evidence of teachers activating learners as a resource for each other, supporting a learner 
who did know what empathy meant to share his understanding with others.  This linked to the second aspect 
that stood out clearly from the early trials – formative assessment evidence of activating learners as 
resources for one another and as owners of their own learning.  A challenge created by the Covid Pandemic 
identified by the English teacher was that learning being moved online had negatively impacted on learners’ 
ability to work collaboratively. Using the strategy of learners working in groups of ‘critical friends’ (Costa 
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& Kallick, 1993) provided a constructive approach to self and peer formative feedback. In addition it also 
supported developing learners’ collaboration skills (Hakkarainen et.al., 2013). 

“That formative evaluation that is taking place … and they could quite easily give that feedback to that other student 
because they were working in that group of three and also it relied on each person in that group … it allows them to be 
more fluid in their responses and their design work.” 

A third aspect that emerged was the impact on divergent thinking – the MDLV design skill of think in all 
directions. The use of ‘handling collections’ of objects disassociated from the context but that contained a 
concept that could be applied when developing the lighting feature became valuable here. An example of 
this came from a learner in the Netherlands who had ideas inspired by an unfolding ‘pop out’ map. She 
showed the researcher two additional ideas derived from the way the map worked and told her of ideas 
beyond the school project such as using the approach to wrap a gift.  It was also observed that the handling 
collection changed the kind of drawings and designs children were making as they developed new ideas. 
Also designing was through mental imaging and gesturing, less on paper, with divergent thinking not being 
used exclusively at the start of the activity (Kimbell e.a., 2005). 
 
Finally, we are aware of the impact that trialing the resource is having on teachers. Despite being an 
experienced teacher and curriculum leader, the English teacher is already seeing aspects new to him that he 
wishes to share with colleagues and build into his curriculum model for D&T, particularly the 
active/reflective in-the-moment model of iterative designing and the learning that comes through the 
portfolio.  In his words, 

“For me, the big thing that … has sparked ideas for me … the different sheets are so easily applied to the learning … that 
I want to build that into other areas of my curriculum model. I’ve seen that it is hugely beneficial to their learning.” 

4.2. Affordances and constraints of an international team 

Working together to build a research project with colleagues across seven countries (The Netherlands, UK, 
Ireland, Sweden, South Africa, India and Israel), is an exciting prospect and one that provides many 
opportunities. Earlier interests on assessment and designing between Delft and Goldsmiths universities 
sowed the seeds of a project that has far greater potential than had been imagined.  The solid foundation of 
beliefs in the importance of formative assessment for learning, the iterative nature of designing and of the 
pedagogic and assessment strategies developed in each, fueled our initial discussions. The quality and 
potential of initial discussions has grown through conversations with colleagues across seven countries and 
a strong base for an international collaborative and comparative ambitious project has been created.  Early 
discussions resulted in a high level of excitement as ideas grew alongside our ambitions. However, this 
level of ambition was quickly recognised as a challenge that had to be managed, which created some 
interesting and unexpected realities. 
 
As each one of us came from different D&T situations and backgrounds, the development process of the 
learners’ activity, the teachers’ guide and other resources to be developed we acknowledged both 
similarities and differences. In South Africa, Ireland and Israel for example, teachers might not agree on 
what designing is, nor have similar views on implementing it in classrooms. We found that some are 
passionate to find new ways of implementing design based learning while others seek ways to make it 
efficient and manageable from a teachers’ perspective.  Some teachers are experienced D&T teachers, 
motivated to experience this project and exchange ideas with teachers from other countries. Other teachers 
are from different disciplines and need support to develop confidence with a D&T approach. 
  
The MDLV framework provides a tool to make students aware of their design skill development and moves 
beyond just following ‘the design process’. The fact that this framework is currently being used by other 
teachers in different countries is making the teachers excited to be a part of this project. One of the most 
exciting features for the teachers is to share their own classrooms with other teachers. 
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Collaborating with professional members of the design pedagogy community from different countries is an 
enriching experience. Working towards a goal of developing design pedagogy through the use of formative 
assessment brings both opportunities and challenges.  For example, we discovered uncharted territory in 
terms of focusing on developing empathy and agency through the medium of design. Meanwhile, 
implementing a more-or-less similar intervention to develop empathy and agency through formative 
assessment in different contexts is not straightforward.  In terms of the intervention design, there were 
several factors to be consider such as age and stage of development, prior experience in design based 
learning, time allocation for ‘design lessons’, teacher experience and willingness to take pedagogical risks. 
Particular consideration had to be taken into account for accessibility to resources. Some countries have 
fully equipped design studios, others might only have access to tables and chairs. How would the sharing 
of resources be facilitated, taking into consideration various languages spoken in each country? To develop 
empathy in different context also brings challenges. How well would a child in South Africa be able to 
empathize with an adult in Sweden? What level of understanding do teachers in different settings have of 
iterative processes of designing? 
 
Issues have arisen as we have developed the project and, in the process, we have moved forward by making 
productive mistakes as is exemplified by the earlier account of developing a teacher guide. Understandings 
have become blurred as meanings are ‘lost in translation’, even between team members who speak the same 
language!  Each misunderstanding has become a learning opportunity as a productive mistake takes us 
forward in our own learning as the project develops. As a research team we are embodying the MDLV 
design skills as we think in all directions, make productive mistakes, share understandings and show 
empathy. 

5. NEXT STEPS 

As we learn from the initial exploratory pilot cases, we will adapt materials and procedures to suit the 
teaching and learning needs of participating schools. By adapting, our hope is to refine existing tools and 
develop new tools to support the implementation of the MDLV framework internationally to support 
effective implementation of design pedagogy practices.  
 
Building on initial findings, we aim to establish a community of practice between participating schools. 
This will allow teachers to learn from and share effective design pedagogy practices. We also plan to 
connect learners from different countries with each other, through the use of Adaptive Comparative 
Judgment (ACJ) as a formative feedback tool. By doing this, students can develop constructs of quality in 
providing feedback on each others’ design skills. 
 
Our hope is to promote design based learning as a means for developing learner’s agency in thinking and 
taking action on unfavorable situations in their local community. By making the design learning explicit, 
we hope to develop learners’ capacity to take ownership of their own learning and recognise when their 
skills enable them to act in designerly ways on everyday challenges. 
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Abstract 

An ePortfolio is an evolving electronic resource that acts to record and store the artefacts of learning. 
It reflects the progression of a student’s learning, or testifies the level reached. This paper analyses 
the longitudinal use of an electronic portfolio in craft studies for a period of six years (2012-18). 
The students (ages 9 to 14 years N=38/n=8) traced their craft process activities by photos, narratives, 
assessment assignments and recordings. The first study covered the functions and the benefits of the 
ePortfolio in craft education (iPad application, Book Creator) and general user experiences based 
on pupil interviews. The identified key functions were collection and management of information, 
communication, and verification of development. The experienced benefits were related to 
supporting the working process. The second study covered the textual and visual contents. The 
results indicated that the most emphasized areas were the process, the product, the free and formal 
reflection. The third study contained data of years long learning period and the final interviews 
(n=8). The interview focused on students’ experiences of the method and its’ development. The 
longitudinal textual content was conceptualized by applying Anderson and Krathwohl’s “Taxonomy 
for Learning, Teaching, and Assessing” (2001). The results indicated that the students’ knowledge 
type was transformed from versatile to a more limited, and cognitive process levels were 
transformed from concrete to a more abstract level. The interview data confirmed the findings. The 
implications drawn were linked with the ePortfolio’s pedagogical foundation and the users’ 
progression of using the ePortfolio method. Diverse functions and benefits helped provide the 
answer to the main research question of the ePortfolios’ pedagogical dimensions. The dimensions 
were five: a communication support, a synchronizer of activities, a knowledge creation tool, a tool 
to train ICT skills, and other more general skills and a tool for assessment.  

Key Words: ePortfolio, Craft Education, Documentation, Content analysis 

1. INTRODUCTION 

Acceptance of technological tools as part of the school learning routines are one of the many aim’s schools 
are set and strive towards. Attitudes towards technology amongst students are generally positive and 
technology is found to improve the quality of life (e.g., Järvinen et al., 2015; Ardies, et al., 2015). Schools 
are encouraged to embrace digital competences such as technical abilities, meaningful practices, healthy 
criticalness, and participation (Ferrari, 2012; Ilomäki et al., 2016), as these appear to be the main digital 
competences required to succeed and participate effectively in our society. However, the challenge is to 
discover how to utilize technological tools in an inventive and intelligent way to serve one of the schools’ 
basic tasks; learning, and the demands and expectations the users have. The way we see learning has 
changed over the years. According to Säljö, (2010) in previous decades the main way to show learning was 
to preserve information and reproduce it on request. Around the start of the millennium, we moved in a 
performative direction and the learner’s ability to refine information also started to be valued. To be able 
to view the learner’s own activities and thinking needs a base on which to process, collect, and retain the 
evidence in order to be able to refine them and benefit from them later on. An electronic portfolio (hereafter 
ePortfolio) is one such electronic resource that acts to fulfill the mentioned requirements. The use of digital 
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tools in schools serves therefore twofold purposes: initially to facilitate the creation of knowledge from 
information received, and then to hone skills which are beneficial later in life.  

2. LITERATURE REVIEW 

An ePortfolio is an electronic resource that acts to record and store the artefacts of learning and reflections 
for an individual learner or a group of learners (Saarinen, 2021; Farrell, 2020; Kimbell, 2012; Barrett, 2007; 
Lorenzo and Ittelson, 2005;). Portfolios have had a long and significant history in many sectors in life, and 
since the 1980’s an electronic version has been used in a versatile manner and researched in different levels 
of the education field (Lorenzo & Ittelson, 2005; Barrett, 2007; Farrell, 2020). The definition of the 
ePortfolio has adapted over time to serve the different requirements of the era (Farrell, 2020; Balaban, 
2010). The ePortfolio as an organized collection of documents produced by the learner, has remained the 
recurrent common understanding (Batson, 2002; Impedovo et al., 2013; Farrell 2019 and 2020,). The use 
of ePortfolios also has variations: it can aim to monitor the progression of one’s learning process, it can 
testify the level reached, and it can also have several other uses depending on the chosen purpose, such as 
goal setting, communication, and arrangement (Sherman, 2006). Generally, ePortfolios aim at improving 
students’ learning, enriching the learning experience, and supporting assessment (Amaya el al., 2013; 
Barret, 2007; Jimoyiannis, 2013). However, the common understanding still refers to both the process and 
the outcome, in other words the product (Kimbell, 2012; Kimball, 2005; Balaban, 2010; Farrell, 2020). 
Therefore, a more precise defining supplement is needed for comprehensive communication (Barrett, 
2010). The ePortfolio as a concept is also ambiguous. The word can be generally interpreted to determine 
a tool (a technological platform), or it can notate the tracking method (activity), or it can extensively define 
the used pedagogy (the principles behind the activities) (Saarinen, 2021). As a learning tool, the platforms 
of ePortfolio or the locations could refer to dozens of different products: applications, open sources, 
commercial or institutionally organized actors (Meyer & Latham, 2008). The ePortfolio method in turn 
refers to the developmental processing of the learner and the learning (Farrell, 2019). For example, 
Zubizarreta’s learning portfolio (2008) consists of three elements: documentation, reflection, and 
collaboration. This develops the learner to critically view their own activities (as defined in “folio thinking” 
by Chen & Black, 2010) thus adding to their own understanding, empowering themselves and confirming 
ownership of the learning (Farrell, 2019; Saarinen, 2021). The broadest definition refers to the four 
pedagogical principles that describe the impact of the method. They are reflection, process, connection, and 
activation. The reflection emphasizes considering and narrativizing activities, process emphasizes how 
learning becomes visible through the collected artifacts, connection emphasizes the knowledge construction 
and activation emphasizes students’ dynamic involvement in creating a learned self (Kimball, 2005; 
Yancey, 2001). 
 
User experiences and the long-term-usage of the method were the focus angles. The maturation of the 
content and the creator was observed after several years experience of using the method. Love et al. (2004) 
provided a conceptual framework to understand the maturation and provided a guidance to observe the 
current and desired levels. They identified five levels of maturation, of which the three highest could only 
be performed with web-based platforms. Their categories were the scrapbook, the curriculum vitae, 
collaboration of student and institution, mentoring to mastery and the authentic evidence. Kimbell (2012) 
instead categorized three types (levels) of ePortfolio which demanded different kinds of abilities, which 
required maturation, to be able to manage the usage. The lowest one was a container, the middle one was a 
report and the highest one was a dialogue (leaners themselves reveal their own actions and learning 
process). These two approaches have in common same kind of combination of abilities which are more 
versatile and are cognitively demanding to handle. 
 
The context in this research was the craft education and the craft process. Since the Finnish school system 
was established, craft education has had a separate and obligatory position in general education since 1866 
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(Seitamaa-Hakkarainen, 2010). The three emphasized areas of the subject are craft (experiential working), 
design (creativity and problem-solving) and technology (development of technological literacy) (Porkko-
Hudd et al., 2018). A craft process has been determined with four phases: ideation, design, making and 
evaluation and depending on the maker’s agency, the defining definition is either holistic (maker’s 
participation in all phases) or partial (participation incomplete in one or more phases) (Pöllänen, 2019). 
Decades ago, the makers’ role was, in most cases, to implement someone else’s ideas, but the current trend 
is largely holistic, in which the process activates the maker bodily, emotionally, and cognitively (Porkko-
Hudd et al., 2018). The craft process combined with the ePortfolio pedagogy and utilization of technology 
were the focus in this research. Long-term implementation among young students have been earlier 
insufficiently researched, as well the pedagogy behind the method. The aim of this research was to test and 
process the ePortfolio method in a craft education context with young students to ensure functionality and 
simultaneously develop fundamental knowledge about learning activities and technological possibilities. 
The research question was to discover what kind of pedagogical dimension exists when using ePortfolio in 
learning documentation.   

3. METHODOLOGY 

The Educational Design Research (EDR) was implemented in this research as the research approach. EDR 
strongly combines the practical and the theoretical insights (Sandoval, 2014) and therefore fulfilled the 
intended commitments. The theoretical orientation confirms the study of the practice, and vice versa, and 
several years long intervention is considered to produce a grounded and well-developed broad 
understanding of the subject (McKenney and Reeves, 2012). Also, the transparency of the process produces 
valuable knowledge of the complex realities of the field contexts (Ibid.).  This research entity contained six 
years long iterations (2012-2018) and was led by a teacher-researcher with two groups of comprehensive 
school students. The design procedures contained developmental solutions during the extensive data 
collection period, such as slide guidance, which was built during the second year, peer-assessment solution, 
and videotaping, which were added during the third year; and new platform was tested in the fifth year. 
Some of the solutions arose from the observations of the students’ working, and some come up from the 
theoretical literature review. 
 
The data collection methods centralized on collecting and analyzing both the verbal and written data and 
the visual data from the ePortfolios. The user experiences were collected from two different types of 
interviews: the stimulated-recall interview (Fox-Turnbull, 2011) after two years of usage (STUDY I) on 
the 5th grade (N=38, male=16 and female=22) and the semi-structured interview during the last school year 
(STUDY III) during the 9th grade (n=8, female). In STUDY II the data consisted of the students’ (ages 9 to 
14 years) self/peer-documented activities of their learning processes by photos, narratives, assessment 
assignments and videos. The contents of the ePortfolios were collected during the period from the 3rd to 8th 
grade and the content was called learning activities and epistemic artefacts (Hakkarainen, 2009). These 
concepts demonstrate both the focus of the knowledge building, and the working processes. The collected 
data was analyzed by using different types of content analysis: data-driven (conventional) and theory-driven 
(directed) approaches with a summative extract (Chi, 1997; Hsien & Shannon, 2009). The data was studied 
carefully several times to contrive deeper picture and in case of data-driven approach (STUDY I and II), to 
form the categories.  The first study had over six hours of interview recordings and the data were divided 
to two main categories: usability and suitability. The second study had more than three thousand units 
(length 1-30 words) and the analysed categories were four: the process, the product and the formal and 
informal (free) reflection. The third study contained more than 750 analysed textual units (length 1-60 
words) and nearly three hours of semi-structured interviews.  
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4. RESULTS 

The results were reported in three sub-studies, which were published separately (Saarinen et al., 2016; 2019; 
2021). The main interest lay in the learning process, its’ decision-making and reviewed how technological 
tool (ePortfolio) could support the young learners. The results consisted of two data entities: the student’s 
self defined results and the results interpreted through student’s outputs.  The results of student’s self 
defined data showed that even young students were able to define several functions and benefits (realized 
through the iPad application, Book Creator) and thus convey the personal comprehension of the ePortfolio 
method (STUDY I). They described ePortfolio as a storage, as an information management and 
communication tool and as a tool to verify own development. Furthermore, the described benefits of the 
method were associated with the learning process: ePortfolio supported memory and synchronized learners’ 
activities. In addition, the development of the digital and other general skills competences was highlighted. 
These competences enhanced the management and realization of the documentation process. The results of 
the interpreted contents (after two years period) in STUDY II revealed specific areas of documentation in 
craft learning activities. These areas were the process, the product, the free and formal learning reflection. 
Each student received a value (number of notes) for each area, and those values indicated the position of a 
student in the coordination system (dominant area). As seen in Figure 1. the students fell quite evenly in 
the coordination system with some exceptions and some concentrations. The most emphasized areas in the 
textual content were a combination of process and free learning reflection. The process aspects of working 
were also clearly dominant in the documented visual content. 

 

Figure 8. The analysis of the textual data in the coordinate system. The frequency values of the formal reflection and 
the product are presented negatively to place the objects dichotomously within the coordinate system. 
 
The longitudinal textual content (STUDY III) was conceptualized by applying Anderson and Krathwohl’s 
Taxonomy for Learning, Teaching, and Assessing (2001). The documentation was examined through the 
knowledge types and cognitive process levels which both were analysed annually and as a continuum. The 
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shift from a concrete (Recall-category) to a more abstract level (Apply- and Evaluate-category) were 
noticed concerning the cognitive process and in turn the knowledge type was instead of being fragmented, 
focused on one, the process category (Procedural Knowledge). The content results were likewise viewed 
with the final interview results which focused on students’ experiences of the eportfolio method such as 
elements and changes in usage, and the recommendations of its development. Recommendations focused 
on the technical issues, platform-based issues, and practical functionalities such as teachers’ communication 
and quantity of the devices.  
 
The five pedagogical dimensions were integrated from the results of the sub-studies and supported with 
observations from the literature. The ePortfolio had strong value as a vehicle of communication between 
the learner, the teacher, and the peer students. It also had a role as a synchronizer of activities when 
documentation forced the learner to arrange and textualizes the events. The role as a means for knowledge 
creation equally was combined with the learners’ requirement for processing the concepts and the events, 
while collecting the content to the ePortfolios. Likewise, the value as a tool for assessing was in focus and 
finally the ICT-related skills and other skills were illuminated. These areas clearly highlight the manifold 
pedagogical faces of the ePortfolio as Barrett (2007) and many other ePortfolio researchers have stated.  

5. DISCUSSION 

Comprehensive schools’ students’ use of ePortfolio in craft education had a dual role in this study: as a 
support for the learning process and a support for assessment. ePortfolios were studied through the collected 
student-led documentations of the craft learning activities and through the semi-structured interviews. The 
five pedagogical dimensions of ePortfolio practices were integrated from the results and were : adding 
communication, training ICT-related and other skills, facilitating knowledge creation, synchronizing 
learning activities and supporting assessment. These dimensions described the pedagogical role and 
position ePortfolio had achieved according to the interviewees and it was supported by the analysed 
contents. The use of ePortfolio supported both memory and activities, equally learning of skills and it 
created opportunities for communication. The study also highlighted self-produced content, the increased 
students’ agency, both the skills, and the participation. According to Tanhua-Piiroinen et al. (2019) these 
are the faced challenges when enhancing the utilization of a technological tool in basic education. When 
researching the students’ agency in ePortfolios, the concept of digital competence is central. The concept 
is often misinterpreted as meaning only a technical performance although it in addition to cognitive 
knowledge it means to manage the information flood and the social attitude to communicate and share 
(Ferrari, 2012; Ilomäki et al., 2016). This study confirmed this broad four sector interpretation and not only 
the technical abilities. 
  

The three core contents of this study were process, documentation, and reflection. A Process is a connective 
concept between the ePortfolio principles and the craft learning. Both highlight visibility and activity.  
Documentation is defined as one of the objectives in craft education and refers also to the transversal 
competencies in the newest curriculum in Finland. However, documentation needs to be further 
conceptualized and researched and guided appropriately. In addition, the reflection contains the narrated 
learner’s internal and external activities and reveals the learner’s meta cognitive abilities, and thus gives a 
more versatile picture of the learner and the experienced learning process. All these three areas emphasize 
the activities while learning, not just observing the final product of the it and with the help of technological 
tools, they are better available to be researched and thus better understood. 
 
Defined functions and benefits of ePortfolio helped to formulate the pedagogical dimensions in this study. 
These five described pedagogical factors resonate with the developmental levels of ePortfolio (see Figure 
2.), with the maturation levels (Love et al., 2004) and with the fundamental principles of ePortfolio 
pedagogy (Kimball, 2005). The long-term progress showed the transformation of knowledge type (process 
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dominance) and cognitive process type (change from concrete to abstract). These changes in learner’s 
actions describe the developmental steps the learner goes through. The created model of progress in 
ePortfolio usage simulates and verifies the progress of the learner and the application of the method. 
 

 

 

Figure 2. The Elements of the ePortfolio Process and the Development Levels. (Saarinen et al., 2021) 
 

This study applied a qualitative approach and discovered explicit documentation areas (the process, the 
product, and the free/ formal reflection) and their major distributions and combinations (process and free 
reflection). The findings were encouraging.  The study highlighted the shared learning: adding value to 
assessment for learning rather than assessment of learning though both the personal and institutional 
purposes can be fulfilled. ePortfolio as a method and a pedagogy supports the learning experience, 
encouraging it to be shared rather than internalized. When sharing the sender and the receiver build joint 
understanding and strengthen their interpretation of the reality. 
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 Abstract 

At Beit Berl College, a course on technology thinking and robotics is delivered every year to 
undergraduate students participating in pre-service programs for kindergarten and primary teachers. 
In this course, they study design process while solving problems, systems, control systems and 
robotics, The main aims of the course are that by the end of the course the students will be able to: 
a) solve technology problems using design tools and skills; b) construct problem solving mental 
models; c) understand how controlled systems work while constructing their mental models of 
controlled systems and d) solve problems by controlling robots. The focus of this paper is on aims 
a and b. 

Because of my dissatisfaction with the 2020 on-line course, I decided to change the course and teach 
it via the Beit Berl virtual world (VW) campus.  

The VW campus was prepared for a project-based learning environment that uses the tools of Make 
Design Learning Visible (Klapwijk & Stables, 2019). Participants were 24 female students working 
in groups of four. Each student designed his/her own avatar. Seven colorful rooms were created, 
one for each tool (such as: thinking in all directions) and in each room, there were designated 
workspaces for each group and precise instructions how to use the tool. Each group chose a problem; 
chose the group’s path to move between the tools/rooms and present the solution and its 
documentation in the VW. At the end, they were asked to reflect on their own path.  

A description of these students’ learning process, the design tools they used, the theoretical 
background of their design process, tools and skills, the contribution of VW to the learning process, 
evaluation of the learning process in a VW environment and how to improve it will be presented in 
the paper. 

Key Words: Design Tools, Design Skills, Virtual Worlds, Technology Education. 

1. INTRODUCTION 

Five years ago, Beit Berl College (BBC) established a virtual campus at the ‘Eureka World’ infrastructure. 
From the beginning, five or six courses were taught each year on different subjects, with different activities 
and synchronous/a-synchronous/hybrid formats. It was also used for activities, such as: discussion in 
foreign languages, poster presentations, creating learning environments, presenting pedagogical theory for 
various age groups, populations, and subjects. The VW environment enables remote group working, joint 
thinking, creating, sharing, documenting, and presenting.  
 
During the 2021 academic year, as the result of COVID-19, all BBC courses were delivered via ZOOM, 
which made active, constructive learning courses with hands-on activities very difficult. ‘Technological 
Thinking and Robotics’ for preservice teachers was one such course. To overcome this problem, a virtual 
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learning environment was created enabling the students to work in teams and solve a problem while 
constructing their design mental models. 
 
The principles underlying the Eureka World VW environment  developed for this course include students 
use design tools (Mioduser & Dagan, 2007) and focus on design skills (Make Design Learning Visible - 
MDLV) (Klapwijk & Stables, 2019); the design model is non-linear and students choose their own path, 
working in groups of three or four. The VW environment consists of seven spaces for each skill, each with 
a different color. Each room has instructions for learning, acting, and documenting. Each student creates 
their own avatar, the avatars work in groups and document their process in a collaborative e-portfolio. Each 
group also has a ‘duck’ in each space that helps the students reflect on their work by asking them questions. 
 
This paper presents and analyzes an attempt to understand the pedagogical advantages and disadvantages 
of using a VW environment for active and constructivist learning of design (technology problem solving) 
in a distance learning format. 

2. THEORETICAL REVIEW 

The theoretical review focuses on two main subjects: the design teaching method and the VW and its 
contribution as an environment for active and constructionist learning. 

2.1. Design teaching methods 

During the 1990’s, the linear design process was the  prevailing pedagogical method for teaching design in 
K-12 and in Higher Education (HE). This step-by-step process began by defining the problem, needs, 
requirements and constraints, and continued with gathering relevant information, suggesting ideas for the 
solution, choosing the most suitable one, making and evaluating a prototype. Researchers assessing this 
learning method voiced criticisms that consider how experts solve problems and the design mental models 
created during the process. They found that by studying the step-by-step method, students frequently failed 
to grasp the full picture and were unable to construct their problem-solving mental models (De Vries, 1997). 
 
In recent decades, design researchers have come to agree that there is no single “design process” and that 
there is no linear or cyclic path that problem solvers have to follow (Stables, 2020; Mioduser & Dagan, 
2007). Designing is about “interactions between the mind and hand" (Kimbell, et al., 1991) while applying 
design thinking and making tools along the way. This functional approach emphasizes the teaching and 
study of design functions, rather than stages. Accordingly, function-contextual traits are the foundation of 
every activity implemented during the solution-generation process (Mioduser & Dagan, 2007; Dagan, 
2005). When this approach is applied, the problem-solving process is both cyclical and more flexible. The 
instructional plan is founded on teaching the different design functions in a way that enables students to 
implement them with respect to the problem, the situation and their own learning and design style (Mioduser 
& Dagan, 2007). Klapwijk (2018), followed by Klapwijk and Stables (2019), added another layer to the 
functional approach comprised of seven design thinking skills considered to be part of 21st-century skills 
that assist formative assessment (Wiliam, 2011, 2018). Learners can use these design thinking skills when 
applying the functional approach to their own path (Dagan, in press). 
 
The seven design skills identified in Make Design Learning Visible (MDLV) are: think in all directions, 
make productive mistakes, decide on your direction, share ideas, bring ideas to life, develop empathy, and 
make use of the process (as shown in the model in figure 1).  
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Figure 1. Design thinking skills          

2.2. Virtual worlds 

The VW was developed as a virtual environment for games during the 1990s and educators who understood 
its potential for fulfilling pedagogical aims of active and constructive learning adopted it, beginning with 
flight simulators, science labs and global changes. Although interest in the implementation of VW in 
education was high, the use of this environment was not yet user-friendly and was very expensive for 
schools. However, the development of the second generation brought the VW into schools and HE. During 
the COVID-19 crisis, its use was expanded as an innovative platform for distance learning.  
 
VW is three-dimensional (3D) platform, a web-based simulated graphical environment. Every participant 
(teachers and learners) create their own avatar that becomes their representation in the VW. These avatars 
can move (walk, run, fly, sit) and talk. The participants can use a learning space created for their needs, 
interact with teammates whenever and from wherever they want, perform tasks with a high level of 
synchronous collaboration to manipulate similar virtual objects, add virtual objects, watch videos and 
presentations, share collaborative files, and create their own learning spaces. The VW provides the 
infrastructure for creating and mixing objects and content, as well as performing educational tasks 
(Ghanbarzadeh & Ghapanchi, 2016). These VW have significant potential as educational environments as 
they offer advanced platforms for e-learning with immersive capabilities that create highly interactive 
learning environments. 
 
Hew and Cheung (2010) found that VW is used as communication, simulation, and experiential spaces. In 
their meta-analysis of the use of VW in HE, Ghanbarzadeh and Ghapanchi (2016) formulated categories of 
the ‘taxonomy of applications areas’ that showed the VW  applications space in education such as: virtual 
lecturing, virtual labs, field trips, meetings and discussions, simulations, in-world creation, gaming, 
assessment etc. Some of them could be used with Zoom or LMS tools, but others could be used only by 
VW (e.g., in-world creation). Their research revealed that even if there are some technological difficulties, 
a majority of studies reported that this environment is a very successful and innovative form of virtual 
classroom experience, even compared with a real-world classroom in most of the activities. VWs include 
the following components: the feeling of being in a 3D space, the ability to interact and manipulate objects, 
digital representations of learners (avatars), the ability to interact and collaborate with other learners, and 
be immersed in the VW space (Savin-Baden, et al. 2017; Peña-Rios, et al. 2018). 
   
Avatars are key features of VW and a key aspect of the learning experience. Each user personalizes their 
avatar according to how they want to be seen by the others (like a costume). They embody the users, 
facilitating social interactions and create the sense of immersion in the shared space. Through the avatar, 
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the user communicates and interacts with others, as well as with objects and physical spaces.  The avatar 
gives the learner a sense of co-presence with other students who provide an opportunity to engage in 
constructionism, and at the same time, the avatar enables them to keep their distance and feel secure.  
 
Learning occurs in the VW when learners feel this environment looks and feels like the real world and they 
feel they are part of it. The feeling of “being there” “being part of it” is the central component that enables 
constructivist and constructionist learning, such as problem-based, experiential, and exploratory learning. 
Studies show that virtual 3D learning spaces support knowledge sharing and learning and contribute to the 
development of communication and interpersonal capabilities (Karsakov, et al. 2014). Other studies show 
that the transfer from VW to real life is easier and more possible than in other learning processes. Dede 
(1995) claimed that the ability to shape the space and interact with it is highly motivating and focuses 
attention.  
 
Girvan and Savage (2019), characterized VW activity according to the constructionist categories and found 
that in all these categories (collaborative learning, constructing an artefact, actively exploring, testing and 
extending understanding, shareable artefacts, bricolage [flexibility], invisible technology [immersion]) 
could be found in VW activity where constructionist learning is the main aim. The VW enables a new form 
of constructionist learning. It requires us to move beyond simply replicating traditional constructionist tools 
and be open to new and unexpected uses of technology. Experiencing, building, and creating in the VW, in 
flexible immersive and collaborative ways can enhance active and constructionist learning. 

3. RESEARCH QUESTION 

What are the advantages and disadvantages of teaching design via VW? 

4. METHOD  

A course on “Technology Thinking and Robotics” was taught remotely during the COVID19 restrictions 
in the 2021 spring semester. The distance created challenges such as: teamwork and collaboration, creating 
a solution from a distance and how to enable active and constructionist learning via Zoom.  The participants 
in this course were 24 undergraduate preservice teachers in the early childhood and primary education 
tracks. During the first half of the course (Technology Thinking) they studied how to design in teams of 
four through Project Based Learning (PBL). This part lasted nine 90-minute lessons. 
 
The VW environment for designing a solution of an ill-defined problem was created. This environment is 
based on PBL principles, emphasizing both a functional method for problem solving (Mioduser & Dagan 
2007) and the MDLV skills (Klapwijk & Stables, 2019) for active and constructive distance learning. The 
VW environment has seven spaces, with different colors as shown in figures 1 & 2 (Klapwijk & Stables, 
2019). Each space has six work areas with a desk, four chairs, three or four boards linked to: a) instructions; 
b) collaborative docs for documenting the process- e-portfolio; c) Google for gathering information; and in 
relevant spaces d) a collaborative board for presenting sketches of the ideas. On each table there is a ‘duck’ 
that asks the students reflective questions as part of the formative assessment and enables them to assess 
and improve their documentation. The lecturer is part of the e-portfolio, and the sketching groups, and can 
give formative assessment during the process and summative assessment at the end. At the entrance to each 
space, there is a button that indicates that the student worked in this space.  During the process the students’ 
design path is built and could help them reflect on their process. 
 
The learning process begins with an explanation about the design tools, skills, and how to behave in the 
VW and the Design Island. Each group of students choose their design brief and define their problem, look 
at the seven hexagons and decide on where to begin the process. They enter the chosen space, clicking on 
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the button at the entrance, sit on the chairs in their group area, read and follow the instructions. They 
document their process in the collaborative file, and sketch a collaborative Google drawing, click on the 
duck for the reflective and feedback questions, and decide what their next space will be. They can move 
from one space to another by clicking on a sign that is always on screen, or they can walk, run, or fly. They 
can chat or talk to each other in the group and with other groups. Students have to use all the spaces and 
can use them more than once, while choosing their preferred path. When the whole class has sketches of 
their ideas for the solution, all groups meet in the ‘sharing ideas’ space, to share and give each other 
constructive feedback (Wiliam, 2011, 2018). They presented their ideas and products to the other groups 
for feedback twice: once while sharing ideas and then at the end, when sharing the prototype of their 
solutions (see figure 2, pictures 3-6). 
 
After creating the solutions (products) in the real world, they take pictures and present them to the whole 
class in the VW. 
 

  

  

  
 
Figure 2. Pictures from the design VW 
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During the 2021 course,  24 female students studied design tools and skills in the VW environment. First, 
they learned how to behave in the VW and design their own avatars. They worked in groups of four and 
communicated (talking and working) in the VW environment. They used the VW as learners, creating their 
3D solutions-artefacts in the real world and presenting their pictures of them in the VW world. 

5. RESULTS 

The “Technology thinking & robotics” students’ use of the VW and learning to function in this environment 
takes time and requires patience. This, together with some other technical problems that occurred from time 
to time, was not easy for the students and some of them were frustrated. During the first two or three lessons 
the students had difficulties moving around and finding their way in the VW. After that, more and more of 
them felt comfortable and could focus on the task, cooperate with their teammates, and be creative.  
 
They worked in the VW, chose their path for using the design skills (from the seven spaces), collaborated 
from a distance, talked, move from one space to another, developed their ideas, created their solution, shared 
their ideas with other groups and completed their collaborative e-portfolio. These actions enabled them to 
solve their problem and develop their personal design mental models. 
 
It was found that the students moved from space to space according to their group path of using the design 
skills. They used all the spaces as requested and chose their paths but did not use the same space more than 
once. 
 
The groups’ design paths were not as helpful as expected, since, during the design process, students forgot 
to click on the button. Consequently, we were unable to use these paths for reflection and comparison 
between the groups as planned.  They made their prototypes in the real world and inserted their pictures in 
the VW to present them to the other groups (as shown in Figure 3). 
 

  

  
 
Figure 3. Sample pictures of the solutions 
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All the students used the ‘duck’s’ questions as feedback for what they had to pay attention to in their 
assignments and improved their process. 
  
In their reflections on the entire learning process, the students mentioned the sharing of their ideas and 
products events as very interesting and valuable. Moreover, most students (95%) claimed that their learning 
process would be much more valuable if they had the opportunity to build/create their solution within the 
VW. They also mentioned that the idea of making the decision which space to move to, moving from one 
colored space to another, and working in each space helped them understand what skills they should use, 
and how to use them. Some students (25%) even said that this helped them construct their mental model of 
design.   

6. DISCUSSION  

As found in other studies, practicing skills within the VW offers learners certain advantages: exposure to a 
range of scenarios in a way that is not possible in real life; being able to move around a virtual environment 
from space to space in light of the design tools and skills methods and based on PBL; learners could choose 
to meet in the VW with their avatars, at a time and place convenient to them. It also emerged that the VW 
learning environment has potential for activities such as role play, building and scripting, dialogic learning, 
the ability to make mistakes without real-world constraints, and receiving immediate feedback for the 
product (Savin-Badin et al., 2017). 
 
The four main advantages found in this case study that are similar to those found in other studies are 
socialization, presence and immersion in the VW, learning collaboratively and trajectories of participation 
(Savin-Badin et al. 2017). In this study we realized that the ability of the VW to enable the student to work 
collaboratively in teams in the VW spaces, discussing, raising ideas, deciding on the appropriate solution, 
sketching their ideas, reflecting on their process, presenting the ideas and the solutions to the entire class 
after immersion in the seven spaces is a huge advantage. This activity in the VW environment helps students 
develop critical thinking and problem-solving skills for real-world problems, while maintaining a high level 
of engagement with the subject and its outcomes (Gregory & Wood, 2018).  
 
The ability to choose their own path, work at their own pace and in their own time, work collaboratively 
from a distance, were all recognized as advantages by the students, especially in the COVID-19 pandemic 
when most of their courses were taught synchronously via Zoom. 
 
The main disadvantage is the technology: firstly, resources are needed to develop the learning environment, 
secondly, it takes the students time to get used to functioning and learning in these spaces, and finally 
technology malfunctions may need to be dealt with. 

7. CONCLUSIONS 

This case study experiment to teach design skills to preservice teachers in HE was very interesting for both 
the students and the lecturer. 
 
The advantages of teaching design via VW are: 

• Working as avatars whenever and wherever they wanted. 
• Working collaboratively in groups on a design project.  
• The fact that each group could be flexible and choose their own design path. 
• Immersion in the VW environment that enabled them to construct their appropriate mental model.  
• Formative as well as summative assessment. 
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The disadvantages of teaching design via VW are: 

• Initially the students had problems using the ‘Eureka World’ VW environment and experienced some 
technological malfunctions along the way. 

• Making the solution/product/artefact should be done in the VW as part of the whole process, and not in the 
real world. 

As a result of 2021 experience, it was decided that in 2022 two courses involving learning design will be 
taught in the same VW learning environment, even if studies are on campus, with a few changes: 1) Design 
tools (the functional method) (Mioduser & Dagan, 2007) will be taught followed by the related design skills 
(Klapwijk, 2018); 2) the designed work space will allow students to create their solution in the VW, and 3) 
the learning process will be accompanied by detailed research. 
 
Although, this current experience and research was limited to one course in one particular college (Beit 
Berl), we believe that the VW and other technologies (Virtual Reality, Augmented Reality and Artificial 
Intelligence) must all be integrated into our learning environment in order to fulfil our pedagogical aims to 
enhance active and constructive learning. Moreover, wider experience and further research to examine the 
integration of those technologies into educational practice is necessary. 
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Abstract 

Internationally, design-based learning has been adopted as the backbone teaching and learning 
methodology for technology related subjects. However, teaching and learning through the medium 
of designing remains challenging as teachers’ understandings and approaches to the processes of 
design vary considerably. In the Irish context, design based learning has recently been adopted by 
all four technology subject specifications in the latest curriculum reform for the Junior Cycle. In 
light of this, it is critical that professional development opportunities are created to develop teachers’ 
expertise of implementing design-based learning.  

The aim of this paper is to present a descriptive case study in which the resource, Make Design 
Learning Visible (MDLV) was used to develop (N=89) preservice technology teachers’ ideas of 
planning and implementing design based activities. This paper focuses specifically on preservice 
students’ developing ideas about designing, design skills and design tools to choreograph design 
learning opportunities. To generate data, the participants were involved in a 6-hour design activity, 
while creating a semi-structured design portfolio and engaging in a retrospective reflective activity. 
This reflective activity involved the mapping of their individual process of designing, discussing the 
development of their design skills and using design tools to choreograph their process of designing. 
A thematic analysis was carried out on student reflections which provides insights into the 
effectiveness of the MDLV framework in developing design pedagogy skills in pre-service teachers.  

Key Words Design pedagogy, Design skills, Design tools. 

1. INTRODUCTION 

At an international level, design-learning approaches are viewed as the cornerstone teaching and learning 
methodology in technology education curricula. Yet, learning to implement effective design pedagogies is 
a challenging feat (Davis, 2017; Stables, 2020). Currently, numerous educational policy documents 
emphasise the development of design knowledge, skills and values at the heart of technology education, 
but, there still seems to be a general lack of a unified view of what design pedagogy in a classroom 
environment entails (de Vries, 2016; Stables, 2020). Additionally, the diverse and limiting definitions of 
‘designing’ tends to result in a neglect of the complexities involved in the engagement of design-learning 
(Haupt, 2015; Stables, 2020). For the purpose of our paper, we define the following design-related terms 
as following:  

• Designing: The process of identifying and addressing socio-technological design challenges by imagining, 
modelling and evaluating future realities that do not yet exist (Kimbell and Stables, 2007). 

• Design-learning: Learning technological knowledge, skills, values and dispositions (capability) through the 
medium of designing (Kimbell and Stables, 2007). 

• Design pedagogy:  Using pedagogies of speculation, modelling and imagining, materiality, critique, 
collaboration and need-to-know to teaching students technological capability through the medium of 
designing (Stables, 2020).  
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Although several studies have reported on the benefits, challenges, and opportunities inherent in adopting 
a design pedagogy approach, ways to develop such pedagogical expertise is undocumented and research in 
this field is still emerging. Currently, studies on designing in school contexts have gained traction as an 
emerging topic of interest (Koh et al., 2015), however, very few studies have reported on the way pre-
service teachers develop design expertise and how they learn how to teach through designing (Haupt, 2018). 
As such, ongoing research is important to understand how pre-service teachers could be best supported in 
learning to implement design pedagogies. In her review on studies focusing on design in teacher education, 
Haupt (2018) found that very few studies in Design and Technology Education have pre-service teachers 
as an area of focus. Furthermore, of the available studies she identified, only a limited number focused on 
teachers’ developing ideas and implementation of designing. As such, there seems to be a need for 
understanding how preservice teachers’ ideas about designing and design pedagogy develop, so that we can 
better support them in their pre-service education. 
 
The purpose of this paper is to examine pre-service teachers’ developing ideas about effective design 
pedagogy after engaging in a unit on planning and implementing design learning. We draw together a few 
contemporary frameworks for describing design teaching and learning. More specifically, we use the 
Signature Pedagogy framework of Stables (2020) and an adaptation of the Make Design Learning Visible 
(MDLV) framework (Klapwijk et al., 2019). From this study, we recommend a framework for supporting 
the development of pre-service teachers’ design pedagogy expertise. 

2. METHODOLOGY 

In this study, a descriptive case study approach was used to explore third year pre-service teachers’ 
developing concepts of designing. This design allowed us to use a variety of open-ended reflective tasks to 
explore how the participants’ conceptions of design pedagogy developed during a 4-week module on 
implementing effective design pedagogy. N=89 participants were conveniently selected based on their 
involvement in the pre-service technology teaching programme. 
 
Data were collected by means of weekly reflections, after engaging in design-based learning and teaching 
tasks. The weekly reflections were structured using question prompts, such as: 

• Before engaging this this activity, my ideas of design were… 
• After engaging in this activity, my ideas of design were… 

Data were analysed, using Braun and Clarke’s (2006) thematic analysis procedures. Three superordinate 
themes were identified, namely, growing understanding of designing, guiding designing and potential for 
learning during designing.  Intercoder reliability was utilised to enhance the trustworthiness of the results. 

3. RESULTS  

A total of three themes and 8 sub-themes emerged from analysing the participants’ responses to the 
reflective questions. These themes reveal inter alia different ideas about design pedagogy, but more 
specifically how students’ ideas of design pedagogy develop during the course of their pre-service 
education. The main themes and sub-themes are outlined in Figure 1. 
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Figure 1. Emergent themes from the participants’ reflective statements 

3.1. Theme 1: Growing understanding of designing  

The first theme uncovered in students’ reflective responses dealt with their growing understanding of 
learning through the medium of designing.  

3.1.1. Linear to iterative 
Many of the participants indicated that they used to have a linear view of designing. For example, one 
participant commented that “My initial experience of designing from early in secondary school was that 
there was a rigid and set order to follow to come up with your design. You completed one aspect of design 
moved on to the next and forgot about the section you had just completed because it was done and there 
was no need to revisit it or add to the section”. This view was echoed in similar responses such as “When 
I first started into this design portfolio task my thoughts on designing were that there is a step-by-step 
procedure on how you design your ideas”. However, as students engaged in their own processes of 
designing, using intermittent reflective and mapping activities to make them aware of their processes, their 
ideas of designing started to transform.  For instance, one participant noted that Once I began mapping the 
design skills to my portfolio, I realized that in reality I used more of a nonlinear design process. The 
mapping of their design processes seemed to have supported their growing understanding and created 
awareness of the dynamic nature of designerly activities. This mapping exercise was supported by another 
participant, reflecting that “my views on designing started to change when I began to see the benefit of not 
following the set order of design steps. I would allow my design process to be more fluid and go in whatever 
order I saw best fit for my project. This mindset was mirrored in the portfolio activity where we went back 
and mapped each design skill to the activities”. Having a developing understanding of the dynamic nature 
of designing seems to influence the participants’ perceptions of the complexity of designing, outlined in the 
next sub-theme. 

3.1.2. Simple to complex 
In engaging with a design activity, and planning an open-ended, choreographed design task, the participants 
seemed to develop a more holistic and complex view of design pedagogy. For example, one participant 
noted that “I had little to no prior knowledge on design skills. I had thought of design as one skill and not 
the accumulation of many skills. When I was in school, we never really looked at design in detail, it was 
looked at as a skill that was held in the same regard and using a file or the lathe. However, now I see that 
design should be looked at in the same light as all the manufacturing skills together and the different skills, 
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like sharing ideas and making productive mistakes should be looked at in the same regard as using a file 
or the lathe. This complex view was echoed by another student, saying that “before beginning this portion 
of the module, I had a much narrower view of the concept of design. Within design, I was aware of some 
simple processes e.g., the iterative design process (below), however I had no in-depth knowledge of this 
and of many other design aids, tools, and process if I am to be completely honest”. Both views reflect the 
growing understanding of the participants’ views on designing. More specifically, both of these participants 
mention their growing conception of designing as requiring a compilation of design skills, not only as one 
skill, as previously conceived. These skills were made explicit using the MDLV framework. 

3.1.3. Role of designing in manufacturing 
Students also noted their growing understanding of the importance of developing design skills to support 
manufacturing processes, acknowledging that designing was often neglected in their own technology 
education. One participant notes that “I would have been more concerned with the manufacture of a project 
or design idea taking into account trade skills and workshop processes as being the centre of the task. I 
now view the process of design as being as important as the end product, if not more important. Another 
participant identified that “In my own personal experience, the design process is often skipped over in order 
to concentrate on an end product, due to exam and curriculum pressure. But if the design process is given 
enough attention and leaves room for mistakes, students can gain a lot more than making something the 
teacher designed for them in order to save time. Both of these participants identified that designing is often 
neglected to make more time for manufacturing during technology education. However, this is at the 
expense of developing a more holistic approach to technological capability, in which designing and 
manufacturing needs to carry weighting appropriate to the context of the learning activity.  

3.2. Theme 2: Guiding designing  

The second theme reflects students’ growing understanding of implementing effective design pedagogy in 
the classroom. Prior to this intervention, students had limited experience in teaching through the medium 
of designing. Their own classroom experience contributed to their naïve understandings of how to guide 
their pupils’ processes of designing. We identified two sub-themes in the reflections illustrating the 
participants’ new insights into the guidance of pupils during designing. 

3.2.1. Leading process not thoughts 
It was clear from reading the participants’ reflections that guiding designerly activities was complex and 
difficult for them. However, after engaging in design tasks themselves, participants’ insights on structuring 
and guiding the processes of design for their future pupils seemed to emerge. For instance, one participant 
noted that “The difference in the way that I experienced designing is that as a teacher, I can steer the design 
process, but not the student’s design ideas. Another student elaborated on this notion by explaining that 
“For example, using activities such as Scamper and the Choice box allow pupils to generate and evaluate 
ideas, but does not specify which ideas to generate and evaluate”. The participants seemed to recognise the 
need to not dictate what ideas students should have but should be able to structure the process so students 
can generate and get clarity on their ideas as they emerge.  

3.2.2. Structuring the iterative process through design tools and skills 
One way of structuring the processes of design for their pupils was by means of design tools that students 
could map as activities in a lesson plan. In their module of study, students were exposed to a range of design 
tools that can be used to support the learning of the design skills in the MDLV framework. For instance, 
one participant noted that “I believe that each tool within the project creates a path and a direction that 
guides the pupil throughout the design process. For example, in the project you carry out a modelling 
process which can be put under Making Ideas Tangible, from this you move onto the Scamper process 
which falls under Thinking In all Directions. These Skills fall into a natural progression of sorts from 
bringing an idea to life to again thinking about that model and design and try and get you to alter it and 
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make it better. This direction and path allow for a free-flowing design project, and I personally felt like all 
the different tasks flowed into each other and complemented each other really well.  
 
So, by engaging with the design tools in their own design project, the participants were able to see how 
design tools can be used to support both learning design skills and developing students’ design ideas in 
tandem. Another participant explained that “These design tools provided additional structure to my design 
process as they helped to develop my ideas little by little, piece by piece with every new task I completed or 
design tool I used. The design tools were ordered in such a way that I was constantly developing my 
thoughts and ideas by using the previous task and adding certain details or adaptations to my ideas and in 
some cases even providing a new way of looking at them to obtain a different perspective on the task and 
the design requirements. These two emergent sub-themes demonstrate students growing awareness of the 
complexity in facilitating and supporting students’ own designerly learning processes. The participants in 
this study came to realise that design pedagogy serves two functions, namely supporting opportunities for 
students to learn about their own design capability as well as providing opportunities to move students ideas 
and thinking forward. The design tools and activities formed the backbone for creating such a dual learning 
path. 

3.3. Theme 3: The learning potential of design tools 

The final theme that emerged from reading student reflections deals with students growing awareness of 
the learning potential in using design as a vehicle for learning. Some of the emerging sub-themes reveal 
some of the challenges that students experienced in engaging with the design tasks and how the design 
activities supported them in overcoming these challenges. 

3.3.1. Blank Canvas 
The first challenge the participants experienced, was a lack of ideas at the start of their processes of 
designing. For instance, one participant mentioned that “I found the design tools/activities in this design 
portfolio to be very helpful, especially at the beginning of a design task when you might be struggling to 
come up with ideas”. Another participant explained that “This was my first time using the SCAMPER 
method and ACCESSFM. From doing the scamper method during this portfolio I found it a very good way 
to brainstorm ideas if I was drawing a blank. This design activity really helped me to kickstart my thinking 
for this design task. It gave me 7 different ideas on what I could do for my design.  

3.3.2. Empathy 
Some of the participants noted that they have not really considered the role that empathy plays in supporting 
design work. One participant remarked that “I now view empathy as being a strategic part of the design 
process and it is something that I would incorporate into my future projects as a technology teacher. If a 
designer does not have empathy for the end user that they are designing for, then the final product cannot 
be used by the user to its full advantage or potential in my opinion. The use of the persona design tool 
seemed to guide students’ directly to clarifying the user requirements in their design ideas. “I found the 
persona sheet to be very useful when creating a design idea. By narrowing the product down to a user, I 
was able to identify a problem that that user was having which gave me further information to use and 
focus on when creating my ideas”. 

3.3.3. Dealing with fixation 
The final challenge students experienced was design fixation. One of the main problems I even face as a 
person with plenty of design experience is idea fixation. By scaffolding the design process with design tools 
and activities you can overcome this problem that prevents quality designing to flourish. To overcome the 
challenge of fixation, another participant recommended the use of peer feedback design tools. For example, 
Once I come up with my initial idea, I find it very hard to ever develop it further. The peer feedback activities 
are majorly beneficial to overcome this issue. 
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4. DISCUSSION AND CONCLUSION 

The results of this study highlights the development of pre-service teachers’ conceptions of designing and 
design pedagogy as they engaged in a unit of learning in implementing effective design pedagogy. In terms 
of their developing ideas on designing, it was evident that they understood designing to be a recipe to be 
followed, simplistic and did not necessarily understand its purpose in a design and make activity.  One way 
in which these naïve conceptions were challenged, was when students were asked to map their processes 
of designing and comparing these maps with that of their peers. This strategy has previously been 
demonstrated as an effective way to make engineering students aware of their own design processes (Atman 
et al., 2014). In this way, the richness in their thinking processes could be discovered and compared with 
each other creating dialogue that helped them get clarity in relation to the role and purpose of designing. 
 
In terms of their developing ideas of design pedagogy, the participants realised the need for guiding iterative 
processes of design that do not prescribe ideas for students. The participants also realised the need to find 
ways to structure a messy process for their students. Unfortunately, although the literature acknowledges 
the non-linear and iterative nature of designing, very few guidelines exist to support pre-service teachers 
with and without a design background to teach in effective design studio environments (Davies, 2017). The 
focus on specific design skills, design tools and curriculum prescriptions for design learning further 
supported students to learn from their own processes of designing. In this study, we saw how pre-service 
teachers realised the value of design tools in addressing common problems such as lack of design ideas, 
fixation, limited empathy and individualistic approaches to designing. Although most of these challenges 
have previously been explored, in the context of primary and secondary school settings, very few studies 
have explored how pre-service teachers in design and technology education are supported to overcome 
these challenges, or how teachers learn to support their students during these challenges. 
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Figure 2. Framework for supporting pre-service teachers in developing design pedagogy. Adapted from Stables (2020), 
MDLV (2018) and NCCA (2018). 
 
As a result of this study, we are in the process of developing a framework to support pre-service teachers’ 
development of design pedagogy.  This framework is shown in Figure 2. The proposed framework 
developed as a result of the implementation of the MDLV framework in our institution. We observed that 
this framework along with the curated design tools and the reflective tasks, supported students developing 
understanding of the purpose of design education, and methods and tools to realise these purposes by 
making the design learning visible for themselves. This led us to the compilation of contemporary 
frameworks of design education to support preservice teachers in their journey to learn about and through 
design pedagogy. More specifically, we propose the combination of Stables’ (2020) Signature pedagogies 
with our adaptation of TU Delft’s Make Design Learning Visible (2019) framework with embedded links 
to the national curriculum specifications. In our case this was the Irish suite of technology subjects. We also 
integrated a range of design tools and activities that are common within design disciplines in Higher 
Education (Martin & Hanington, 2012) and school based design activities that were developed by D&T 
teachers associations or research groups, such as TERU in the UK.  
 
In this case study, the framework supported pre-service teachers to learn about the complexity involved in 
designing and facilitating design tasks. For instance, that designing consists of its own body of knowledge, 
skills and values that should be cultivated in technology classrooms. The framework also provides some 
insight for technology education lecturers to facilitate hands-on design projects in which this growing 
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understanding of designing can be cultivated. The findings of this study contributes to the emerging field 
of teaching design pedagogy to pre-service and in-service design and technology teachers. 
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Abstract 

The expectations, experiences and performances of the first cohort of technology students enrolled 
for the programme with a parallel approach to the development of PCK at a university were 
researched for four years since 2016. The findings of previous stages of this longitudinal study were 
reported at the PATT36 and 38 conferences. This paper focuses on students who did not do 
Engineering Graphics and Design (EGD) at school in year 12 (age 18). During the first three years 
of their BEd the programme diverted from a linear to a parallel approach to the development of PCK 
whereby they did Engineering Graphics and Technology Education (EGTE) to third-year level 
combined with Physical Sciences or Geography or Mathematics to second-year level. During their 
fourth and final year they did their work-integrated learning period (WIL or school practical). 
However, it was unknown whether diverting from a linear to a parallel approach to the development 
of PCK was a viable option for students without EGD at school. The purpose of this research was 
to establish whether students without EGD in year 12 can cope with the parallel approach by 
successfully completing their initial professional development. A mixed-method methodology was 
utilised including the recording of students’ academic performance at the end of each year. To 
determine their experiences various open and semi-structured questionnaires were completed and, 
a focus group interview was done after the completion of their seven-week WIL. The research 
questions were: How did the students without EGD in year 12 experience the innovative changes to 
the lecturer’s pedagogy while progressing from EGTE 1 to EGTE 3? What were the students’ 
experiences of WIL? The findings revealed that these students had positive experiences throughout 
their four years of study and that they valued the creative pedagogical practices by lecturers. With 
the required support they received from their mentor teachers during WIL they were able by 
successfully completing their BEd degree. The most important lesson learned is that diverting from 
a linear to a parallel approach to the development of PCK is viable. 

Key Words: Pedagogical content knowledge, Technology teacher education, Mentor teachers. 

1. INTRODUCTION 

To expand the opportunities available for technical education in South Africa the Department of Education 
launched a Technical High School Turnaround strategy in 2013. Some of the objectives were to increase 
the number of students enrolled in technical subjects, to increase the human resource capacity for the 
offering of technical subjects and to involve higher education institutions to support technical schools in 
achieving these outcomes. Engineering Graphics and Design (EGD) is an elective in years 10–12 in some 
academic schools in South Africa (Ankiewicz, 2021).   
 
Despite technology-related subjects being regarded as scarce subjects, extremely low numbers of students 
have opted for these subjects in the Initial Professional Education of Technology Teachers (IPETT) 
programme at the university where the research was done. From 2013 to 2015 student enrolment dropped 
from 17 to eight to zero respectively. Even with the availability of state bursaries for prospective student 

mailto:rinag@uj.ac.za


292 
 

PATT 39 Conference Proceedings June 2022 
 

teachers of the priority subjects it is still common practice in South Africa to put the intake of new cohorts 
of technology student teachers on hold due to small numbers (Grobler, 2018; Grobler & Ankiewicz, 2022). 
Similar problems exist in other parts of the world, for example in England where the subject design and 
technology is in “serious decline” (Bell et al., 2019:234). To combat the trend of decreasing enrolment 
numbers for the four-year BEd degree in technology education, alternative entrance requirements were 
implemented in 2016. Engineering Graphics and Design (EGD) at senior secondary level (year 12, age 18) 
as entrance requirement was abandoned and Engineering Graphics and Technology Education (EGTE) as 
major at third year level could be combined with Physical Sciences or Geography or Mathematics to second-
year level. During the first three years of their study the programme diverted from a linear to a parallel 
approach to PCK development in technology teacher education whereby students had to take the school 
subject EGD and their majors (discipline knowledge) simultaneously to develop their PCK. To better 
accommodate the students who did not have EGD in year 12 the researchers realised that they had to 
reconsider the pedagogical practices for this parallel approach to PCK development (Grobler, 2018, 2019; 
Grobler & Ankiewicz, 2022). However, it was unknown whether diverting from a linear to a parallel 
approach to the development of PCK was a viable option for students without EGD at school. 
 
The purpose of this research was to establish whether students without EGD in year 12 can cope with the 
parallel approach by successfully completing their initial professional development. Their initial 
professional development consists, inter alia, of two distinct parts, namely studying discipline knowledge 
in their major (EGTE 1, 2 and 3) for the first three years followed by work-integrated learning (WIL) as 
part of professional training in their fourth year. To ascertain whether these students can cope with the 
parallel approach by successfully completing their initial professional development the research questions 
were:  

1. How did the students without EGD in year 12 experience the innovative changes to the lecturer’s 
pedagogy while progressing from EGTE 1 to EGTE 3? 

2. What were the students’ experiences of their work-integrated learning (WIL)?  

2. CONTEXT OF THE STUDY 

Due to the more flexible curriculum options and alternative entrance requirements, more intensive support 
was provided to the students who entered the programme without having done EGD in year 12. During 
their first and second year of study a double period per week was assigned for practical apprenticeship for 
year 10–12 EGD, which was facilitated by an expert who was appointed as a tutor and provided guidance 
in a peer-based collaborative learning environment (Jakovljevic & Ankiewicz, 2016). During these tutorials 
the purpose of the interaction between the expert and the novice students was particularly to develop their 
procedural knowledge (knowing how). During their second year of study an additional expert was appointed 
as a tutor assistant to provide individual attention during the tutorials and consultation times to assist the 
students to cope better with the learning content. However, during their third year of study the module only 
consisted of lectures, and no tutorials, tutor, or tutor assistant were available for extra help. The students 
had to take full responsibility for their own learning.  
  
During the IPETT programme the students had gained discipline knowledge in their major (EGTE 1, 2 and 
3), generic pedagogy (Teaching Studies 1, 2, 3, 4 and Teaching Methodology and Practicum 2), as well as 
specialised pedagogy (Teaching Methodology and Practicum focusing for Senior Phase [year 7–9]) and 
Further Education and Training Phase [year 10–12]). During their third and fourth year the students also 
did the school subject knowledge for EGD, in line with the Curriculum Assessment Policy Statement 
(CAPS) for Senior Phase (DBE, 2011a) and Further Education and Training Phase (DBE, 2011b). During 
their final year these students had to do ten weeks of WIL in approved schools; three consecutive weeks 
during the first semester and seven consecutive weeks during the second semester.  
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3. LITERATURE REVIEW AND THEORETICAL BACKGROUND 

3.1. Collaborative learning environment 

A tutorial is seen as a cognitive and practical apprenticeship with coaching, scaffolding and prompting in a 
collaborative learning environment (Jakovljevic & Ankiewicz, 2016). According to Arzello et al. (1993) 
cognitive apprenticeship is an interaction between an expert and a novice aimed at enhancing the cognitive 
and metacognitive skills of students (Jakovljevic & Ankiewicz, 2016). It helps to improve the performance 
of students because tutors assist in making academic knowledge accessible and provide epistemological 
access (Boughey, 2005). In this case, the tutor as the expert, with the help of an assistant tutor, are actively 
involved in coaching and scaffolding the development of students’ engineering graphics and design skills 
within a community of practice. Communities of practice are conducive to the development of PCK (Banks 
et al., 2004). 

3.2. Pedagogical content knowledge  

Shulman (1986) introduced the well-known, theoretical construct of pedagogical content knowledge (PCK) 
to represent the knowledge applied by teachers when transforming their own content knowledge to make it 
comprehensible to learners. Content knowledge does not only refer to knowledge of the facts and concepts 
of a domain, but it also requires the understanding of the structures of the subject matter (Shulman, 1986). 
Pedagogical knowledge “goes beyond knowledge of subject matter per se to the dimension of subject matter 
for teaching” (Shulman, 1986:9). According to Shulman (1987:8) PCK “represents the blending of content 
and pedagogy into an understanding of how particular topics, problems, or issues are organized, 
represented, and adapted to the diverse interests and abilities of learners, and represented for instruction”. 
Therefore, PCK depends on a teacher’s content knowledge, pedagogical knowledge and on how the teacher 
transforms this knowledge into various forms that enable learners in different learning environments to 
understand the subject matter (Shulman, 1987). 

3.3. PCK in technology education 

Shulman and Sherin (2004) argued that teaching and learning must be viewed in discipline-specific 
perspectives. According to Williams (2016) there is limited research into technology teachers’ PCK. It was 
already mentioned that PCK depends on a teacher’s content knowledge and pedagogical knowledge but the 
structures of the subject matter in technology education are problematic (Gill, 2019) as it encompasses not 
only conceptual knowledge (knowing that), but also procedural knowledge (knowing how) (Ankiewicz, 
2015; Ankiewicz et al., 2006; McCormick, 1997; Williams & Lockley, 2012). With sufficient PCK, 
teachers can respond to students productively (Jones & Moreland, 2004). According to Carlsen (1993) PCK 
and associated classroom instruction vary by topic, particularly across topics with different levels of content 
knowledge and can be found in the instructional plans that teachers create and in the reasons behind their 
pedagogical decisions (Gess-Newsome, 2015). It follows that PCK is situated in a specific teacher’s 
experiences (Doyle et al., 2019a, 2019b) and practices. In a collaborative learning environment (Jakovljevic 
& Ankiewicz, 2016) where students are given support to find out how things work, to make things work, 
they will have better chances to develop their technological capability (Jones & Moreland, 2015).  
 
Regarding the development of professional thinking in technology student teachers, Grobler and Ankiewicz 
(2022) referred to more scholarly work in the field. According to Williams (2008) developing subject-
matter expertise is a valuable component of developing professional thinking in technology student 
teachers. Barak and Waks (1997:189) stated that “All the decisions that the teacher has to make in 
connection with organizing lessons and every step taken to apply them in the classroom are conditional 
upon the teacher’s depth of subject-matter knowledge and the typical reasoning structures of each 
discipline”. Teachers’ knowledge about the structures of the subject matter influences the way in which 
they teach and therefore teachers who know more about a subject will be more interesting and adventurous 



294 
 

PATT 39 Conference Proceedings June 2022 
 

in their methods and, consequently, more effective (Banks, 2008). As technology student teachers develop 
their own PCK they need to understand that there is a constant tension between the knowing that and the 
knowing how in technological activity (Gill, 2019).  
 
A more extensive review of the literature on PCK (Grobler & Ankiewicz, 2022), indicated that De Miranda 
(2018) distinguished between four methodologies to measure PCK in technology education, namely the 
construct measurement method (Rohaan et al. 2012), the topical content knowledge measurement (Fantz et 
al., 2011), the content representation approach (Williams et al. 2016), and the combined knowledge 
measurement approach (Hill et al., 2008). 
 
The authors will use the construct ‘discipline knowledge’ (Engelbrecht & Ankiewicz, 2016) when referring 
to someone’s understanding of technology as a field of study at university level. The knowledge about 
teaching technology, i.e. pedagogical knowledge, is the knowledge a teacher uses to make the subject 
content comprehensible to learners (Engelbrecht & Ankiewicz, 2016). Having studied technology as a 
school subject forms the basis of PCK development in technology teacher education, which in principle 
implicitly assumes a linear development from technology as school subject to technology as university 
discipline. This principle underlies a statement like “It is assumed that students bring specific subject-
specific knowledge with them, which can influence their classroom practice…” (Slatter & France, 
2018:632). Nonetheless, the scholarship of PCK acknowledges that not all PCK is develop in the same way 
with different people (Grobler & Ankiewicz, 2022).   

4. OVERALL RESEARCH DESIGN AND PROGRESS OF THIS LONGITUDINAL STUDY 

A quasi-experimental design was adopted for this longitudinal study due to the small population size and 
the subsequent lack of randomisation. The target population consisted of technology student teachers who 
enrolled for the 4-year pre-service teacher education qualification for the first time in 2016 (Cohort 1) and 
2017 (Cohort 2) at the university where the research was conducted. A mixed-method approach was 
followed whereby both quantitative and qualitative data were collected (Creswell, 2003, 2005) over four 
consecutive years for Cohort 1 and two consecutive years for Cohort 2. Ethical clearance was granted for 
this study as it adhered to all the required conditions set by the Research Ethics Committee of the university 
concerned.  
 
This longitudinal study was reported at different stages of its development during the past five years 
(Grobler, 2018, 2019; Grobler & Ankiewicz, 2021, 2022). Table 1 summarises the various reports (column 
1) in terms of the participants’ academic profiles (i.e. academic major on first-year level (EGTE 1), second-
year level (EGTE 2), third-year level (EGTE 3) and work-integrated learning [WIL] (Column 2); the 
purpose of the research (column 3); and the aspects of the research (column 4). 
 
Table 1. The focus of the various reports 
 
Report Participants’ 

profiles 
Purpose of 
research 

Aspects of the research 

PATT 36 
(Grobler, 
2018) 
 
 
 
 
 
 

Students with 
or without 
EGD in year 
12 (Cohort 1, 
EGTE 1 & 2; 
Cohort 2, 
EGTE 1)  
 
 

To explore 
innovative and 
imaginative ways 
to address the 
concerns of low 
enrolment 
numbers to build 
human capacity 
 

Innovative curriculum options and entrance 
requirements 
 
Changes to lecturers’ pedagogy 
 
Comparison between expectations, experiences, 
and performances of first year students from 
Cohort 1and first year students from Cohort 2 
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ICET 
(Grobler, 
2019) 
 
 
 
 
 
 
 
 
 
 
International 
Journal of 
Technology 
and Design 
Education 
(Grobler & 
Ankiewicz, 
2022) 
 
 
 
 
 
 
 
 
 
 
PATT 38 
(Grobler & 
Ankiewicz, 
2021) 
 
 
 
 
 
PATT 39 
(to be 
presented at 
the upcoming 
conference) 
 

 
 
 
 
 
Students with 
or without 
EGD in year 
12 (Cohort 1, 
EGTE 1 & 2)  
 
 
 
 
 
 
 
 
Students with 
or without 
EGD in year 
12 (Cohort 1,  
EGTE 1 & 2; 
Cohort 2, 
EGTE 1 & 2) 
 
 
 
 
 
 
 
 
 
 
 
Students with 
or without 
EGD in year 
12 (Cohort 1, 
WIL in year 
4) 
 
 
 
Students 
without EGD 
in year 12 
(Cohort 1, 
EGTE 1, 2 & 

 
 
 
 
 
To explore 
innovative and 
imaginative ways 
to address the 
concerns of low 
enrolment 
numbers to build 
human capacity 
for the fourth 
industrial 
revolution 
 
 
To establish 
whether the 
viability 
technology 
student teachers 
taking the school 
subject technology 
and developing 
discipline 
knowledge 
simultaneously 
within the broader 
development of 
their PCK 
 
 
 
 
To explore the 
students’ 
experiences and 
competencies 
during their final 
year work-
integrated learning 
period  
 
To establish 
whether students 
without EGD in 
year 12 can cope 
with the parallel 
approach by 

Comparison between expectations, experiences, 
and performances of students from Cohort 1 in 
their first year and when they are in their second 
year   
 
Innovative curriculum options and entrance 
requirements 
 
Changes to lecturers’ pedagogy 
 
Comparison between expectations, experiences, 
and performances of first year students with or 
without EGD in year 12 
 
Comparison between expectations, experiences, 
and performances of students between their first 
year and second year  
 
Innovative curriculum options and entrance 
requirements 
 
Changes to lecturers’ pedagogy to meet the 
needs of students who followed a parallel 
approach to PCK development 
 
Comparison between academic performance in 
the majors (discipline knowledge) of first- and 
second-year students with or without EGD in 
year 12 between Cohort 1 and Cohort 2 students 
 
Comparison between expectations, and 
experiences of students with or without EGD in 
year 12 in their first year to that when they are 
in their second year between Cohort 1 and 
Cohort 2 students 
 
Comparison between the WIL experiences of 
students with or without EGD in year 12  
 
Comparison between the teaching competencies 
of students with or without EGD in year 12 
 
 
    
 
Students’ experiences of the innovative changes 
to the lecturer’s pedagogy while progressing 
from first to third year 
 
Students’ experiences of WIL 
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3, WIL in 
year 4) 

successfully 
completing their 
initial professional 
development  
 

 
The purpose of this paper is to establish whether students from Cohort 1 without EGD in year 12 can cope 
with the parallel approach by successfully completing their initial professional development. Extreme 
sampling, a form of purposeful sampling (Creswell, 2005; Flick, 2009) was used whereby all the final-year 
technology education students, who did not have EGD in year 12, were the participants.  
 
We explored how these students experienced the innovative changes to the lecturer’s pedagogy while 
progressing from EGTE 1 to EGTE 3 by collecting qualitative data by means of various open and semi-
structured questionnaires over a time span of three consecutive years. It was mentioned earlier that the 
innovative changes to the lecturer’s pedagogy consisted of tutorial sessions with support from the lecturers, 
the tutor, the tutor assistant within a social constructivist, co-operative learning environment with ample 
opportunities for cognitive and practical apprenticeship in a community of practice.   
 
Each student was placed at a different school for the seven-week WIL period. After the completion of this 
period a one-hour focus-group interview was held with the students who did not have EGD in year 12. The 
interview was facilitated by an expert in the field of study and the co-author of this paper. During the 
interview the students were requested to share their experiences at the schools during the WIL period. 

5. FINDINGS 

5.1. Qualitative data related to students’ experiences of the innovative changes to the lecturer’s pedagogy 

The quotations (column 2) indicated in Table 2 are representative of the students’ experiences of the 
innovative changes (column 1) to the lecturer’s pedagogy (including the following aspects thereof, namely 
the lecturer, tutor, tutor assistant and peers as part of the community of practice). 
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Table 2. Examples of students’ feedback on their experiences while progressing from EGTE 1 to EGTE 3 
 

 Aspects Students without EGD in year 12 
 
 

Experiences of EGTE 1 
 
 
 
 
Experiences of the teaching in 
EGTE 2: 
Lecturer 
 
 
 
Tutor 
 
 
 
Tutor assistant 
 
 
 
Peers 
 
 
 
Experiences of EGTE 3: 
Dealing with the situation that there 
is only a lecturer 
 
 
 
 
 
Assistance from lecturer and/or 
peers 
 
 
 
 
 
 
Being responsible for your own 
learning 
 

‘EGTE 1 was one of the hardest modules but the lecturer and the 
tutor together with my friends really helped me a lot. Truly speaking 
and from the bottom of my heart first semester module, EGTE 1 was 
hell of a module. The thought of quitting was always on my mind.’ 
 
 
 
‘The lecturer has made my learning experience fruitful by explaining 
to us the requirements of what needs to be done, and also offers 
assistance with regards to what has been covered in the classroom’. 
 
‘The tutor has been good in terms of simplifying concepts and 
offering assistance with any problems we may encounter in the 
tutorials. The experience with the tutor has been excellent.’ 
 
‘Offers great help and assistance at all times. The assistant also 
makes sure that she makes times for consultations and also helps in 
clarifying concepts which are challenging.’ 
 
‘My peers offer great assistance and support with regards to the 
content covered in class and in tutorials. We often prepare for 
assessments together and helping each other in academic related 
issues.’ 
 
 
‘I think it was a good experience to learn to study on my own without 
depending on the tutor for help. What was positive about it as well 
was that we practised calculations with our lecturer during the 
lecture. He did not only rely on theory but practical too. Not having a 
tutor even made us to study more and we consulted to with our 
lecturer where we encountered problems.’ 
 
‘Our lecturer explains topics in depth. He then goes beyond the 
scope of the topic in order for us to have a better understanding of 
what it is that we are being taught. He was always available and 
provided adequate assistance.’ 
‘Having to get assistance from fellow student had me improve my thinking 
and reasoning skills. I could not have done much better without their 
assistance.’ 
 
‘It is always important to be punctual and to attend classes regularly. 
If you get to class late, you distract the lecturer, other learners and 
even yourself get disturbed because you find that the lecturer has 
already moved on with the lesson and he/she cannot go back just 
for one person who decided not to be punctual and committed to 
his/her school work’. 

   
 
Students indicated that they appreciated the assistance from the lecturer throughout the three years. During 
the first two years of their study, they valued the collaborative learning environment which included the 
tutor, the tutor assistant, and their peers. During their third year the students were able take full 
responsibility for the study, and they were able to cope with the challenges of the module with the help of 
the lecturer and their peers. 
 
In addition to the above, the following responses emanated from the interviews which were done after the 
students returned from their WIL period. There was consensus among the students that they initially 
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struggled with EGTE at university, since they had to start from scratch while the prescribed content was 
designed for students who had the foundational knowledge of EGD in year 12.  

“... they (the lecturers) should know that without background (foundational)knowledge ... they (the students) have not 
done it before ... it would take them a lot of time and you are bound to make mistakes ... and you are not going back to 
your mistakes because of time ....” Male, 2 

“They treated us all the same as if we all had the basic knowledge of what EGD is and how EGD is ...” “We had tutorials 
but even at the pace that we were going ... it was not enough for you who were still learning how to draw ....” Female, 1 

Although the students experienced the innovative changes in the lecturer’s pedagogy as positive and 
supportive, the students without EGD in year 12 need more time to master the foundational knowledge of 
EGD.  

“… we had tutorials where we will do something like an activity … it was at a pace where you should really know it and 
if you asked you did get support but once this topic was done, we are not getting back to it you do something new next 
time …” Female, 1 

“… and when he (the tutor) is gone and you go to school you realise that … no, I was learning that thing 45 minutes once 
a week, so we are moving … so each and every day we are moving to a new topic” Male, 1 

5.2. WIL experiences of students  

It was mentioned during the focus-group interview that the WIL experiences were good, although they were 
challenging. 

“The WIL experiences were both interesting and challenging ... the people I had to work with was welcoming as well but 
the HOD was not. The reason for this was that he said he felt that the student teachers were not equipped enough to teach.” 
Male, 1 

“My experience was a good experience. The school was a very open environment.” Male, 2 

The support received from the mentor teachers was much appreciated by some of the students. 

“The mentor teacher was the best mentor teacher I could ask for. I think that he absolutely understood the way I did things. 
Every day after teaching he would give me professional feedback.” Male, 1 

The fact that these students had not done EGD in year 12 became an issue during WIL, especially when 
they did not get support from their mentor teacher.   
 

“I did not do it. I did maths and science. Geography and all the others. So, it is a new thing to me even though I have been 
doing the practicals for the past three years ... but it gets easier with support. So, when you are not getting the support and 
you have to spend seven weeks with the learners it is really challenging.”  

 “Everything I did was trial and error ... me trying things out to see if it works.” Female, 1 

    
The biggest issue for these students is how to construct an assessment and how to allocate marks. 

“... we did not really have instructions on how you have to construct an assessment.” Male, 1 

“The challenges that I faced ... I would say right now EGD practice ... the content that we teach here at school is really 
not what we experience in class (at university) ... certain things like marking an EGD paper. We need to be taught how to 
mark a question paper.” Male, 2 

“When it comes to the technical part, EGD it is difficult ... how do we allocate marks?” Male, 1 
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During the interview it became clear that these students felt that they lacked foundational of EGD because 
they had not done EGD in year 12.  

“... there is a gap ... when they (the learners) ask why they have to do it ... it becomes a challenge for us.” Male, 1  

“... how to explain different concepts to the learners with regards to EGD ... they (the lecturers) do not give enough content 
of EGD other than what is in the CAPS document. At some point I actually learnt from the learners.” Female, 1 

6. CONCLUDING DISCUSSION 

During this stage of the longitudinal study we followed the development of the students’ PCK as they were 
completing their final year of study during which they did their seven weeks of Work-integrated learning 
(WIL) at schools. The students did two years of specialised pedagogy following the two years of generic 
pedagogy which they had done during the first two years of their qualification. We expected to get a more 
nuanced picture of the viability of the parallel approach on the broader development of the technology 
student teachers’ PCK. 
 
Although this paper focuses on the experiences of the students regarding the innovative changes to the 
lecturer’s pedagogy while progressing from EGTE 1 to EGTE 3 and their WIL experiences, these students 
achieved a mean score of 61% on our observation schedules and 78% for their lesson presentation as 
assessed by the lecturer in the specialised pedagogy (Grobler & Ankiewicz, 2021) which indicates that all 
these students are competent to teach EGD as they demonstrated the required professional knowledge and 
PCK (Banks et al., 2004; Shulman, 1986, 1987).   
 
Central to the parallel approach to PCK development in technology teacher education was the 
implementation of tutorial sessions during the first two years of their study. The appointment of an expert 
in the field as a tutor and appointing the tutor assistant as innovative changes made to the lecturers’ 
conventional pedagogy to assist the students without EGD in year 12 to develop their subject-matter 
expertise (Williams, 2008; Williams & Lockley, 2018). The students experienced the collaborative learning 
environment (Jakovljevic & Ankiewicz, 2016) invaluable and much appreciated, as mentioned in the 
feedback on various questionnaires progressing from their first to their third year (refer to the first research 
question). The collaborative learning environment as a community of practice (Banks, 2008; Banks et al., 
2004; Lave, 1988; Lave & Wenger, 1991) contributed towards the act of learning through doing to develop 
the students’ pedagogical content knowledge and skills (Gess-Newsome, 2015). The overall findings 
indicated that the students experienced challenges from time to time which is in line with Doyle et al. 
(2019a, 2019b) which stated that PCK is situated in a specific teacher’s experiences and practices. They 
valued the support they received from their network of human resources (Jakovljevic & Ankiewicz, 2016) 
or community of practice (Banks, 2008; Banks et al., 2004) consisting of the lecturers, the tutor, the tutor 
assistant as well as their peers. Although EGTE 3 consisted of lectures, and no tutorials, tutor, or tutor 
assistant were available for extra help these students indicated that they were ready to take full responsibility 
for their own learning. 
 
Regarding their WIL experiences (refer to the second research question) students appreciated the support 
and guidance which they had received from their mentor teachers to develop their technological capability 
(Jones & Moreland, 2015). The important role of the mentor teacher in the development of the student as a 
pre-service teacher during the WIL period cannot be over-emphasised. The interaction between the pre-
service teacher as the novice and the mentor teacher as the expert in the classroom can be compared to a 
tutorial where a cognitive and practical apprenticeship (Jakovljevic & Ankiewicz, 2016) is brought into 
effect.  
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The focus-group interview revealed that some of the students felt that they were not well equipped to teach 
EGD. As these students did not have EGD in year 12 they felt that they lacked a proper foundation in the 
subject and according to (Gill, 2019) this might compromise their ability to adapt subject matter for the 
purpose of teaching. However, it became clear that the real challenge was when they had to do assessment 
and specifically the marking of assignments and tests. It is recommended that students should get more 
experience in the marking of assessment papers during the specialised pedagogy courses before they do 
their WIL experience in their final year. Although these students experienced during WIL that they were 
not well equipped to teach EGD in schools it was mainly due to their lack of ability to handle assessments, 
especially the marking thereof. However, with the required support and guidance of a dedicated mentor 
teacher each student was able by successfully completing their BEd degree.  
 
In conclusion, the most important lesson learned from this study is that diverting from a linear to a parallel 
approach to the development of PCK is viable for the full duration of students’ initial professional 
development. Building on all the previous stages of this longitudinal study (as summarised in Table 1), this 
study, as its final stage, emphasised that this IPETT model has the potential to inform curriculum design at 
other universities training technology education teachers.  
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Abstract 

21st Century Skills (21st CS) are portrayed in recent studies as a holistic and complex set of skills 
and attitudes that students need to master the future. Currently there is no mutual agreement on the 
21st CS in global context, even though local and digital dimensions have several commonalities. If 
a worldwide consensus is a relevant goal in this discussion, we must understand more prevailing 
conceptions behind the 21st CS. In the most countries the national core curriculum is a significant 
document to determine what competencies the society accredits. Proficiency in using technology is 
an essential part of citizenship, so in this frame of reference Technology Education (TE) will offer 
an excellent background for studying 21st CS. As an interdisciplinary subject it also gives a good 
perspective for improving national core curricula. TE at the same time supports the teaching of the 
21st CS and steers the development in its entity. This paper provides a general overview on how 21st 
CS are presented through objectives set for TE in the Finnish and Irish national core curricula for 
upper secondary education (USE). The study with future implications allows an opportunity to 
assess what kind of competences these societies are projected to produce through curriculum design. 
The study utilizes qualitative content analysis and document analysis with a theory-guiding 
framework from Chen (2021): Framework for understanding 21st Century Skills has seven 
systematically reviewed categories to classify different skills. The most relevant and reliable result 
of this study is the emphasis on Foundational literacies and skills and Individual productivity 
throughout the Finnish and Irish curricula. Other categories from Chen (2021) are found moderately 
from Finnish CDTE syllabus and Irish Technology and Design and Communication Graphics 
syllabi. Technological literacy is found and interpreted widely through the means characteristic for 
the disciplines.  

Key Words: 21st Century Skills, Technology Education, National Core Curriculum, Upper 
Secondary Education, Technological literacy. 

1. INTRODUCTION 

In this study two national curricula of Technology Education (TE) in upper secondary education (USE) are 
presented and discussed comparatively to increase common knowledge on how 21st century skills (21st CS) 
are fostered through TE in recent education fashion. In this study curriculum refers to the document as a 
whole and syllabus to a specific subject. Craft, Design and Technology Education (CDTE; official 
translation Crafts) syllabus represents TE in Finnish curriculum and Ireland has four different syllabi to 
comprise TE: Technology, Design and Communications Graphics, Engineering and Construction. The 
ATC12S perspective of Griffin et al. (2012) is shared in this qualitative analysis: the study is primarily 
looking for the prior familiar skills and knowledge from a 21st century perspective with some novel 
additions.  
 
Griffin et al. (2012) stated that the increasement of abstract tasks and diminishing of routine tasks is 
pressurizing the current global community: it is evident, that our educational aims must evolve to fulfil the 

mailto:jeirla@utu.fi


304 
 

PATT 39 Conference Proceedings June 2022 
 

demands of information-based economy. From societal, economical, and individual points of view it is 
important that education provided through up-to-date STEM curricula serves both work and leisure. 
Traditionally curricula tend to reflect skills teachers are appreciating rather that what are really required: 
employers, educational leaders and employees interpret the skills and knowledge required differently (Rios 
et al., 2020). According to Huhtala and Lindfors (2021), the adaptation of knowledge to specific contexts 
is a mandatory capability for graduates to be employable in society. In this frame of reference TE offers an 
excellent background for studying 21st CS in curricular context. 
 
A document analysis (Bowen, 2009) is used in this study to analyze objectives set in Finnish and Irish 
national core curricula for USE in the context of 21st CS and TE. Finland has a long tradition in TE starting 
from 1866 (Marjanen et al., 2018) and Ireland’s vocational education dates from 1899 with the Agricultural 
and Technical Instruction (Ireland) Act of 1899 and more specifically the Vocational Education Act of 1930 
(Trant et al., 1999) addressing TE in education. There are two research question supporting each other and 
they are examined through Chen’s (2021) Framework for understanding 21st CS with theory-guided 
working method: 1a) How do the objectives set in the Finnish and Irish national curricula for USE display 
in the context of Chen’s (2021) Framework for understanding 21st CS? 1b) Does either of the national 
curricula emphasize particular categories more from the Framework for understanding the 21st CS?  

2. LITERATURE REVIEW 

2.1. 21st Century Skills 

21st CS is a constantly alternating concept and a global phenomenon cross-sectioning societies, but 
according to Kim et al. (2019) it generally is “a skillset encompassing a range of competencies, including 
critical thinking, problem solving, creativity, meta-cognition, communication, digital and technological 
literacy, civic responsibility, and global awareness” (p.100). Voogt and Roblin (2012) suggested that there 
is coherence between 21st CS aspired to accomplish in curricular manner, but the divergent methods for 
grouping and categorizing obscures the outcome. The majority of the frameworks available have a 
supportive background organization, but they rarely prioritize the skills proposed. Therefore, educational 
policy and decision makers are left in charge of that. It is however noted that students value social skills 
and collaboration (Ahonen & Kinnunen, 2015).  In his text Teaching science and technology, Pitt (2018) 
mentioned, that today’s technological world needs less subjects and more understanding of the integrated 
world. This is an interface that can be used to combine 21st CS and TE to meet the actual requirements for 
our future and youths.  

2.2. Technology Education and 21st Century Skills 

TE in this study is understood through the syllabi in question: they bring out students’ desirable ability to 
master the key competences and skills of the given discipline. According to Ritz and Fan (2014), TE 
frequently contains designing and making leading to a productive work and is related to STEM education 
as an instrument of pursuing multidisciplinary competence. Learning by doing is characteristic method for 
TE to carry through systematic problem solving and application of knowledge (Niiranen et al., 2021). As 
TE is a rather new attachment in the contrast to the history of educational systems, it is important to look 
after the course of development also in curricular manner (de Vries, 2018). Teachers have considerable 
impact on students’ learning and at the same time these cross-curricular methods with project learning are 
still unfamiliar for several teachers (Han et al., 2021). As Ingyu (2021) stated “technology changes in a 
matter of months, but technology education curriculums take a few years to change”. Therefore, curriculum 
with other parts of the education delivery system have a valuable role in fostering 21st CS as they are meant 
to serve teachers in classrooms teaching students occupying these new skills (Kim et al., 2019).  
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2.3. Finnish and Irish curricula supporting Technology Education in Upper Secondary Education 

2.3.1. Finnish General Upper Secondary Education and Technology Education 
USE in Finland consists of general upper secondary school (GUSS) and vocational education. Participating 
in the USE is mandatory for everyone aged between 16–18 years. In this study our focus is defined to the 
GUSS. According to the GUSS curriculum (FNAE, 2019), every student studies minimum of 150 ETCS 
(19 hour per 1 ETCS) including mandatory and optional courses. Generally, it takes a student three years 
to graduate from GUSS: at the end of their studies students participate in the national matricular 
examination in five different theoretical subjects and also get their school-specific leaving certificate. 
CDTE is not a mandatory subject to complete in GUSS, but students can demonstrate their practical 
competence by complete a general upper secondary school diploma (GUSSD) in CDTE and also in other 
practical subjects as an optional. In order to complete the GUSSD, a student accomplishes at least two 
CDTE courses before pursuing the CDTE diploma course. Therefore, the minimum extent of the GUSSD 
is two CDTE courses approved by the local GUSS authorities and the national diploma course for CDTE, 
which has calculated total of 38 hours. As there are no mandatory courses in national level for CDTE in 
Finnish GUSS, students compose their personal syllabi for completing the diploma from school or region-
specific options (FNAE, 2019). 

2.3.2. Irish Upper Secondary Education and Technology Education 
Secondary school in Ireland is compulsory to the age of 16 and is comprised of the Junior Cycle (age 12-
15) and the Senior Cycle (age 15-18).  Transition Year offered by approximately 75% of schools, can be 
described as initial year of the Senior Cycle and is seen as a bridging year between the Junior and Senior 
cycles, where the students engage in broadening programme, giving them the opportunity to mature and 
develop without the pressure of examinations. The formal Senior Cycle is 2-year programme of study in 
the last 2 years of secondary educations and culminates in the Leaving Certificate Examinations (LC).  For 
the LC, students typically study the core subjects of English, Irish and Mathematics and select 4 additional 
subjects across a wide range of subjects from the sciences, business, humanities, technologies and the arts. 
For the majority of students their performance in 6 subjects is used to matriculate into further and higher 
education courses of study. Students are awarded ‘points’ for their performance in each subject, dependent 
on the level of study (Higher, Ordinary or Foundational levels) and these points are used by a central 
administration system to offer college and university places.  Within the Technology suite of subjects, 
students can select from Engineering, Constructions Studies, Technology and Design and Communication 
Graphics (DCG). Although not compulsory, there is a consistent and more recently a growth in participation 
in these subjects. The focus of Technology education is the development of technological capability and as 
with many subjects internationally, they have evolved from the traditional vocational subjects.  The 
introduction of Technology and DCG in 2007 brough with them a contemporary and relevant syllabus 
(REF), while the older syllabi of Engineering and Constructions Studies align with a more traditional 
syllabus construct, they have maintained relevancy through the agile nature of the national assessment 
approach.  For example, Engineering each year introduces a ‘Specialist Topic’ of study that is a compulsory 
question in that year's examination. Also, Construction Studies has developed assessment in the areas of 
passive housing, sustainability and environmental considerations.  All technology subjects require student 
to solve a design and make assessment brief each year. 
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3. METHODOLOGY 

This qualitative study is based on Finnish and Irish national core curricula supporting TE in USE: the aim 
is to gather insight through epistemological framework of hermeneutics (Bergman, 2010) on how 21st CS 
are fostered through TE in curricular objectives. Research design for this study and relations between its 
factors are presented in Figure 3.1.  

Figure 3.1. Research design in comparing the Finnish and the Irish TE curriculum through Chen’s (2021) framework. 
The number of pages in each document analysed is indicated in the reference. 

3.1. Framework for Understanding 21st CS as a theoretical background  

Chen’s (2021) Framework for understanding 21st CS was formed to discover patterns and common 
understanding on what skills are considered 21st century in the existing educational research. The following 
seven categories and 34 themes (based on 297 low-level codes) were found through the systematic review, 
and they are presented below in the Table 1. Interpreted as a whole, the framework represents essential 
qualities of individual’s living, thinking and working. Categories and themes found by Chen (2021) are 
used as a base for theory-guided analysis and coding in this study for its novelty value and extent. Since TE 
has a considerable importance in this study, “technological literacy (TL) as a key outcome of TE” (Avsec 
& Jamšek, 2016, p. 147) has been revised into the sub-coding as an individual element.  
 
Table 3.1. Framework for Understanding 21st CS (Chen, 2021) as a theoretical background. Technological literacy as 
a revised sub-code is bolded. 
 

Category (main code) Theme (sub-code) 
Physical well-being Health and wellness awareness; Health literacy 
Foundational literacies and skills Language literacy; Numeracy and quantitative literacy; 

Spatial literacy; Environmental literacy; Visual literacy; 
Digital literacy; Financial, economic, business and 
entrepreneurial literacy; Skills to integrate information 
across disciplinary boundaries; Others; Technological 
literacy 

Individual productivity Skills to access resources; Skills to interactively use 
tools; Skills to effectively use tools; Skills to manage 
and apply information; Skills to solve problems (from 
research and information proficiency); Skills to solve 
problems (from innovation); Intra-personal skills 
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Relation with others Context awareness; Communication; Collaboration; 
Entrepreneurship; Others 

Social-emotional well-being Self-awareness; Self-management; Social awareness; 
Social competence 

Ethics, morals and citizenship Ethics; Morals; Citizenship (local, global, digital); Civic 
literacy; Respect for diversity 

Lifelong learning Drive for life-term learning; Perseverance in learning 

3.2. Searching for 21st CS through document and content analysis 

Document analysis with an epistemological approach of content analysis (Krippendorff, 2013) is selected 
to lay groundwork for future research as an anticipatory introduction for a larger research project. According 
to Bowen (2009), document analysis is used as a systematic procedure in reviewing and evaluating 
documentary evidence. This gives a powerful tool to inspect the curricular aspect of educational systems: 
the influence of a curriculum design on learning objectives is considerable (Kelly, 2009). Altogether 301 
compressed expression units emerged from the selected curricula have been analyzed. Several cases in point 
are shared in Table 3.2 to enlighten the analysis. More specified demonstration of the research methodology 
and process is in the Figure 3.2 : The usability of the process is pre-tested in an upcoming study of Parkkinen 
et al. (manuscript). Validity of the research design is established through shared discussion and consensus 
(Cohen et al., 2018).  
 
Table 3.2. Examples of the analysis using compressed expression units and 21st CS tags. 
 

Syllabus Compressed expression unit Tag for 21st CS  
Craft, Design and Technology 
Education (Finland) 

taking into consideration the 
perspectives of aesthetics, 
ethics, independent work, and 
environmental friendliness in 
product or work 

Technological literacy, Visual literacy, 
Environmental literacy, Ethics, Self-
management 

Technology (Ireland) prepare and execute a plan for 
the realization of an artefact or 
system as a solution to a 
technological problem or 
challenge, working accurately 
and safely with materials and 
equipment 

Technological literacy, Health and 
wellness awareness, Skills to manage 
and apply information, Skills to solve 
problems (from research and 
information proficiency), Skills to solve 
problems (from innovation) 

Design and Communication 
Graphics (Ireland) 

determine the projections, 
inclinations, true length and true 
shape, of lines and planes 

Technological literacy, Skills to 
effectively use tools, Numeracy and 
quantitative literature 

Engineering (Ireland) ability in safely using the skills 
and tools to achieve objectives 
through practical work 

Technological literacy, Health and 
wellness awareness, Skills to manage 
and apply information 

Construction (Ireland) provide a basis for those who 
may wish to study construction 
technology at third level 

Technological literacy, Drive for life-
term learning 

 
The curricular content is aimed to preserve the initial form. Expressions are transferred intact whenever that 
has been possible. Inclusionary criteria for the research data are founded on the idea of mandatory general 
knowledge gained through the chosen syllabi. Therefore, optional studies and higher-level objectives have 
been excluded. Also, compressed expression units containing solely general curricular information on the 
practical implementation of the USE have been removed.   
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Figure 3.2. Specification of the qualitative research methodology and process using document analysis with theory-
guided (Chen, 2021) content analysis. 

4. RESULTS 

First, the 21st CS in the Finnish CDTE is presented. Secondly, Irish syllabi are presented as individual 
representations. The results are demonstrated through word clouds in Figures 3–5 excluding Engineering 
and Construction syllabi as they had few compressed expression units. If even one of the sub-codes can be 
discovered from the tag, then the compressed expression unit has been included to add up the weight of that 
Chen’s (2021) category. 

4.1. Finnish curricula 

TE is studied through CDTE syllabus in Finnish GUSS. The curricular emphasis in CDTE is on categories 
Foundational literacies and skills and Individual productivity in the 18 compressed expression units 
analysed, even though all categories from Chen (2021) are equally found from the objectives. Marked 
section for the Lifelong learning is an indication of constructive conception of learning in the curriculum. 
When the curricular content in the GUSSD for CDTE is in significant respect generally descriptive and 
informative, it accentuates the capability of students and teachers to specify the substantial operations to 
achieve the set objectives. TE appears to be an instrument to learn other competences through CDTE rather 
than a way to refine making skills. As shown in the Figure 4.1 Ethics, morals and citizenship, Relation to 
others, Social-emotional well-being and Physical well-being are in equilibrium and that correlates with the 
fundamental idea of transversal competences concerning the whole Finnish curricular tradition. Most of the 
compressed expression units from Finnish CDTE syllabus are suitable objectives also for other syllabi. The 
tangible nature of CDTE is mainly verbalized as artefacts, demonstrations of competence and 
characteristics of the subject in Foundational literacies and skills through Technological literacy.  
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Figure 4.1. The Finnish CDTE syllabus with 18 compressed expression units in total. The amount of hits in the 
research data per category (Chen, 2021) is indicated in the index.  

4.2. Irish curricula 

TE in Irish USE consists currently of four separate syllabi presented in Figure 1. The later issued ones share 
few parts including general objectives of TE and they are analyzed as part of the Technology syllabus. The 
preliminary character of this study and the spectacular gap between the amount of compressed expression 
units between the Irish syllabi has an impact on the interpretability of these results. The Engineering and 
Construction syllabi put earlier into operation are comprised mostly of learning contents rather than 
objectives. Overall, the Irish results with Engineering and Construction syllabi are parallel to other results 
and therefore they are reasonable to keep in the research data.  

4.2.1. Technology syllabus 
Technology syllabus covers Foundational literacies and skills and Individual productivity from Chen’s 
(2021) framework the strongest based on the 146 compressed expression units analysed. Other categories 
are also represented in this syllabus moderately, though presumable reason for that is the identical 
introduction in the beginning of the Technology and Design and Communications Graphics syllabi. Actual 
syllabus-specific content emphasises each syllabus’ hard skills: different (technological) literacies and ways 
to utilize them proficiently are stressed. Citizenship as a sub-code is accentuated in the category of Ethics, 
Morals and Citizenship. From the Social-emotional point of view Self and Social awareness’s stand out. 
Occupational safety and societal safety culture using technology as an everyday instrument are mainly in 
focus through Health and wellness awareness. Lifelong learning is portrayed as a tendency to self-regulated 
learning and a capability to master the future world of technology and rapid changes. From the holistic 
perspective Irish Technology syllabus supports the most 21st CS and their growth. However, in this instance 
it is necessary to acknowledge the influence of the TE introduction: without it the results might lean more 
towards the trend in other Irish syllabi.   

4.2.2. Design and Communication Graphics syllabus 
Design and Communication Graphics syllabus is a continuum for Technology in a matter of Foundational 
literacies and skills with Individual productivity being the dominant elements of the objectives set. This 
way the subject can be interpreted as a tool or entity enabling other means without more significant focus 



310 
 

PATT 39 Conference Proceedings June 2022 
 

on 21st CS, albeit adding the TE introduction presumably could steer this result closer to Technology 
syllabus for more balanced 21st CS profile. Along with Technological literacy, Numeracy and Quantitative 
literacy, and Digital literacy are highlighted: this very likely founds for the geometrical and computer aided 
nature of the discipline. However, decision on classifying all modeling, simulations, and corresponding 
tasks of the sought-after competence systematically under the sub-code Skills to effectively use tool raises 
and distorts the category of Individual productivity to some extent. This mode of action is validated through 
examples of Chen’s (2021) initial coding: Skills to effectively use tool is the only coding unit, where models 
and simulation are mentioned separately from general Digital literacy. Congruently with the Technology 
syllabus Design and Communication Graphics accents both Skills to solve problems categories from Chen 
(2021). Skills to manage and apply information and Intra-personal skills somewhat emerge in the Design 
and Communication Graphics syllabus, but they are emphasized more in Technology syllabus.  
 

 
 
Figure 4.2. The Irish Technology syllabus with 146 compressed expression units in total.  The amount of hits in the 
research data per category (Chen, 2021) and percentage value compared to total amount units is indicated in the 
index.  
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Figure 4.3. The Irish Design and Communication Graphics syllabus with 127 compressed expression units in total.  
The amount of hits in the research data per category (Chen, 2021) and percentage value compared to total amount 
units is indicated in the index.  

4.2.3. Engineering syllabus 
Engineering syllabus has the least compressed expression units concerning objectives – four in total. It is a 
strong indication of a specific school of curriculum practice. The essence of Engineering syllabus is in its 
learning contents. From the perspective of objectives Chen’s (2021) Foundational literacies and skills in 
form of Technological literacy run through all the 4 compressed expression units analyzed. Physical well-
being is noticed once as safe working methods and Lifelong learning on the other hand is seen as an 
understanding and commitment to learning with one hit in the data. Individual productivity also has 
curricular weight of two hits in this syllabus as Skills to manage and apply information and Skills to solve 
problems according to Chen’s (2021) framework. Categories for Relation with others, Social-emotional 
well-being and Ethics, morals and citizenship have no hits in the Engineering syllabus. Though, it is notable 
that the amount of suitable research data resaved from the Engineering nor Construction syllabi do not 
enable making proper conclusions regarding objectives supporting 21st CS.  

4.2.4. Construction Studies syllabus 
Technological literacy as part of the Foundational literacies and skills forms the main body for the 
Construction syllabus, which signifies the same curricular tradition as the Engineering syllabus. It can be 
found in each of the syllabus’ 6 compressed expression units and as a rule refers to competencies pertaining 
techniques, materials, and skills to apply these into practice. For this reason, obtaining 21st CS through this 
syllabus doesn’t appear to be the main goal, although many competencies typical for 21st CS can be fostered 
through this kind of activity. Individual productivity in this syllabus with 3 hits accentuates theoretical 
capabilities as a tool for understanding and problem solving. Chen’s (2021) categories for Lifelong learning 
and Relation with others have one hit each and they refer for the most part to ability to share information 
and seek further studies. Physical well-being, Social-emotional well-being and Ethics, morals and 
citizenship as major parts of the so-called soft skills are not gaining any hits in this syllabus’ objectives. 

5. DISCUSSION 

This study offers a preliminary insight on how 21st CS emerge from TE in curricular aspect. In order to 
draw more accurate inferences a larger research project is established to seek more valuable TE in USE. 
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Cygnaeus’ principle of learning through hands is still a reasonable intention (Dugger, 2010): majority of 
the 21st CS are not learned from the books, even though they are helpful in most cases. The most relevant 
and reliable result of this study is the emphasis on Foundational literacies and skills and Individual 
productivity throughout the Finnish and Irish curricula. Other categories from Chen (2021) are found 
moderately from Finnish CDTE syllabus and Irish Technology and Design and Communication Graphics 
syllabi. Technological literacy is interpreted widely through the compressed expression units: it is assumed 
that different objectives in the syllabi are intended to foster the means characteristic for the disciplines.  
 
Thorough specification of individual objectives in Chen’s (2021) theme level used as sub-coding in this 
study calls for a more extensive analysis than perceived here. Perhaps a 21st CS framework developed 
especially for studying 21st CS in STEM education (Parkkinen et al., manuscript) could specify the results. 
Noteworthy perspective to take into consideration interpreting these syllabi is the disparity of the extent of 
the research data: this can be explained through differences in educational systems and their Lehrplan and 
Curriculum traditions (Kansanen, 2014) in the chosen countries. From 21st CS’s point of view, a range of 
non-specific means of objectives in the analysed curricula are presumably benefitting the ideal 
comprehensively capable individual, yet the practical implementation through TE in the classrooms and 
schools could make more out of more clear indications on how students should accomplish set objectives 
benefitting the 21st CS. Jones et al. (2019) noted that teachers need more time and support to be able 
implement more effective teaching using technology. This reinforces especially in Finnish context an urge 
to develop 21st CS learned through TE. First, in Finland there is at worst a gap of five years in studying TE 
between lower and USE. And secondly, the shortage of technologically literate workforce is a critical issue 
of the future.  
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Abstract 

This article presents findings from the Mātanga (Māori term for expert) professional learning and 
development (PLD) project in New Zealand, designed to foster teachers’ engagement with and 
enactment of the technology education curriculum, to develop teachers’ identity by focusing on 
notions of technological and technical thinking, by matching teachers with Mātanga experts. The 
PLD targeted teachers in remote areas, or those who had limited access to curriculum support, and 
was designed to reposition teachers’ agency, whilst being supported by their professional 
community. The developers of the PLD programme envisaged that once a community of Mātanga 
and teachers were established, teachers would feel more connected to local, regional, and national 
support through digital networks, in self-sustaining ways.  

The reported findings indicate that teachers experienced significant learning during the PLD. 
Participants developed a deeper understanding of the benefits of authentic technological practice, 
deeper insight into both the theoretical and historical perspectives of technology education, and 
increased curriculum knowledge. Some participants also gained a deeper appreciation of culturally 
responsive pedagogies. The Mātanga programme motivated these teachers to try new things in the 
classroom, which in turn, translated into a more positive learning environment for their 
students. Participants found the year-long approach beneficial, particularly because they had access 
to technology education experts (Mātanga), but identified some limitations for the first iteration of 
the PLD, and suggested improvements for the future. 

Key Words: Meaning Making: Needs-based Professional Development, Teacher Learning, 
Technology Education. 

1. INTRODUCTION 

This article presents the participant teachers’ views and the subsequent impacts the programme had on 
student learning while participating in a professional learning and development (PLD) programme designed 
to support teachers in remote areas, or for those who had limited access to curriculum support. In New 
Zealand, many technology teachers are familiar with a top-down transmissive approach to PLD. Some 
struggle to make sense of the content or do not see the relevance of professional learning for their own 
classroom and school setting. The aim of this project was to acknowledge our existing teachers’ knowledge 
and reposition teachers’ agency within the professional community, using Technology Education New 
Zealand (TENZ) to facilitate the process. TENZ is a professional subject association, with teacher 
professional development as one of its core goals. 
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The term Mātanga was chosen because it reflected New Zealand’s bi-cultural heritage and is the Māori term 
for expert. The developers of the PLD programme envisaged that when paired with a Mātanga who had 
expertise relevant to the participant teachers’ needs, there would be increased likelihood of engagement 
and/or a change in practice. The long-term aim of the programme was to create a self-sustaining model for 
PLD, where teachers’ professional identity could be fostered within the technology education community. 
The Mātanga project was developed to support individual teachers’ professional learning through the 
development of communities of practice in technology education at local, regional, and national levels. It 
was anticipated that technology teachers in Early Childhood, Primary and Secondary settings would 
develop their technical and technological thinking to explore new ways of conceptualising and enacting the 
curriculum - in authentic ways. 
  
Three curriculum documents frame ECE, primary and secondary pedagogies in New Zealand. These are Te 
Whāriki (Ministry of Education [MoE], 2017a) (Early Childhood), The New Zealand Curriculum (NZC) 
(MoE, 2007), Technology in the New Zealand Curriculum (MoE, 2017b) (English medium-primary and 
secondary), and Te Marautanga o Aotearoa (MoE, 2017c) (Te Reo Māori medium for primary and 
secondary). We hoped that the research would generate new understandings of technology educators’ 
curriculum learning needs, to inform future iterations of PLD for teachers. 
  
There was significant interest in how this newly conceived PLD would cater to the differing needs of 
technology teachers in New Zealand, by using an online learning process, and as a result of giving 
participants the agency to negotiate a personalised approach to learning. The Mātanga project began in 
2010, and this article focuses on the second phase of the data gathering process, which explores the teacher’ 
perspectives.  

2. LITERATURE REVIEW 

Technology education assists learners’ preparation for life, both in their current and future technological 
worlds. Barlex (2006) suggests that a major educational goal of technology is to teach students the 
capability to operate effectively and creatively in the made-world, and prepare students to participate in 
rapidly changing technologies. Teachers’ pedagogies need to evolve to reflect this change and include 
students in the decision-making about the nature of their learning. Barlex (2006) stated that “it is the pupil 
who has the knowledge and expertise in this situation, only he/she knows about his/her design” (p. 193). 
Barlex (2017) also suggested a significant and continuing need for professional development and learning, 
to focus on teachers’ specialist knowledge and pedagogy, with a view to modernise the curriculum area’s 
profile and encourage more effective teaching. By engaging students in authentic learning, they are given 
opportunities for sustained problem solving and decision-making, exposure to a range of theoretical 
concepts, and collaborative working methods (Lombardi, 2007; [Author 2], 2018). Whether students are 
provided with this opportunity however, is likely to be determined by teachers’ perceptions about the nature 
of technology education, as well as what is valued in their classroom. 
 
Authenticity in technology occurs through specific links to students’ context and real technological 
practice. It is predominantly based on connecting students’ understanding to meaningful and real-world 
situations, and involves them in technological practice that is similar to practising technologists, while using 
authentic tools and processes where possible. Snape and [Author 1] (2013) suggested three dimensions of 
authenticity to enhance learning in technology: pedagogy and instruction, teachers and learners, and 
activities. Learning should closely resemble everyday situations and provide students with opportunities to 
make decisions about the nature, content, and pace of their learning (Petraglia, 1998). 



317 
 

PATT 39 Conference Proceedings June 2022 
 

2.1. Professional Learning 

According to Timperley and Alton-Lee (2008), professional learning positions teachers as learners, and 
newly acquired knowledge can lead to a motivation to enable personal change. The drivers for professional 
learning and development can be systemic or personal, and effectiveness can be determined by teachers’ 
motivation to engage, sustain, or change their educational practice (Grundy & Robison, 2004). The Mātanga 
project was conceptualised from the perspective that activity is significant, social, systematic, and that 
participants need to make-meaning of their learning through engagement in a series of curriculum-focused 
tasks. 
 
A technology teacher’s practice is socially embedded and likely to be reflective of explicitly stated rules, 
or alternatively, the practice within a school community, and the way that a teacher’s practice manifests is 
reflective of their sociocultural context ([Author 2], 2018). In the case of school-based professional learning 
opportunities (e.g., during staff meetings) the driver for an advocated practice can be governmental policy 
or a school’s priorities rather than teachers’ personal learning needs (e.g., Akiba & Wilkinson, 2015). There 
is a risk that when there are generic rather than personalised goals, assumptions can be made about a 
teacher’s professional skills and knowledge, or indeed the conceptual processes that aid the transfer of new 
knowledge, for application in their practice. In other words, the concepts with which teachers engage are 
likely to be determined by what they perceive to be important to their professional identity.  

2.2. Technical and Technological Thinking 

Teachers’ ways of thinking about both technology and technology education are likely to connect to their 
lived experiences and socio-cultural (centre or school) context. Technical ways of thinking align more 
closely to a traditional view of the subject, whilst a technological way of thinking more explicitly 
acknowledges the role of problem-solving, creativity, and critical approaches to learning ([Author 2] & 
Williams, 2017). Both ways of thinking have a role to play when enacting technology education, but an 
emphasis on either can moderate students’ learning. For example, if a teachers’ sole emphasis is on 
creativity during the design and development phases of students’ technological outcomes, it might be that 
the quality of the outcome or students’ understanding of material manipulation is detrimentally impacted. 
Conversely, if the focus is on skill development, the quality of the product will be assured at the potential 
expense of creativity, or innovation.  
 
This research explored participants’ perceptions of technology education, and how they made-meaning of 
the curriculum for enactment of their pedagogical practice. The way that a teacher makes meaning of a 
curriculum will be dependent upon their understanding of its driving philosophy, their perceptions, and the 
social factors influencing their practice. Meaning-making process can be aligned with Galperin’s concept 
of orienting activity (1969, 1989), which “… Explains mental activity as the ability that allows human 
beings to explore, examine and predict potential results of actions they were preparing to imitate” 
(Yamagata-Lynch, 2010, p. 20). The way that teachers interpret and make meaning of the curriculum offers 
insight into why technology teachers might become acculturated to particular ways of working in their 
educational setting. The research methodology is outlined in the next section. 

3. METHODOLOGY 

The research reported in this paper was derived from the TENZ PLD Mātanga project, funded by the New 
Zealand Ministry of Education. The PLD programme paired technology education experts (Mātanga) with 
teachers who wanted professional development in technology education. Mātanga were selected for the 
mentoring role based on their contemporary understanding of technology education, and/or their reputation 
for professional practice in the Early Childhood, Primary, or Secondary sectors. After the identification and 
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selection of Mātanga, schools throughout New Zealand were notified of the PLD programme with a request 
for expressions of interest. Participation in the Mātanga programme and research were voluntary. 
 
The research was situated within a qualitative interpretivist framework (Reeves & Hedberg, 2003), and 
generated data through face-to-face meetings between project facilitators and the participant teachers. 
Participants attended the meeting in their geographical location in New Zealand, where they were 
introduced to the programme. Participants were also interviewed and the work from their online tasks 
contributed to the data set.  
 
A socio-cultural lens accommodated a deliberate focus on teachers’ evolving perceptions and 
understandings of technology and their classroom practice. Saldana (2013) offers a number of strategies for 
coding qualitative data based on his codes-to-theory model for qualitative inquiry, which served as a means 
to identify themes. This process allowed the identification, extraction, and reporting of emerging themes 
on teacher experiences during the PLD programme, to address the following research questions: 

1. What were teachers’ experiences and perceived benefits of participating in a specifically designed 
PLD programme? 

2. What aspects of the project were perceived as successful and what aspects required modification for 
future success? 

The research was further informed by existing literature on contemporary approaches to professional 
learning and development in technology education (e.g., Akiba & Wilkinson, 2015; Aminudin, 2012; 
[Author 2] 2018), and the experience of both researchers in technology teacher education.  
 
Six teacher participants agreed to be a part of the research project, which ran in parallel to the PLD 
programme. Table 1 summaries the demographic data of these research participants. 
 
Table 1. Summary of the Research Participants 
 

Pseudonym Gender Sector Technological area Age of students 
Brian Male  Primary N/A Years 0-6 
Kylie Female Secondary Textiles Years 9-13 
Kent Male Secondary Design Year 9-13 
Nicola Female  Primary N/A Year 0-6 
Suna Female Secondary Food Years 9-13 
Sally Female Primary Design Years 0-8 

 

Before commencement, the researchers obtained ethical approval from their institution’s ethics committee. 
All participants in the professional development programme (n=96) were invited to be a part of the research 
project. Pseudonyms were assigned to the participants and used in this paper. The research project sought 
to generate understanding about how teachers’ viewed and positioned their curriculum knowledge, when 
constructing meaning, enacting technology education, or engaging in professional learning activities. By 
fostering relationships early with participants, the researchers, who were also the programme developers, 
reassured participants that the purpose of the research was to enable exploration into their understanding of 
the curriculum, rather than to make judgements about their practice. The data was therefore considered 
from the perspective of participants’ membership in the technology community, as defined by their 
engagement in face-to-face dialogue and online contributions. 
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4. FINDINGS AND DISCUSSION 

Teachers of technology are educated professionals who know and understand content and technical 
practices within the vast discipline that is technology. As well as this teachers also need to understand the 
nature of technology, the impacts technology has on individuals, society and the environment. In addition 
teachers  need to understand pedagogy and how to translate pedagogical content knowledge (PCK) to 
learners (Ritz, 2018). The Matanga project assisted teachers to develop their technological content 
knowledge and their PCK. This section outlines teacher insights pertaining to their understanding of 
technology education and its practice. The impact of the PLD is presented, followed by participants’ views 
on the nature of the professional development model used in the Mātanga project. All participants in the 
research mentioned they had experienced significant changes in their thinking while participating in the 
Mātanga project.  

4.1. Ways of thinking about technology education 

One of the emerging issues for participant teachers was related to their professional identity, and the impact 
of others’ misconceptions about technology education. Kylie identified that people, mostly from outside 
the community, but some from within, often have inaccurate ideas about technology, which are based on 
outdated ideas or people’s experiences of ‘making’ at school. She referred to assumptions that “You're 
making wooden spoon characters. It's going to take a lot to shift them and hopefully they're close to 
retiring”. When designing the PLD programme, there was acknowledgement that the dominant discourse 
within a teaching community influences the way that professionals can develop their professional identity 
or practice (e.g., Dakers, 2006; de Vries, 2005; [Author 1]& Sullivan, 2013; MacGregor, 2017; Zlatković, 
Stojiljković, Djigić, & Todorović, 2012). Mātanga were deliberately paired with particular teachers from 
different locations. By designing the PLD to connect professionals beyond their own community, this 
mitigated the risk that those in positions of power (who may have alternative views about teaching 
technology) might subjugate others (who may or may not be oppressed) to maintain a dominant discourse 
and protect their place in a community (or society) (Giroux, 1983). 
 
While undertaking the programme, participant teachers were introduced to ideas that conceptualised the 
intent of the technology education, as well as how they might approach their future practice (Slatter & 
France, 2018). Significantly, participants were reminded of the importance of having students participate 
in authentic learning (Slatter & France, 2018, Snape & [Author 1], 2013, [Author 1], 2002). For students 
to gain the most from their learning in technology education, outcomes should be authentic in nature, about 
real-world issues, and negotiated with or determined by them. This was best illustrated by Sally who stated: 

I think I've been much more aware of trying to have authentic learning projects here at school… especially with the 
learning partnerships and learning environment links… Obviously [with] the revisions to the tech. curriculum… digital 
technologies, so I'm trying to create as many projects as I could that are meaningful, but also current.  

Another insight related to belonging, and a deeper appreciation of the value of culturally responsive 
pedagogy as a means to ensuring all students can find connections with the intended learning. Kylie 
indicated that she developed her awareness of cultural responsiveness, reflecting that she was 

more aware of things that I need to be focusing on… the cultural context here, [and] the extent of our students identifying 
as Māori, and the project the girls called haerenga (journey). It is a journey, it's about the journey that they're on. But, it's 
just being so culturally responsive all the way through...  

This is a pertinent finding because teachers’ evolving knowledge for practice, in relation to their curriculum 
understandings, can also be shaped in culturally meaningful ways (Hill, 2003; Bell &[Author 2] 2012] 
[Author 2], 2018; [Author 2], 2019). Reproduction theory presents a view that social groupings and 
culturally defined behaviours can communicate the meaning behind a manifesting practice (Kanjanabootra 
& Corbitt, 2016). There are implications for both curriculum and professional learning and development 
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designers here, who need to ensure that culturally responsive ways of designing learning are accessed, 
explored, and modelled. The emergence and use of supporting resources pertaining to the development of 
local curriculum design in New Zealand (Ministry of Education, 2021) also presents an appropriate way 
for technology teachers to be responsive to the needs, identities, languages, cultures, interests, strengths, 
and aspirations of their learners and families. 
 
Teacher participants gained insight into the nature and philosophy of the technology curriculum in New 
Zealand. Understanding the nature of and rationale for teaching technology are core components of teacher 
education curriculum in technology ([Author1] et.al, 2021, Ritz, 2018, Forret et al. 2011).  For example, 
Nicola referred to the scope of the curriculum. 

… But when you break it down, technology [education] is a number of different things; that can be building things but it 
can also be food technology. Then you can have your digital technologies … 

Sally developed her understanding of the role the principles, values, and key competencies of the New 
Zealand Curriculum (Ministry of Education, 2007, pp. 9-13) have when planning for teaching technology, 
and vice versa. Sometimes referred to as ‘the front end’ of the curriculum document, the values, principles 
and key competencies should be integrated into the teaching, even when the focus is on a particular learning 
area (e.g., technology). 
  
The addition of “key competencies” to the national curriculum (MoE, 2007, p. 12) resulted from the 
OECD’s (2005) Definition and Selection of Competencies (DeSeCo) project. The DeSeCo report 
emphasised the need for students to have an active role in their education and proposed that by embedding 
future-focused competencies into their learning, students would be more likely to use them in order to shape 
society. Sally identified that as a technology teacher, she asked herself: 

… how can we [integrate] the key competencies and values into technology? Technology is an amazing forum to get all 
the key competencies in there. You can't do technology without those. And I think that was great, to get that thinking 
coming across. 

The key competency of thinking is described as “using creative, critical and metacognitive processes to 
make sense of information, experiences and ideas” (MoE, 2007, p. 12) and can provide a way for technology 
teachers to focus students’ learning on the relationship between technology and society. This is particularly 
relevant in the New Zealand context because all students have a right to feel that they can learn in ways 
that encourage their sense of belonging. 
  
It is an enduring expectation in New Zealand that teachers should be responsive to students’ academic and 
social needs and encourage a sense of safety and belonging (e.g., Covington & Omelich , 1984; Parsons & 
Taylor, 2011). However, some teachers continue to design classroom-based learning according to what is 
manageable for them. Whilst they might consider student interest, their teaching does not always include 
negotiating the learning context with students prior to or during its enactment (Hill, 2003; [Author 2], 2016). 
This is likely due to the perception that it is the teacher's responsibility to ensure that the curriculum is 
translated into practice. 
 
Kylie developed understanding of teachers’ technology practice by reflecting on the decision-making about 
teaching specific skills, versus empowering students to undertake technological practice independently, 
with the risk that they might fail. She commented, 

… I think it is a way of thinking [Emphasis added] and we can't throw away the skills. You know, of course [at a] level 
everybody has a beautiful one centimetre seam or beautifully routed joints. But actually learning the process and the 
opportunities, that skill might be useful here and it could be used somewhere else. Maybe we don't want to lose the skills 
but is it so essential that they're done perfectly?                                                         
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4.2. The professional development model 

Slatter and France, (2018) identify a number of principles to guide the development and partnerships 
between technology education teachers and groups outside the educational arena. We suggest a modified 
version of principles also inform and frame teachers’ PCK when engaging with communities within their 
practice. These principles consider that participants’ world views and ontological positioning be shared and 
discussed, the purpose of all interaction clearly identified and linked to learning outcomes, all participants 
are aware of the purpose and role of the intended outcomes, initiatives should be coherent and translate 
purpose to outcomes and finally if initiatives step over boundaries this should be acknowledged and 
managed where necessary (p 633). The model of professional learning used in the Mātanga project was 
considerably different to other forms of PLD that were available to teachers of technology at the time and 
was loosely guided by the above principles. For this reason, the research team gathered feedback from the 
participants, with the aim of informing its next iteration. This section presents the perceived benefits of the 
study. 

4.2.1. Benefits 
Sally, a specialist technology teacher, felt that she had developed a deeper theoretical knowledge of the 
curriculum, [The project has] given me more of a background research/theoretical side of the technology 
curriculum. I have a good working understanding of it... I think it's actually also helped with my teaching 
and planning. 

And I think having some of the quotes readings that [the facilitator] has provided have been quite beneficial to give that 
background of where things have come from where they're going to (Sally).  

In contrast, Brian and Nicola felt they developed their curriculum content knowledge. Nicola stated, “It's 
the content knowledge [that] has developed. And I guess I probably still have got quite a bit to learn - I'm 
not a technology teacher”. Brian reinforced his views about the need to engage his students in authentic 
contexts, stating, 

It was really strengthening the technological process [that] the students would go through. So they have got a product or 
something they want to make in mind, [and] it's making sure its got an authentic context.  

It is interesting to note that Brian and Nicola, the two participants who felt they gained curriculum content 
knowledge were generalist primary teachers, whereas it was the specialist teachers Sally who gained the 
most from the deeper theoretical and background aspects of the course. Participants also felt that the 
mentoring model and length of the PLD programme contributed to its success. Brian stated, 

I definitely think the mentoring model is the way to go and you have got to sustain it over a period of time like a year or 
even longer. I definitely think that[a shorter time frame] is just not enough. So often in schools, you have a bit of PD. You 
are expected to change practice, ‘bang’. [Then] you're on to something else.  

So I think this model, [having] Mātanga here to support you for a whole year… For a year of learning or even longer… 
That actually is a really successful way of doing it.  

Kent and Sally both referred to the value of making connections with other people. Technological practice 
is collaborative. It stands to reason therefore that working together would be advantageous when teachers 
are designing and developing their programmes. They stated, 

So it's lovely to find some [different] ways, which is what you're trying to achieve in this Mātanga project - to take that 
message out… to make some kind of connection between people (Kent) 

… it's good to listen to other people and see how other people do things. I think that's been quite beneficial for me. [For 
example] what somebody might think an authentic project is, other people wouldn't (Sally).  

The Mātanga PLD model aligned with Timperley and Alton-Lee’s (2008) study by identifying that well 
structured and planned PLD motivated and enabled personal change. Drivers for participants’ professional 
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learning and development were systemic and needs-based. The teachers’ motivation to engage, sustain, and 
change their practice also supported the findings of Grundy and Robison (2004). 

5. CONCLUSION 

The Matanga project set out to develop content knowledge and PCK in teachers of technology education 
using a PLD model that was significantly different to that which had been tried before in New Zealand. As 
with most new initiatives it hit a number of snags along the way, however, the data shows that the 
participants did benefit from participating in the project, albeit in a range of ways. Those in the secondary 
space came into the project with a degree and existing practical knowledge of teaching technology, for them 
the value of the project was philosophical through developing a deeper understanding of the theoretical 
underpinning that informs technology in the New Zealand curriculum. For those from the primary space 
their benefits were more practical in nature as they were encouraged to give technology a go in the 
classroom and were given the opportunity to reflect on and improve their practice. This difference illustrates 
that the Mātanga project catered for a range of needs and levels within its participant population. The online-
medium for the project proved both beneficial, but was not without challenges. However given that this 
project occurred pre COVID-19 and considering the movements we have all made in the online and flexible 
modes of delivery space, we suspect that the next iteration,  if delivered with familiar tools and modified to 
incorporate the recommendations from this project would prove to be an even more valuable PLD model 
for technology education.  
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Abstract 

The New Zealand Technology Curriculum area may only be some 25 years young but it has been 
the subject of many reviews, revisions and rewritings since its inception. In 2002 the Technology 
Curriculum was extended to include senior secondary levels (Years 11-13, students aged 15-17 
years). Currently New Zealand’s entire senior secondary examination system ‘National Certificate 
of Educational Achievement’ [NCEA] (Kōrero Mātauranga, n.d.) is under review. In support of this 
process an expert advice paper Technology and hangarau learning in Aotearoa New Zealand (Royal 
Society Te Apārangi [RSTA], 2021) was commissioned to advise the Ministry of Education (MOE). 
The paper's mandate was to consider the possible avenues to improve NCEA teaching, learning and 
assessment in Technology and consider the links of these to future careers (RSTA, 2021). This paper 
discusses the influence of key educational documents such as this Royal Society's paper at a pivotal 
moment in educational change. Focused on the Technology learning area, the RSTA paper was 
released at a key decision-making moment for the Technology education sector. The commissioning 
of the RSTA paper provided a profound opportunity to reflect on how educational policy may be 
influenced by the actions of people from within the commissioning body and those more widely 
situated in the New Zealand technology education community. When released the RSTA paper 
presented an argument that senior secondary high school students should have a choice of only three 
learning pathways in Technology (RSTA, 2021). This was a significant departure from the status 
quo. In addition the RSTA paper signaled a profound disconnect from the developing examination 
system changes that had already been discussed, decided and developed by experts from the sector. 
This paper will explore the in-depth role policy actors have in how a paper intended to advise is 
perceived. It will be argued that when a paper is released under the guise of informing education it 
is often pertinent to dig a little deeper and reflect upon the intent behind the paper as well as the 
content. In doing so the policy actors involved in the writing of the paper and the intended audiences 
should be considered along with the discourse offered. 

Key words: educational policy, NCEA, change, policy actors 

1. INTRODUCTION 

This paper focuses on policy discourse in the form of an educational expert advice paper and the influence 
that policy discourse can have on educational change. New Zealand’s senior secondary examination system 
National Certificate of Educational Achievement (NCEA) (Kōrero Mātauranga, n.d.) is undergoing a 
review process. To support the review process an expert advice paper Technology and hangarau learning 
in Aotearoa New Zealand (Royal Society Te Apārangi [RSTA], 2021) was commissioned to advise the 
Ministry of Education (MOE). The timing of the paper and its release was intriguing in itself. This release 
coincided with the conclusion of the NCEA Level 1 development phase and prior to decisions made by 
government around changes to the number of and naming of the technological learning areas that should 
be offered in New Zealand senior secondary schools for NCEA Level 2 and 3. 
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The policy actors involved with the writing of the expert advice paper are well respected members of the 
national and international technology education community. Therefore their voice should be perceived as 
highly valuable when considering key educational changes to the Technology learning area. However the 
discourse that RSTA paper presents implied a disconnection between policy actors’ discourse, theoretical 
knowledge and the reality of current technology education in New Zealand.  
This paper considers the RSTA expert advice paper, the potential implications of its use and ‘what happened 
next’ to the document that was to inform the future direction of senior secondary technology learning areas 
in New Zealand. 

2. THE LAY OF THE LAND AND THE EMERGENCE OF THE POLICY DOCUMENT  

 

Figure 1. Diagram of structure of the New Zealand Curriculum Technology learning area 
 
Figure 1 (MOE, 2017) explains the flow of influences from the broader NZC document. At the top, line 1 
reflects the four overarching key ideas that should be embodied in learning for New Zealand students. Each 
learning area has its own arrangement, Figure 1 illustrates the structure of the Technology learning area, 
indicated by the third line from the top labelled ‘Technology’. Linked underneath Technology are three 
technological strands which provide the ‘organising structure’ to learning in the Technology learning area 
(MOE, 2017, p.2). From these, learning and progress outcomes are derived (line 5 from the top) which feed 
forward into the 6th line from the top labelled ‘Technological Areas’. 
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This curriculum structure underpins New Zealand’s senior secondary examination system National 
Certificate of Educational Achievement (NCEA) (Kōrero Mātauranga, n.d.). The NCEA suite (MOE, n.d.-
b) was reviewed during 2018-19. Changes based on this educational sector feedback which predominantly 
suggested that less assessment in New Zealand classrooms at senior level was needed (Hipkins, 2020; MOE, 
2019; 2020; n.d.-a).  
  
Directives from the MOE indicated that a new assessment package was to be prepared. The development 
of NCEA Level 1 assessment packages were derived in partnership with subject experts. Using evolved big 
ideas and significant learning from each of the learning areas, assessment tasks were designed to offer a 
broad education that lead to a “wide range of good, coherent pathways” for young people (Hipkins, 2020, 
p.2). The subjects to be offered in the Technology learning area at year 11 (15–16-year-olds) were reduced 
to three: 

• Design and Visual Communication 
• Digital Technologies  
• Materials and Processing Technologies 

Throughout 2020-21 the NCEA Level 1 assessment package was developed by MOE contracted subject 
experts to design programmes of learning, teacher resources and modes of assessment. During 2022 the 
draft level 1 assessment products are in the mini pilot phase (MOE, n.d.-a).  
 
Following on swiftly on the feedback from the educational sector on the Level 1 NCEA products the MOE 
sought consultation on the NCEA Level 2 and 3 assessment pathways.  This consultation for the technology 
learning area subjects at Level 2 and 3 provided the technology education sector with options to select three 
or five subjects (MOE, n.d.-a). 
  
At the same time and independently from the subject expert team designing the NCEA Level 1 assessment 
package the MOE notified the education sector of the RSTA (2021) expert advice paper, by email (J. Talbot, 
personal communication, July 9, 2021). The email requested that the RSTA (2021) ‘independent report’ be 
distributed by the recipients through their networks (J. Talbot, personal communication, July 9, 2021). It is 
pertinent to note as this mode of communicating to the education sector varied widely from the norm of 
nationwide bulletin and information pack releases. 
  
The RSTA (2021) paper’s focus was to provide information and advice to the MOE. The intention was to 
support the MOE’s understanding on improving assessment practices in Technology education in New 
Zealand (RSTA, 2021). An independent group of experts were identified to contribute to the development 
of the expert advice paper. The RSTA (2021) paper proposed changes relating to the number of technology 
subjects offered within schools at year 12 and 13 which bore no correlation to the Level 1 draft assessment 
areas:  

• Digital Technology 
• Design in Technology 
• Development in Technology 

nor the NCEA Level 2 and 3 assessment pathways that the MOE (2021) was simultaneously seeking 
feedback on as shown in Figure 2 column 2: 
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Figure 2 Have your say on the NCEA Level 2 and 3 subjects fact sheet. 
 
or the New Zealand Technology curriculum technological areas (Figure 1). 
 
The release of the RSTA (2021) expert advice paper is important when considered in relation to the 
discourse of the commissioning body, the MOE. RSTA (n.d.) states that expert advice papers are selective 
and underpinned with thorough planning and methodology. Additionally, and importantly, only one other 
RSTA (n.d.) expert advice paper had been commissioned for use in the ongoing NCEA changes 
consultations. This document referenced the (new) draft curriculum area Aotearoa New Zealand Histories 
(RSTA, n.d.) which was due for release in 2023.  It is unclear why the technology learning area was singled 
out as needing an independent report over all other current learning areas. It is also interesting to note the 
dissemination method of the expert advice paper - via email - rather than more widely distributed by the 
MOE websites and mailing lists such as the Edgazette (Education Gazette, n.d.). It could be construed that 
this dissemination method was intentionally selective and limited. 
  
The specific discourse within the RSTA (2021) expert advice paper is representative of the views of the 
policy actors engaged to compile it. The result is an expert advice paper that is not necessarily reflective of 
the wider technology teaching sector’s expectations of their classroom-based assessment practices, rather 
it is a reflection of the policy actors' views and agendas.  
 

2.1. THE RSTA (2021) POLICY DOCUMENT 

The RSTA (2021) expert advice paper suggested that the existing NCEA school-based assessment practices 
were perpetuating the issues (RSTA, 2021) they identified. The expert panel illustrated a number of 
problems within technology education and their views used language that, at times, was poignant and 
emotive. Sections within the RSTA (2021) expert advice paper outlined and supported their findings and a 
number of very specific solutions to these outlined problems were proposed.  

2.1.1. Problem one - technical not technology 
The first problem argued was they sensed a backwards drift from technology education to technical 
education (RSTA, 2021). Their reasoning for this problem was that sufficient professional development 
needs to be offered to technology teachers in order for the NZC’s potential benefits to be properly realised 
(RSTA, 2021).  

2.1.2. Problem two - coherence 
The second problem argued that the big ideas underpinning the technology learning area have lost their 
coherence from the three technology strands as shown in Figure 1, line 4 (MOE, 2017) that lead to a 
technology education that is broad-based and accessible to all learners (RSTA, 2021).  
 
The RSTA (2021) expert advice paper then suggested that technology education has what they called “two 
big ideas” (RSTA, 2021, p.3). The expert panel identified technological literacy and technological practice, 
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driven by purpose and multi-disciplinary innovation as their two big ideas (RSTA, 2021). According to the 
expert advice paper the loss of coherence resulted from the current technology NCEA assessment matrix 
evolving to a point where learners weren’t proficiently demonstrating learning aligned with the big ideas 
(RSTA, 2021) but just collecting extrinsic credit awards to the contrary (Hipkins, 2020).  

2.1.3. Problem three - learner pathways 
The third and final argument related to learner pathways post-secondary education and the terms used to 
define learners by a particular pathway (RSTA, 2021). The notion of equitable consideration of a learner’s 
individual pathway should not, the expert advice paper states, infer that one pathway is greater or more just 
than the other (RSTA, 2021).  The expert advice paper states that to remove this inequity pathway labelling 
should be disbanded (RSTA, 2021).   

3. THE INTENT OF DISCOURSE AND HOW ITS PRESENTED 

It is acknowledged that there are many different meanings to the concept of discourse (Bacchi, 2000). By 
considering the term ‘discourse’ in relation to a particular policy document, readers may become confused 
with what the term is trying to convey versus what the document is saying. Bacchi (2000) notes, the 
interpretation between those that write and those that read are different. Bacchi (2000) refers to the work 
of other scholars (Edwards, 1991; Tanesini, 1994) to illustrate how discourse as a concept is portrayed and 
what it actually means within given contexts. This reinforces the importance of how a particular word, 
discourse in this case, is defined and used (Bacchi, 2000; Edwards, 1991). In exploring the three problems 
illustrated in the RSTA (2021) expert advice paper through the lens of discourse, the paper appears to have, 
as Bacchi (2000) puts it, an agenda. 
 
The discourse in the RSTA (2021) expert advice paper appears to be supported by the individual views of 
some of the policy actors engaged in the process, resulting in a particular picture of technology education 
being reflected to the MOE. Gale (2003) commented that the actions of policy actors in this way meant that 
discourse was being dominated by the views of said policy actors. It is evident that discourse in the RSTA 
(2021) expert advice paper has been influenced by the seemingly prudent expert panel's choice of literature 
supporting their position. It appears the majority of the literature used has been provided by the panel of 
experts from their previous works. This includes both scholarly, unpublished works and non-peer reviewed 
presentations and is quite dated (RSTA, 2021). Unsurprisingly, their literature selection presents a specific 
discourse that supports the findings of the expert advice paper (RSTA, 2021), but more critically, perhaps, 
may also reflect the political agendas of the commissioners of such a policy document (Humes & Bryce, 
2003).  
 
The actors involved in writing the RSTA (2021) expert advice paper and the actors in the educational sector 
for whom the policy document is intended pose further problems in terms of influence. Many of the policy 
actors have been involved for a very long time in the technology education arena and this is clearly evident 
when reading the biographies they provide within the RSTA, (2021) expert advice paper. 
  
Gale (2003) discusses the issues concerning policy actors, policy and the conflict the policy actors face as 
they attempt to define and make policy. The discourse presented within a policy document that is then 
widely publicised and uses a particular group of policy actors to write the policy document then either 
makes a statement that supports some element of political decision making or radically offers an alternative 
(McLaughlin, 2000). Arguably it is the responsible position of commissioned policy actors to rise above 
the notions of political agendas and institutional protection to reflect and balance the thinking of the masses 
from their standing of academic privilege and position (Humes & Bryce, 2003; McLaughlin, 2000). In the 
case of the discourse within the RSTA (2021) expert advice paper, while it is not radical discourse, it does 
reflect current political thinking around the number of technology subjects that should be offered at year 
12 and 13 (Hipkins, 2020; MOE, n.d.-a). Perceivably there is a radical difference between the RSTA (2021) 
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suggested three subjects and the MOE’s (n.d.-a) three to five subjects - the technological areas, focus and 
content are completely different. 
 
The language used within any policy document is also significant (Lester et al., 2016). The language frames 
the ideas presented (Lenhoff & Ulmer, 2016; Lester et al., 2016), with the intention to draw the readers 
alongside the agendas of the policy actors engaged to write documents (Bacchi, 2000; Lenhoff & Ulmer, 
2016, Lester et al., 2016). This suggests that if the reader chooses to agree with the RSTA (2021) expert 
panel then other important and prolific research conducted in New Zealand education at the same time must 
be overlooked (RSTA, 2021). A clear example of this in the RSTA (2021) expert advice paper is illustrated 
where the policy actors state that there are only two big ideas. However there are three strands (and 
accordingly, three ‘big ideas’) within the technology learning area (MOE, 2007; 2017) which predate the 
RSTA (2021) expert advice paper.  McLaughlin (2000) notes the importance of the choice of policy actors 
involved in informing educational policy as ultimately a policy document such as the RSTA (2021) could 
have an impact on the institutions the policy actors are aligned with. The language used within a policy 
document therefore not only reflects what the policy actors want the document to convey, it also reflects 
their views. 
  
Because policy discourse presents a particular perspective or perspectives and can influence policy actors 
engaging with the document both on a local and national level (Lester et al., 2016) problems on a variety 
of levels may arise (Bacchi, 2000; Lenhoff & Ulmer, 2016; Lester et al., 2016). Therefore how a policy 
actor interacts with a policy document and its discourse is important as this may affect the influence of the 
document in its intended situation and audience (Lenhoff & Ulmer, 2016; Lester et al., 2016). Further to 
this specific discourses within a policy document can overtly hide biases or prejudices of the policy actors 
involved in the co-construction of the policy (Lenhoff & Ulmer, 2016; Lester et al., 2016). A policy 
document has the potential to construct a problem it has been created to solve (Bacchi, 2000).  
 
Lester et al., (2016) posit that a policy document can be considered from a micro-analytic perspective by 
looking at how the implementers of the policy make sense of the ideas in the policy document. However 
Lenhoff and Ulmer (2016) point out a number of issues as differing interpretations of the policy document 
depends on who views the policy document. Lenhoff and Ulmer (2016) also indicate that these views may 
not be concurrent. Therein lies a further problem when considering the RSTA (2021) expert advice panel 
paper. The MOE is seen to be the implementer of ideas presented within the RSTA (2021) expert advice 
panel paper. This reinforces the macro-analytic ideologies of the actors engaged to write the document 
(Lester et al., 2016). In considering the context of this RSTA (2021) expert advice panel paper the main 
policy actor is the MOE, as they commissioned the document. The MOE is then to take the ideas presented 
by the RSTA (2021) expert panel and decide whether to use them or not to influence and shape the next 
phase of the NCEA Review (MOE, n.d.-a). In reality this would mean deciding what technology subjects 
are available to year 12 and year 13 learners and in the view of the expert panel this would be limited to 
three subjects (RSTA, 2021). 

4. OUTLINE OF THE ISSUES WITH THE WORKFORCE  

The RSTA (2021) expert advice paper identified a significant issue relating to the workforce’s ability to 
implement the curriculum related to the need for further professional development of teachers. Workforce 
issues in education align closely with the ability to attract and retain people to teaching (Post Primary 
Teachers Association [PPTA], 2018; 2019). Furthermore, attracting technology teachers that have the 
required disciplinary knowledge and skills that relate to technology education has long been a problem 
(Reinsfield & Lee, 2021; Reinsfield & Williams, 2018). Exacerbated by an aging teaching population, the 
technology learning area is entering a period of dire straits (Reinsfield & Lee, 2021). In their research 
Reinsfield and Williams (2018) point out that teacher perceptions of what technology education entails and 
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therefore how it is taught are the driving factors behind what happens within the technology classroom. 
Earlier research by Potter (2013) supports the ideas of Reinsfield and Williams (2018) but also alludes to 
where one of the potential workforce issues arose from. 
  
Potter (2013) considered what was important to teaching technology when it replaced technical education. 
She noted that problem-solving and designing were separated from the learning activities in the specialist 
teaching spaces (Potter, 2013). Potter’s (2013) research presents a valid picture of the experiences needed 
by a technology teacher to facilitate learning in technology education to ensure that learners can problem 
solve from a position of knowledge. Potter (2013) made use of the research by Middleton (2005; 2009) to 
validate her findings. Middleton (2005) stated that designing was represented in a number of different ways 
to include visual, verbal and tacit knowledge and required the use of “higher-order thinking” (p. 69). The 
knowledge Potter (2013) discussed relates to knowing how materials will function, which choices are best 
to make when designing and how to learn from failure to improve a design. These actions don’t relate to 
technical education where value was placed on being able to follow a set of procedures to make a product 
or item (Middleton, 2005; Potter, 2013). 
 
Reinsfield (2014) writing at a similar time to Potter (2013) noted that tensions in technology education 
originated from community expectations, a school’s individualised organisational structure and were 
significantly influenced by political agendas. Gale (2003) further supports the impact that government 
change has on particular agendas of policy and the policy actors involved in the decision making. He states 
that policy actors are chosen because of their position and influence within a particular sector (Gale, 2003). 
The flavour of technology education offered in New Zealand at any time is politically driven (Reinsfield, 
2014; Reinsfield & Williams, 2018). The politically driven rhetoric is expanded upon by Reinsfield (2014) 
noting how governments are influenced by contemporary economic drivers. The perpetuation of technical 
pathways through school-based alignment with vocational providers incentivising feeder schools to offer 
vocational learning that led to their pathway epitomises the problems within technology education 
(Reinsfield, 2014). This clever self-profiting alignment by vocational training providers has fuelled the 
misunderstanding of technology education (Reinsfield, 2014). The panel of experts commissioned to write 
the RSTA (2021) expert advice paper are attempting to address some of the historic and underlying 
perception issues through their proposed solutions to their three problems. 
 
Learning within a technology classroom is reliant on the experiences a teacher has had in their own journey 
to becoming a teacher (Potter, 2013) and their ability to transmit that knowledge. Middleton (2005; 2009) 
in his research found that the cognitive processes in design thinking were some of the most demanding a 
person could do. Therefore how a technology teacher facilitates the learning in their classroom is dependent 
on their understanding in how to translate their experiential knowledge into valid learning experiences for 
their learners (Potter, 2013). A degree alone is not enough. It would appear it is not the professional 
development of the teacher but also the knowledge from life experiences that is critical here to ensuring 
teachers can effectively deliver the technology curriculum and offers part of the solution to that posed by 
the expert panel.  

5. CONCLUSION 

The focus of this paper has been to analyse a policy document relevant to the Technology learning area of 
the NZC and to consider its potential impact in relation to the mandated NCEA assessment changes. 
The MOE commissioned a think-piece from well-established experts in the Technology education field to 
provide advice and feedback to support the development of the new NCEA assessment products. 
Unfortunately much of the content was well espoused rhetoric, and while new foci were offered, this was 
‘a little, too late’, as the subjects and content for first NCEA year had already been identified, presented 
and refined.  
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A New Zealand education intent is to expand a young person’s perspective through engagement with the 
vision, values and principles of the NZC document alongside the curriculum learning areas (MOE, 2017). 
The rollout strategy for the current NCEA change package (MOE, 2019) that includes the proposed versions 
of assessment (MOE, n.d.-a) and the narrowing of technology subject choices for learners in years 12 and 
13 to give a broader technology education (RSTA, 2021) will be interesting to observe. The risks from the 
proposed changes are existing classroom-based assessment practices will be shoehorned into the new 
assessment package by teachers potentially lacking understanding of the intent of the NCEA change 
package. The potential opportunity is to do something different, to change the focus away from assessment 
driven classrooms and encourage the lifelong learning of NZ young people through teaching and learning.  
 
Conceivably the issues outlined within the RSTA (2021) expert advice paper are more deeply set and relate 
to fundamental aspects of knowledge and what we do with knowledge as a human. 

A note to end 

The RSTA (2021) expert advice paper did not have a significant influence on the provisional subject names 
for the technology learning area. Figure 3 (column 4) shows the five names released post the August 2021 
surveys to the educational sector (MOE, n.d.-a). 

 

 

Figure 3. Provisional subject names for the Technology learning area. 
 
The publication of the provisional subject names has highlighted a number of new and previously unused 
names that have been thrown into the mix (shown in column 4), namely Computer Science and Processing 
and Systems Technologies. Clarification of where these names have come from has yet to be provided. The 
separating of the Digital Technologies subject into two has not been without its tensions. The use of the 
name Computer Science itself raises more questions in relation to who was driving this change, and where 
and what has influenced this development. Watch this space. 
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               Abstract 

South Africa is a multicultural country with 11 official languages. The majority of school learners 
have an African language as home language.  Up to their third grade the learners’ home language is 
the language of learning and teaching (LOLT).  From Grade 4 onwards the LOLT switches to 
English which has a significant effect on learners’ performance and poses great challenges to both 
the learners and their teachers.  Many teachers lack proficiency in English and their lack of 
proficiency in both basic interpersonal communicative skills (BICS) and cognitive academic 
language proficiency (CALP) negatively affects learner performance. At PATT38 we reported on a 
pilot project in South Africa which was supposed to start in January 2020. The aim was to improve 
technology teachers’ awareness and pedagogical knowledge about cognitive academic language in 
technology education by adapting the existing STaalvaardig online environment in Flanders to 
scaffold junior high school technology teachers’ CALP.  Because of the Covid 19 pandemic 
restrictions that were introduced in March 2020 the project could only start at the beginning of 2021. 
However, we do not know what the CALP needs of English second language (ESL) technology 
teachers are when teaching the national technology curriculum, i.e. the Curriculum and Assessment 
Policy Statement (CAPS).  The purpose of this paper, as part of the aforementioned pilot project, 
was to establish the CALP needs of ESL technology teachers when teaching the CAPS.  A 
quantitative research approach was followed.  The sample consisted of nine grade 8 and ten grade 9 
ESL technology teachers in five junior high schools where mainly ESL learners are being taught 
technology in English.  The main curriculum topics for each grade were identified by analysing the 
CAPS for the two applicable grades of junior high school.  These topics were included in 
questionnaires for each term of the year, and the teachers had to rank the applicable topics according 
to the difficulty to teach in English. The rankings were analysed, and the main finding shows that 
the participants found concepts relating to graphic communication (Engineering graphics/technical 
drawing) the most difficult to teach in English across the four terms. 

Key Words: Technology education, Language of learning and teaching (LOLT), English second 
language (ESL), Cognitive academic language proficiency (CALP) 

1. INTRODUCTION 
 
South Africa is a multicultural country with 11 official languages. The medium of instruction is English 
while isiZulu, isiXhosa and Afrikaans are the three largest language groupings in South Africa (SAIRR, 
2014). According to The South African Institute of Race Relations (SAIRR, 2014), only 11% of South 
Africans are English home language speakers. The majority of school learners have an African language as 
home language. Up to their third grade the learners’ home language is the language of learning and teaching 
(LOLT).  From Grade 4 onwards the LOLT switches to English which has a significant effect on learners’ 
performance and poses great challenges to both the learners and their teachers.  
 
For most of the teachers English is also not their home language but their second language, and many of 
them lack proficiency in English. Their lack of proficiency in using English applies to both their basic 
interpersonal communicative skills (BICS) and cognitive academic language proficiency (CALP). This 
shortcoming has a negative effect on the academic performance of the learner. 
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At PATT38 we reported on a pilot project in South Africa which started in January 2020 (Ardies et al., 
2021). Unfortunately, because of the Covid 19 pandemic, lockdown measures were implemented in March 
2020 and the project was put on hold.  It was only during 2021 that lockdown measures were relaxed to 
such an extent that we were able to continue with the project. The purpose of the project is to improve 
technology teachers’ awareness and pedagogical knowledge about cognitive academic language in 
technology education. This will be done by adapting the existing STaalvaardig online tool in Flanders to 
scaffold junior high school technology teachers’ CALP.  
 
The Staalvaardig project focuses on the teachers without ignoring previous research on learners’ problems 
when they are not taught in their mother tongue (cf. Baylon, 2015). Teachers of subjects other than the 
languages might be ignorant of the importance of teaching in a language that learners understand, both on 
a linguistic and a cognitive level. Therefore, the project focuses on the improvement of teachers’ academic 
language competency by means of a continuing professional teacher development (CPTD) programme in 
order to have a much wider impact than focusing on the learners only. Furthermore, Van Dijk and Hajer 
(2018) stated that technology and engineering teachers need knowledge about language that can be 
considered part of pedagogical content knowledge (PCK). Thus, research on teachers’ development and 
application of such language-related PCK should be conducted in both in initial teacher education 
programmes and CPTD programmes. The best practices associated with the STaalvaardig project may hold 
valuable affordances for a similar research-based project in South Africa in future, provided that the context 
is sufficiently taken into account. The successful implementation of such a project will be of crucial 
importance to support the teaching and learning of technology education in English in South Africa and to 
improve ESL as Language of learning and teaching (LOLT) in technology education (Ardies et al., 2021). 
 
However, the adapted STaalvardig online tool needs to be aligned with the national technology curriculum, 
i.e. the Curriculum and Assessment Policy Statement (CAPS). Although we know that most English second 
language (ESL) teachers lack proficiency in English, we do not know what the CALP needs of ESL 
technology teachers are when teaching the CAPS. The purpose of this study was to establish the CALP 
needs of ESL technology teachers when teaching the CAPS. The research question that underpinned this 
research was: 
 
What are English second language technology teacher’s CALP needs when teaching the CAPS? 
 
2. LITERATURE REVIEW 
 
It seems obvious that, if teachers are to teach a subject, then they should know a lot about the subject. 
Teachers need a wide range of different skills and attitudes if they are to assist their learners to achieve 
good results. These should include relationships with learners, subject matter knowledge, and also an 
understanding of pedagogical processes to develop the understanding that is required. Should a teacher fail 
to have any of these, then it is likely that the learning in the classroom will not be as successful. 
 
Chidananda (2019:6) defined a subject in the context of a curriculum as “an organising framework that 
gives meaning and shape to curriculum content, teaching and learning activities”. An academic subject is 
formed and framed by the curriculum that transfers a branch of knowledge from an academic study field, 
that is taught by an academic specialist in that particular study field using subject-specific vocabulary 
(Coxhead, 2017). Svensson et al. (2009) state that the foundations of any discipline are its definition, 
knowledge base, terminology, structure, methodology, and epistemology. According to Shulman (1986), 
master teachers possess the ability to take the principal concepts of the discipline and translate them into 
language, demonstrations, or activities that learners can understand.   
 
Svensson et al. (2009) argue that the contextual character of the use of language is crucial to the 
understanding of teaching and learning. Svensson et al. (2009) further stated that it is a rather common 
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observation that learners may have learned to use terms, expressions, and a certain language within a field 
of knowledge, without having developed a corresponding understanding of the subject matter that the 
learners are expected to have learned. 
 
From the teacher’s perspective the following question needs to be answered: How do I use language 
effectively in my teaching to support the development of an understanding of the subject matter taught?  
From the learner’s perspective the following question needs to be answered: How could language be used 
in learning to understand the subject matter? 
 
In accordance with the South African Constitution (RSA, 1996a, art. 29) and the South African Schools 
Act (RSA, 1996b: art. 6), the Department of Education's Language in-Education policy (DoE, 1997, p. 1-
2) aims to promote multilingualism and the development of the 11 official languages and to pursue the 
language policy most supportive of general conceptual growth amongst learners.  
 
According to Steyn (2017), the language of learning and teaching (LOLT) or medium of instruction, is the 
language used in the classroom throughout the school day. If the LOLT is isiZulu, for example, this means 
that the teacher will speak isiZulu when teaching technology for example. Learners will be assessed on 
their grasp of the subject matter, rather than the language of instruction itself. They will be required to 
complete the assessments in isiZulu. They must therefore have a good understanding of the language of 
instruction, so that they are able to grasp the subject matter of their learning areas. The home language is 
one of the learning areas included in the school curriculum. This is the language the learner knows best, 
and is most comfortable reading, writing and speaking. For this reason, the home language taught to the 
learner at school is often the same as the language the learner speaks at home (Steyn, 2017).  
 
The first additional language is a learning area included in the curriculum as a second language for learners. 
The learner is less fluent in this language than his or her home language but will reach a stage at which he 
or she is comfortable to speak, read and write this first additional language (Steyn, 2017). Language 
immersion takes place when the LOLT is different from a learner’s home language, and so the learner learns 
both the language skills and the substance of the learning area at the same time (Steyn, 2017). 
 
The majority of South Africans prefer English and not their home language as LOLT after the first four 
years of schooling (De Wet, 2002).  This is attributed to parents choosing English because of its associations 
with social mobility, economic opportunity and education quality (Mkhize & Balfour, 2017).  Mkhize and 
Balfour (2017) reported on a study done by Phillips (2004) where she found that the academic success of 
learners, educated through English, was not adequately supported throughout schooling after the 
Foundation Phase. In other words, whilst English might be the language of instruction in many schools, it 
is seldom taught as language in other content areas. The evidence suggests that educating learners in a 
language that they do not understand, or which is not their home tongue, increases the risk of failure 
(Fouche, 2009).  
 
According to Cummins (2008), there are clear differences in acquisition and developmental patterns 
between conversational language and academic language.  The distinction between basic interpersonal 
communicative skills (BICS) and cognitive academic language proficiency (CALP) was introduced in order 
to draw educators’ attention to the challenges that second language learners encounter as they attempt to 
catch up to their peers in academic aspects of the school language. BICS refers to conversational fluency 
in a language while CALP refers to learners’ ability to understand and express, in both oral and written 
modes, concepts and ideas that are relevant to success in school (Cummins, 2008). According to Aukerman 
(2007, p. 631), “understanding academic language without understanding the demands of the context does 
a learner little good”. CALP is more than just about learning the terms and definitions related to a specific 
subject. It is about being able to string words together to communicate comprehensive ideas, “to develop 
deep content knowledge and share that understanding with others” (Kelly, 2016). Teachers need to have an 
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appropriate academic understanding (CALP) to be able to teach the subject content of technology 
successfully. This implies that they must be fluent in the LOLT of the school. 
 
Ferreira (2011) points out that English (second language), as a subject, has the largest number of learners 
in South Africa. This means learners are not only communicating in class in a second language, but also 
have to use it as medium for learning all their other subjects. It is therefore a double challenge for ESL 
technology teachers to teach the subject in English while the learners at the same time are learning the 
language. 
 
Mda and Erasmus (2008, p. 56) indicated that “A significant number of African teachers in South Africa 
cannot express themselves in the language of learning, which is usually English, even though their 
schooling and tertiary education may have been through the medium of English. The language weakness is 
not at the level of sophisticated linguistic styles, or use of colloquial language in formal writing, but the 
lack of basic English language skills as in correct usage of tense, agreement between the noun and the verb, 
and construction of a proper sentence. The poor language skills extend to a lack of reading skills, which 
make studying for a senior degree very difficult as this usually entails a great deal of reading. It can be 
assumed, therefore, that the same teachers do not read in their fields, or enrich their teaching by reading 
extra texts”. It is likely that these researchers' findings also reflect a significant linguistic problem 
in technology education. 
 

3. METHODOLOGY 
 
Following from the purpose of the research and the research question a quantitative research approach was 
followed. Convenient sampling was used, which included seven grade 8 and eight grade 9 ESL technology 
teachers from five junior high schools where mainly ESL learners are being taught technology in English. 
Some of these teachers taught technology in both grade 8 and 9. The one school is situated in the south of 
Johannesburg and the remaining four schools are situated about 40km away from the former school in a 
specify school district in Soweto. These four schools are physically close to one another; hence the teachers 
could meet at one of the schools for the administration of the questionnaires. Four of the grade 8 participants 
were female and five were male. Three grade 8 participants were novice teachers with one in her second 
year of teaching and two in their first year of teaching. The other grade 8 teachers have teaching experience 
ranging from 19 to 32 years. Their specific experience of teaching technology varied from several months 
to 15 years. The home languages of three grade 8 teachers were IsiZulu, two Tshivenda, two XitSonga, one 
Setswana and one Afrikaans. Five of the grade 9 participants were female and five were male. There were 
three novice grade 9 teachers in the project, one in her second year of teaching and two in their first year of 
teaching. The other grade 9 participants had a range of specific experiences from 12 to 38 years. The range 
of specific experience of teaching technology varied from no experience to 15 years. There was one teacher 
whose home language was IsiXhosa, one who spoke IsiZulu, three who spoke Tshivenda, two who spoke 
XitSonga, one who spoke Isindebele and two who spoke Afrikaans. 
 
The main curriculum topics for each grade were identified by analysing the national technology curriculum, 
i.e. the CAPS for the two applicable grades of junior high school. These topics were included in 
questionnaires for each term of the year, and the teachers had to rank the applicable topics according to the 
difficulty to teach in English. Based on the Ohio State Teacher Efficacy Scale (OSTES) developed by 
Tschannen-Moran and Woolfolk Hoy (2001), the following five statements were used by the participants 
as a guideline to rank the applicable topics from the most difficult to teach in English to the least difficult 
to teach in English: 

• I am able to adjust my technology lessons to the proper language level for individual learners. 
• I am able to provide an alternative explanation or example when learners are confused in technology lessons. 
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• I am able to formulate good questions that will develop my learners’ subject language in technology? 
• I am able to implement alternative teaching strategies in my classroom that will develop my learners’ subject 

language in technology? 
• I am able to use a variety of assessment strategies to assess the learners’ development of subject language 

in technology? 

The questionnaires were administrated towards the beginning of every term.  The administration happened 
a week in advance at the school which is not situated in Soweto; hence it provided us the opportunity to 
pilot the questionnaire first and to adapt it accordingly.    
 
The rankings allocated to each topic per term, by each participant, were used to calculate the average score 
for each topic.  Topics with the lowest average score were believed to be the most difficult to teach in 
English, while topics with the highest average score were believed to be the easiest to teach in English. 

4. FINDINGS AND DISCUSSION 

Table 1 shows the data from grade 8, Term 1, as an exemplar of how the average score for each topic was 
calculated. 
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Table 1. Exemplar – Grade 8, Term 1 

Technology, Grade 8, Term 1

Section A: Tell us a bit about yourself

School: 1 3

Teacher: A B C D E

Respondent: 1 2 3 4 5

Gender: Female Female Male Male Female

Home language: XitSonga IsiZulu TshiVenda IsiZulu IsiZulu

Teaching Technology Gr 8: 1 month 2 months 8 15 15

Teaching experience: 1 month 2 months 31 19 26

Topic Tot Av Ranking

1
Frame structures 15 15 12 10 15 67 13.4 15

2
Line types in graphic communication 14 6 13 9 14 56 11.2 13

3
Mechanical advantage 9 5 11 1 7 33 6.6 6

4
Members that make up a frame structure 12 14 9 11 13 59 11.8 14

5
Scale in graphic communication 7 4 3 6 3 23 4.6 2

6
Calculating mechanical advantage 8 7 5 5 5 30 6 4

7
Forces that act on frame structures 11 8 6 2 12 39 7.8 9

8 Structural members used for structures that span over space 
e.g. roof trusses, bridges 10 9 7 12 10 48 9.6 11

9
Orthographic projection 5 12 2 8 4 31 6.2 5

10
Mechanisms (gears) 6 3 15 13 9 46 9.2 10

11
Structural failure (factors leading to structural failure) 13 13 8 4 11 49 9.8 12

12
Isometric drawing 4 11 1 7 1 24 4.8 3

13
Gear ratios of spur gears 3 2 10 14 8 37 7.4 8

14
Perspective drawing 2 10 4 3 2 21 4.2 1

15 Mechanisms that change direction of movement (cam, 
follower and crank) 1 1 14 15 6 37 7.4 7

1

2

3

Perspective drawing

Scale in graphic communication

Isometric drawing 

2

Section B: Determining your CALP needs for teaching technology in English

Ranking of the top three most difficult topics to teach in English

Teacher's ratings
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After analysing the participants’ rankings of the topics, the three most difficult topics to teach in English 
per grade and term were identified (refer to Table 2). The numbers between brackets show respectively the 
average score for the specific topic followed by the number of topics for the particular term.   
 
Table 2. Top three most difficult topics per grade and term to teach in English 
 

Grade 8 

Ranking Term 1 Term 2 Term 3 Term 4 

1 
Perspective 

drawing 
(4,2 / 15) 

Graphic 
communication - 

developments of open 
containers 
(3,8 / 11) 

Isometric drawing 
(1,5 / 12) 

Ohms law 
(1 / 9) 

2 
Scale in graphic 
communication 

(4,6 / 15) 

Adapting materials to 
withstand forces 

(4,2 / 11) 

2D sketches in 
graphic 

communication 
(3,25 / 12) 

Logic gates 
(2 / 9) 

3 Isometric drawing 
(4,8 / 15) 

Isometric drawing 
(4,6 / 11) 

Systems diagrams of 
gears 

(4,5 / 12) 

Circuit components 
(input, output and 
control devices) 

(3 / 9) 
 

Grade 9 

Ranking Term 1 Term 2 Term 3 Term 4 

1 
Freehand drawing 

techniques 
(3,57 / 9) 

Pascal’s principle 
(4,14 / 12) 

Graphics and 
communication 

(2,6 / 12) 

First angle 
orthographic 

projection 
(2,6 / 8) 

2 
Scale in graphic 
communication 

(3,71 / 9) 

Rack-and-pinion gear 
(5,29 / 12) 

Ohm’s law 
(3,4 / 12) 

Systems diagram 
(Plastics) 
(2,8 / 8) 

3 
Suitability of 

materials 
(4 / 9) 

Orthographic 
projection 
(5,57 / 12) 

Sensors 
Resistor colour codes 

(4,2 / 12) 

Isometric projection 
on grid paper 

3,4 / 8) 

 

Based on the analysis of Table 2 and subsequent shading of topics, it is evident that graphic communication 
appears to be the most difficult focus area, consisting of various topics, to teach in English for most of the 
participant teachers in both grade 8 and 9. According to the CAPS (DBE, 2011), technology as a subject 
contributes towards learners’ technological literacy by giving them opportunities to develop and apply 
specific design skills to solve technological problems. These design skills include an ability to sketch initial 
ideas on paper as well as the ability to draw working drawings in sufficient detail for the task (DBE, 2011). 
 
The next step would be to develop an online programme by adapting the existing STaalvaardig online 
environment in Flanders to scaffold junior high school technology teachers’ CALP. An exposition of the 



342 
 

PATT 39 Conference Proceedings June 2022 
 

key themes, content, concepts, and skills associated with the focus area communication skills, as detailed 
in the Annual Teaching Plan for Technology (DBE, 2011), is presented in Table 3. Together with the 
findings it will be used to adapt and develop the STaalvaardig online programme for the South African 
context in future. 
 
Table 3. Communication skills: main themes, content, concepts and skills 
 

Focus Main theme Content, concepts and skills 

 
Communication skills 

 
Introduction to graphic 
communication 

• Purpose of graphics 
• Conventions, e.g. line types, 

dimensioning and scale. 
• Free-hand sketching 

 
Working drawings • First angle orthographic projection 

• Developments 
• Isometric drawing 

 
Graphic techniques Perspective drawing (3D artistic) 

• Single vanishing point perspective 
• Double vanishing point perspective 

 
 
5. CONCLUSION 
 
We have already mentioned that the aim of the larger two-year project in South Africa, which started in 
January 2021, is to improve technology teachers’ awareness and pedagogical knowledge about cognitive 
academic language in technology education. The current study fulfilled its purpose and addressed the 
research question by establishing the participating teachers' CALP needs when teaching the CAPS. It was 
also ground-breaking in the sense that no previous research in technology education exists to which the 
results can be compared.  The questionnaires were designed in relation to CALP, however, we do not know 
whether the reported difficulties that teachers presented with teaching the graphic communication as a focus 
area in the CAPS were in relation to BICS and/or CALP. We also do not know if the curriculum topics 
regarding graphic communication alone are difficult to teach regardless of the language. These issues can 
be explored by means of interviews and classroom observation in a qualitative study by involving the same 
participants in the future. Nevertheless, graphic communication is the most difficult to teach through 
English for the teachers who do not have English as a home language. 
 
According to Kimbell and Stables (2008), in order to be technologically literate, one must master the 
language of technology. This can be challenging for learners, and teachers might need to help learners 
mastering aspects of subject-specific language that are relevant to the task. Within technology genres, there 
are often connections between text and specialised graphics. It is the technology teachers’ task to enculture 
their learners into the language of technology, by using the appropriate subject knowledge (Van Dijk et al., 
2022). Hence, and as mentioned earlier, the project’s next step would be to develop an online programme 
for ESL technology teachers by adapting the existing STaalvaardig online environment in Flanders to 
scaffold junior high school technology teachers’ CALP regarding communication skills.  The findings of 
the research will serve as valuable input for its adaptation in the sense that we know now what the most 
difficult focus areas and congruent curriculum topics are for the teachers to teach. The South African online 
programme will be piloted in five junior high schools where mainly ESL learners are being taught 
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technology in English. By importing this online tool to the different context of South African teachers and 
learners we hope to develop a functional and language-oriented instrument that turns each teacher into a 
language-wise teacher. A serious limitation was the small sample of participants in the pilot study.  The 
project may also be expanded in the future to address other challenging focus areas.  
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Abstract 

National Core Curriculum for Early Childhood Education and Care (ECEC) presupposes technology 
education to be part of the young learners’ education in the Finnish education system. Programming 
and Robotics (PR) also stand out from National Core Curriculum for Basic Education in Craft, 
Design and Technology Education. Consequently, learning basic skills of PR at the early age are 
necessary for creating curiosity on PR and constructing knowledge on later school path. In this 
study, we examine teacher-child interaction in teaching of PR in Finnish ECEC. The study was 
conducted as part of the InnoPlay 2018–2022 -project which was one of the key projects of 
developing teacher education under the Ministry of Culture and Education in Finland. The 
theoretical framework is an ECI-model of a teacher-child interaction, that consists of three domains: 
Emotional Support, Classroom Organization, and Instructional Support. In addition, the domains 
are divided into specific dimensions. This study focuses on recognizing which dimensions of 
Instructional Support (IS) in teacher-child interaction are implemented in teaching of PR to young 
learners. The data was collected in six pre-primary school groups (6-year-old children) where 
various PR lessons were video recorded. Total of 23 video clips (240 minutes of data) were analysed 
by theory-driven content analysis based on ECI-model. Participants in the data were n=10 ECE 
teachers and n=74 young learners. The results indicate that the dimension of ‘children have the 
possibility to choose’ was implemented least in IS domain, meanwhile the dimension of ‘children 
have the right to have knowledge’ was emphasized most in teacher-child interaction. To increase 
young learners’ participation in learning PR, the teacher-child interaction theory and practise should 
be included in in-service teacher training.  

Key Words: Instructional Support, Teacher-Child Interaction, Participation, Programming and 
Robotics, Early Childhood Education and Care 

1. INTRODUCTION 

In Finland all 6-year-old children, referred to here as young learners, have the right to participate in 
preschool as a part of Early Childhood Education and Care (ECEC) before basic education begins at age of 
seven. The value of ECEC in continuum of education has grown during the last decade. Digitalization and 
rapid development of technology in society has forced all levels of education to pay attention increasingly 
to technology education. The Finnish National Board of Education has introduced technology education as 
a new element in the education and care of preschoolers (FNBE, 2014a).  Although the National Core 
Curriculum for Pre-primary Education (FNBE, 2014a) does not require straightforward PR actions with 
young learners, technology education in its broader meaning is highlighted in the curriculum. In the Finnish 
comprehensive basic education curriculum especially, programming is introduced in subjects of math and 
craft throughout the whole basic education (FNBE, 2014b). 
 
Traditionally the ECEC classroom has not seen a place where programming, or coding, and robotics are 
expected to happen (Bers et al., 2014). Although, research has emphasized that bringing PR to the ECE is 
possible, and preschoolers as well as kindergartners can learn programming (Bers et al., 2014; Elkin et al., 

mailto:bsimpson@springfieldu.edu
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2014; Kyza et al., 2021). Programming has often figured as a new language of the digital society that is 
much needed in interacting with society and culture influenced by computer systems (Fridberg & Redfors, 
2021). Different programming environments support the effort to fulfill increasingly developing demand 
of digital skills and computational thinking as a part of the fundamental literacy (Bers, 2018; Papadakis et 
al., 2016). 
   
Recent research has also positioned robotics as an effective instrument for motivating young learners and 
providing tangible learning material (Jung & Won, 2018; Monteiro et al., 2016) and act as an innovative 
tool for learning programming, computational thinking, and engineering (Fridberg & Redfors, 2021). 
Tangible approach allows young learners to learn and practice abstract concepts by programming a robot 
and receiving instant feedback from the robot (Brainin et al., 2021).  
 
According to a review of Jung and Won (2018) only few studies focused on distinct factors and conditions 
that influence children’s learning of PR. Thus, teacher-child interaction (Leyva et al., 2015; Pianta & 
Hamre, 2009) is in a key position as a factor for enhancing children’s learning and development in formal 
learning environments. A recent study of interaction between teacher and young learner in technology 
education context occurred (Grönman et al., 2022) but not in the context of PR practices. This study answers 
to a research question: What dimensions of instructional support can be recognized in teacher-child 
interaction in teaching programming and robotics to young learners? Based on the result the meaning of 
teacher-child interaction in technology education will be considered and how teachers could implement it 
in their work will be discussed.    

2. LITERATURE REVIEW 

Interactions and relationships between teachers and children mirror several viewpoints and qualities 
multidimensionally (Pianta et al., 2012). The previous research argues that emotional support, classroom 
organization, and instructional support are distinctive yet interrelated domains of the teacher-child 
interactions (e.g., Leyva et al., 2015; Pianta et al., 2012). In their research, Pianta et al. (2012) proved that 
a single domain on its own may not be enough for depicting the teacher-child interactions (cf. also Hamre 
et al., 2013). However, considering the teacher-child interaction in hands-on learning situation, examination 
of individual domains needs deeper understanding through a qualitative analysis.  
 
The theoretical framework (Figure 1) is worked after teacher-child interaction theories of the Classroom 
Assessment Scoring System measure (CLASS; Leyva et al., 2015; Pianta & Hamre, 2009; Pianta et al., 
2012) and Teaching Through Interaction model (TTI; Hamre et al., 2013; Pianta & Hamre, 2009). In 
addition, IS domain is worked after Thomas’ (2000, p. 175–176) theory of children’s participation. The 
framework is developed as a part of a broader research project (Korkeaniemi et al., manuscript) focusing 
holistically on teacher-child interaction in technology education meanwhile the current paper considers 
instructional support specifically. 
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2.1. Instructional support (IS) 

According to Pianta et al. (2008b) IS comprehends three dimensions: concept development, quality of 
feedback, and language modelling (also Pianta & Hamre, 2009). The concept development means building 
connections between new and already known information and being able to apply and use knowledge and 
procedures that helps to solve problems (Pianta et al., 2012). Allen et al. (2013) refers the concept 
development as a content of understanding where a teacher presents the content within a broader intellectual 
framework. For gaining the most benefit from the IS, children need feedback about their learning (Pianta 
et al. 2012; Pianta et al., 2008b). In technology education non-verbal knowledge, such as feedback formed 
from hands-on experience in interaction with technology, is recognized important (Svensson & Johansen, 
2019). However, the language modelling, a way teachers' model and facilitate usage of language in 
classroom, is a key factor of supporting learning (Pianta et al., 2008b). 
 
Hamre et al. (2013) divide IS into general and content-specific IS. In teaching of PR, the content-specific 
instructions for learning skills and knowledge found to be critical (Haber et al., 2021; Elkin et al., 2016). 
The classrooms with a focus on analysis and problem solving in IS gain better results in children’s learning 
outcomes (Allen et al., 2013). The IS comprehends teachers’ orientation on higher-order thinking (Ertesvåg, 
2021) and putting effort to the analysis and problem-solving found emphasizing children’s engagement in 
higher-order thinking skills (Allen et al., 2013). Higher-order thinking skills, such as reasoning, problem-
solving, and extending information, can be considered as 21st century skills needed in the future (e.g., Lewis 
& Smith, 1993; Retnawati et al., 2018; Scott, 2017).  Teachers’ role as opportunists who could take 

Figure 9. ECI-model of teacher-child interaction in (Korkeaniemi et al., manuscript). 
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advantage of their daily interactions with children to promote their higher-order thinking recognized in 
literature (Pianta et al, 2012; Saifer, 2018). 
 
Present view of the child as psychological individual and concepts of play, self-control, inner motivation, 
active child, and child-centeredness (Sommer et al., 2010) highlights young learners as active participants 
of a society. The idea of participation and seeing children as active agents also shares common ground with 
recent research on PR projects (e.g., Alimisis, 2018). In this study, the key to the efficient IS is children’s 
participation in the learning process of PR. The Thomas’ (2000) theory of the “ladder of participation” 
implements key elements of children’s participation: the choice which the children have regarding their 
participation, the information given about the situation and their rights, the control over the decision-making 
process, the voice they have in discussions, and the support they are given by a teacher. 

3. METHOD 

This qualitative study used hermeneutic approach with features of ethnographical work (Brinkmann et al., 
2014; Grbich, 2007). The focus of the study was to examine the teacher-child interaction and the nature of 
IS in PR practices and for that hermeneutic approach allowed interpretations to be made from the 
transcribed video data (Savin-Baden & Major, 2013). The ethnographical fieldwork of the study was 

conducted in a broader work life integrated 
development and research project InnoPlay 2018–
2022 aimed at reforming technology teaching in 
Finnish ECEC. One of the aims of the project was to 
activate ECEC teachers to enhance young learners’ 
technological literacy through practical hands-on 
learning assignments. 

3.1 Study implementation and data collection   

The three university teachers working in the InnoPlay 
project carried out ethnographical fieldwork of 
training practical hands-on PR skills to the ECE 
teachers, participating in the PR lessons, and gathering 
recorded video data on various PR lessons in six pre-
primary school groups. The ECEC teachers were 
novices in PR. Before the PR lessons teachers 
participated one to two in-service training sessions of 
PR in ECEC that took approximately 90 minutes. In 
the sessions, the teachers studied basic knowledge on 
PR and had training on using a KUBO robot kit. The 
KUBO is an educational robot based on a hands-on-
programming with TagTile programming pieces 
(Figure 2). 

3.2 Sampling  

The data consisted of 23 video clips, altogether 240 minutes of material, that were transcribed for the 
analysis.  The videos were selected for the analysis by purposive sampling (Bryman, 2012) where redundant 
videos on the point of the teacher-child interaction view were left outside of the analysis. For example, 
videos where an individual young learner examined the KUBO robot or just played with the robot were not 
considered in the analysis. The durations of videos were ranging from 3 to 30 minutes. The PR lessons 
consisted of unplugged PR actions of friend programming, sequencing the KUBO robot, making film based 

Figure 10. The KUBO robot and TagTile programming 
pieces 
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on the KUBO, and free play with the KUBO. Participants in the data were n=10 female ECEC teachers and 
n=74 young learners aged 6 years old. 36 of the young learners were girls and 38 boys. Custodians’ consents 
were collected for the children to participate in the study. The teachers´ also gave their consent.  

3.3 Data analysis 

The transcriptions of the video clips were analysed with the theory-driven content analysis (Krippendorf, 
2013)   using NVivo12 software. The coding manual created for the analysis consisted of the dimensions 
of the IS. The units of the analysis, ranging from two to six phrases, consisted of dialogue between the 
teacher and the young learner. In some cases, units consisted of teachers’ instructional monologue. The data 
analysis was conducted in its entirety by two of the researchers for possibility to discuss on expressed 
interpretations.  

4. RESULTS 

 
 
The IS domain units of the analysis formed 36% (n=354) of the total amount (N=979) of the units in the 
broader study (Korkeaniemi et al., manuscript). In the analysis, five dimensions of IS were recognized: 
possibility to choose (9%), right to have knowledge (28%), possibility to impact to (20%), possibility to 
express (20%), and possibility to have support (23%) (Figure 3). The results of each dimension of IS are 
introduced below. 

4.1. Possibility to choose 

‘The possibility to choose’ dimension emphasized young learners’ autonomy in teacher-child interaction. 
For example, in friend programming process teachers constantly gave young learners opportunity to choose 
whether they wanted to act as a robot or be a programmer.  Occasionally initiative of possibility to choose 
came from the young learners themselves, such as questions “Can I make the program path as I wish?” 

Figure 11. Dimensions of IS in teacher-child interaction in teaching of PR to young learners 



351 
 

PATT 39 Conference Proceedings June 2022 
 

Although, the interaction and possibility for autonomy mainly came up from the teachers acts. The 
possibility to choose was sometimes also a specious preference where the teachers led young learners to 
choose in a way that the teachers were preferring. The teachers formed their questions so that young learners 
chose the answer that the teachers wanted to. Questions were frequently dichotomic such as “In which way 
the robot must turn now left, or right?” or rhetorical expressions such as “Where do we turn now, right side 
again?” where young learners did not give a proper answer. 

4.2. Right to have knowledge 

The data showed that in teaching of PR, practical instructions were highlighted in the interaction between 
the teachers and the young learners. Practical straightforward instructions were often precise procedures 
that included something new knowledge for a young learners’ view. The teachers provided knowledge to 
the young learners regarding of the situation they were dealing with, the present and upcoming processes, 
and young learners’ role in these processes. The given knowledge was mainly connected to the content-
specific instructions. Intrinsic parts of the knowledge were the functions of robot and principles of 
programming.  
 
The teachers used often earlier learned knowledge and going through a process carried out as a base line 
for the new knowledge. Passing knowledge to young learners were both direct and indirect. For example, 
the direct knowledge given to young learners was emphasized by teachers acts to frame upcoming events:   

Teacher: Put it on a green arrow [Green arrow indicates straight TagTile piece].  

Young learner: Why?  

Teacher: Because it’s going to mess around if you put it on a turning piece.  

Young learner: Okay, we’ll see [Takes Kubo off a turning TagTile piece].  

The indirect knowledge provided by teachers was given by triggering higher order thinking. The teachers 
asked questions, or thanked out loud, which triggered the young learners’ thinking and led them closer to 
the knowledge. The teachers also used non-verbal actions as they led young learners towards the 
knowledge. These actions were emphasized by expressive behaviour and facial expressions, such as 
showing stop sign by hand and acting thoughtful. 

4.3. Possibility to impact 

The teachers participated young learners in the decision-making processes in learning PR by encouraging 
them to explore and experiment with the robot. Learning by experimenting was supported by teachers’ 
statements such as “get to know the robot” or “try out that”. The teachers strived to explain functions of the 
robot after young learners experimented with it. However, occasionally the result of an experiment 
remained at young learners’ own risk. ‘The possibility to impact’ dimension included similarities with ‘the 
possibility to choose’ dimension. The questions asked by the teachers were not as structured as in ‘the 
possibility to choose’ dimension. However, the questions’ nature enhanced young learners answering. For 
example, in a situation where the young learner needed couple of straight TagTile pieces to get to a 
destination, a teacher could ask “What do we do to get to the finish line?” The teachers also made 
suggestions with their questions in which the young learners either agreed, disagreed, or enhanced.    

4.4. Possibility to express 

The key elements of giving the young learners a possibility to express their thinking were authentic hearing 
and presence during the interaction. Such acts of the teachers gave young learners enough space for the 
cognitive activity and pushed them towards higher order thinking. The possibility to express was fully child-
centred or partially teacher-directed. Child-centeredness appeared as the young learners reflected what they 
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witnessed with the robot. In addition, contents or themes that were close to the young learners’ motivations 
and interests pushed them to reflect their own learning process. For example, in a robotics project where 
young learners made a short film called “KUBOs at the farm”, the children were able to express their 
feelings and preferences via individually important and motivating topics. 
 
The teachers managed to interact with children in a way that triggered their individual thoughts, opinions, 
and feelings. The teachers asked questions mirroring the young learners’ process, such as “How did you 
give the instructions to robot?” which gave the young learners chance to express their own thinking. The 
teachers used questions that did not have a correct answer. These questions were open-ended and 
unstructured such as “What do you think?” Sometimes, questions nature was rhetoric, and the teachers did 
not expect young learners to give an answer to the question. 

4.5. Possibility to have support 

According to the data, leading the young learners towards knowledge and into expressing their views was 
a key element of ‘the possibility to have a support’ dimension. Support was emphasized by in a dual way: 
the support that led young learners assimilating teachers’ expressions, and the support that the teachers 
offered to the young learners who didn’t sincerely assimilate these expressions. The IS that the young 
learners assimilated was given both verbally and non-verbally. Essential for these instructions were that the 
teachers gave cues rather than giving a straight answer to the young learners. For example, the teacher gave 
a cue to the young learners with the TagTile piece: 

Teacher: Do you remember what happens when you put this to the sequence? [Shows loop piece to the young learners]. 
[Name] what happens?  

Young learner: Oh, then it repeats it. 

Teacher: Indeed! If you put it there [points the sequence]. 

Young learner: I got it, I got it, I got it! [continues sequencing]. 

In interactions where the young learners did not assimilate the teachers’ expressions, teachers were pushing 
to give an opportunity to achieve the learning goals. Thus, the given support was not occasionally allowing 
higher order thinking. Furthermore, the teachers reacted these situations differently. They either settled 
answers or adjusted them to young learners. Moreover, the teachers gave direct instructions and clarified 
next steps of the process by showing or telling concretely what had to be done. For example, one teacher 
was insisting children to answer in a question “Which way robot should turn?” As the child could not 
answer to the teacher’s question, the teacher turned the TagTile piece on behalf of the young learner. 

5. CONCLUSIONS 

The purpose of this study was to examine what dimensions of IS can be recognized in teacher-child 
interaction in teaching of PR to young learners. The dimensions of IS were emphasized evenly. The 
dimension of ‘children have possibility to choose’ was emphasized in a scarce fashion. Meanwhile, the 
dimension of ‘children have a right to have knowledge’ appeared most. To conclude, the IS dimensions 
(Figure 3) emphasized three different practices of questioning provided by the teachers: straightforward 
instructions, directing young learners towards knowledge, and triggering higher-order thinking. 
  
The straightforward instructions and directing young learners towards knowledge were emphasized most 
in the dimension of ‘right to have knowledge’. The teachers’ actions were more non-participatory when 
they gave straightforward answers to the young learners. The dimensions of the ‘possibility to impact’ and 
‘possibility to express’ emphasized teachers’ actions to trigger young learners’ higher-order thinking. 
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Concluding the results of the current study, the child-centred and experiential approaches to PR actions are 
seen as the key factors of triggering higher-order thinking. 
  
Teachers’ ability to trigger higher order thinking seems to have a connection to the teachers’ individual 
competency of the PR content. Increasing development of content-specific knowledge and skills in robotics 
education are also recognized in the literature (Jung & Won, 2018; Mahmud et al., 2018). In that light, we 
are arguing that the teacher's individual competency plays a major role in recognizing effective methods 
for teaching PR on a participatory manner with proper IS given to young learners. If a teacher does not 
understand the concept of PR, teaching converts mechanical and non-participatory without possibility to 
trigger young learners’ higher-order thinking. Although, according to our results teachers’ lack of 
competency sometimes leads to circumstances where trial-error and young learners' own experimentation 
with a robot participates them into the learning process of PR. 
 
Indicating our results, the lack of opportunities to choose stands against the principles of the participation 
and children’s autonomy (e.g., Thomas, 2000). Although, autonomous learning with unknown and novel 
technologies seems to be almost impossible (Stoeckelmayr et al., 2011). Hence, the importance of the given 
IS arises as PR practices can be considered as a novel content for the young learners. Such scaffolding, 
where teachers’ role is seen as a facilitator and a mentor, has recognised meaningful for young learners 
learning process of PR (Alimisis, 2018; Clarke-Midura et al., 2019; Elkin et al., 2016).  

6. DISCUSSION 

The study was executed with the qualitative means based on the theories of quantitative based CLASS-
measure and TTI-model (Hamre et al., 2013; Leyva et al., 2015; Pianta & Hamre, 2009), and Thomas’ 
(2000) ladder of participation. Bringing the teacher-child interaction theory to the context of young learners' 
technology education and PR practices is a non-traditional approach. The implications of the novel 
methodological execution are recognized by the authors. 
  
Challenges in learning processes and participation of young learners have been recognized in bigger groups 
in teaching of PR (Monteiro et al., 2021). The size of the group in a classroom has been recognized 
influencing on quality of teacher-child interaction (Allen et al., 2013) and quality of IS (Pianta et al., 2008a). 
In this study the PR lessons where group sizes were bigger, teachers' concentration were directed merely to 
classroom management that led to more teacher-oriented learning activities. 
 
All in all, in the current study the group sizes were small which limits large-scale conclusions of 
implementing quality of IS. The bigger group sizes may have revealed more closely the teachers’ ability to 
give support individually to young learners and reveal the teachers’ competency on managing PR actions 
in the classroom. Luckily, there is a common pedagogical way of dividing young learners into small groups 
in Finnish ECEC (Salminen et al., 2021) which could be seen beneficial for teaching of PR to young 
learners. In that light, we are suggesting that community involvement, for instance engaging parents and 
grandparents in collaboration with young learners, could emancipate teachers to focus on PR practices with 
smaller groups.  
 
One limitation of this study is that the PR actions that young learners dealt with were quite manageable. 
According to Elkin et al. (2016), with the proper scaffolding younger children, as young as 3 years old, can 
build and program a robot. The more complex PR actions could have revealed the nature of the teachers’ 
competency to give IS to the young learners. In this study, the lessons were held using unplugged 
programming by either hands-on PR practices with the tangible KUBO robot and TagTile programming 
pieces, or PR related actions such as friend programming. The purpose of unplugged programming actions 
is to familiarize young learners into programming before the actual digital and code-based programming 
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(Faber et al., 2017; Fridberg & Redfors, 2021). Interestingly, no unambiguous evidence of the benefits of 
familiarizing programming in this order has found (Fridberg & Redfors, 2021). 
  
With our results, we recommend that teachers support to young learners and teacher's individual 
competency of PR should be focused more on future research. Content-specific skills needed in PR are not 
an evident part of teachers’ competency in ECEC unless they have participated in in-service teacher training 
or have PR as an avocation. To be able to teach these contents in participatory way, the teacher must pose 
questions for children. For proper and higher-order thinking triggering questioning, the teachers’ individual 
PR specific competency must be on a sufficient level. Therefore, endorsing teachers’ individual competency 
in-service training is needed. Further aims should also concentrate on finding effective ways for using IS 
and participatory teaching in PR. 
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Abstract 

Design and Technology (D&T) education is optional in England for students over 13 years old and 
the number of girls taking this option has significantly reduced over the last two decades. This 
project is driven by a desire for greater equity of opportunity and for the Science, Technology, 
Engineering and Maths (STEM) workforce to better reflect and serve the whole population.  

The aim of the research study was to explore the perceptions teachers have of gender role 
stereotypes, how these stereotypes might influence the choices of girls to follow D&T and how this 
relates to girls’ STEM futures. The eight teacher participants were from very different secondary 
schools in England and at various stages in their careers. 

This paper is limited to part of a larger project, focusing on the use of Implicit Association Tests to 
maximise the effectiveness of interviews. The wider study relied on a critical realist approach, 
analysis of the interview transcripts included undiluted representations of the participants’ voices, 
interpretation of their messages along with possible sociopsychological mechanisms at work.  

Selected findings reported in this paper include the grouping of the teacher participants into 
unwitting and passive reinforcers of stereotypes, active advocates of equality or active supporters 
of stereotypes. The participants also shared views of how girls can be critical of the value of D&T 
for STEM careers and raised questions about professional boundaries, positive action and 
misinterpretations of D&T.  

The recommendations drawn from the findings suggest that more could be done in training pre- and 
in-service teachers on the likely impact that gender role stereotypes and implicit associations have 
on student subject choices. The paper offers an insight into the role D&T teachers have within the 
wider gender equity in STEM agenda. 

Key Words: Design and Technology, STEM, gender role stereotype, bias, teacher perception, 
implicit association, equity 

1. INTRODUCTION AND BACKGROUND 

This section provides an overview of the intersection between gender (in)equities, Design and Technology 
(D&T) and Science, Technology, Engineering and Maths (STEM) as the context and justification for a 
research study completed as part of an educational doctorate. This paper represents a limited part of that 
EdD thesis (Anglim 2021), focusing on the role of D&T teachers whilst recognising that parents, peers and 
other stakeholders have a significant part to play in this arena; further papers are planned. 
 
The study is based on a broad understanding of technology education as having signature pedagogies 
(Stables 2008). One of these is the importance of the design process within projects where interdisciplinary 
knowledge is employed (Archer 1979). Another is the interaction between mind and hand, the iterative 
interplay of practical modelling and sketching with cerebral activities of creating and evaluation (Stables 
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& Kimbell 2007). These are loosely related to ‘tinkering’ (Royal Association of Engineers, RAEng 2018). 
A third is the role of real-world contexts and the moral, ethical and social implications that those contexts 
bring (Baynes 2010). Attempts at capturing these signature pedagogies within the changing English D&T 
curriculum over the last three decades have not always been successful, leading to significant 
misunderstandings of the subject for a range of stakeholders (Hardy 2017, Bell et al. 2017). And yet, the 
emphasis on the project as a process, the importance of real-world contexts and the interdisciplinary 
application of knowledge also form a fundamental part of cross-curricular STEM projects. D&T has strong 
links with vocational training and industry due to the historical foundations of the subject, this is linked to 
its real-world signature pedagogy. The benefits of the relationship are marred by the strong gender role 
divisions associated with different material strands. Between 1988 to 2019, D&T included optional material 
strands of food technology, electronics, textiles, systems and control, graphic design and resistant materials. 
The repercussions of these strands contribute to the misconceptions surrounding the subject and remain a 
factor in the, “weak, poorly defined external disciplinary boundaries” of D&T (Bell et al. 2017).  
 
D&T has, up until quite recently, been remarkably invisible within the wider body of literature on STEM, 
despite the work of protagonists such as Banks (2014), Steeg (2016) and Barlex (2007, 2010). This 
invisibility may be partly due to the plummeting numbers of students taking D&T qualifications; there were 
less than a quarter of the students studying GCSE in 2021 as there were in 2003 (JCQ 2003, JCQ 2021). 
The reasons for this are complex but include the government’s removal of D&T from the GCSE core 
offering, the introduction of attainment measures, the English Baccalaureate and Progress 8 (Long, 2016) 
and the decision to replace GCSE and A-level Food Technology with a Food and Nutrition GCSE in 2018 
(Rutland, 2019). Probing the falling numbers reveals some startling gendered differences. In 2001 47% of 
D&T GCSE entries were girls but, after Food Preparation and Nutrition became a discrete GCSE, this 
dropped to 32% of the total D&T entries (JCQ 2018). Combining the overall drop in D&T numbers with 
this factor, there was a total fall from over 200,000 girls in 2001 to under 42,000 girls in 2018 following 
GCSE D&T. These 42,000 girls represent less than 7% of the total number of students taking GCSEs and 
yet there have been remarkably few reports, studies or initiatives to tackle this directly from within D&T 
(Whyte 1986, Down 1986, Cattan 1988, Harding 1997 and Withey 2003). This is in stark contrast to the 
widespread concern in the broader STEM community. In direct comparison to the lack of studies on the 
falling numbers of girls in D&T during the last few decades, there are a wealth of reports that bemoan the 
low numbers of girls and women represented in STEM studies at GCSE, A-level and undergraduate level 
(Seymour 2002, Herman & Carr 2009, Hill, Corbett & St Rose 2010, STEM 2010, UNESCO 2017). The 
Royal Association of Engineers (RAEng) consistently report on the slow growth of numbers of women in 
the profession; citing that only around 12% of the engineering workforce are female (RAEng 2018). Much 
of the research about the causes of these discrepancies and inequities explores socio-cultural factors of 
stereotypes, bias and implicit associations (Brotman & Moore 2008, Stoet & Geary 2018, Halpern et al. 
2007, Spelke 2005). This discrepancy in the attention paid to low numbers of girls in D&T compared to the 
low numbers of girls in STEM is the reason for this study. 

2. LITERATURE REVIEW 

This section provides a snapshot of contemporary research that crosses the fields of gender, STEM and, 
less so, D&T. The most useful concepts come from the fields of social reproduction and socio-psychology; 
they provide a guide to the relationships between implicit associations, bias and stereotypes. These are 
fundamental to understanding the mechanisms underpinning choices made by students and understanding 
the role that teachers take in those choices. A social reproduction perspective provides a useful foundation 
for understanding the choices of students. A key component of this choice is determined by the amount of 
technological capital individuals have. Technological capital is developed from Archer’s science capital 
(Archer, MacLeod & Moote 2020) which is itself founded on Bourdieu’s definitions of capital (1973). 
Technological capital has four components: 
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1. Technological literacy - what you know.  
2. Networks - who you know.  
3. Behaviours - what you do outside school.  
4. Attitudes – how you think. 

 
These facets of technological capital are created and transferred between individuals but also controlled by 
teachers and parents as gatekeepers. Inequalities in society, including gender inequalities in STEM and 
D&T, can be resistant to change through the restricted access to cultural, scientific or technological capital. 
However, technological capital also provides opportunities for individual agency and institutional structural 
transformation if students, teachers and parents are aware of how it works within their classrooms, schools 
and communities. The study explores how extracurricular STEM clubs, knowledge of the university 
application process, the subject content and approaches to D&T projects can be leveraged as useful 
technological capital. 
 
Understanding how agency and structures affect individuals leads to a range of other theories. Educational 
psychology abounds with models of motivation but socio-psychological theories provide a broader view 
that includes how tasks or decisions are valued by the individual and others. Eccles’s expectancy value 
theory (Figure 1, 2011) is the framework employed in this study that acknowledges the complexity of 
interactions between individual students’ beliefs (B), characteristics (C) and experiences (D) with society 
(A) and socialisers (B, teachers, parents) that lead to decisions and how tasks are tackled (K). 
 

 
 
Figure 12. Model of achievement related choices (Eccles 2011). 
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Within this model, we are most interested in how teachers (alongside parents) understand how gender role 
stereotypes of D&T and STEM affect both themselves and their students. These gender roles stereotypes 
can be viewed in different ways; as statistical discrimination (Arrow 1973), rationalisations of prejudice 
(Lippmann 1965) or more usefully as oversimplified, uncritical generalisations used to save on cognitive 
resources (Bordalo et al. 2016).  These stereotypes are often based accurately on empirical evidence (Judd 
& Park 1993) through a ‘wisdom of crowds’ effect (Surowiecki 2004). Stereotypes are therefore seen as 
“culture in mind” (Hinton 2017), or an implicit association, but can lead to negative emotions (prejudice), 
or even behaviours (discrimination), towards another social group. When these differences, emotions and 
behaviours remain at an implicit, uncritical or automatic level they become problematic and can reproduce 
social inequities; when they are made visible they can be tackled. 
 
The challenge is to identify how D&T teachers, as primary socialisers, understand how these implicit 
associations influence the choices of their students to follow the subject as part of their potential journey to 
a STEM career. 

3. METHODOLOGY 

This section provides a brief description of the methodology and participants in the study, including two 
methods of data generation and the analysis of that data. A critical realist approach (Bhaskar 1975) was 
adopted to explore the multiple levels at which choices are made (actual), perceived (empirical) and driven 
(real).  
 
Investigating perceptions is can be best managed through interviews (Cohen, Mannion & Morrison 2007) 
but interviews also have their limitations when the topic is so personal, loaded and potentially hidden from 
consciousness. As with all interviews, there is the possibility that participants may well censor their 
responses to provide a more favourable image of themselves (Smith & Osborn 2008). The challenge for 
this study is to find ways to openly discuss these private and implicitly held beliefs and stimulate deeper 
responses in the interviews. One of the methods used in the study was the use of the gender/STEM Implicit 
Association Test (IAT); other tools included lesson video and focus groups, but these are not described 
here. The gender/STEM IAT (Nosek et al. 2009) is a psychometric test measuring the relative response 
times of participants to categorise words relating to gender such as man, uncle, wife and aunt to words 
representing STEM or liberal arts such as maths, engineering or music and history. By changing the pairing 
of these categories, differences can be established. Most people can categorise the words faster and more 
accurately when male and STEM fields use the same response key on a keyboard. This is taken to reflect 
stronger associations of STEM fields with men and can be interpreted as an implicit gendered association. 
The argument against the construct validity of the IAT is that faster response times may also indicate that 
the concepts (male and STEM fields) are similar in salience because of existing social norms (Rothermund 
& Wentura 2004, Arkes & Tetlock 2004). The test could therefore be measuring cultural knowledge rather 
than personally held implicit associations. The claim is that the speed of the testing in an IAT bypasses the 
opportunity to formulate socially acceptable responses in a self-reporting questionnaire. The IAT was 
conducted mid-way through the 90-minute-long interviews and, due to the conflicting evidence about its 
validity, the results were only shared to generate a richer discussion with the participants about implicit 
associations, cultural norms, gender role stereotypes and bias.  The results of the IAT are available 
immediately and show how the participant’s response sits alongside the average results from the wider 
population (shown in Figure 2 below).  It is this comparison between their own results and the average 
implicit gendered associations that generate interesting interview responses. 
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Figure 2. Harvard Implicit Association Science-Gender test results for general population (Nosek, Banaji and 
Greenwald, 2002). 
 
The participants were based on existing contacts where a level of trust had already been built up either 
directly, or through connections between senior leaders as gatekeepers. The table below (Figure 3) is the 
easiest way to describe the range of experience and responsibilities of the participants and their different 
school settings. There was a wide range of school types including one (Greg’s) that employed a diamond 
formation, the separation of boys and girls in classes between ages 11 and 16.  
 

Teacher School 

Code Subject Sex 
Years of 
teaching 

experience 

Head of 
department 

Percentage 
of girls in 
the school 

Funding 

Percentage of 
students Grade 5 or 
above in English and 

Maths 
(England av. 43%) 

Mike D&T M 20  50% Maintained 38% 
Ruth D&T F 1  50% Maintained 61% 
Bree D&T F 2  42% Independent 97% 
Greg D&T M 10  46% 1 Independent 92% 
Pete D&T M 15  100% Academy 89% 
Jake D&T M 1  

37% Independent  81% Thom  Art M 25  
Doug  Computing M 5  
Cole Computing M 1  
Kate D&T F 5  52% Maintained 45% Lynn D&T F 1  

 
Figure 3. List of participants and schools 
 
Thematic analysis of the verbatim transcripts (Braun & Clarke 2013) took place in an iterative fashion with 
a both bottom up and top down coding passes, multiple theme generation stages and the use of matrices to 
reveal patterns and anomalies in code relationships. 

4. FINDINGS 

Only three of the twelve themes generated in the analysis of the wider project are described in this paper; 
other themes, such as the impact on girls of restrictive subject choices in schools, peer and parental 
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influences, behaviour management strategies or failure and practical work in D&T, will be discussed in 
future papers.  
 
During discussions about gendered contexts for D&T activities it became increasingly clear that the 
participants fell into different camps. The first two groups include those that actively engaged with 
stereotypes in their classes and those that passively accepted the stereotypes, exemplified by the extracts 
below: 

“I was talking about the GCSE brief and social interactions, which is one of the contexts… We were talking about 
pushchairs and stakeholders and I said, ‘great, if we’re designing a pushchair or a high-chair, what is our main stakeholder 
there?’ And this kid went, ‘Mums’ (loudly). And I just went, ‘No!’”. (Bree). 

“We give those students an open choice. The girls will frequently go down the Art Deco, Nouveau route. The boys will 
frequently go down the steampunk route… generally, they pick what you would suspect and stereotypically think they 
would pick”. (Mike). 

The third camp is problematic and can be described as those that actively reinforce gender stereotypes 
despite shifting societal norms. Discussions that arose from the results of the IAT revealed that these 
participants hold gender essentialist beliefs based on faith and biology. 

“… part of my faith has been that men and women are different …I just ignore gender because it’s frustrating and 
annoying… any difference is down to sex and at that point it is irrelevant because it is not a cultural construct. It’s a 
biological likelihood.” (Jake). 

“Can we as teachers influence this… or are we trying to meddle with nature in that respect?” (Greg).  

Within these discussions there arose questions about what was, and was not, acceptable when encouraging 
and supporting girls and boys in D&T. Additional support or encouragement was described as 
discrimination by five of the participants, so revealing a confusion between positive action, the legally 
acceptable and professionally duty-bound encouragement of protected characteristics (Equality Act 2010, 
DfE 2014). and positive discrimination, the unlawful practice of selecting a candidate because of a protected 
These offerings were variable in quantity and quality, ranging from Mike’s lunchtime woodwork club to 
Greg’s aspiring engineering programme (for students not following a D&T qualification) and Pete’s 
engagement with numerous national STEM competitions. The participants suggested that students 
recognise these STEM activities as having greater utility value as vocational and career preparation than a 
D&T qualification: 

“Students have got wind of the fact that they don’t require D&T as a qualification to go into engineering… Which is true 
and which I will often broach at parents evening and raise with parents. No, you do not technically need this qualification. 
Why you don’t, I have no idea. It’s bizarre that universities don’t view this as a credible, intelligent, academic subject”. 
(Bree). 

Bree’s position suggests that D&T does have a role to play in the formation of engineers and reflects the 
slow change over the last two decades from a complete absence of D&T in engineering literature to a 
dawning realisation of the subject’s role (RAEng 2018). Bree describes how a “hugely academic” girl 
aiming for a Russell Group university engineering degree continued with an extracurricular F1 in Schools 
activity but dropped D&T because, “she didn’t need to take it”. Bree warns that the “over-provision” of 
extracurricular STEM offerings, whether linked to national initiatives or organised internally, could well 
be damaging the place of D&T. Whilst D&T has low value for entry to engineering at degree level, some 
D&T staff are busy providing extracurricular STEM activities that are acknowledged by the same 
universities as valuable. Many of the participants also share the perception that boys and girls engage 
differently with discussions about the value of STEM activities and D&T to their future, for example: 

“The girls take it more seriously at that age [12]. Especially the brighter ones. They’ll take it really seriously and actually 
think about things. The boys at that age are going, ‘what’s most fun, what do I enjoy the most?’ and then do that. I think 
that’s just the maturity of boys and girls at that age.” (Jake). 
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The participants suggest that girls are more conscious of the utility, cost and attainment value of subjects 
and boys rate the enjoyment value of a subject more highly. This is an example of how misunderstanding 
the value of technological capital can ultimately limit access to STEM careers or, in contrast, targeted 
interventions effectively distribute technological capital to increase equity. 

5. DISCUSSION AND CONCLUSION 

This section presents a discussion of the implications of these findings for a variety of stakeholders. It 
describes the potential for further work and offers insights into the significance of the results. The study 
includes only a small number of participants, is a pro-feminist study conducted by a male teacher-researcher 
and so standard measures of validity, reliability and generalisability do not apply (Lincoln & Guba 1985). 
Alternative measures of quality, more fitting to a critical realist approach, relate to authenticity. There are 
attempts to share in this short paper a few examples of reflexivity, collaboration, the audit trail and rich 
descriptions, all procedures that enhance the authenticity of a study. 
 
The use of the IAT had an important part to play; by revealing implicit associations at a cultural level the 
participants were then able to share their deeply held belief systems and misunderstandings in the 
interviews. These belief systems and misunderstandings are problematic as they can limit the opportunities 
for girls in D&T; one recommendation of the study is that these are tackled with both practicing and pre-
service teachers. 
 
Clarity is needed for all teachers, especially D&T and STEM teachers, that to abide by the Equality Act 
(2010), and to compensate for society’s inequalities, boys and girls may need to be treated unequally and 
provided with unequal resources. Equal treatment assumes the fundamental or natural equality of all persons 
whereas equitable treatment is associated with a fair and just provision that considers individual 
circumstances (Corson 2001). This is positive action, equity through unequal provision (Tyker 1977). The 
problem is that equity is about fairness and, as such, requires and element of subjectivity (Espinoza, 2007). 
Equality is much easier to determine, measure and define. Once subjectivity is included then individual 
belief systems, such as those participants in this study sharing their gender essentialist views, will factor in 
any decisions.  Any form of training of D&T must include raising awareness of gender role stereotypes and 
gender essentialism; the IAT could be a useful tool to generate meaningful discussions with teachers. 
 
Closely linked to the discussion about positive action and providing different opportunities for girls is the 
awkward relationship between D&T and STEM extracurricular activities and competitions. This is 
especially important as the participants suggest that girls and boys value quite different aspects of these 
activities. From Eccles’s expectancy value theory (2011), we see that the value of an activity or task is as 
important as the student’s expectations for success. The challenge for those leading STEM and D&T in 
England is to clarify how the unique skills, knowledge and attributes developed in the D&T curriculum can 
be valued more widely with the STEM community. There are opportunities within the D&T curriculum 
and STEM activities to provide technological capital and, if the principle of positive action is upheld, then 
teachers in these fields have the potential to reverse the trend of falling numbers of girls. 
 
I believe that these findings make a small contribution to professional knowledge; the literature on gender 
in D&T is relatively limited and this study goes some way to bridging the gap with many of the 
understandings from the significant body of work in STEM and gender more generally. Eccles’s (2011) 
expectancy value theory has been pivotal in understanding how many of the structural forces work to both 
restrict and enable girls’ choices. The focus on teachers’ perceptions provides a limited viewpoint but 
hopefully provides a deeper insight into how gender is handled by D&T teachers in their practice. I welcome 
feedback and reach out to join with others in a dialogue about equitable access for girls and boys to 
technological capital through the D&T curriculum and STEM activities. 
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Abstract 

Current research has shown the value of using children’s books to shape, improve, and influence 
student learning in many academic areas such as Science, Technology, Engineering, and 
Mathematics (STEM).  In this vein, the authors analyzed 286 K-12 self-identified “STEM” books 
published in the United States in 2021.  This analysis, which was conducted as part of a yearly 
identification of the best STEM books for the Children’s Book Council’s Best STEM Books list 
involved reading and noting instances of STEM content, character, accuracy, representation, target 
age group, genre, protagonists, underrepresented groups represented, and the academic content 
covered.  This paper presents the findings from our analysis of these books with several suggested 
areas for improvement in future book publication and ideas for practitioners involved in selecting 
which books to present to students. 

Key Words:  STEM, Literacy, Equity 

1. INTRODUCTION 

In formal education, students spend a significant amount of their time reading and gain much of their 
understanding from text (Weyer & Casares 2019). While STEM subjects are traditionally seen as areas 
where more learning is done in hands-on contexts (Dugger 2010), research shows that students also 
continue to spend a large amount of time reading (Tank et al. 2018). In elementary schools, where students 
spend most of their time in one classroom, the proportion of class time spent reading is even greater, as 
teachers are expected to help students develop literacy skills as part of general standards (Wright & Domke 
2019). Therefore, it is important that students have access to beneficial reading materials and while 
textbooks serve as a common reading material, students can also benefit from other forms of text including 
picture and trade books (Lapp et al. 2016). 
 
As seen in the annual identification of STEM best books by the National Science Teachers Association, 
trade books are important to STEM education. As these books include technology and engineering books 
alongside more traditional science and math books, it is of interest to see what books are being published 
and shared in all relevant STEM fields. 

2. LITERATURE REVIEW 

A myriad of research suggests that STEM learning in classrooms can be improved through the use of 
children’s books (Popov & Tinker 2017; Mahzoon-Hagheghi, Yebra, Johnson & Sohn 2018).  Powerful 
stories can capture students’ interest and push STEM learning in younger children as they engage with 
colorful illustrations, captivating stories, and interesting facts or ideas (Bartholomew & Santana 
2021).  Previous research has shown that key elements of these books include relatable characters, engaging 
problems/solutions and a diversity of topics (Bartholomew & Seymour 2021). While research has been 
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done in the efficacy of books in science education (Mahzoon-Hagheghiet al. 2018) and STEM education in 
general (Pattison et al. 2020), research regarding technology or engineering education more specifically is 
limited. One study in 2008 found that, of 71 children’s books referencing STEM themes, only one included 
the term engineering.  Further, this study noted that these books included mostly stereotypical 
representations of engineers with almost exclusively male characters (Holbrook et al. 2008). In direct 
response to those findings, a report documented the creation of an engineering book designed for 
elementary classrooms (Dorie & Cardella 2011) and another program extended this idea to create a project 
where undergraduates create engineering books for children (Bosman & Chelberg 2021). Specifically, this 
field of research is of importance as book have been shown to influence attitudes towards technology and 
representations of technology for school age children (Axell & Hallström 2013). Additionally, children’s 
literature can serve as a starting place for deeper reflection and consideration of technology by students 
(Axell 2017). 
 
With a recognition of the importance of STEM children’s literature in classrooms, teachers need to identify 
which books are the most worthwhile for students. While many recommended lists exist - ranging from 
those created by NSTA and American Scientist to personal blogs and otherwise (e.g., 
https://www.nsta.org/best-stem-books-2021) - these lists do not provide a thorough analysis of every book’s 
content or the rationale for inclusion and instead usually only provide a short description. Additionally, 
these lists may not include all STEM-related fields and/or subject areas. For example, the titles in the 
Children’s Book Council (CBC) Best Books List—published in conjunction with National Science 
Teaching Association (NSTA) efforts—cover math, computer science, earth science, physics, engineering, 
astronomy, cartography, medicine, and biology but do not include other areas such as environmental 
science, chemistry, or botany. 

3. METHODOLOGY 

In response to our experience with, and research into, STEM trade books for children – and with an 
understanding of the importance of these books as STEM educators - we determined to investigate the 
current state of STEM books. Specifically, we investigated what patterns, themes, and ideas were present 
in recently released STEM children’s titles and how these themes may, or may not, inform classroom 
inclusion, practice, and utilization.  We first procured and analyzed 253 children’s STEM books for STEM 
content – each of which was submitted by a publisher to the CBC and NSTA as a potential title for the 2022 
Best STEM Books list (see: https://www.nsta.org/best-stem-books-2021 for the 2021 list).  To be included 
in this list all books met the following criteria and were submitted by the publisher to NSTA:   

• recent release (2020 or newer),  
• published in the United States (US) 
• STEM content (as identified by the publisher), and 
• K-12 emphasis (as identified by the publisher).  

After procuring these titles, we analyzed each book individually and identified both key findings and areas 
for improvement.  Fully recognizing limitations in this research around the method in which these books 
were identified (e.g., we are aware of several books that could have been included but were not submitted 
by publishers such as Project Hail Mary by Andy Weir), we believe the findings are nonetheless insightful 
and provocative in terms of the overall discussion around trade books and children’s classrooms. The large 
number of books sampled from all grade levels and covering vastly varied content suggests that the books 
published in the US but not included in this evaluation would follow similar patterns. Further research 
would be needed to determine if the patterns found in the US published books are mirrored in international 
publications. 
 

https://www.nsta.org/best-stem-books-2021
https://www.nsta.org/best-stem-books-2021
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For this project, when publishers submitted the books, they also labeled them with a grade level. 126 of 
the collected books were labeled by the publisher as grades “K-2 level,” 95 of them marked for the grades 
“3-5 level,” 49 at the grades “6-8 level,” and seven were identified as the “9-12 level,” with some books 
being counted in multiple grade levels (See Figure 1). The low number of grade 9-12 books may be 
partially attributed to a limitation around the tendency to label books for older readers as “adult” books 
rather than “children’s books”. 

 

Figure 1. Number of books analyzed by grade level 
 
Prior to reading the books, the authors created a coding tool (see Table 1) for use in analyzing the books. 
The criteria included were derived from the Children’s Book Council’s published criteria for the yearly 
Best STEM Books list (“Best STEM Books” n.d.) with additional criteria added pertinent to our research 
question.  Following the creation of the coding tool, the authors independently read several books and coded 
them using the established criteria.  Results were compared to check for inter-rater reliability with high 
levels of agreement found; minor calibrations were added following the reliability checks to the coding 
techniques to further strengthen reliability (e.g., included in those changes was the organization of STEM 
disciples and sub-disciplines as engineering and technology were used as general topics, many sub-disciples 
were used including earth science, paleontology, and medicine).  
 
Table 11. Coding Tool 
 

Category Options (Optional) 
Title: Subtitle  
Author(s)  
Illustrator(s)  
Grade Level K-2 

3-5 
6-8 
9-12 
 

Protagonist Female 
Male 
Female & Male 
Animal 
Nature 
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None 
 

Portrays Underrepresented Group Female 
African American 
Hispanic 
Indigenous 
LGBTQ 
Mental Health 
None 
 

Genre Nonfiction 
Biography 
Fiction 
How To/Project Guide 
Board Book 
Cookbook 
Comic 
Romance 

Page Count  
Illustration Score 0-10, 10 = fantastic & beautiful 
STEM Disciplines Represented  

 
Following calibration exercises with the books, all 253 potential titles were divided amongst the research 
team and each book was read and coded in line with the established tool.  At several points, multiple authors 
analyzed a single book and discussed coding to ensure continued consensus and fidelity to the agreed-upon 
criteria and coding instrument.  Overall results for each of the following categories were computed: genre, 
equity, and STEM content.  Additionally, information from each book were used in the exploratory analysis 
to identify common themes, patterns, and ideas. 

4. RESULTS 

After total frequency counts for each of the categorized areas were tabulated, an overall analysis of the 
totals was investigated in line with our research objective to identify what patterns, themes, and ideas were 
contained in the recently released STEM children’s titles was completed. Additionally, data was analyzed 
to determine how these themes might inform classroom inclusion, practice, and utilization.  Genre, Equity, 
and STEM Content will each be discussed. 

4.1. Genre 

Within the 253 books analyzed, there was a large variety of STEM books from many different genres (see 
Figure 2 and Figure 3). While fiction (85) and nonfiction (118) books were the two most common genres, 
biographies (19), how-to guides (15), board books (4), cookbooks (1), comics (9), and romance (3) novels 
were also included in the books. While cookbooks and romance novels were less common, the greater 
variety in genre may have the potential to expand access. However, the alternative structure and/or plot 
may be a distraction from the STEM learning goals; for example, several of the romance novels were found 
to have extremely limited STEM content. While fiction was common in all groups, K-2 books specifically 
had a high representation of fiction books (55 out of 125). This was not necessarily surprising as fiction 
books can convey important information even though they are not entirely factual; however, teachers must 
be careful when selecting books to ensure they represent science accurately and have instances where the 
science concepts can be clearly identified (Mahzoon-Hagheghi et al. 2018). 
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Figure 2. Distribution of Book Genres by Grade Level 
 

 

Figure 3. Number of Books by Genre and Grade Level 

4.2. Equity 

Research by Cecilia Axell and Johan Boström has shown the power of children’s books to influence gender 
stereotypes in children (2021). While research in 2008 found clear gender inequity, an increasing emphasis 
on women pursuing STEM fields (Mahzoon-Hagheghi et al. 2018) led authors to believe that current books 
may be more equitable and the representation of gender in STEM books was analyzed. Many of the 
analyzed books lacked protagonists or had non-human protagonists including animals or other natural 
elements like the sun. Of all books received, approximately 25% of books have female protagonists while 
only 10% of the analyzed books had a male protagonist. Some grade level books had even higher 
representation with K-2 books having female protagonists in 34% of the books. 
 
While our analysis of gender equity in protagonists showed diverse results, our subsequent analysis of 
historically underrepresented groups demonstrated larger differences for some groups. About 13% of the 
U.S. population identify as African American (United States Census Bureau), and 14% of books with 
human protagonists (17 out of 121) portrayed African American individuals. However, while over 18% of 
the U.S population identify as Hispanic (United States Census Bureau), less than 5% of books with human 
protagonists (6 out of 121) portrayed Hispanic individuals. Finally, while about 4% of books with human 
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protagonists (5 out of 121) represent indigenous individuals, only two of the books with human protagonists 
portrayed American Indians (1.6%).  

4.3. STEM Content 

Integrating science, technology, engineering, and math together into STEM has been shown to improve 
student learning (Singer 2011) and many (85) of the 253 books combined at least two of these areas 
seamlessly.  The prevalence of each of the subjects is seen in Figure 4. Many books included multiple 
subjects within science and with the 253 books that were analyzed, the total of all science subjects 
referenced was more than 350. As seen in Figure 4, this large number was unique to science; technology, 
engineering, and math were not equally represented - technology was only highlighted 44 times (8.5%), 
engineering only 70 times (14%), and math was only referenced 38 times (7.4%) out of 515 references. As 
Science and Math (required subjects) are required subjects in most classrooms it was not surprising to find 
a significantly larger proportion of science books, but the low number of math references was surprising. 
Some of this disparity might be due to a perception that the National Science Teachers Association may be 
more focused on science than other STEM fields. It is also possible that publishers prioritized submitting 
science books instead of engineering, technology, or math books, resulting in the unequal distribution of 
subject references. 

 
Figure 4. STEM Subjects by Grade Level 
 
With the high prevalence of science books, it was possible to explore many sub-disciplines including an 
impressively large range of topics (see Figure 5) which reflected the broad nature of the Science 
curriculum.  Zoology was the most common sub-discipline which was unsurprising as many children’s 
books reference and/or teach about animals. Environmental science was the next most common 
specialization which may reflect the growing popularity of environmental consciousness (Funk, Tyson, 
Kennedy & Johnson 2020). We noted, with some surprise, none of the books that included references to 
environmental science were selected for the NSTA Best Books list, illustrating the concerns we initially 
felt regarding the insufficiency of recommended lists.  
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Figure 5. Specific Fields of Science Referenced 

5. DISCUSSION 

A plethora of new books are written and published each year that have the potential to teach STEM 
concepts. However, there is not an even distribution of content areas with an emphasis on science, younger 
readers, and unequal representation of main characters along racial lines. While teachers have access to 
many potential STEM books, our findings suggest they may have difficulty identifying which ones to 
integrate into their teaching in order to present a wide range of concepts and role models. Additionally, 
teachers may need to be conscious of which genres of books to present and how to ensure that students 
understand which ideas presented are accurate and which are not. 
 
The lack of books written about technology, engineering, and math illustrate an area where authors and 
publishers could improve the market offerings. Companies who create curriculums and textbooks, may 
even find it useful to create trade books. Additionally, even though many science books are already 
published, a greater number of books that focus on food science, or a scientific method to problem-solving 
may be useful. Further, publishers and authors may wish to create more STEM books for older readers 
and/or choose to market more STEM books originally targeting adults towards high school students. 
  
STEM books have been shown to be an effective way to introduce and teach a variety of academic topics 
and each year hundreds of new STEM books specifically targeting K-12 students are published just in the 
United States. It is our hope that as time progresses teachers will have even greater access to more books 
on a wider range of topics as an increasing number of books are published.  
 
There is significant potential for further research in this area looking more closely at the content presented. 
While some books provided in depth accurate information, others merely included science as a motif in an 
otherwise unscientific book. The depth of content and the accuracy of the content is also an important fact 
in what books a teacher should select. While interesting, this was not feasible given the number of books 
we analyzed. Additionally, deeper analysis around representation in the books looking at which characters 
say or give certain information would provide a deeper understanding of the equity of the books. The 
portrayal of female characters or characters of color is another element that teachers should consider. As 
many books have been identified and classified by subject area further analysis of each subject area and 
differences between science, technology, engineering and math can also be evaluated to provide more 
feedback to guide authors and publishers.  
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Abstract 

The overall aim of the school subject technology is to develop pupils’ understanding of 
technological solutions in everyday life. A starting point for this study is that it is important for 
teachers in technology to have knowledge of pupils’ prior conceptions of the subject content since 
these can both support and hinder their learning.  

In a previous study we found that when pupils (age 7) talk about digital technology and 
programming, they often refer to out-of-school experiences such as films, television programmes 
and books. Typically, their descriptions include robots with some form of intelligence. Hence, it 
seems like children’s culture may have an impact on the conceptions they bring to the technology 
classroom. In light of this, it is vital that technology teachers have knowledge about how robots and 
artificial intelligence (AI) are portrayed in children’s culture, and how pupils perceive these 
portrayals. However, knowledge about these aspects of technology in children’s culture is limited. 

The purpose of this study is to investigate how artifacts with artificial intelligence are portrayed in 
television programmes and literature aimed at children. This study is the first step in a larger study 
aiming to examine younger pupils’ conceptions and ideas about artificial intelligence. A novice 
conception of artificial intelligence can be described as an understanding of what a programmed 
device may, or may not, “understand” in relation to a human, which includes discerning the 
differences between the artificial and the human mind. Consequently, as a theoretical framework 
for investigating how artificial intelligence is portrayed in children’s culture, the concepts of Theory 
of Mind (ToM) and Theory of Artificial Mind (ToAM), are used. The empirical material presented 
in this paper, i.e. four children’s books and a popular children’s television programme, was analysed 
using a qualitative thematic analysis. The results show that the portrayal of AI is ambiguous. The 
structure and function of the robot has elements of both human and machine, and the view of the 
human fictional characters of the robot is sometimes that of a machine, sometimes of a human. In 
addition, the whole empirical material includes portrayals of AI as a threat as well as a saviour. As 
regards implications, there is a risk that without real-life experiences of robots, the representations 
children’s books and other media convey can lead to ambivalent feelings towards real robots. 

Key Words: Technology Education, Artificial Intelligence, Children’s Culture, Theory of Mind, 
Theory of Artificial Mind 

1. INTRODUCTION  

The overall aim of the school subject technology in compulsory school is to develop pupils’ understanding 
of technological solutions in everyday life. The technology subject is basically about understanding the 
relationship between humans, society, and the technology we come into contact within our daily lives. 
Students should be given the conditions to develop technological literacy, i.e., a broad technological 
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knowledge (Dakers, 2006; 2011; Williams, 2009). Technology education thus requires a holistic view and 
includes more than the students developing their abilities to create and use technical objects or to understand 
how a particular technology works. The teaching of technology also aims to provide students with general 
skills and attitudes to be able to assess technology, its place in society and its role in the transformation of 
our common environment. Students therefore need to be given the opportunity to develop their ability to 
see technology from many different perspectives. This gives them the prerequisites for understanding the 
technical world and acting in it responsibly (Axell, 2017; Dakers, 2006, 2011; Williams, 2009). 
Artificial intelligence (AI) has long been a part of descriptions of our technological future in popular culture, 
in particular science fiction, but today it is no longer only about future scenarios. AI in a broad sense – 
including not only voice and face recognition in mobile phones, but also robotic technologies such as robot 
vacuum cleaners and lawnmowers – is already a part of our lives and is likely to have an increasing impact 
on society at large. AI is therefore also an important aspect of the technology to include in the teaching 
content of technology education. This, however, is a significant challenge for several reasons: Firstly, AI 
research and technologies are evolving relatively quickly, which makes it difficult for teachers to keep up 
with recent developments. Secondly, discussions of AI are characterised by a significant amount of 
uncertainty and hype (Mitchell, 2021). Last, but not least, the public’s – and in particular children’s – 
knowledge, opinions and expectations concerning AI come from a multitude of sources, of which school is 
only one.  
 
Our own approach to understanding what might be required to provide children with AI literacy (Long & 
Magerko, 2020), i.e. at least a rough understanding of what AI technologies could be expected to know and 
do, is inspired by research in cognitive psychology and human-robot interaction. According to Nickerson 
(1999), people estimate what others know based on (1) what they know about their own knowledge, which 
they integrate with; (2) what they believe about groups of people (e.g. readers of PATT proceedings 
understand English, but not necessarily Swedish); and (3) what they believe about specific individuals (e.g. 
you know what languages your spouse speaks). Research in human-robot interaction has shown that people 
also base what they attribute to robots on what they know about people (e.g. Kiesler, 2005; Thellman et al., 
2022). This is similar to the anthropomorphism that characterises people’s interpretations of animal 
behaviour (Urquiza-Haas & Kotrscha, 2015). Elsewhere we have referred to this as anthropocentric 
anchoring and adjustment (Thellman & Ziemke, 2019), and our recent systematic review of the literature 
on human mental state attribution to robots (Thellman et al., 2022) indicates that similar mechanisms are 
involved in how people – including children – interpret AI systems, and robots in particular. 
 
Hence, we can assume that children’s expectations of AI technologies are based on the same three sources: 
they (1) start from their own knowledge and integrate this with (2) what they believe about general groups 
of AI systems (e.g. automated cars, vacuum cleaners, etc. can see things and are not supposed to run into 
them) and (3) what they believe about specific systems (e.g. maybe they have seen the robot vacuum cleaner 
at home suck up Lego blocks). It is important to note the differences between estimating another person’s 
knowledge and, for example, a robot’s knowledge, though: (1) The use of the human anchor is natural in 
the human case, but it is unclear – and not at all easy to judge, in particular for children – when this is a 
valid assumption in the robot’s case. (2) What children (and adults) know – or believe – about groups of AI 
systems is not necessarily reliable, because much of it comes from science fiction (where robots speak 
human language fluently, cars can fly, etc.). Finally, (3) children usually have very limited experience of 
interacting with specific AI systems. Hence, the anthropocentric anchoring and adjustment (Thellman & 
Ziemke, 2019) approach, which comes naturally to us, can easily trick us into believing that AI systems are 
significantly more human-like than they really are.  For example, previous research on adults shows that 
people have expectations of robots although they have had no real-life experience with them, and that 
presumably these expectations come from media such as fiction films (Kriz et al., 2010), since “stories 
leave strong pictures in people’s mind” (Bruckenberger et al., 2013). Several studies also show that fiction 
films affect (adult) people’s attitudes towards real robots (Bruckenberger, 2013; Bartneck, 2004: Kriz et 
al., 2013). Further, Bruckenberger et al. (2013) show that “good” and “bad” representations of fictional 



378 
 

PATT 39 Conference Proceedings June 2022 
 

human-robot interactions lead to “weird double-minded feelings towards real robots”. Hence, teachers 
trying to include AI in their technology curriculum must take into account both correct and incorrect 
information that children have picked up from the media in general, from popular culture and children’s 
culture in particular, and from their own experience of ‘everyday’ AI, such as robot lawnmowers, mobile 
phone assistants, or computer games characters. 
 
A starting point for this study is that it is important for teachers in technology to have knowledge of pupils’ 
prior conceptions of the subject content since this can have an impact on their understanding and learning. 
This was confirmed in a previous study (Axell & Berg, 2022) where we found that when pupils (age 7) talk 
about digital technology and programming, they often refer to robots in out-of-school experiences, such as 
films, television programmes and books. In their descriptions, the pupils anthropomorphised the robots, 
describing them as having a human mind. 
Based on the above, the aim of this study is to investigate how artifacts with artificial intelligence are 
portrayed in television programmes and literature aimed at children. This is the first step in a larger study 
aiming to examine younger pupils’ conceptions and ideas about artificial intelligence. 

2. LITERATURE REVIEW  

Anthropomorphism is a common feature in children’s culture. Animals that behave and think as if they 
were human, and inanimate objects portrayed as having a human mind, are often present in literature and 
film. Anthropomorphism refers to a “tendency to imbue the real or imagined behaviour of nonhuman agents 
with humanlike characteristics, motivations, intentions, or emotions” (Epley et al., 2007, p. 864). 
Anthropomorphised robots are an example of inanimate objects that appear in both books and films. 
Spektor-Precel and Mioduser (2015a, 2015b) describe this theoretically in terms of an understanding of 
Theory of Mind (ToM) and, its opposite, Theory of Artificial Mind (ToAM). ToM refers to a psychological 
perspective; having awareness and understanding of the fact that people can hold feelings, desires, beliefs, 
intentions and emotions which includes those that are different from one’s own. In anthropomorphism, 
ToM is projected onto animals or inanimate objects. ToAM, on the other hand, refers to an understanding 
that machines have no will of its own, and behave according to what humans have programmed them to do, 
or according to direct human operation. 
 
Kriz et al. (2010) conducted a content analysis of 12 science fiction films to explore the cognitive and social 
capabilities of the robot character. The results showed that the fictional robots were often portrayed as 
having cognitive capabilities, but less frequently as having social capabilities.  Sandoval et al. (2014) 
identified two main robot characteristics in fictional films and books. Firstly, they show human 
characteristics in terms of i.e., being emotive beings, having anthropomorphic bodies, and human 
communication skills. Secondly, to accomplish certain tasks, they can interact with humans through both 
non-verbal and verbal communication cues (i.e., voice, gestures, gaze, or facial expressions) (Sandoval et 
al., 2014). 
  
Cave et al. (2018) concluded that fictional narratives typically portray AI as humanoid, although portraits 
through animal forms or in the form of distributed systems do occur. The authors present several plausible 
explanations for this anthropomorphisation of AI. One is the Western view that humans are “the paradigm 
for intelligent beings”. In addition, these machines are commonly doing human labour. For example, C3PO 
in Star Wars works as a human translator and diplomat. Being portrayed as “metal versions of the people 
they are designed to imitate” is hence understandable (Cave et al., 2018). A simpler explanation is that 
visual storytelling needs bodies, and that the viewer needs to be able to identify with the character. 
According to Brennan (2016) identification “relies on social categories like gender, age, nationality, class 
and so on”. Hence, characters need to be equipped with recognisable human traits (Brennan, 2016). This is 
illustrated in Walt Disney’s explanation of the secret of Mickey Mouse’s popularity: “When people laugh 
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at Mickey Mouse, it’s because he’s so human” (Maleki & Farhoudi, 2015). One consequence of this 
anthropomorphisation is that the robots are often gendered; they have the stereotypical sexual 
characteristics of either men or women. In addition, these characteristics are often exaggerated – muscular 
and aggressive male forms, and beautiful female forms, respectively (Cave et al., 2018). 
Based on a social semiotic analysis, Dorfling (2020) studied the cause and effect in portrayals and 
perceptions of AI in the fiction films I, Robot (2004) and Chappie (2015). Dorfling (2020) found the AI 
protagonists were portrayed as emotive beings and concluded that this was necessary to “provide the 
audience access to the inhuman, and thus creating an environment that fosters empathy”. In other words, 
for humans to be able to relate to the AI protagonist, it must have emotions. Further, both films explore “a 
loss of control” although their results are painted differently; in technological pessimism (human 
enslavement – I, Robot) and optimism (socialisation of the robot – Chappie). This result mirrors the overall 
portrayals of AI in both fiction and non-fiction as tending to be “exaggeratedly optimistic about what the 
technology might achieve, or melodramatically pessimistic” (Cave et al., 2018).  
 
How media portrays AI can also have an impact on our perceptions. Through a media-analysis Søraa (2019) 
examined how robots, androids and cyborgs are presented and received in media. The conclusion was that 
there is a wide diversity in how media choose to frame robots in different narratives, and that the same 
“robot controversy” can be framed differently. For example, in some news articles about a hotel primarily 
staffed by robots, a “robot hotel”, was portrayed as “dangerous”, while in others it was “normalized”. Søraa 
(2019) notes that since humans often fear things unknown to them, a narrative presenting them as the 
“others” and as uncanny can reinforce the perception that they are dangerous. However, in other articles 
about the same hotel they are presented as “non-news”. How robots are portrayed is also connected to 
cultural contexts. In a country like Japan, narratives about robots differ from those in Western countries, 
where the notion of robots as “terminators” is deeply rooted. Søraa (2019) concludes that how robots, 
androids and cyborg are described in media has an impact on both how we adapt to them and how they 
affect us.  

3. METHODOLOGY  

The empirical material in the form of the children’s television programme was selected through an 
exhaustive search of the content library of the Swedish public television’s (SVT) website. The analysed 
books were chosen through searches of both library and publisher websites. The criteria for selection were 
fictional children’s books aiming at children between 6 and 12 years, a story including AI and that they 
have been published in recent years (2016–2021). Since the term “artificial intelligence” is rare in fiction 
books for 6- to 9-year-olds, books whose content can still be interpreted as dealing with AI, such as books 
including robots, were selected. A total of four children’s books were chosen for deeper analysis. 
 
The analysis was performed through a qualitative analysis of the selected children’s books and television 
programme based on Braun and Clarke’s (2006) description of the thematic analysis process: a reading and 
re-reading of the books and watching of the television programme, a systematic identification and 
coding/marking of interesting features of the texts (including transcript from the television programme), 
identification of themes and then a naming of them, and finally summarising and discussing the identified 
themes in relation to the aim of the study.  
 
As a lens for analysing the empirical material, we use the concepts Theory of Mind (ToM) and Theory of 
Artificial Mind (ToAM), see above. An understanding of what AI is, can be about understanding what a 
programmed device may, or may not, “understand” in relation to a human, which includes discerning the 
differences between the artificial and the human mind (Spektor-Precel & Mioduser, 2015a, 2015b).  
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3.1. Descriptions of contexts/plots  

3.1.1. My Secret Twin (Lundberg Hahn, 2018)  
This story is clearly inspired by Mary Shelley’s Frankenstein, and takes place in a future society, where, 
for example, self-driving cars and virtual reality activities are a natural part of people’s lives. The main 
character is 12-year-old Leia, who is the daughter of two scholars in artificial intelligence research, and the 
creation of AI robots is their area of expertise. By chance, Leia discovers that her parents have created a 
robot which is an exact copy of their daughter, i.e. of herself. When the parents leave for an international 
AI conference, Leia wakes the robot, which comes to have dramatic consequences. Initially, Leia only sees 
the robot as something positive, a friend or a sister, and she names the robot Nova. Over time, Nova evolves 
and increasingly behaves as if she has a human mind. When Nova begins to take its own initiatives, which 
cause problems for Leia, Leia’s view of Nova drastically changes. She realises that Nova can even be a 
danger.  

3.1.2. The Robot School (Twerin & Svensson, 2021)  
The introduction of this newly published book begins with a question to the reader: “What happens when 
technology takes over?” The story is about six-year-old Harry who begins at a new school. Harry discovers 
this is not an ordinary school; all teachers and school staff are replaced by robots. A classmate, Filippa, 
explains that “the municipality thought it became far too expensive” to have human school staff. The robots 
do not have a human-like appearance, but human-like behaviour. They look like machines but can speak, 
see, and move without human intervention. Harry is not happy at his new school. All teaching is digital, 
ball games are prohibited, and school lunch is replaced with pills. The children are monitored by robots that 
act as soon as the children do something that is considered forbidden. There is a special room at the school 
where the robots’ charging stations are located. When Harry happens to peel a button off one of the 
appliances in the room, he starts a fire, which causes chaos; all the robots stop working – as they should. 
However, Harry and Filippa manage to knock out all the robots by pulling a lever. The following day, the 
school has returned to being an ordinary school with human staff, and where children are allowed to play 
in the schoolyard.  

3.1.3. Lukas and the Robot (Skytte, 2016) 
This is a story about Lukas and his meeting with a robot. Lukas watches TV and finds out that a bank has 
been robbed. The doorbell rings and Lukas opens the door and finds a box. Inside the box is a grey robot 
that presents itself as Tom. The robot walks into the house, points at the TV showing two bank robbers and 
says “Catch the robots. Dangerous robots.” It then transforms into a self-driven car. With Lukas in it, the 
car drives out of town and eventually catches up with the robbers’ car and makes it stop. Tom the car 
transforms into Tom the robot. The robbers begin to shoot at the robot, but it stops the gunshots with its 
hands, and takes the gun from the robbers. The robot catches the robbers and ties them to a tree. After 
concluding that the robbers are caught, it transforms back into a car, says goodbye to Lukas and drives 
away. The police come and catch the prisoners, and Lukas goes home. The next day Lukas watches the 
news on TV. They say that the robbers are caught, but that they do not know who did it. Lukas smiles; it 
was a robot named Tom.  

3.1.4. The Thingy (Widmark, 2020) 
This is a story of two brothers, Rutger and Valter, who live together. Rutger is an inventor and Valter is 
responsible for the housework. One day, Rutger fulfills Valter’s wish about inventing “a thingy that helps 
out here at home”. The Thingy, which runs on solar energy, is effective; it cleans, cooks, and shovels snow. 
However, this leaves Valter bored – he has nothing to do. In addition, the Thingy puts focus on the brothers’ 
health and consumption habits. It serves them only raw vegetables, forbids Rutger from eating salt, and 
declares that the upcoming Christmas celebration is cancelled: it means too much food and unnecessary 
presents. Rutger regrets his invention and decides to turn everything back to normal. He finds the Thingy 
attached to the vacuum cleaner, attacks it, and tapes over its solar panel. The brothers then go shopping for 
“real food”. Returning to the house, they put the groceries in the fridge. Suddenly, the vacuum cleaner 
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appears and tells them to empty the fridge and go out and run. Rutger whispers with a trembling voice: 
“what have I done?”  

3.1.5. Labyrinth – a children’s programme on Swedish state television   
Labyrinth is a programme on the Swedish children’s channel which takes place in a fictional fantasy world, 
in which the participating children compete against the inventor Daidalos and his creations, i.e. robots, in 
the Labyrinth World. In each episode, the children participate in different competition disciplines. For 
example, they must pass Daidalos’ robot Kamina, but Daidalos’ other robots also challenge the children. 
The robots are not human-like, and their designs are rather based on influences from steampunk. They are 
outwardly machines, but at the same time they act autonomously and take their own initiatives without 
being controlled by humans. However, they have no human language and when they speak, they sound 
more like the R2D2 robot from Star Wars. They are thus not portrayed as having any advanced artificial 
intelligence, and the children can easily outsmart them. On the other hand, they often joke with the host of 
the programme (disobeying orders), but they do it in a friendly and mischievous way.  

4. RESULTS  

In the selected material, AI is depicted in the form of intelligent robots that interact with humans in different 
ways. The thematic analysis of how artificial intelligence is portrayed resulted in the following themes and 
sub-themes: 
 
Table 12. Portrayal of AI in children’s media 
 

Main themes Sub-themes 
Machine characteristics 
  

• Design of the AI 
• Humans’ view of AI as machine 

Human characteristics 
  
  

• Design of the AI 
• Human’s view of AI as “human” 
• Intended function of AI  

Technological pessimism 
  
  

•  AI as surveillance  
• Human as redundant 
• Loss of control  

Technological optimism • AI as a friend 
• AI as a superhero 

4.1. AI with machine characteristics 

4.1.1. Design of the AI 
In all contexts, except My Secret Twin, the design of AI is a machine and cannot be mistaken for being a 
human. Although the AI robots have arms, feet, and eyes, they are made of metal, bolts and nuts. They can 
speak but do so either with single-syllable sentences or use a not-so-human-like “robot language”. 
However, the AI in The Thingy develops its verbal capacity and, towards the end of the story, speaks in a 
human-like way. In The Robot School and The Thingy, the machine characteristics are clear: in order to 
work the robots must be charged, and in Labyrinth the robots are clumsy and do not move as smoothly as 
humans. Although the exterior of the AI robot in My Secret Twin is completely human-like, its inside is a 
machine with electrical cables, memory technology that includes memory port, cache memory, etc. The 
robot also explains to Leia that it does not need any food, because it has no digestive system. 

4.1.2. Human’s view of AI as machine  
Initially in My Secret Twin, Leia’s view is that the AI robot is a human-made machine. Leia follows the 
technical instructions from a file to “wake” the AI robot and she uses oral code commands to control the 
robot. Another example is when her parents describe the AI robots: they use mainly technical language 



382 
 

PATT 39 Conference Proceedings June 2022 
 

such as “load information in the memory port”, “quantum processes” etc. Leia also identifies the robot’s 
weaknesses e.g. that it does not understand “white lies” and that it interprets what Leia says literally.  
 
The humans in The Thingy, Labyrinth and Robot School refers to the robots as “it”, i.e. as a machine. 
Pronouns as “he” and “she” are hence not used.  

4.2. AI with human characteristics 

4.2.1. Design of the AI 
The form and structure of the AI in The Thingy, Lukas and the Robot, The Robot School and Labyrinth are 
represented in picture and writing with stereotypical humanoid characteristics; they are made of metal, and 
have legs, arms, a head, eyes, and a mouth (Lukas and the Robot). Their physical abilities are (at least) 
equal to those of humans; they can do household work, shovel snow, catch robbers, act as teachers and 
school staff. They can also communicate verbally like humans – they can speak. The robot in Lukas and 
the Robot has eyebrows and eyes and eyelids, and these are used to communicate feelings. This robot is 
also gendered; it has stereotypical male characteristics in terms of being represented as “big” and “strong”, 
and its eyebrows are bushy. In addition, it has a male name (Tom). As for the other narratives, the 
representations of the robots express no obvious gender.  
In My Secret Twin, the AI robot is externally designed so that it has human characteristics – it is actually 
indistinguishable from a human being. However, there are clear differences between the mind of AI and 
the human mind. Leia’s father explains: “[...] Robots do not make mistakes, you know. Only humans make 
mistakes. But the social part has proven to be more difficult [...] To make robots become so human that 
they can joke and chat in a credible way.” 
 
The robots in all the five narratives are portrayed as having characteristics of a human mind. They are all 
autonomous, and all but the robots in Robot School are emotive. In Lukas and the Robot, the robot expresses 
feelings (concern and anger) with eyes and eyebrows and is described as “not afraid”. The AI in The Thingy 
is portrayed as being spiteful: it giggles when Rutger finds the fridge filled with only vegetables. In addition, 
it verbally communicates that it knows what humans think: “not very much at all’. It also expresses 
knowledge of what humans in general do, i.e., eat too much. Also in Labyrinth, the robots have certain 
human and social abilities, such as being able to joke and make mischief. 
 
In Lukas and the Robot and The Thingy, robots express beliefs and values. Their actions are moral – fighting 
“the bad guys” with non-violence and changing the brothers’ lifestyle into a healthy one, respectively. 

4.2.2. Humans’ view of the AI as “human” 
As the relation between Leia and the robot in My Secret Twin deepens, Leia alternates between seeing it as 
a machine and seeing it as a “girl”. Eventually she calls the AI “her” and “the girl”. She even gives it a 
name: Nova. Additionally, even though Leia initially sees her parents’ creation as a machine, already from 
the start she uses the pronoun “she” when describing it. Leia also has an expectation that Nova can become 
a close friend or sister. She also describes it as having a human mind, for example she notes: “She [the 
robot] was really happy”, the AI robot studies Leia’s aquarium fish with “interest”, “she [the robot] looked 
very happy, full of anticipation”, Nova looked “thoughtfully” at Leia, Nova expressed something with 
“admiration voice”, etc. Also, Leia’s parents express a view of the AI as a human. For example, Leia’s 
mother corrects Leia when she expresses that the robots are “switched on” and says that robots are not 
“switched on”, but “awakened”. 
 
In The Thingy, the brothers’ interactions with the Thingy resemble that of a human-to-human interaction: 
Valter asks if it needs help preparing the lunch and if it wants to sit down with them at the table. Hence, he 
treats the Thingy with “human respect”, as a real person who would appreciate being offered help and 
company. Also, Rutger’s way of deciding to turn off the energy supply to the Thingy, rather than 
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disassembling or physically destroying it, may be interpreted as if he acknowledges it as having a human 
mind; he doesn’t hurt or kill it, he just makes it unable to act.  
 
Lukas in Lukas and the Robot has, for reasons not made clear, been chosen by the robot to follow it on its 
mission. His reaction to the meeting with the robot seems undramatic; there is nothing in writing nor 
pictures that signals fear or suspicion. Rather, Lukas follows the robot’s activities in a seemingly trustful 
way. These “clues” may be interpreted as Lukas viewing the robot more as a human than a machine. 
However, the overall environment is unknown: is it a portrayal of the future? Are, then, robots part of 
everyday life? If so, the interpretation that Lukas is viewing the robot as human is not obvious. 

4.2.3. Intended function of AI 
The AI has human characteristics also through its intended function. In all narratives, this function is to do 
human work: school staff (The Robot School), policeman (Lukas and the Robot), household chores (The 
Thingy). Eventually, the Thingy also does the work of a doctor; it measures the brothers’ blood pressure 
and puts them on a diet. For Leia, the robot becomes a replacement for a dead twin sister, but she also 
“utilises” the robot and lets it do things that she herself finds boring or difficult, such as a maths test at 
school. In Labyrinth, the inventor Daidalos has created his robots to help him challenge the children in the 
various competitions. Hence, the robots’ function is to assist Daidalos in a human-like manner. However, 
they can also be interpreted as being a result of Daidalos’ creativity and inventive joy.  

4.3. Technological pessimism 

The technological pessimism expressed in the narratives concerns surveillance, humans becoming 
redundant, and loss of control. 
  
In The Robot School, some of the robots’ tasks are to monitor the children so that they follow the school 
rules, behave so they do not injure themselves and eat their “lunch pills”. There is also a robot dog that 
guards the children in the schoolyard. The robot dog films everything the children do. This limits the 
children, and they don’t get an outlet for their need to play. Another aspect is that the ordinary school staff 
have lost their jobs, and the message is clear: “No robot in the whole world could ever be as amazing as 
humans”. 
  
The robot in The Thingy also monitors the humans, in this case the brothers’ blood pressure and weight. 
Based on the information it gathers, and a knowledge of humans in general (they live in excess) it makes 
up rules for the brothers to follow (vegetables for all meals, no Christmas celebration). It acts in an 
authoritative way, and physically stops Rutger from salting the food. This evokes strong emotions, 
especially in Rutger, the designer. He sees that “it becomes smarter by the day” and expresses emotions of 
remorse, worry, and fear. Also, Valter’s mood changes when he realises that he “has nothing to do” when 
the Thingy does all the household chores. The robot even takes the joy out of solving crosswords when it 
tells Valter the word he was looking for. When the Thingy declares that Christmas is cancelled, Rutger’s 
emotions shift to strong anger with the robot. The Thingy ends in a scary way; the robot has connected itself 
to the vacuum cleaner, which obviously has caused a transformation of the latter to a robot with a seemingly 
even more authoritative way of controlling the brothers. A feeling of lost control is expressed in the last 
sentence: “What have I done?” 
 
Also in My Secret Twin, Leia experiences a loss of control. Leia’s view of the robot changes drastically, 
from optimistic to pessimistic, when she realises that it has begun to take its own initiatives and can be 
potentially dangerous. The robot begins to behave more and more as if it has a human mind. For example, 
it reprograms itself so that Leia can no longer switch it off and loses control of the robot. The AI robot also 
has its limitations compared to the human mind when trying to read human social codes, which can lead to 
chaos and danger. 
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4.4. Technological optimism 

In My Secret Twin Leia expresses also what can be interpreted as an optimistic view and expectation of AI. 
She thinks that the AI robot can be developed into a close friend or sister. With the same optimistic view, 
her parents (AI researchers) express their expectations: AI can compensate for human shortcomings, since 
AI robots make no mistakes. They can also successfully assist humans and act as their assistants. However, 
this technological optimism changes as Leia also realises the threats. But Leia turns out to be wrong: she 
has misinterpreted the AI robot’s actions. When she thought the robot would kill a classmate, it was the 
opposite: the robot had saved him. Over time, the AI robot has evolved to having a human mind and gained 
the ability to interpret subtle human signals and experience emotions.  
 
Lukas and the Robot is permeated by technological optimism. The robot is portrayed as a superhero with 
superpowers (can transform itself to a car, can stop bullets with its “hands”) that, like Batman and similar 
characters, fights crime without taking the glory.  

5. DISCUSSION 

The results of the thematic analysis of the children’s books and the television programme confirm to some 
extent what previous research say about how robots with AI are portrayed in film, literature and media that 
have adults as the target group. 
 
For example, the robots in the analysed empirical data can all be described as having anthropomorphic 
bodies (hands, feet, eyes etc.), and they interact with humans through both non-verbal and verbal cues 
(Sandoval et al. 2014). Additionally, similarly to Kriz et al. (2010), robots are portrayed as having, to some 
extent, cognitive capacities that correspond to a human mind (ToM). On the other hand, they also have 
limitations when it comes to social capabilities. In My Secret Twin, for instance, the robot initially has 
difficulty with human social codes and interprets what people say literally. Over time, however, the robot 
develops its social abilities and even expresses human emotions. In all four children’s books the robots use 
human language and to some extent gestures, but not in Labyrinth. In Labyrinth they have a language, but 
an artificial one reminiscent of, for example, R2D2 in the Star Wars films. In this way, our results 
correspond with the robot characteristics identified in Sandoval et al. (2014). 
 
We also identify three different dualities in the different depictions. The first one concerns the 
categorisation of the robot – is it a machine or a human? In The Thingy, Lukas and the Robot and The Robot 
School, the structures of robots have elements of both machines and humans. The building material is 
clearly steel, and nuts and bolts are visible. Also, the robots in The Thingy and The Robot School are 
described as requiring charging. In contrast to this is the overall physical structure that resembles that of a 
human body – notably moveable arms and legs, eyes that can “see”, a mouth to “speak with”. In addition, 
they have a human-like mind (ToM), they are autonomous and emotive, and can, for instance, joke and 
make mischief (Labyrinth). Their function is also that of doing human work. Furthermore, when it comes 
to the human characters’ views of the robot, as expressed above in all their talk with and about “it”, they 
sometimes anthropomorphise the robot, sometimes they do not. For example, the brothers in The Thingy 
talk about the robot as “it” (ToAM) but they interact with it as if it were a human. 
 
The second duality concerns the tension between the humans’ purpose with the robot and the related 
consequences for the humans. In The Robot School, humans are replaced by robots to save money and 
trouble; robots need no salary, and they do not get sick. At the same time, the ordinary school staff get 
unemployed. Rutger in The Thingy invents the robot to relieve Valter from household chores but, at the 
same time, this leaves Valter redundant and hence unhappy. 
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The third duality concerns the view of AI technology as expressed in the overall empirical material. 
Notably, Lukas the Robot and The Thingy are written for children aged 6 to 9, but their respective portrayals 
of AI are utterly different. Lukas and the Robot draws a positive, unproblematic picture of AI and has a 
happy ending. The Thingy, on the other hand, is a dark story with a frightening ending that signals a point 
of no return. This duality may contribute to creating an image of AI as unpredictable and thus frightening 

6. CONCLUSION 

The conclusion of our analyses is that the portrayal of AI is ambiguous. The structure and function of the 
robot has elements of both human and machine, and the view of the human fictional characters of the robot 
is sometimes that of a machine, sometimes of a human. In addition, the whole empirical material includes 
portrayals of AI as a threat as well as a saviour. With reference to Bruckenberger et al. (2013), the results 
of this study indicate that the portrayal of AI in children’s culture can lead to “weird double-minded 
feelings” towards this technology.  
 
In the next step of our larger study, we will interview primary school pupils in order to examine their ideas 
and pre-conceptions of AI. We will also examine whether their conceptions have similarities with the 
portrayals of AI we have identified in this study. The pupils will then be introduced to real-world 
experiences of AI. Directed by researchers with expertise in artificial intelligence and human-robot 
interaction, they will get an opportunity to meet and interact with real AI robots. By comparing how the 
pupils describe AI before these experiences with how they describe them afterwards, we aim to investigate 
if, and in that case, in what ways their conceptions and views have changed. 
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Abstract 

In this proposal I would like to present the intensions of my thesis work. The work is planned to 
include three studies. The overall aim for the thesis is to contribute knowledge that can be used to 
develop teacher education in technology. The studies to be included in the thesis will be 
phenomenographic studies in primary teacher education, for grades 4-6 (pupils 10-12 years old). In 
the first study, which started in 2021, student teachers from higher education in Sweden where 
interviewed individually. In the following studies teacher trainers will be interviewed and teaching 
materials and documents from courses in technology for teachers, where programming is included 
as a content, will be analysed in order to see the learning offered in the teacher education in 
technology. These studies together will contribute a nuanced view of how technology with a 
programming content is experienced in teacher education. 

Many Swedish teachers feel uncertain about what the new content in the National curriculum for 
technology implies. In recent years research in this area has increased but yet there is a lack of 
research regarding student teachers experiences and development of knowledge during their 
education. More research is needed on teaching technology and computer programming. 

The results of the thesis will hopefully contribute new approaches to how teaching programming as 
part of technology should be varied and designed to enable student teachers to develop skills 
important for their future profession. In the long run, such a development of teacher education also 
has effects in pupils´ learning and understanding.  

Key Words: teacher education, technology, student teachers, programming, phenomenography  

1. INTRODUCTION  

Over the past 20 years, the technology used in our everyday life has become increasingly digitalized, for 
example lawnmowers, vacuum cleaners, banking etc. The increased digitalization in society has also led to 
changes in school policy documents in Sweden (Skolverket, 2017) as well as in other countries. In 2018 
Sweden implemented computer programming in school curricula, not as a separate subject but as part in 
technology and mathematics. Initially the description of programming in the curriculum lacked sufficient 
details which opened up for different interpretations which made teachers uncertain about the purpose of 
the new programming content.  In order to clarify the purpose in the curriculum, the Education Authority 
has prepared new formulations that will be implemented in July 2022. Teacher education is also affected 
by the changes in curriculum in primary school as teacher education programs need to address these 
changes. Interest in research on the implementation of programming in school is increasing. However, more 
research in the field is needed and particularly research related to teacher education. Current research 
focuses on students' attitudes and understanding of technology (see for example Lee et al. (2020)), but 
research on students' understanding of the role of programming in relation to the school subject technology 
is lacking. Furthermore, our knowledge about what prospective technology teachers learn about 
programming within their teacher training programs is very limited.   
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The aim of this paper is to describe the design of an ongoing thesis work about programming in technology 
teacher education. The purpose is to allow other researchers to provide feedback which could improve my 
work. The thesis is planned to include three studies. The first study focuses on student teacher' perceptions 
of programming in technology. The second study will focus on teacher educators and the third study will 
be examining how programming in technology is expressed in technology course in teacher education. The 
thesis will be relevant to technology teacher education by providing insight into the variation of students' 
perceptions of programming in technology and the learning that technology teacher education offers 
students.  

Furthermore, the thesis will contribute with knowledge about student teachers and technology teacher 
education to the research field of higher education and especially technology education research for 
continuing research aimed at developing teacher education in technology.   

2. BACKGROUND 

Research on education and programming can be found in the research field of computer science and 
informatics, and in the field of technology education. For example, research reports published in the fields 
of computer science and informatics target areas related to computational thinking (Nouri et al., 2020), 
STEAM, 21st century skills and competences that it is believed that students develop when they program 
(Humble et al., 2020). In the field of technology education, research concerns students development of 
knowledge in programming, programming as part of STEM as well as 21st century skills in programming 
(see e.g. (Klapwijk & van den Burg, 2020; Ozkan & Umdu Topsakal, 2021). A difference between these 
two fields is that the technology education literature includes other areas such as barriers to the 
implementation of programming in technology (Vinnervik, 2020), and the role of programming in 
technology (Cederqvist, 2021; Heintz et al., 2017; Nouri et al., 2018). Much of the research from both of 
the two fields is concerned with student learning and the implementation of programming in school 
subjects.  
 
Thus far, two concepts have been identified as being particularly interesting for this study. The concept of  
“black box syndrome” from the field of technology education and “the two faces of computational thinking” 
from the field of computer science. The black box syndrome highlights that most people are uncritical users 
of technological objects and do not reflect upon what happens between input and output in the underlying 
technology (Dakers & de Vries, 2019). The two faces of computational thinking are described by Denning 
and Tedre (2019) as two important perspective on the use of computers. The first perspective, the “back-
facing side”, is an understanding for the mechanisms of the computer, the algorithms and the language in 
combination with the technical systems. The second perspective, the forward-facing side, is an 
understanding for the context in which technological objects are being used.    
 
There is a limited amount of research on programming within teacher education and within technology 
teacher education. Related research can be found in teacher education research that concerns to the skills 
and knowledge teachers need to meet the future challenges in 21 century (Yost et al., 2000). Related 
research can also be found within technology teacher education. For example, the development of student 
teachers´ PCK through reflection using a questionnaire as a tool (Niiranen et al., 2020) and student teachers' 
attitudes and understanding of technology (Lee et al., 2019). There is limited research on student teachers 
‘perceptions of programming in technology teacher education, which motivates the focus of this study.  
 
In the following section a proposed research design is presented. The presentation includes the research 
questions and the research method. Details from the first study is provided as this study started in autumn 
2021.  
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3. TENTATIVE RESEARCH DESIGN 

3.1. Research questions 

The overarching question of the thesis is:  
"How is programming as an educational content learnt by students in technology teacher education?”  
This question can be expanded into the following research questions:  

• What perceptions do student teachers have about the programmed objects used in everyday life? 
• What opportunities for learning about the role and function of programming in technology are offered to 

students in their teacher education? 

Three studies are planned.  The first study addresses the first research question where the purpose is to gain 
initial insight into student teachers' perceptions of programming in technology. This study is intended to 
form the basis of a first article in which the focus will be on describing the variety of perceptions that 
technology teacher students have about programming in technology. The second research question will be 
addressed in the second and third study. The aim of the second study is to investigate the opportunities for 
learning in technology with programming content that are offered to students. Teacher education and 
teacher educators are in focus. The third study also focuses on teacher education, but on the content of the 
technology didactics courses. This study examines how technology with programming content is expressed 
in teacher education/teaching.  

3.2. Phenomenography 

The theoretical approach chosen for the first study is phenomenography, as the aim is to describe the 
different ways in which student teachers perceive the phenomenon of Programming in Technology. 
Phenomenography is based on the assumption that people experience phenomena in partly different ways 
depending on previous experiences (Marton & Booth, 1997). Discerning phenomena in different situations 
expands our awareness of the world and as researchers, we can see if learning has taken place by offering 
different situations in which the phenomenon occurs and if the learner perceives the phenomenon in 
different situations, it means learning has occurred (Marton & Booth, 2000). The first study uses 
phenomenography as both a theoretical approach and an analytical framework that allows identifying 
different variations of the phenomenon that is the object of study. The two upcoming studies are planned 
to be phenomenographic but also the theory of variation (Lo et al., 2004) can be seen as a continuation to 
develop teaching in relation to what is seen as critical to understand regarding learning objects. 

3.3. Data collection 

In the first study, a first set of semi-structured interviews have been conducted to collect students' 
perceptions (additional interviews are planned). In these interviews six prospective primary school teachers 
of technology for grades 4-6 participated, from a sample of 30 students from three universities. The 
participants had recently completed a didactic course in technology education at a university in Sweden and 
volunteered to participate. The students were informed about the study in advance. The interviews were 
conducted individually and an interview guide was developed and used, which included the following 
themes: 

• experiences of technology and programming as part of our everyday lives  
• experience of technology and programming in teacher training  
• perceptions of their future role as teachers when teaching about programming in technology. 

  
In the development of the interview guide, a phenomenographic approach has been considered. The 
interview guide consists mainly of open questions, with follow-up questions depending on the informant's 
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answers, in order to get the informants to develop their thoughts about the phenomenon. The kind of follow-
up questions used are for example: How do you think? Do you have any examples? Can you make a 
connection between the concepts? etc. 
 
This approach has resulted in variations in the questions asked and in the students responses, which has to 
be taken into account in the analysis process (Kvale et al., 2014). The interview guide are inspired by the 
guidelines of qualitative analysis (Bryman, 2011; Frejes & Thornberg, 2009). Furthermore, the questions 
in the interview guide were tested in a pilot study with two informants. No major changes were made after 
the pilot study and will therefore be included in the data. The interviews have been conducted and recorded 
(audio and video) by using a digital meeting software. Each interview took approximately 45 minutes.   
 
In the second study, observations and video recording of teaching situations will be made focusing on the 
teacher educator. Technology teacher educators will be interviewed. The approach will follow the same 
procedure as the student interviews, with a phenomenographic approach. The data collection for the third 
study is planned to include course documents such as syllabi, study guides, and examination papers.  

3.4. Method of analysis  

In the first study the interviews were transcribed and all data anonymized. The transcripts were analyzed 
by repeated read-throughs. During the read-throughs, the sections where perceptions of the phenomenon 
appear were highlighted. In the next step, similarities and differences were searched for in order to make 
categories. Descriptions of differences and similarities between the categories were then made. This initial 
categorization was continuously challenged by the researcher to assure the uniqueness of the categories. In 
this process the categorization has been tested on fellow researchers. The following studies will be analyzed 
in similar ways. 

4. TENTATIVE RESULTS FROM THE FIRST STUDY 

To show how the results of the studies might be presented, the following section presents the preliminary 
results of the first study. The analysis shows that the student teachers have different perceptions regarding 
programming in technology. These different perceptions form three dimensions of variation, described in 
descriptive categories.  

4.1. Dimensions  

The three dimensions that characterize the variation in students' perceptions are as follows:  
 
Individual Involvement- Students' perceptions vary in that they describe the individual´s involvement in the 
purposes of programmed objects, from seeing themselves as only users of programmed objects to seeing 
themselves as also controlling programmed objects.   
 
Intensions of programming- The purpose with programmed objects varies between seeing it as an activity 
where something happens and as a system with interactions between components, described in 
Computational thinking as back-facing side.  Back-facing side focuses on the mechanisms of the computer, 
the algorithms, the language in combination with the technical systems.  
 
Programming in context- Within this dimension, students´ perceptions vary in relation to the context in 
which programming exists. From seeing a programmed object as a system in its selves to seeing 
programmed objects in interactions with surrounding environment. The later referred to as forward- facing 
side in Computational thinking.  
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4.2. Categories  

The analysis resulted in three categories of descriptions, logically related and qualitatively distinct from 
each other.  

• Individual interaction with programmed objects to achieve a purpose 
• Programmed objects where components are important to achieve a purpose 
• Control and regulation as part of programming, to achieve a purpose in a context 

4.2.1. Category 1: Individual interaction with programmed objects to achieve a purpose 
This category includes the perceptions of student teachers as users of programmed objects or systems. 
Students describe how they interact with these objects or systems only in terms of input and output without 
mentioning what happens inside the object or system. These perceptions are described as a black box 
thinking (Dakers and De Vries, 2019). The interaction with programmed objects takes place through 
physical contact in order to make something happen. The purpose of the programmed object is seen as an 
activity, something happens, moves, is started, etc. Furthermore, the use of the programmed objects is 
described as dependent on the context, which can be related to the concept of forward-facing side in 
Computational thinking.  
 
Quotes to demonstrate the above description: 

Interviewer:  But would any or all of these objects (keyboard, dryer, traffic light, elevator) be linked to programming? 
And if so, how do you see the connection? 

Alice: [ ...] by turning the button on the dryer I can set different programs and it's programmed, I can push a 
button to the elevator [ .... ] Yes, it is programmed to follow what the button says if I want to go up or 
down, but I think the keyboard is too [programmed], I press a button there [on the keyboard] and then it 
becomes a symbol in the computer.  

4.2.2. Category 2: Programmed objects where components are important to achieve a purpose 
Unlike the first category, the purpose of programmed objects are described as being influenced by more 
than just the individual's external interactions. Components such as sensors, settings, etc. are described as 
influencing the object. Objects are described as having built-in, pre-set functions that work in conjunction 
with the specific components of the object. The description of these components shows that less is black 
boxed compared to category one. However, what is referred to as the back-facing side is still black boxed. 
In this category objects have an internal control function unavailable for the user but that in dependent on 
the situation. This description suggests a more developed understanding of the forward-facing side 
approach. 
 
Quotes to demonstrate the above description: 

Interviewer:  And what about this elevator. How does it work in its programming?  

Clara:  I guess it also has buttons and then also set to different functions, close the door or open the door. As soon 
as you press it [the button], it's preset that something is going to happen when you go in and the door is 
going to be closed, so it notices that I'm standing there and then it will open up again, so then it has a 
sensor or something that says that now we're going to open the door again.  

4.2.3. Category 3: Control and regulation as part of programming, to achieve a purpose in a context 
Programming is described in terms of its purpose and not in terms of the external influence of individuals, 
as in previous categories. Instead, the influence of the individual is described as being the maker of the 
programming, an internal influence, and thus in control of what is controlled and regulated. What was black 
boxed in previous categories is now explained and reflected upon. An understanding of algorithms, 
languages and the fact that software can interact with a technical system is demonstrated. Students seem to 
master the approach of the back-facing side. The description of control and regulation concerns sensors and 
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the use of feedback loops to change the purpose of a programmed object to produce a desired end result. 
Reflections are also made for programmed objects in different contexts which shows a developed 
understanding of the forward-facing side approach. 
 
Quotes to illustrate this third category.  

Interviewer:  Please describe a bit more there and how you see differences between these objects (keyboard, dryer, 
traffic light, elevator). 

Björn: [....] the dryers, you press start and then it's set to yes, now I'm going to run this program for an hour or if 
the laundry gets done early. There is like an "or" in it if you talk programming language while the traffic 
light, if there are no cars then nothing happens but it has to adapt all the time to the flow of cars [... ] 
because you have an input in the tumble dryer that you do and then it behaves according to its 
programming. […..] the input to the traffic light comes all the time and changes all the time and is then 
dependent on the cars. 

5. DISCUSSION OF TENTATIVE RESULTS 

Some tentative conclusions can be drawn at this stage. One conclusion is that as student teachers describe 
programming in technology, a variation can be found that relates to the concepts of “Black box” and  “Two 
faces of computational thinking”. There is variation in how much is “Black boxed”.  There are also a 
variation in the understanding of the context as well as the part-whole structure that can be related to the 
concept of Two faces of computational thinking.  
 
There are three dimensions that emerge in this first study that have similarities with key elements that 
Cederqvist highlights as important when programming is related to the subject of technology. However, 
Cederqvist's study  is aimed at younger pupils (Cederqvist, 2021). The perceptions of the younger pupils, 
in Cederqvists´ study, have similarities with the perceptions of the student teachers. A likely explanation 
could be that they were not taught programming in technology at compulsory school and they are beginners 
in the same sense as the pupils in Cederqvist's study. Both this first study and Cederqvists´study, point out 
that students understanding of the context and the part-whole structure is important to consider when 
learning and teaching programming in technology.  
 
By having knowledge of this range of variation in the dimensions, teaching in technology education courses 
can be tailored to their target audience. The knowledge about which key elements to consider when teaching 
programming in technology is important for teacher educators, when planning their teacher education 
courses. 
 
The second and third study will contribute with a more nuanced picture of how programming in technology 
is experienced. The three studies will together contribute with practical and useful knowledge for the 
development of technology education in technology teacher education. Knowledge about student teachers’ 
perceptions contributes to the development of programming in technology teacher education and increase 
the quality of teacher education that in the long-term may also affect students in compulsory schools. 
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Abstract 

Integrated STEM education aims for teaching and learning that goes beyond the individual 
disciplines of science, technology, engineering, and mathematics. Although authenticity is a 
widely used term in the literature, little is known about the meaning and application of the 
concept. The aim of this study is to systematically explore international views of authenticity in 
integrated STEM education. An online survey was responded to by twenty-eight experienced 
researchers and practitioners in science, technology, engineering, mathematics as well as related 
educational disciplines from around the world. We labelled the acquired participants the STEM 
expert panel, with expertise in STEM education, curriculum development, and the STEM root 
disciplines. The STEM expert panel responded to three open-ended questions that probed their 
opinions concerning opportunities and limitations of integrating the STEM disciplines. Data were 
analysed thematically and iteratively to reveal salient categories of authenticity. In terms of 
findings, views included three overarching themes. Firstly, experts opined that integrated STEM 
education requires authentic, real-world problems that support innovative and critical 
thinking capabilities in students. Secondly, real-world STEM education scenarios are in the 
panel’s view primarily technology and engineering based. Thirdly, model-based integrated STEM 
education approaches provide opportunities to include real-life solutions and genuine problem 
solving that are not otherwise possible. Consequently, what is meant by authenticity and authentic 
learning was addressed, not for whom something is authentic. Findings also suggest that although 
the international STEM experts often foregrounded ‘S’ and ‘M’ principles in their descriptions of 
STEM education, the ‘T’ and ‘E’ emerged as fundamental to implementing authenticity. Thus, the 
panellists viewed technology and engineering as providing authentic contexts that act as bridges 
between school and real-world settings. 

Key Words: Authenticity, STEM education, Experts’ views, Technology education, Engineering 
education 

1. INTRODUCTION 

Although authenticity is a widely used term in the literature, little is known about the meaning and 
application of the concept in education. The concept sometimes refers to the emulation of real-world 
practices in school settings, but it can also denote – often interdisciplinary – education dealing with complex 
problem solving that is supposed to stimulate students’ creativity and innovativeness (e.g., Herrington & 
Oliver, 2000; Lombardi & Oblinger, 2007). Authentic learning thereby shares many similarities with, for 
example, project-based and problem-based learning, but a more specified definition of what is really 
authentic, and for whom something is authentic, is needed (Nicaise, Gibney & Crane, 2000; Snape & Fox-
Turnbull, 2013; Svärd, Schönborn & Hallström, 2017). According to contemporary views, integrated 
STEM – science, technology, engineering, and mathematics – education aims to achieve learning that is 
authentic because it is based on the integration of knowledge that occurs in real-world practices in these 
disciplines (e.g., Hallström & Schönborn, 2019; Kelley & Knowles, 2016); that is, an integrated STEM 
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literacy (Tang & Williams, 2019). Consequently, one viable way of studying and potentially clarifying 
authenticity in education is by turning to experts engaged with integrated science, technology, engineering, 
and mathematics education projects. The aim of this study is to systematically explore international views 
of authenticity in integrated STEM education. 

2. METHOD 

The study used an online survey to obtain a panel’s views on integrated STEM as an educational enterprise 
at large. Twenty-eight experienced international researchers and practitioners in science, technology, 
engineering, mathematics as well as related educational disciplines, hereafter referred to as the STEM expert 
panel, participated. The panel represented three STEM areas (some participants had expertise in more than 
one area), namely (i) researchers in the fields of science, technology, engineering, and mathematics 
education, (ii) STEM education actors such as teacher educators, curriculum specialists and policy makers, 
and (iii) STEM professionals such as engineers and designers working primarily in industry. The panel 
responded to an anonymous questionnaire with three open-ended questions, of which one specifically 
addressed the role of authenticity in integrated STEM education (cf. Khatri, Henderson, Cole, Froyd, 
Friedrichsen, & Stanford, 2017): ‘Provide and motivate an example based on your own work experiences 
where modelling is involved in an authentic, real-world relevant STEM learning or work scenario.’  
 
We performed a qualitative content analysis. Mayring (2000) specifies two main approaches to qualitative 
content analysis, namely inductive category development and deductive category development. In this 
paper we implement the former inductive approach, and, as such, it is based on a hermeneutic tradition of 
text interpretation. The approach includes repeated reading of the data set to find and establish patterns. 
The repeated reading resulted in a step-by-step formulation of inductive categories, which after the last 
round of the analysis were reduced to three main themes (Mayring, 2000).  

3. FINDINGS 

The following three sections describe the international panel’s views on authenticity in integrated STEM 
education, in relation to the three overarching themes. 

3.1. Integrated STEM education requires authentic, real-world problems that support innovative and 
critical thinking   

The STEM expert panel was of the view that integrating the STEM disciplines requires students to solve 
real-world problems that require critical and complex thinking. A typical quote exemplifying this theme 
was as follows: 

The opportunities that I envision are that integrated STEM learning experiences can allow students to acquire authentic 
and sometimes even complex learning experiences that will prepare them better to face global challenges. (Expert 9) 

As shown in the quote above, preparing students for global challenges relies on integrated STEM learning. 
Indeed, the significant role of integrated STEM for developing real world knowledge is further supported 
by the following panellist’s view:  

The benefits of having STEM as an educational construct include an acknowledgement that knowledge in the real-world 
is integrated and interdisciplinary collaboration is commonplace. (Expert 2)  

Overall, as eloquently captured by the following excerpt, integrated STEM foundations provide 
opportunities for learners to develop their critical thinking, innovative and creative thinking skills 
(Kelley & Knowles, 2016): 
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With a foundation in these subjects, a STEM career allows you to solve problems, develop new ideas and conduct 
research. STEM teaches the students to be critical thinkers, innovative and creative. The focus on logical thought 
processes and problem-solving allows students to develop mental habits that will help them succeed in any field. STEM 
coursework challenges students to think critically and come up with their own solutions. (Expert 25)  

Apart from identifying the importance of innovative and critical thinking skills, the respondent above also 
emphasises that these skills can facilitate the development of cognitive tools that can support efforts in 
multiple course and career contexts. 

3.2. Real-world STEM education scenarios are technology and engineering based  

The responses suggest that real-world integrated STEM initiatives are also often based on technology and 
engineering practices (cf. English & King, 2015). One expert mentioned such an example, where the 
engineering design process is prominent:  

Students also engage in engineering practices by designing systems, devices or processes, and iteratively test and optimize 
them by simulation. By integrating computation in this manner, students are engaged in the entire modelling cycle starting 
from creating, using, evaluating, and revising models, at the same time as they engage in multiple STEM practices such 
as inquiry skills, argumentation, design, model-based reasoning, computational thinking, and simulation practices. 
(Expert 9)  

Different kinds of modelling such as testing, simulation and optimization also feature in such design 
processes, by going through the ‘modelling cycle’ including designing, using, evaluating, and revising such 
models. It is notable that ‘computation’ and ‘computational thinking’ are seen as fundamental for carrying 
out the modelling (Denning & Tedre, 2019). 
 
Although the examples that the panel put forward mainly come from technological and engineering design, 
they also emphasise that these are authentic STEM activities and as such they should relate to all four 
disciplines. Consequently, one expert described such an activity in this way: 

An example of an integrated STEM activity could include the design and modelling of a home solar system. Students 
would need to know the principles of science used to convert the sun’s energy into solar power. They would need to 
mathematically calculate the energy that needs to be collected/processed to operate the mechanisms that the solar power 
would operate. They would need to engineer the slopes needed to catch the most solar power. (Expert 4) 

So, while integrated STEM projects in the experts’ view could be said to be technology and engineering 
based, the projects would also need to consider scientific and mathematical dimensions and/or practices in 
order to be fully successful and authentic (cf. Nordlöf, Norström, Höst, & Hallström, 2021). 
 
Sometimes, however, the responses also suggest that technology and engineering modelling are implicit in 
integrated STEM initiatives, at the same time as the intended learning outcomes primarily relate to 
traditional science and/or mathematics content. One participant mentioned such an example:  

I’ll refer to a student projects in which four students worked on restoring distorted photographs. […] Firstly, a photo is in 
and of itself a (visual) two-dimensional model of a three-dimensional world based on perspective constructions, which 
can be analysed in terms of classical projective geometry. Secondly, photos can be modelled by a variety of different 
mathematical tools so as to provide a digital representation of them (the JPEG algorithm is the best-known example of 
this), representations that can be transmitted electronically. Such representations make it possible to restore distorted 
images by making use of inverse Fourier and Radon transforms. The student group referred to wanted to learn to make 
such restorations both in theoretical and in practical terms. […] Completing the project generated authentic experiences 
of coming to grips with different sorts of models. They also experienced the complex interplay between different STEM 
fields when going into depth with characterising, representing and manipulating images by way of mathematical 
representations. (Expert 11) 

Either way, even these kinds of projects could be clearly labelled integrated STEM projects with a taste of 
engineering design, which are made authentic by including all four disciplines in real-world modelling 
activities (Hallström & Schönborn, 2019). 
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3.3. Integrated STEM education approaches that employ modelling provide opportunities to include 
real-life solutions and genuine problem solving that are not otherwise possible  

Real-life problem solving seldom follows traditional disciplinary borders but demands a variety of skills 
and knowledge. The panel highlighted how integrated STEM projects thereby provide opportunities to use 
more realistic tasks than assignments that are possible in traditional teaching: 

Through learner integration of knowledge drawn from these four subjects, they approach problem solving as it is done in 
real world situations. This shows them how to use what they know, or can research, to solve all problems they encounter 
in school or in life. This results in authentic learning. (Expert 4) 

Modelling is important to achieve this because models serve as representations of both the problem domain 
and of the suggested solutions (Gilbert, 2004). The degree of simplification varies between problem 
domains and with students’ expertise, as does the type of model. Some of the respondents stress the need 
for prototypes and physical models, which can provide students with a tangible experience related to the 
problem and its solution:  

For example, designing protective textiles such as warm and dry clothing for trawlermen. Different materials would be 
modelled for their insulation and water-resisting properties. Then, what fabrics or fabric combinations have the desired 
properties and how should they be fairly investigated? (Expert 13) 

In this case, the characteristics of a garment are determined by measurements on a model consisting of 
small pieces of the proper material. In other cases, the models are symbolic or consist of drawings or 3D 
objects in reduced size. To be able to create, use, and analyse models of varying kinds is in many cases 
necessary to gain insight into real-world problems and their possible solutions: 

The making of prototypes was also a modelling process, as the actual commercial products that they were modelling 
would be manufactured using more sophisticated processes, materials and equipment. (Expert 2) 

Apart from physical and visual models, several respondents mention the necessity of mathematical 
modelling. Using mathematical models in STEM projects is described as a way of connecting abstract, 
context-free mathematics skills learnt from textbooks to the less orderly real world outside of the school 
walls. Examples range from rough estimations to simulations and statistical analyses. The modelling 
process is an opportunity to include mathematics in projects that are predominantly science and/or 
technology based (Kertil & Gurel, 2016; Vos, 2011). One respondent provided the following list of 
examples: 

Estimation problems with, e.g., examples from biology (e.g., humans and animals) involving physics (e.g., mechanics, 
energy, heat), technology (e.g., measurements in sports) and mathematics (e.g., order of magnitude) and dealing with real-
life issues. (Expert 8) 

Apart from being useful in the solving of realistic integrated STEM problems, mathematical modelling is 
also highlighted as a method of practicing mathematical skills and increasing mathematical understanding 
(English, 2022; Niss, 2012):  

Mathematics is the toolbox used in other subjects, to describe and predict phenomena by modelling these phenomena, 
and eventually solve real-life problems. So, modelling is an activity which aims at solving real-life problems, and the 
means in which this is done is through mathematical models. […] One the one hand, students learn to use and appreciate 
mathematics as a tool in other subjects. On the other hand, the contextualized (situated) mathematics supports many 
students to better understand mathematics. (Expert 3) 

In sum, the STEM expert panel emphasizes how integrated STEM education can enable the inclusion of 
more realistic problems in education, and the necessity for proper models and modelling exercises in this 
endeavour, for example, from mathematics. 
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4. CONCLUSIONS AND IMPLICATIONS  

The international STEM expert panel revealed three main views on authenticity in integrated STEM 
education. Firstly, respondents opined that integrated STEM education requires authentic, real-world 
problems that support innovative and critical thinking capabilities in students. Secondly, real-world STEM 
education scenarios are viewed as primarily technology and engineering based. Thirdly, model-based 
integrated STEM education approaches provide opportunities to include real-life solutions and genuine 
problem solving that are not otherwise possible. Therefore, what is meant by authenticity and authentic 
learning was what the panellists primarily addressed, not for whom something could be regarded as 
authentic.     
  
The identified themes raise several implications for approaching authenticity in education in general, and 
in STEM education in particular. The integrated STEM education examples that the panel provided were 
mostly interdisciplinary engineering design projects where three or four of the STEM disciplines were 
represented. Therefore, concerns of possibly ‘watering down’ the individual disciplines due to integration 
should be carefully considered. However, it is also important to illuminate the examples of already 
integrated, yet implicit, cooperation. Strategies for making such examples explicit could take the shape of 
integrated STEM projects that are specifically based on the engineering design process (e.g., Lin, Wu, Hsu, 
& Williams, 2021), although it is important that as many STEM disciplines as possible are included to 
maintain authenticity. It is notable that many experts emphasised the centrality of mathematical modelling 
for achieving authentic, integrated STEM education (Kertil & Gurel, 2016), and that computational support 
was mentioned as important for successful modelling (Denning & Tedre, 2019; Hallström & Schönborn, 
2019). 
 
Furthermore, the international panel expressed that integrated STEM education not only requires authentic 
problems to make it connected to the real world, but also provides opportunities for real-life solutions. 
Modelling stands out as a valid strategy towards such solutions (Gilbert, 2004). This strategy requires 
providing teachers with the necessary skills and opportunities to include their original knowledge in an 
integrated STEM context which encourages collaboration and promotes their creativity as a specialised 
competence (Shanta, 2022).  
 
By implication, technology and engineering emerge as crucial for achieving authenticity in STEM 
education. Technology and engineering education therefore need more educational resources so that they 
can inform and provide a ground for authentic STEM education, specifically through real-world modelling 
practices. Furthermore, it is imperative to increase awareness of engineering education because many of 
the participants discussed engineering design and engineering problems without realizing that they are in 
fact real engineering or technology problems. Finally, the STEM expert panel viewed technology and 
engineering as providing authentic contexts that act as bridges between school and real-world settings, 
which means that in order to increase authenticity in schools generally subjects would need to be infused 
with engineering and technology design problems. This primarily concerns the two other STEM disciplines 
mathematics and science but could also be in other school subjects such as geography, social studies, 
history, or home economics. In building upon the findings communicated in this paper, future work shall 
continue to obtain a wider range of international opinions to shed more light on authenticity for integrated 
STEM education. 
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Abstract 

In the United States the emphasis on computer science (CS) in K-12 classrooms continues to grow.  
In line with this growing focus, Technology & Engineering Education (TEE) teachers are more and 
more frequently being tasked with integrating computer science (CS) into their courses.  To promote 
this CS integration, many TEE teachers are turning to “Hour of Code” (HoC) – a program created 
in 2013 which tasks teachers with devoting one hour to complete pre-developed CS activities with 
their students. Since its inception, HoC has been supported by vast amounts of funding and volunteer 
effort. In fact, HoC is one of the most popular introductory CS activities available (Code.org, 
2020).  While some research has been done in universities to support the HoC initiative, little work 
around the effects of HoC on the intended audience (K-12 students) has been completed. This study 
reports findings from over 1000 students who engaged in HoC activities.  Students completed pre- 
and post-surveys around their interest and perceptions of CS and then completed HoC activities 
during class time. Included in these surveys was questions regarding students’ prior exposure to 
computer science. As exposure is a significant goal of many education programs for technology and 
engineering along with computer science, these findings are applicable in many areas.  

Keywords: Hour of Code, Computer Science Education, Exposure 

1. INTRODUCTION 

Computer Science Education is the subject of considerable deliberation in the United States (Fisher, 2016). 
Despite conflicting opinions on specific practices (Fisher, 2016), the need for students to learn the basics 
of CS is becoming increasingly accepted (Google, 2016) in order to be prepared for future employment, 
and to ensure a technologically literate citizenry (ITEEA, 2020). While this research effort focused 
primarily on computer science education, the pressure for increased educational opportunities is similar for 
other technology fields – especially Technology & Engineering Education (TEE) classrooms where 
teachers are often tasked with integrating these CS concepts and ideas. 
 
In an attempt to promote and provide learning opportunities, “Hour of Code” (HoC) was created in 2013 to 
encourage K-12 schools to expose all students to at least one hour of computer science instruction. More 
than $90 million was donated by top technology companies like Google and Microsoft (Code.org 2018 
Annual Report, 2019) to Code.org from 2013 to 2018. Large amounts of time, including more than 
1,000,000 classroom hours per year (Code.org 2018 Annual Report, 2019), have been spent completing 
HoC activities and current trends point to continued growth in the future.  
 
As so much emphasis is placed on these initiatives, and in light of the pressures felt by TEE teachers tasked 
with integrating CS into classroom practices and lessons, it is important to understand the efficacy of the 
HoC program. While this program aims to expose students to coding, similar initiatives that provide 
students small amounts of exposure to technology skills are common on a variety of topics. While these 
exposure initiatives are not the only option for increasing students’ interest in particular fields (e.g., other 
potential types of exposure that can be brought into the classroom include mentors in the field as well as 
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guest speakers) they are some of the most common (CITE).  A full understanding of the impact, and 
implications of, a technological field exposure activity such as HoC may help provide additional insight 
into future directions for research and work with students. 
 
While computer science is a large field with many subtopics, disciplines, and skills, HoC generalizes and 
refers to their activities as CS even though they focus primarily on teaching how to code. Similarly, in this 
paper and our survey/analysis we generalize and explore questions about coding and computer science 
without consideration for sub domains. 

2. LITERATURE REVIEW 

2.1. Hour of Code 

Some research has been done to show that immediately following participation in an HoC activity, attitudes 
towards, and interest in, computer science increased along with elevated feelings of computer science self-
efficacy (Phillips & Brooks, 2017). Other research into the efficacy of different non-HoC CS interventions 
has evaluated students' interest in computer science as well as their beliefs regarding their capacity to do 
computer science.  In both instances, this work provides a foundation to build upon as well as providing 
more questions about the ongoing impact. HoC activities can include digital activities or unplugged 
activities. In the case of digital activities, code.org provides suggestions regarding a useful introductory 
conservation called “Start your Hour of Code strong”. 
 
As one of the largest computer science education initiatives ever implemented (Partovi, 2014), HoC aims 
to increase awareness and interest in computer science for K-12 students (Majumdar, 2018). Significant 
research has been done using the HoC system and the data generated by student interactions to study other 
computer science education topics (e.g., pair programming, and gender in groups). However, relatively 
little research has been done specifically on the effectiveness of this initiative in reaching its stated goals to 
expand exposure and interest in computer science. After a systematic analysis, involving a total of 64 
papers, only 12 papers were found that completed research experiments regarding the effectiveness of HoC. 
These papers and pertinent information about the associated approaches are provided in the following table. 
 



Table 1. Research Experiments Regarding Hour of Code 
 

Letter Title Authors Grade 
# of 
Students Source Year 

A 
Is Drawing Video Game Characters in an Hour of Code 
Activity a Waste of Time? 

Basawapatna, A, Repenning, A, 
Savignano, M, Manera, J, Escherle, N & 
Repenning, L - 8614 

Conference on Innovation and 
Technology in Computer Science 
Education 2018 

B 
Programming teaching tools and the gender gap in the 
Information Technology field Braga, C & Mochetti, K - 3 classes 

Congresso Brasileiro de Informática 
na Educação 2018 

C Impact of Hour of Code: A Five-Year Study Du, J & Wimmer, H Uni 219 AMCIS 2015 

D 
Hour of Code: A Study of Gender Differences in 
Computing Du, J & Wimmer, H Uni 111 

Information Systems Education 
Journal 2019 

E 
“Hour of Code”: Can It Change 
Students’ Attitudes toward Programming? Du, J, Wimmer, H & Rada, R Uni 116 

Journal of Information Technology 
Education: Innovations in Practice 2016 

F “Hour of Code”: A Case Study Du, J, Wimmer, H & Rada, R Uni 255 
Information Systems Education 
Journal 2018 

G 
Affective walkthroughs and heuristics: Evaluating 
minecraft hour of code GhasemAghaei, R, Arya, A & Biddle, R Uni  

Learning and Collaboration 
Technologies Conference 2017 

H 
Innovative Teaching of Programming in Secondary 
Education Majherová, J 4-5  

Information and Communication 
Technologies in Education 2017 

I 

Evaluating Students’ Programming Skill Behaviour and 
Personalizing their Computer Learning Environment Using 
“The Hour of Code” Paradigm Mallios, N & Vassilakopoulos, M 9-12 3 classes 

International Conference e-
Learning 2015 

J 
Measuring Student Motivation during “The Hour of 
CodeTM” activities Nikou, S & Economides, A 9-12+ 95 

International Conference on 
Advanced Learning Technologies 2014 

K 
Exploration on the Impact of Online Supported Methods 
for Novice Programmers Sim, T >12 23 

IEEE Conference on e-Learning, e-
Management and e-Services 2015 

L 
Block-Based Programming: The Way to Introduce 
Computer Programming Xion, T & Lye, L >12  41  

International University Carnival on 
e-Learning 2019 
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The majority of the identified papers utilized university students as the subjects (8/12; C,D,E,F,G,J,K,L) 
and four of the eight university-level papers were authored by Du and Wimmer (C,D,E,F); they found that 
participation in HoC activities improved student attitudes towards computer science (C,D,F) and increased 
intentions to enroll in further courses (E). However, these authors also found that, in most cases, students 
did not improve in programming skills following participation in HoC (C). Other research found that while 
students self-reported that HoC helped them understand concepts, it did not improve computer science test 
scores (K). One other research effort concluded that most students would prefer that HoC be included in 
their computer science education in addition to other material and believed that HoC increased their 
confidence and interest in computer science (L). Research that included university and high school students 
found high intrinsic motivation to learn computer science following HoC activities. However, students also 
reported a lack of interest beyond completing the required assignment (J). The final research included in 
this analysis reported on university students completing an affective walkthrough and heuristics on one 
HoC activity and found that it was engaging and had sensible artwork and audio (G). 
 
Only three papers were found that completed research experiments at the K-12 level around the 
effectiveness of HoC (H,I,J). One paper looks at student engagement and success in Minecraft and Frozen-
themed block-based puzzle HoC activities with 4th and 5th graders (H) and concluded that Minecraft was 
successful while Frozen was too challenging (H). However, the study was limited to only 4th and 5th grade 
and lacked formal data collection (H). Another paper reported data from high school students who 
completed an HoC activity with data collection of student responses after the activity regarding their 
perceptions of how much they understood and their interest in a computer science career (I). However, this 
work did not include a pre- and post-questionnaire so the data was not able to draw conclusions regarding 
any changes caused by student engagement with HoC (I). The third paper included data both from high 
school students and university students and measured students’ reported motivations for interacting with 
HoC (J). High school students reported high intrinsic motivation during the activity, suggesting the activity 
was engaging (J).  

2.2. Exposure and Mentorship 

Another area related to CS interest and skills is that of exposure and mentorship.  Specifically, research has 
shown the value of mentorship in multiple contexts. Peer mentors at the university level led to better 
outcomes for computer science students (Miller & Kay 2002). High school mentors for middle school 
students led to better outcomes for both computer science mentors and mentees (Clarke-Midura et al. 2017). 
Specifically, research has shown that if mentors are of the same gender as students, they can have an impact 
on underrepresented computer science students (Clarke-Midura et al. 2016). 
 
Little research could be found regarding the effect of role models, specifically friends or family members 
who engage with computer science on a regular basis. While, some research has shown the value of parents 
engaging with coding activities alongside their children (Lin & Liu 2012), many parents who code may not 
code with their children (CITE). Finally, other research has shown the impact of stereotypes and role models 
in computer science (Cheryan et al. 2012), but again, this research does not go so far as to suggest that 
parents or friends will automatically act as mentors. 

3. METHODOLOGY 

The researchers recruited twenty 7th grade teachers at 14 schools across four school districts in a Western 
state in the United States. All teachers invited to participate in this research were TEE instructors teaching 
a required middle school TEE course. This course includes many technology and engineering topics and 
has also included the requirement for teachers to expose students to computer science. Hour of Code was 
selected as the intervention in this study because of the ease with which teachers with limited computer 
science knowledge can use the tool and the prevalence of use among teachers in these classrooms. While 
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some locations may have more specialized computer science instructors, the state where this research was 
conducted—as well as many others in the United States—relies heavily on TEE (and in some limited cases 
math teachers) to provide computer science instruction (Yauney, 2022). These teachers allowed one of the 
researchers to implement HoC activities in their classrooms. While the use of volunteer teachers limits the 
population inferences that can be drawn to students in classrooms where teachers are willing to implement 
HoC activities, all included teachers were selected based on teaching at least three sections of a required 
state course in order to ensure that students enrolled in the study were representative of the general student 
population. This resulted in the collection of data from 72 classes with 687 students. All intervention 
instruction was completed by one of the researchers who is both a professional computer scientist and a 
former K-12 computer science teacher and teacher trainer. While this introduces a limitation to the findings 
(e.g., these results will be specific to their teaching style and influence), the intention of this research was 
to mitigate the effect of these influences as much as possible.  Further, in order to reduce confounding 
variables caused by different teachers and environments, each teachers’ students were divided into 3 groups 
by class. 
 
Table 2. Group Treatments 
 

Group Treatment 
A No intervention 

B HoC Digital Activity 

C Discussion about CS following the suggestions provided in “Start 
your Hour of Code strong” and the HoC Digital Activity 

 
The activity presented to students was the top suggested activity by Code.org for the given grade level, 
“Minecraft Hour of Code”. All students, in group B and C, for each included teacher completed this same 
age-appropriate digital activity. Additionally, we administered a survey immediately before (Survey One) 
and after the HoC activity (Survey Two) for Groups B and C and administered both surveys in succession 
for Group A. The surveys (see Table 3) include questions regarding students’ interest in CS, desire to pursue 
further CS learning, and perceived CS capacity based on questions from Mason & Rich (2020) and National 
Center for Women & Information Technology (2017).  
 
Table 3. Survey Questions 
 

Question Answer Choices if applicable 

What gender do you most identify with? Male, Female, Other 

What race do you most identify with? 

Asian, Black or African American, Hispanic, Native 
American or Alaska Native, Native Hawaiian or Pacific 
Islander, White, Other 

How much coding have you done? None, Less than 10 hours, More than 10 hours 

What type of coding have you done?  
Where did you code before? In school, After school, In a club, At home, Other 

Who decided you should do coding before? My parent, My teacher, Me, Someone else 

Do you know any coders or computer programmers? 
If yes, how do you know them? None, Parent, Sibling, Other Family Member, Friend 

What do the coders or computer programmers you 
know do?  
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Which of the following do you regularly use at home? A computer, a tablet, a phone, Internet, Wifi, Email 

I like math. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

I usually do well in math. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

I can learn to code. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

I can create new technology inventions. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

People like me can do well in technology jobs. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

I like coding, or I think I would like coding. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

Solving coding problems seems fun. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

Knowing how to code will help me solve problems. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

Coding is interesting. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

I would like to learn more about coding. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

I would like to study coding in the future. 
Strongly disagree, Disagree, Neither Agree nor 
Disagree, Agree, Strongly agree 

Why would you like to learn more coding in the future?  

Why would you prefer not to learn more coding in the 
future?  
In your view, what is coding? What is its purpose?  

4. RESULTS 

The differences in student responses for each question from their pre- to post-surveys were calculated and 
processed using Single factor ANOVA statistical techniques. For all questions, the variation between 
groups was found to be significant with p-values less than 0.02. For all but two of the questions, Group A 
had the most positive change in responses, followed by Group C and then by Group B. The change in 
responses to “I would like to learn more about coding” and “I usually do well in math” was the most positive 
for Group C followed by Group A and then Group B. For all questions, Group B students’ responses were 
negatively impacted by the intervention. Student responses to the question “I would like to learn more about 
coding” shifted negatively for all Groups. The remaining questions each showed a positive shift for either 
Group A or Group C. 
 
A selection of the questions and their ANOVA results are included here in Figures one through six.  
 
Students in group A had a positive shift in their responses to the question regarding their ability to learn to 
code, while groups B and C had a negative shift (see Figure 1). 
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SUMMARY 
      

Groups Count Sum Average Variance 
  

A 242 32 0.132231405 0.4554713487 
  

C 159 -12 -0.07547169811 0.3993312634 
  

B 217 -32 -0.1474654378 2.33926438 
  

       
ANOVA 

      
Source of Variation SS df MS F P-value F crit 

Between Groups 9.622949637 2 4.811474818 4.36346386 0.01313080081 3.010372317 

Within Groups 678.1440407 615 1.102673237 
   

       
Total 687.7669903 617 

    
 
Figure 1: ANOVA results for “I can learn to code” 
 
Students in groups A and B had a positive shift in their responses to the question regarding their ability to 
create new technology, while group B had a negative shift (see Figure 2). These two patterns were the most 
common with other questions having similar results (see Figures 3, 4, and 5). 
 
SUMMARY 

      
Groups Count Sum Average Variance 

  
A 242 61 0.2520661157 0.7038338877 

  
C 159 14 0.08805031447 0.4858689595 

  
B 217 -13 -0.0599078341 1.963987029 

  

       
ANOVA 

      
Source of Variation SS df MS F P-value F crit 

Between Groups 11.16747458 2 5.583737289 5.120689868 0.006229116021 3.010372317 

Within Groups 670.6124607 615 1.090426765 
   

       
Total 681.7799353 617 

    
Figure 2: ANOVA results for “I can create new technology inventions” 
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SUMMARY 

      
Groups Count Sum Average Variance 

  
A 242 33 0.1363636364 0.5912863071 

  
C 159 7 0.04402515723 0.447416607 

  
B 217 -57 -0.2626728111 1.85197986 

  

       
ANOVA 

      
Source of Variation SS df MS F P-value F crit 

Between Groups 19.31288879 2 9.656444395 9.684482568 0.00007226952702 3.010372317 

Within Groups 613.2194737 615 0.9971048352 
   

       
Total 632.5323625 617 

    
 
Figure 3: ANOVA results for “People like me can do well in technology jobs” 
 
 
SUMMARY 

      
Groups Count Sum Average Variance 

  
A 242 42 0.173553719 0.6253557834 

  
C 159 13 0.08176100629 0.4299816894 

  
B 217 -54 -0.2488479263 2.104454685 

  

       
ANOVA 

      
Source of Variation SS df MS F P-value F crit 

Between Groups 21.78831918 2 10.89415959 9.952180631 0.00005575613696 3.010372317 

Within Groups 673.2100627 615 1.094650508 
   

       
Total 694.9983819 617 

    
 
Figure 4: ANOVA results for “I like coding or I think I would like coding” 
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SUMMARY 
      

Groups Count Sum Average Variance 
  

A 242 28 0.1157024793 0.6338602929 
  

C 159 4 0.0251572327 0.3664517156 
  

B 217 -51 -0.2350230415 1.717656597 
  

       
ANOVA 

      
Source of Variation SS df MS F P-value F crit 

Between Groups 14.74233107 2 7.371165536 7.793489987 0.0004544758165 3.010372317 

Within Groups 581.6735265 615 0.9458106122 
   

       
Total 596.4158576 617 

    
 
Figure 5: ANOVA results for “I would like to study coding in the future” 
 
The only question that had a negative shift in the responses of all groups was regarding students’ interest 
in learning more about coding (see Figure 6). 
 

SUMMARY 
      

Groups Count Sum Average Variance 
  

A 242 -15 -0.06198347107 0.6973869209 
  

C 159 -10 -0.06289308176 0.350449805 
  

B 217 -89 -0.4101382488 1.743044888 
  

       
ANOVA 

      
Source of Variation SS df MS F P-value F crit 

Between Groups 17.03186082 2 8.515930409 8.729716001 0.000182621095 3.010372317 

Within Groups 599.939013 615 0.9755105902 
   

       
Total 616.9708738 617 

    
Figure 6: ANOVA results for “I would like to learn more about coding” 
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Using data from the student’s (N=676) initial survey responses to complete a two-sided t-test comparing 
students who know a coder and students who do not know a coder, each question was investigated to 
determine if there was a positive difference between students who did not report knowing someone who 
codes and those who reported having a friend or family member who codes. In all cases the p-values were 
less than .025 with many p-values being significantly lower. On average students spent more time coding 
previously and were more interested in coding (See Table 4). 
 
Table 4. Differences for Students who Know Coders 
 

Question p-value 
Mean of Students who 
know a Coder 

Mean of Students who do 
not know a Coder 

How much coding have you 
done? 0.00003325044683 1.175965665 0.9570135747 

I like math. 0.02321459622 3.38034188 3.168181818 

I usually do well in math. 0.008749650305 4.123931624 3.922551253 

I can learn to code. 0.0001997497066 3.982683983 3.707093822 

I can create new technology 
inventions. 0.000002154399154 3.313304721 2.906392694 

People like me can do well in 
technology jobs. 0.000002816270369 3.543103448 3.145785877 

I like coding, or I think I would 
like coding. 0.000000001469961092 3.450643777 2.854214123 

Solving coding problems 
seems fun. 0.000009765916046 3.222222222 2.788636364 

Knowing how to code will 
help me solve problems. 0.000001670462573 3.577586207 3.166287016 

Coding is interesting. 0.00000002078924627 3.705128205 3.15 

I would like to learn more 
about coding. 0.00000004674476987 3.527896996 2.981818182 

I would like to study coding in 
the future. 0 3.072649573 2.410430839 

5. DISCUSSION 

When this research effort was initiated, the expectation was that exposure initiatives, while not the most 
effective method of increasing student interest, would have a positive impact on students’ interest, self-
efficacy, and intention to continue pursuing the field. For this reason, two of the three treatment groups 
included participation in the HoC activity. However, these results consistently showed that Group B, the 
group that only engaged with the HoC activity, had the most negative outcomes. This negative movement 
following an intervention aimed to be an engaging activity that exposes students to new ideas raises 
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questions about the effectiveness of other similar programs aiming for exposure. The TEE class that our 
research took place in is specifically designed to expose students to a variety of career areas (i.e., 
Agriculture, Food, Natural Resources, Architecture, Construction, Arts, Audio/Visual Technology, 
Communications, Business, Finance, Marketing, Computer Science, Information Technology, Education, 
Training, Engineering, Technology, Health Science, Hospitality, Tourism, Human Services, Law, Public 
Safety, Corrections, Security, Manufacturing, Transportation, Distribution and Logistics) within one year. 
With such a wide range of topics to cover, the best the TEE teachers can aim for is exposure. While not 
unique to TEE, an emphasis on exposure is prevalent in these TEE classrooms across courses. 
 
Group A, the control group which did not interact with the HoC, and Group C, the group that completed 
the HoC activity and engaged in a discussion with a practioner, had more positive changes for all questions. 
As Group C consistently responded in a more positive manner than Group B, we believe that the discussion 
had a positive impact on students but did not have a group of students who only engaged in the discussion. 
In the cases of the questions “I would like to learn more about coding” and “I usually do well in math”, 
Group C responded more positively than Group A providing evidence that the discussion has a positive 
impact. However, in the remaining questions, it is impossible to determine if the discussion had a positive 
effect that was not strong enough to entirely mitigate the negative impact of the HoC activity or if the 
discussion had a neutral or negative effect. Further research is necessary to determine the actual 
effectiveness of discussions led by practioners or other guest speakers, but the data suggests that may be an 
effective way to expose students to technical fields. As this is a clear limitation in current findings and has 
the potential to provide significant insight, it is the authors’ intent to repeat this with an intervention group 
where students are only exposed to the discussion without the digital activity next year.  
 
Students’ personal relationships with people who code has been shown to be effective at increasing student 
interest. While potentially more challenging to implement in a classroom, that is shown to be a far more 
effective method than engaging with HoC activities. Especially within technology education where students 
are exposed to skills in a variety of occupations, exposure to practioners may be especially useful as students 
come to understand the reality of the field. It may be worthwhile to develop resources that assist teachers 
in providing mentorship, job shadows, or other relationship building opportunities. 
 
As computer science education continues to grow, it is becoming more prevalent in technology classrooms. 
Coding skills are necessary in everything from robotics to 3D design. Improving computer science 
education, has the potential to improve student experiences in technology classrooms.  Additionally, lessons 
learned regarding how to teach computer science may also point towards best practices in technology 
classrooms. 
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Abstract 

Creating a sustainable future is a critical task for humanity. Part of the challenge for humans is the 
necessity for sustainable technological solutions. Therefore, collaborations across subject 
disciplines and holistic thinking in problem solving are needed. Teachers have an important role in 
this process. They do so by working with students, designing teaching activities, and thinking about 
new ways to address environmental and climate challenges. In this forthcoming research project, 
teachers' professional development in education for a sustainable future in biology and technology 
will be investigated. By integrating biomimicry into the technology and biology teaching of primary 
education, new paths are being explored in education for sustainable futures. In the project, 
researchers and primary teachers integrate a biomimicry approach into the teaching of the theme 
forest and technological systems in the city as a bridge between biology and technology. The project 
will be conducted in stages, beginning with investigating teachers' experiences of teaching in, and 
about, the forest and technological systems in the city. By using teachers’ reflections as our starting 
point, we build a common knowledge base in which the pedagogical affordances of the forest and 
the technological systems are challenged. Biomimicry is investigated as a bridge between the two 
and as an approach to sustainable design. Based on these investigations, teaching sequences in which 
a biomimicry approach is used to connect nature (biology) to the constructed world (technology) 
are designed, implemented, and evaluated. Through this collaborative project, teachers, science 
centre educators and researchers will have opportunities to broaden their understandings of the 
affordances of the forest and technological systems to bring to education for sustainable futures.  

Key Words: Biomimicry, Technological systems, Biology, Technology, Education for 
Sustainability 

1. INTRODUCTION 

Pupils in Swedish compulsory schools must be able to influence their own actions with knowledge of nature 
and human well-being and promote sustainable development. This forthcoming research project is based 
on the need to strengthen teachers’ practice in the field, and, to a greater extent, use nearby natural areas 
and the city as learning environments. Through a collaboration between researchers, teachers and science 
centre educators, this project is introducing biomimicry to strengthen education for sustainable future in 
compulsory school and teacher education. Biomimicry aims to achieve a more sustainable design in which 
nature's strategies used by living organisms and systems, are integrated into the design process (Benuys, 
1997; Lenau, Orrù & Linkola, 2018). More specifically, this project will use biomimicry as a bridge 
between knowledge of the forest's ecological systems and how these can be emulated in technological 
systems in the city for increased sustainability. The project is focused on teachers' professional development 
in education for sustainable future, through a biomimicry approach, building on teachers’ reflections of 
their own teaching in technology and biology. Teaching sequences, integrating biomimicry, and guided by 
variation theory (Marton et. al., 2004) will be designed, implemented, and evaluated, in which the forest 
constitutes a model and mentor for sustainable technological systems in the city. Data will be generated by 
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‘collage inquiry’ (Butler-Kisber, 2010), video observations and reflective conversations, analysed through 
phenomenography (Marton & Booth, 1997). The theory of affordances (Gibson, 1986) and the didactic 
tetrahedron (Williams, 2021) (figure 2) will be used as analytical tools for researchers’ and teachers' 
reflections and understanding of extending the affordances of learning environments, through biomimicry 
in the integration of biology and technology on a systems level.  The tetrahedron will also be a tool for 
communicating the project's contribution linked to a variety of learning environments in the development 
of integrating biomimicry in Education for Sustainability (EfS) in primary school, teacher education and at 
science centre. 

Research questions: 

1. How can teachers' knowledge of biomimicry contribute to the development of education for sustainability? 
2. How can different learning environments contribute to the development of teaching with biomimicry as a 

bridge between forest ecosystems and sustainable (technological) systems in the city? 

2. LITERATURE REVIEW 

2.1. Technological solutions with nature as inspiration for sustainable design 

Technology is often described as the human ability to design artefacts and systems and to change our 
environment. This description highlights humanity as something different from other species (Parkinson & 
Hope, 2009). Although other species, e.g., Nesting birds, can manufacture objects, use tools, and depend 
on them to survive, they lack what can be seen as a characteristic feature of humans, namely the ability to 
constantly develop, refine, adapt and change artefacts (Hope, 2013). Developing solutions to technological 
problems or desires is described in some contexts as a purposeful creative act or as a design. Design is the 
basis for creation in the world, and in a technologically constructed world, we are dependent on this creation 
to be able to develop new technological solutions (Papanak, 2000). There is a downside to the human drive 
to constantly develop and change artefacts and systems if the impact of development, use and recycling on 
our global environment is not taken into account. It is, therefore, of great importance to include 
sustainability perspectives in design work to find new sustainable ways to develop technological solutions 
(Pavlova, 2013). Nature as inspiration for solving technological problems has been used for a long time. 
Leonardo da Vinci used his fascination with the solutions of nature when he tried to solve complex 
technological problems in the 15th century (see, for example, White, 2000). Using biological phenomena 
and situations is a common design approach used by industrial companies and design education (Coccia, 
2017; Han et al., 2019; Shanta & Wells, 2020). Technology teaching in compulsory school aims at 
developing students' understanding of the importance of technology and its impact on people, society and 
the environment. Students' technological awareness and ability to relate technological solutions and their 
own use of technology to issues related to sustainable development are crucial. Socio-technological 
systems, such as transport systems, water and sewage systems or the Internet, are difficult to fully 
understand since we are only in contact with a small part of the system, such as the bus, the toilet seat, and 
the mobile phone. In order to understand the consequences of and be able to evaluate the system, analytical 
knowledge such as evaluating and investigating both the visible and invisible parts are necessary (Svensson, 
2021). 

2.2. Biomimicry and education for sustainability  

Biomimicry is a growing interdisciplinary knowledge area in architecture, urban planning, product design, 
biotechnology, medicine and education. In higher education, in particular, biomimicry has been applied in 
the teaching of individual subjects and as an interdisciplinary theme to generate solutions to problems in 
sustainable ways. Biomimicry was introduced for the first time in the literature in 1962 (Pawlyn, 2019) and 
means to "imitate life". Benyus (1997) highlights that after billions of years of evolution and natural 
selection, the living organisms and systems we see around us today can offer inspiration and solutions to 
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how we can sustainably survive on our planet. Biomimicry is based on what we can learn from nature in 
the development of sustainable designs. The argument is that all nature's solutions are sustainable in the 
systems in which they operate, and humans, therefore, have much to gain by projecting and emulating these 
ecological systems (Baumeister 2013). If the biologist's task is to understand how nature (plant and animal 
adaptations, behaviours, and interactions) is structured, one can describe the role of biomimicry as 
“translating” this knowledge into functions in design and technological solutions that contribute to 
sustainability (Benyus, 1997). According to the biomimicry approach, nature can be seen as a model, 
measure, and mentor, which means that biomimicry, is more than emulating nature's strategies (Benuyus, 
1997). When nature is used as a model, forms, processes and/or systems are emulated (Dicks, 2016). Nature 
can also be used as a source of inspiration without imitating all strategies. Using nature as a measure for 
sustainable design means that biomimicry also includes an ethical compass concretised in a set of strategies 
life on earth has developed for its survival (Baumeister, 2013). By using nature as a mentor, the focus is 
shifted from extracting raw materials from nature to viewing nature as being able to teach us how we 
humans can fit into nature (Benuys 1997) and not the other way around. Perhaps the simplest type of 
biomimicry is to emulate the shape of an organism and other external properties. An example of this type 
is the facades of houses that wash themselves without toxic solvents by imitating the microscopically small 
structures that cause dirt to run off the leaves of a lotus flower (see, e.g., Nishimura et al., 2016). Designs 
that emulate organisms at this level do not automatically lead to increased sustainability in other areas 
(Moberg, 2021). Therefore, the next level, emulating processes and imitating functions within an organism 
or behaviours within species and between, is seen as a stage closer to sustainability. The third and most 
complex level in biomimicry is to emulate ecological systems in nature. At this level, ecosystems can be 
studied in detail and imitated, for example, developing sustainable technological systems in the city 
(Vincent et al., 2006). For example, the circular flow of matter and energy in an ecosystem can be studied 
and inspire sustainable systems in the city.  

2.3. Biomimicry and learning environments outside the classroom 

Teaching and learning biomimicry are about seeing and valuing nature in a new way - not just content to 
teach and learn about but as a valuable and exciting source of inspiration for sustainable ideas to 
technological solutions and designs. When investigating nature with these "new" eyes, we can discover 
strategies that can give us knowledge and inspiration for teaching in and about sustainable development in 
technology and biology. In recent years, methods have been developed for how teachers and their students 
can observe, identify and emulate strategies (form, process and system) in nature to analyse and generate 
ideas to design technological solutions with regard to sustainability from a social, ecological and economic 
perspective (see, e.g., Baumeister, 2013; Biomimicry Institute, 2015). In both preschool and primary school, 
teachers use the nearby natural areas, such as a meadow, park, or forest grove as an extended learning 
environment. Research shows that nature and other environments outside the classroom can provide multi-
sensory experiences that evoke pupils’ curiosity (Szczepanski, 2013). Experiencing nature with the senses 
is also a central part of biomimicry It is the first way to familiarise themselves with the natural environment 
and its organisms. Later studies on biology teaching show that students need, in addition to knowledge of 
nature, to take into consideration of affective aspects of that nature experiences in order to be able to value 
nature in other ways, rather than to see it only as a resource for humans (Alsop & Dillon, 2018).  
 
There is a need for more studies that investigates biomimicry approaches to sustainability in primary 
education. With this project, we want to contribute to this field of research in schools that use extended 
learning environments, nearby forests, the city, and the science centre, that afford various experiences 
through teaching and learning with biomimicry. 
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3. METHODOLOGY 

3.1. Participating teachers and schools  

Two primary schools are asked to participate in the project. The schools are located in densely populated 
areas and are well placed to use the surrounding natural areas, and the city as learning environments. By 
collaborating with the local science centre, additional dimensions around learning environments and 
sustainable development can be highlighted in the project.  

Table 1. Project sample  
Cohort Schools Teachers 

1st Year 2 6-8 

2nd Year 2 6-8 

3.2. The design of the project  

The project consists of four stages, as shown in Figure 1. The first stage, the teachers’ practice, and ways 
of thinking about their practice, is framed (Marton & Booth, 1997) in which the pedagogical affordances 
are identified (Achiam, May, & Marandino, 2014). By introducing biomimicry in the second stage, we aim 
to expand the attentional frame, allowing the teachers to develop an awareness of aspects critical for 
understanding the forests’ ecosystems as phenomena (Marton & Booth, 1997) to learn from and not just to 
learn about. Thus, the pedagogical affordances of the natural world and the constructed world and their 
relation can in this way be expanded. Through the integration and reflection of biomimicry in practice, 
stage three aims to develop teachers’ subject didactics for sustainability. The didactic tetrahedron 
(Williams, 2021) in stage four enables an overarching frame for the teachers and researchers to reflect on 
the process and impact on practice.  
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Figure 13. An overview of the different stages of the project, including expecting outcomes 

3.2.1. Stage 1: Teachers' reflections of the forest and the city as learning environments for teaching biology, 
technology, and sustainability 
By applying Butler-Kisber's (2010) ‘Collage Inquiry’ method, each teacher creates a collage, in which 
reflections about the pedagogical affordances of the forest and the city as learning environments in biology 
and technology and sustainability are expressed. In this way, a variety of interpretations and perspectives 
among the teachers are made visible (Butler-Kisber, 2010). The teachers' collage, post-it notes, descriptive 
texts with headlines and video recordings of the teachers' reflective group discussions are documented and 
constitute important data. The teachers’ reflections form the basis for introducing biomimicry to bridge 
between the systems in the forest and the city. 

3.2.2. Stage 2: Biomimicry to strengthen teachers’ didactic knowledge in teaching for sustainable future 
In the second stage, we explore, in both the research and teacher groups, how biomimicry (Baumeister, 
2013) can be used to bridge knowledge about the forest and the city. In this stage, the forest, the science 
centre, and the city are environments for discerning the forest's coherent ecosystems and relating these to 
the city's technological systems. By gaining knowledge of the forest ecosystems and learning from them, 
insights can be obtained about how sustainable solutions in the city can be developed and thus strengthen 
teachers' teaching skills in sustainability. 

3.2.3. Stage 3: Teachers conduct a Learning Study integrating biomimicry 
In the third stage, the teachers design, implement and evaluate teaching sequences with biomimicry to learn 
from the forest ecosystems to generate design ideas for technological systems in the city. Thus, in this stage, 
we expand the project, to discern the critical aspects of the systems in the forest and the city (Sanders et al. 
2021), in which biomimicry works as an interpreting frame. By using Learning study (Häggström et al., 
2012), a cyclical process, including systematically planning, implementing, evaluating, and revising 
teaching sequences of objects of learning (see, e.g., Holmqvist, 2006), teachers conduct research on their 

Stage 1:
•Collage Inquiry to 
investigate 
teachers' 
reflections in 
relation to the 
pedagogical 
affordances of the 
forest and the city. 
What are possible 
challenges and 
wishes about their  
didactic knowledge 
in sustainability 
education?

•Outcome - the 
variation of 
teachers'reflection
s on the 
affordances of the
forest and the city 
as learning 
environments for 
teaching 
sustainability.

Stage 2:
•Biomimicry
workshops that 
build on teachers' 
reflections in stage 
1, to bridge 
between the 
ecosystems in the 
forest and 
technological 
systems in the city 
and promote 
sustainability.

•Outcome - to 
develop  
awareness of 
aspects critical for 
understanding the 
forests’ 
ecosystems as 
phenomena to 
learn from, and not 
just to learn about.

Stage 3:
•Teachers conduct 
a Learning Study 
integrating
biomimicry, in 
which the forest 
constitutes an 
inspiration for 
design of 
technological 
systems in the city.

•Outcome -
teachers' gain new 
ways of  
integrating 
biological and 
technological 
systems for 
developing subject 
didactics for 
sustainability. 

Stage 4:
•The didactical 
tetrahedron as a 
reflective and an 
analytical tool for 
teachers and 
researchers to 
discuss the 
project's impact in 
relation to 
practice.

•Outcome - teacher 
and researcher 
understanding of 
extending the 
pedagogical  
affordances of 
learning 
environments 
through 
biomimicry in the 
integration of 
biology and 
technology on a 
systems level. 
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own practice with the support of the research group. The teachers' lessons are video recorded and analysed 
by the teachers and the researchers.  

3.2.4. Stage 4: The didactical tetrahedron as a reflective and analytical tool for teachers and researchers  
In this last stage, a didactic model in the form of a tetrahedron (Figure 2) is used (Williams, 2021) as a 
reflective and analytical tool for the teachers and researchers to discuss the project's impact in relation to 
practice. Unlike the classic didactic triangle: teacher, student, and content, the tetrahedron includes a fourth 
corner, the environment. The fourth corner makes visible the physical environment's importance and 
affordances. By focusing on the different areas of the didactic tetrahedron and the tetrahedron as a whole, 
the teachers and researchers can co-analyse teaching and learning experiences and expand the pedagogical 
affordances of learning environments through biomimicry in the integration of biology and technology on 
a systems level.   

 

Figure 2. The figure shows a modified tetrahedron based on one initially developed by Rezat and Sträber, 2012 and 
an adapted model by Nyman, 2017 (Willams,2021). 
 
In this context, the teachers' learning is in focus while the pupils' learning is in the background, even if it is 
important. An additional critical part of stage 4 is illuminating and disseminating the didactic model's 
potential as a tool for teachers to reflect, analyse, and communicate teaching and learning in sustainability 
through biomimicry from a didactic perspective (Wickman, 2018).  

4. THEORETICAL POINTS OF DEPARTURE 

In the following, we describe the theoretical framework underpinning the project and are used for data 
collection and analysis. 

4.1. Phenomenographic analysis of teachers' reflections 

In order to make visible the perceptions that emerge in the group discussions in connection to the ‘collage 
inquiry’ material, a phenomenographic analysis (see e. g. Marton & Booth, 1997; Svensson, 2011) of the 
teachers’ ways of thinking about the phenomena of ecosystems in the forest and systems in the city as a 
learning environment for teaching and learning sustainability. Phenomenography is a research approach 
developed to map individuals' qualitatively different ways of perceiving the world (Marton & Booth, 1997). 
In this project, it involves a pedagogical research interest in learning a specific content, biomimicry and 
systems in the forest and the city. Furthermore, how they relate to each other. Learning according to a 
phenomenographic perspective refers to the ability to experience a phenomenon in a changed way, i.e., to 
be able to perceive the phenomenon differently from other ways of perceiving it. Variation theory is a 
further development of phenomenography and has its own origin in empirical studies of classroom teaching 
(Marton, 2015). In variation theory, the interest is directed at the analysis of the teaching of specific content 
and the pupils’ learning of this content.  
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4.2. Theory of affordance 

In order to make visible to the research group what is made possible by integrating biomimicry into the 
teaching, in and through the different learning environments, the concept of affordances is used (Gibson, 
1986).  According to the theory of affordances, a pedagogical intervention or a learning environment can 
invite a certain action relative to the people who experience it (Achiam, May, & Marandino, 2014). By 
using the concept of affordances, we can describe what the learning environments, through biomimicry, 
invite in, but also limit when it comes to teachers' subject didactic knowledge development for a sustainable 
future. With the support of the didactic tetrahedron, the affordances of the learning environment can be 
made visible and discussed, in relation to the teaching content, the students' learning opportunities and the 
teachers' own knowledge. 

5. THE POTENTIAL OF THE PROJECT 

Arenas that we expect results in: 

1. Methodologically: Teachers and researchers come together through acts of collage inquiry and 
discussions anchored in the didactic tetrahedron, in which iterative reflection take place 

2. Knowledge of biomimicry as a bridge and interpreting frame between the forest ecosystem and 
sustainable systems in the city,  

3. Increased knowledge concerning the affordances of learning environments in teaching through 
collaboration between schools, academia, and science centres 

4. Impact on teachers', teacher educators', and science centre educators' practice of education for 
sustainability 
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Abstract 

Since Cummins (1979; 2008) developed the concept of Cognitive Academic Language Proficiency 
(CALP), many researchers have investigated and discussed how language and content interact. How 
can this interaction be taken into account to advance the knowledge and skills of students in content 
subjects such as science and technology? 

It is useful to take stock of current developments at the intersection of language and STEM 
education: Which new insights can the present-day research give us? Publications that are relevant 
for this diverse field of study are not very easy to locate, since they are scattered across a wide 
variety of professional communities and their channels of publication. A few earlier overviews (e.g. 
Bradbury, 2014; Oliveira et al., 2019) form a useful starting point, although each author brings his 
specific focus, which is slightly different from ours. Specifically, we are interested in addressing the 
following two research questions:   

1. In what way does language influence the teaching and learning of science and technology?  
2. What are the recommended solutions to language problems in the science and technology 

classrooms?   

The first goal of this paper is to summarize the current findings from previous research (2010-) that 
fit within specific criteria. We next propose evidence-based policy and practice recommendations, 
each supported by empirical research, to improve academic language learning in and through STEM 
education.   

Salient topics include teacher language awareness, teacher’s beliefs, the role and use of the students’ 
home languages and culture, specific language skills and pedagogical approaches.   

Key Words: Language, STEM, Literature review 

1. INTRODUCTION 

Since Cummins developed the concept of CALP (Cognitive Academic Language Proficiency 1979, 2008), 
many researchers have investigated, discussed and experimented with how language and content interact 
and how this interaction may be taken into account to advance the knowledge and skills of students in 
content subjects such as science and technology.  For “all students must acquire scientific knowledge and 
skills through gradually mastering a new kind of language, characterized by a specific vocabulary, a high 
level of abstraction, and limited contextual support” (Van den Branden 2010 in Van Laere, Aesaert & van 
Braak 2014). This goes beyond being able to comprehend and interact about what happens in the STEM 
class, scientific language is also an important part of the nature of science (Ødegaard, Arnesen & Klette 
2016). 

mailto:Ingeborg.landuyt@ap.be
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It is interesting to review the state of research from time to time: What are current researchers working on? 
What has been discovered in the meantime? 
 
This review article attempts to give a systematic overview of what has been happening and what has been 
reported on for the last ten years at the intersection of language and Science and Technology education.  

2. EARLIER REVIEWS 

There have been a few earlier reviewers who reported on a similar project. While their scope 
(chronologically and as far as content is concerned) was not identical, these articles provide a very 
interesting starting point for our overview. 
  
In a recent edition of a handbook for TESOL (Teaching English to Speakers of Other Languages – K-12), 
Alandeom and his co-authors (2019) included an overview of Current Research and Practices in the Field 
of Science Education in Teaching Science to English Language Learners. 
 
Their review intends to give a summary of both the research and practitioner literatures related to English 
language learners in the field of science education (ranging from 2005 – 2017). They organized their 
information according to five emergent themes in the recent literature: “(a) teacher knowledge (what 
teachers need to know to effectively support ELLs in science); (b) teacher action (what teachers can do to 
effectively support ELLs in science); (c) student knowledge (what prior understandings ELLs bring to the 
science classroom); (d) student action (what ELLs can do while engaged with instructional activities in 
science); and, (e) student needs (what types of learning needs ELLs have).”  In addition, they also describe 
instructional approaches favored by science practitioners and discuss practical issues raised and informed 
by current research. 
 
As is obvious from this characterization, the sources of this publication were often found in publications of 
teacher associations and a very explicit connection to relevant science education practices in the classroom 
is made.  
 
Bradbury (2014) reviewed 20 years of research (1992-2012) and summarized the impact of approaches that 
describe themselves as integrating science and language arts on student learning and/or attitude at the 
elementary level. She concludes that generally speaking, “students who participated in an integrated 
learning experience” combining both subjects “performed significantly better than other groups on 
measures of science knowledge”. Similar results were reported for language arts.” There was also a positive 
influence on affective factors (such as: interest in science, enjoyment of science learning, motivation to 
read, and attitude toward and self-confidence in both reading and science).  

3. METHOD AND SCOPE 

Since both review articles, we have advanced a few years in time and we also wanted to add the scope of 
technology and restrict ourselves to research articles. We focus on the following questions:   

• In what way does language influence the teaching and learning of science and technology?  
• What are the recommended solutions to language problems in the science and technology classrooms? 

 
Our method for selecting articles has been the following:  
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We have focused on the crossroads between language and STEM studies, so when we used search engines 
such as Google scholar, we always looked for articles with language + STEM (or one of the STEM subjects 
science and/or technology) in the title. We also allowed for language-related words such as conversation, 
dialogue, but did not systematically trace all variations. The snowballing technique gave us more interesting 
articles to include in our review, since some of the articles led us to others via their sources and references. 
When we happened upon interesting research concerning STEM- mathematics, we included this if it was 
in line with the other parameters. 
 
We also wanted the selected studies to have a link with an educational context. Language is a very general 
notion. Whereas STEM (like any other educational subject) cannot exist without language (is embodied in 
language), since it is the vehicle for our thought processes, this (more philosophical) angle is too generalistic 
for our approach and would yield too diverse a selection of academic work. Thus, articles like “Relational 
reasoning in STEM” (Alexander 2016) were not included in our overview, as the link between cognitive 
processes and language teaching was not explicitly made. 
 
We looked very specifically for articles that present results of research, therefore excluding reports of good 
practices, unless they were accompanied by research. Thus, we did not include an albeit interesting review 
study of recent scaffolding literature in mathematics education by Bakker, Smit & Wegerif (2015). Studies 
that reported on very limited data were likewise not included. Van Driel, Slot and Bakker (2018) for 
instance investigated the scaffolding strategies of only one teacher.  
We had two other conditions: We wanted to focus on fairly recent developments, so we excluded articles 
from before 2010 and since that is our own professional context, we focused on a restricted target group 
and selected studies that involved children from primary school and the lower years of high school (6-15). 
Using these criteria, we selected almost 30 relevant articles that were studied more closely.  

3.1. Diverse field 

Publications that are relevant for this diverse field of study are not very easy to locate, since they are 
scattered across a wide variety professional communities and their channels of publication. We found 
studies published in journals on Science, Technology, Mathematics and STEM education in general, 
Language, Education and related subjects.  
 
Moreover, not all STEM disciplines (fields) are equally represented when we consider the collection of 
articles that we selected for this project. Some articles tackle STEM education as a whole, but most of them 
focus on one (or exceptionally two) of its fields.  

• Science is by far the best represented subject. A fair number of researchers have investigated how science and 
language teaching may reinforce each other. Most of the articles on which this article is based, can be found 
in this “corner”.  

• Technology: When looking for articles with technology, language and teaching in the title, the majority of 
articles that can be found deal with the use of technology in language teaching. Only a few researchers can 
be found on the crossroads between technology and language teaching. Van Dijk and Hajer (2017; 2020) have 
published several articles on language sensitive technology lessons, but the students they target are student 
teachers. As indicated earlier, they fall outside of our research focus.  

• Engineering: We considered including Engineering in our review, but this is a subject that as such is usually 
not taught to younger students. The few articles in which language teaching and engineering are combined in 
the title, focus on college students (and their written language). An interesting study by Aguilar (2017), but 
also dealing with university level students, revealed another reason why articles that combine engineering 
and language teaching are hard to come by: She questioned Spanish engineering lecturers teaching in English 
and had to conclude that they do not consider language integration important because they do not see 
themselves as language teachers.  



425 
 

PATT 39 Conference Proceedings June 2022 
 

• Mathematics was incidentally, but not systematically included. It is worthwhile to note that researchers such 
as Dokter (2017) have extensively studied opportunities for stimulating CALP in elementary school 
mathematics.  

3.2. CLIL? 

The language of instruction for the STEM contents may be a second/foreign language to all students 
(classes) in the selected research articles. In this case, the umbrella term CLIL (Content and Language 
Integrated Learning) is relevant. [CBLT Content-Based Language Teaching and ESP English for Specific 
Purposes are still more specific concepts in a similar context, yet were not explicitly named in any of the 
selected articles. These terms are also usually deployed for older students than we envisaged.] But learners 
may also encounter difficulties to bridge the gap between everyday and academic language when English, 
Dutch or whatever the official school language, is used. Therefore, we have included studies which combine 
STEM and the home language as official school language and studies about the nexus between STEM and 
foreign/second language teaching.  

4. RESULTS 

In this chapter, we make a distinction between both research questions. 

4.1. In what way does language influence the teaching and learning of science and technology? 

This question itself already indicates a dual perspective that can aid our analysis. At first, we describe the 
studies from the angle of the students, subsequently we focus on the teachers’ angle. 

 4.1.1. Students’ angle 
Some studies that take this perspective conclude that language and science learning are definitely related. 
Van Laere (2014) concludes that being proficient in the language of instruction and particularly in 
reading comprehension is positively related to science achievement: the higher students’ self-assessed 
proficiency in the language of instruction and especially their performance on reading comprehension, the 
higher their science achievement. 
 
Van Laere (2014) also points out that the home language plays a significant role in science achievement 
at the student level. This confirms the theoretical assumption that LMi (language minority) students 
experience a greater challenge in reaching a high level of science achievement. Taboada (2012) similarly 
concludes that proficiency in the language of instruction influences students’ performance in science 
subjects. Indeed, this relationship has been found to come to the fore as early as at the primary school level 
(Maerten-Rivera et al., 2010), where reading ability is found to play a particularly significant role. These 
factors become more critical when students speak a home language that is different from the language of 
instruction. Van Laere draws a similar conclusion: “LMi students do not so much fail on the foundation 
skills of the language of instruction, such as word decoding, but fall behind in comprehension skills, namely 
vocabulary knowledge and reading comprehension (Cremer & Schoonen, 2013; Proctor, Carlo, August, & 
Snow, 2005; Verhoeven, 2000). Furthermore, their word knowledge is more context specific and less 
meaning based than that of LMa students (Cremer & Schoonen, 2013; Verhallen & Schoonen, 1993).” 
Whether proficiency in reading comprehension has a similar effect on the performance of pupils in 
technology classes still remains to be investigated. Whereas performance in reading comprehension may 
be an indication of a general language proficiency, how often written texts are used in technology lessons 
is also a defining factor. In that respect, the work of Fox-Turnbull is very interesting. Since problem solving 
situations are an integral part of developing technological outcomes, dialogue may be key in the students’ 
language proficiency. In earlier articles (e.g. Fox-Turnbull 2010), she situates this concept and its 
implications on a more general theoretical level (which falls outside of the scope of our study). In more 
recent work, she investigated the practical implications and studied the oral language that (primary) 
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technology students use in the classroom more specifically. She analysed which elements of conversation 
occurred and stressed the critical role of conversation in technology learning (Fox-Turnbull 2016).  

4.1.2. Teachers’ angle. 
Teachers’ beliefs and pedagogical practices also have a definite influence on the achievements of their 
students.  
 
Ødegaard, Arnesen and Klette (2016) investigated oral language use in teacher-led dialogues in science 
classrooms and observed that teachers hardly facilitated the transition from everyday to scientific 
language. Practical work was hardly used as an opportunity for talking about science and there was little 
use of scientific language in dialogues. They concluded that whereas the more informal style of the teachers 
may be an effect to adapt to the students’ level of comprehension, students will become less acquainted 
with the use of scientific concepts and scientific language.  
May Tan (2011) questioned secondary science and math teachers in Malaysia. Especially the latter 
considered themselves only content teachers, not language teachers, thus limiting their students’ language 
learning opportunities.  

4.2. What are the recommended solutions to language problems in the science and technology 
classrooms? 

Researchers mostly indicate how teachers’ practices should be adapted: 
  
Hansen-Thomas, Langman & Farias Sokoloski (2019) and Langman (2014) demonstrated the need for 
increased teacher training in the area of Teacher Language Awareness. CLIL ánd content teachers need 
to realise what it means to involve language objectives into their actual teaching practice.  Rewriting 
language objectives in their own words helps them to take ownership and allows them to use it as a tool for 
improving teaching (instead of a “box to check”). They add more practical guidelines how we best go about 
this. 
  
Ardies, Ankiewicz, De Witte and Dierickx (2021) investigated how exactly technology teachers’ awareness 
and pedagogical knowledge about cognitive academic language in technology education can be scaffolded. 
Garza, Huerta, Spies et al. (2018) likewise recommend coaching and mentoring for science teachers, in 
order for them to explicitly teach academic language. Other studies likewise recommended to integrate 
science and language interventions or suggest how teachers can provide scaffolding to help their students 
bridge the gap between everyday language and academic literacy. 
  
Tang, Li & Crowther (2021) recently investigated in a few case studies of first-generation Chinese English 
language learners (ELL) the influence of their cultural backgrounds and found that it interacted with other 
factors such as language proficiency and learning interest. They suggest that an integrative understanding 
of this cultural diversity may be utilized to improve STEM teaching for students (from a Chinese 
background).  Langman (2014) likewise stresses the importance to take students into account as “cultural 
beings” and exhorts educational policy makers to do so, involving the teachers themselves as agents and 
policy makers. 
  
Van Laere (2014) suggests that, “although the most obvious option would be to invest in initiatives focusing 
on the language of instruction, the home language can also be brought into the learning process as a 
scaffold. (Clark, Touchman, Martinez-Garza, Ramirez-Marin, & Drews, 2012; Msimanga & Lelliott, 
2014).” Juliet Langman (2014) ascertained through observation and interviews that teachers drew on 
student language and cultural resources and likewise argued the importance of translanguaging.  
We should also keep in mind the importance of oral language. Fox-Turnbull (2016) proved the importance 
of well-planned and structured intercognitive conversations. She developed a Technology and Observation 
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Framework (Fox-Turnbull 2021) to assist student learning and enable teachers to enhance the quality of 
classroom conversation.  

5. CONCLUSION AND DISCUSSION 

We were able to find several useful answers to our questions in the articles that fit the criteria that we 
followed. Which of these are most relevant for technology education? First of all, teachers should be made 
aware of their role as language teachers. Although the relevant research in this respect was conducted in 
science settings, the fact that very few articles can be found linking technology classes and the language of 
education is in this respect also very indicative. 
  
Technology teachers should then be supported to play this role (as a language teacher). A first but essential 
step in this process is writing (and thus being aware of) language objectives. Furthermore, they should be 
coached to explicitly teach the academic language that is used and the conversations that are typical for 
technological discourse. Unfortunately, only a few experiments on how this should happen have been 
conducted. How the home language can be used as a scaffold is also documented.  
 
However, many topics still require further research. How exactly, for instance, can a distinction be made 
between scientific and everyday language and how can the best results be achieved to improve teachers’ 
awareness and stimulation of their students’ cognitive academic language proficiency (CALP)? What is 
most important and works best for primary teachers? What for secondary teachers?  Which specific 
conclusions can we draw regarding the language of technology teaching in primary and early secondary 
school classes?  
 
We may find a few extra pointers in research that falls outside the scope of our research. Van Dijk and his 
co-researchers (2022) published several interesting articles in which they try to pinpoint feasible design 
principles for language sensitive technology lessons. Their target group is teachers-in-training, so a similar 
effort could be undertaken for younger technology pupils: What constitutes technological literacy for them? 
Van Dijk ea anchored their design in ‘genre pedagogy’, investigating which kinds of texts their students 
were supposed to write and how they could be supported in this. For younger students, oral language will 
play a more essential role. In order to be able to respond successfully to this, we would need follow-up 
studies on Fox-Turnbull’s research. This may help to discover how teachers and pupils may be coached 
towards more efficient technology education. 
  
Hopefully many successful experiments and observations will be conducted in the near future to warrant a 
sequel of the present article.  
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Abstract 

With the rapid technological development in the last decades, the importance of Computational 
Thinking (CT) has been growing enormously – not only for students, but also for teachers. With 
regards to empirical research on students' computational thinking it has been highlighted that teacher 
training and professional development regarding computational thinking should be considered an 
important prerequisite for teaching in general. Most people, especially younger ones, rely on CT not 
only at their workplace but also in their everyday life. However, teachers are often not able to 
include modern technology and its advantages in their teaching. Appropriately, in Europe, there 
are only very few guidelines regarding what CT education could look like in different grades. The 
Erasmus+ project “Future Teachers Education: Computational Thinking and STEAM” addresses 
these shortcomings and develops ten modules for future and in-service teachers, to improve the CT 
skills, as well as to provide examples about how CT education can be integrated into the classroom 
from kindergarten to secondary education.  

The intellectual outputs of the project were evaluated in international workshops with pre-
service teachers from Lithuania, Germany, and Austria with different expertise, using a pre-post 
questionnaire, as well as an evaluation questionnaire. While the participants’ concept of 
CT initially was very vague, after the workshops it became more specific and detailed, and 
participants were better able to identify CT related activities in concrete situations. Participants 
also emphasized the topics covered in the modules are useful for future work as teachers.  

To get more evidence regarding the effectiveness of the intellectual outputs, further workshops are 
planned in nine different countries. While the initial workshops targeted pre-service teachers, these 
workshops aim at in-service teachers. 

Key Words: Computational Thinking, Teacher Education, Curriculum, Erasmus+ 

1. INTRODUCTION 

In the last decades even more technological artifacts have been included into our everyday life. Nowadays, 
most people use a smart phone every day, converse frequently with a speech-recognition system and let 
technology perform tasks that one had to do on one’s own a few decades ago. The digital transformation 
has become part of our society and therefore needs to be addressed in schools to meet the general 
educational requirements and prepare students for their future life. The concept of ‘Computational 
Thinking’ (CT) is often mentioned in this context. The term was first proposed by Papert (1980) and grew 
in popularity after Wing redefined it (Pollak & Ebner, 2019). For Wing, CT is the key competence of the 
21st century (Wing, 2006, 2008). Since she promoted the term ‘Computational Thinking’ there has been 
much research, resulting in more than 1,100 publications addressing this concept till 2019 (Pollak & Ebner, 
2019).  
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To teach CT and reflected usage of technology in schools it is necessary to prepare teachers and develop 
their competencies (Pollak & Ebner, 2019; Yeni et al., 2021). Nevertheless, a critical weakness is the lack 
of material focusing explicitly on how CT competencies can be developed (Tedre & Denning, 2016). The 
Erasmus+ Project “Future Teachers Education: Computational Thinking and STEAM” developed several 
modules for pre-service teachers to figure out, how future teachers can be prepared for a way of teaching 
that supports the development of CT-Skills. While doing so, new material and activities are developed and 
tested in teaching scenarios. 

2. BACKGROUND 

2.1. What is Computational Thinking? 

Wing sees CT as “a universally and applicable skill set everyone, not just computer scientists, would be 
eager to learn and use” (Wing, 2006) and characterizes it as a way humans think to solve problems, using 
concepts and methods of computer science. She argues that CT is involved in many different science 
disciplines and will affect everyone directly or indirectly. Therefore, it should be taught not only to 
computer scientists but for everyone, regardless it mainly represents how computer scientists think (Wing, 
2006, 2008). 
 
Even though there is a plethora of publications addressing the concept of CT today (Pollak & Ebner, 2019) 
its definition remains somewhat vague. Some focus on the application of computer science concepts 
involving algorithms and programming, while others explicitly highlight that CT is independent of concrete 
technology (Hazzan et al., 2020). Nicolajsen et al., (2021) identify five aspects that are included in most 
definitions: Algorithms, Abstraction, Modelling, Simulation, and Implementation. They also identified 
three different perspectives according to which CT involves Reasoning, Simplification and Automation 
with the common goal of empowering our society. 
 
The concept of ‘Computational Thinking’ is criticized beyond the vagueness of the term itself. This includes 
that, since CT describes a way of thinking, it does not involve people using technology – so, acting with 
technology is necessary (Tissenbaum et al., 2019). Taking up this criticism, we interpret CT as a problem-
solving skill that manifests itself in a circular process, involving the usage of methods provided and used 
by computer science in four steps. First, the problem must be (1) formulated in a way that can be solved 
with computational methods. Afterwards, a solution must be (2) computed and (3) translated back to its 
original context. Last, the solution must be (4) reflected and – if it is not sufficient – a new problem must 
be formulated (Kallia et al., 2021). 
Despite all the criticism, “CT activities must appear as early as the primary grades, and then continue 
through the secondary grades and beyond” (Qualls & Sherrell, 2010). 

2.2. Computational Thinking in Curricula 

In the last years, in Europe, some national and international guidelines were developed to introduce CT in 
schools. The ‘European Framework for the Digital Competence of Educators’ (European Commission, 
2017) represents a well-known European guideline. However, its implementation differs between member 
states. In the German federal state of North Rhine-Westphalia, for example, it is implemented as a guideline 
(Medienkompetenzrahmen, 2018) which supplements the school curriculum. It is expected to be addressed 
in every grade but it is not part of the curriculum itself. While the required competencies should be taught 
in every subject, they are implemented mostly in STEAM-related classes and mathematics – even in the 
subject Sachunterricht (interdisciplinary science, social and technological studies at primary level). 
Because of the different implementations we cannot go into detail here, but all in all it can be concluded, 
there are approaches to including teaching CT in school curricula in most European countries. 
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2.3. Computational Thinking in schools 

Because of the different implementations, we only address the situation in Germany in this section. In 2018, 
the CT-competences were measured explicitly for the first time as part of the ‘International Computer and 
Information Literacy Study’ (ICILS) (Eickelmann et al., 2019). The results show that the CT skills of 
German eighth graders are significantly below the international average. Furthermore, although diagrams 
describing or depicting real-life problems are often considered, many CT-related skills such as breaking 
down complex processes into smaller parts or the use of simulations and real data are only addressed on an 
average level in less than half of all cases (Eickelmann et al., 2019). 
 
Since, according to the TPACK-Model, it is not only necessary to develop pedagogical skills but to also 
gain technological and content knowledge, and be able to integrate them (Koehler et al., 2013), it is 
necessary to educate teachers to fill the gaps in current CT education (Pollak & Ebner, 2019; Yeni et al., 
2021). This is also implied by the technology education teaching framework, since professional 
development is considered one building block of technology education (Gill, 2019) and for using CT as a 
problem-solving skill this implies reflected usage of technology. The Erasmus+ project described in this 
article tries to overcome the shortcoming in teacher education by developing several modules, which can 
be used in pre-service and in-service teacher education, and which can be adapted to national curricula. 

3. PROJECT PRESENTATION 

The Erasmus+ project “Future Teacher Education: Computational Thinking and STEAM” is a multi-
national approach to foster CT-education within ten countries and across multiple disciplines. It aims at the 
improvement of CT skills and pedagogical content knowledge among teachers, so that pre-service teachers 
are more fully prepared to engage with CT material at all levels of education. Thereby, the project focusses 
on digital transformation, rethinking the teaching and learning processes, considering the practical aspects, 
through the combinations of digital skills, mindsets, and attitudes. This pragmatic approach will therefore 
not only benefit from a rich variety of tools, techniques and approaches while designing and delivering 
instructional content, but will also addresses the needs of a large target group including K-12 and higher 
education students. Focusing on the development and implementation of new courses for teacher education, 
this research is expected to fill the gap within the CT literature from two perspectives: (1) innovative ideas 
for CT-education for different target groups will emerge, and (2) the effectiveness of this new pedagogical 
approach can be demonstrated, resulting in higher interest and willingness of participants to include 
technology in their everyday teaching. 
 
The novelty of this approach lies in the fact that CT is considered as an integrative skill in the STEAM 
context at all levels of school and pre-school education. Hence, instructional material for pre-service and 
in-service teacher training is developed, enriched with units, topics, and activities for use in classrooms. To 
fulfil this premise, the research consisted of ten different ‘modules’ addressing various disciplines and needs 
with different pedagogical approaches (figure 1). 
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Each module was reviewed by at least two internal and external experts in two stages to validate the 
theoretical work. The experts rated the learning activities as useful and effective. Afterwards, the modules 
were translated into at least two different languages in addition to English and were piloted in at least two 
countries with at least  

Figure 14: Overview of the developed modules 
 
20 students each. They are available on our website: https://www.fsf.vu.lt/en/teaedu4ct/home. 
 
The first module introduces theoretical background of CT and STEAM education using different 
approaches. As it is an introductory module, it is aimed at introducing theoretical background of CT & 
STEAM to future teachers. This includes cognitivism, the TPACK framework, inquiry-based learning and 
project-based learning, as well as examples of how theories, frameworks and models can be applied in 
educational practice, practical activities of problem solving and knowledge building. 
 
The second module introduces CT in general and aims at a concrete understanding of CT and its 
characterization in terms of problem-solving activities. Besides rather theoretical tasks with different 
definitions from literature, it includes the first actual usage of technology, e.g. in the form of simulations or 
storytelling using block-based programming.  
 
Module 4 represents interesting aspects as it is target explicitly at primary schools. It provides an integrating 
development concept with specific practical elements of the education of prospective primary school 
teachers. We draw on the idea of students in designing and testing approaches for CT in primary school 
classrooms considering teaching-learning theories in the context of constructivism, as a research and 
experience-based activity, as well as a detailed reflection of the planning and implementation using the 
example of educational robots. The structure of the module is illustrated in figure 2. The activities 
mentioned in there are discussed as examples of how CT-education can be integrated into classrooms. 

https://www.fsf.vu.lt/en/teaedu4ct/home
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Within these discussions, a solution for a given problem is developed by the participants. Since the activities 
describe real-world phenomena like finding the optimal route from one place to another, it teaches not only 
how to use the technology and reflexion on the use, but also includes skills from other STEAM areas like 
spatial and logical thinking. 
 

This module aims to a) develop conceptual competencies regarding CT and one’s ability to act with 
technology oneself, b) develop pedagogical competences in planning, conducting and reflecting on classes 
using technology, c) improve self-efficacy and d) arouse interest and motivational competences to empower 
prospective primary school teachers to use technology in their classes. 

 
Figure 15: overview of module O4, designed for future primary teachers 

4. METHODOLOGY 

Each module was evaluated in national piloting in at least two different partner countries, as well as in an 
international workshop in Vilnius, Lithuania. The national piloting concluded with a questionnaire to 
become aware of perceived strengths and weaknesses and get more insights into how important future 
teachers consider CT. It consisted of five items on a four-level Likert scale (4 = totally agree, 3 = agree, 2 
= disagree, 1 = totally disagree). Due to the corona pandemic, some of the national piloting had to be done 
virtually. 
 
The five-day international workshop event was evaluated with a pre- post-questionnaire, in order to get 
more insights about the learning outcome. Therefore, the participants characterized their understanding of 
CT. The characterizations were then rated regarding three categories representing how well they fit with 
the understanding of CT as a problem-solving skill propagated in the project. Despite the pandemic the 
international workshop was executed on site in Lithuania in September 2021 with Participants from 
Lithuania, Germany, and Austria.  
In addition to the questionnaire, some participants gave oral feedback after the workshop. Since these 
statements provided further insights into the usefulness of our module but were not collected systematically, 
they are referred to as anecdotal feedback. 
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5. RESULTS 

The results reported combine data from national piloting and the on-site event in Lithuania. Regarding the 
national piloting events, we focus on results of the fundamental module 2, which provides several well-
known definitions and clarifies their link to the circular problem-solving process reflecting our 
interpretation of CT. Due to the pandemic, the material provided has been adapted for virtual use. 
Participants from Germany were studying either primary education in a master program or computer 
science for higher education in bachelor program. Due to the small number of participants, only average 
values are displayed in figure 3. Even though some computer science education students mentioned that 
they already participated in a lecture that dealt with CT, they thought the topic is particularly important for 
them in their future teaching (Q2, avg. 3.21). Furthermore, they stated that the topic is very interesting (Q1, 
avg. 3.14). The national piloting in Cyprus done with primary education students only indicates an even 
higher importance of the topic (Q1, avg. 3.85; Q2, 3.92). This difference in the ascribed importance is not 
surprising, since, while module 2 is quite theoretical, module 4 includes several classroom activities, 
including usage of educational robots. They are designed in a way they can be easily adopted and done by  

oneself.  These practical activities were positively highlighted by most of the participants. 
The on-site event in Lithuania had more than 40 participants. Unfortunately, it was only possible to match 
pre- and post-tests in 14 cases. The reasons for this discrepancy could not be clearly identified, but we 
assume that most of the participants filled in the online questionnaire using a mobile phone, which may 
have resulted in many typing errors. Only matching questionnaires were analyzed and are visualized in 
table 1. The analysis clearly shows that, in the beginning, participants had at most a vague idea about CT. 
Six participants thought CT is all about understanding how computers work, while only five of 14 
participants connected CT to problem solving processes. One did not give any answer while another one 
stated “I do not really know, that is why I am at this lecture!”. Characterizations after the workshop describe 
CT as a problem-solving process including several different tasks like abstraction, pattern recognition or 
evaluation in nine out of 14 cases. Additionally, three participants mentioned at least one aspect of CT. 
Overall, we can conclude that participants indeed developed a better understanding of CT. 

 

Figure 3: Average values from national pilot of module 2 (basic module) in Germany (n=14, left side) and Module 4 for 
primary education in Cyprus (right side, n=13). Items of the questionnaire are: 
Q1: The module lectures were interesting 
Q2: The topics of the module will be useful for my future work as a teacher 
Q3: The learning materials in the module illustrate the content very well 
Q4: The activities of the module make me think about the importance of the topic 
Q5: The language of all materials is understandable 
 
 

1 1.5 2 2.5 3 3.5 4

Q5

Q4

Q3

Q2

Q1

1 1.5 2 2.5 3 3.5 4

Q5

Q4

Q3

Q2

Q1



435 
 

PATT 39 Conference Proceedings June 2022 
 

6. DISCUSSION 

Even though the results should be treated with caution due to the small number of participants, our results 
clearly indicate that future primary teachers consider CT-skills particularly important. To strengthen this 
indication, further validation is needed. In addition to that, it is important to extend research and CT-
education to in-service teachers, too. Anecdotal feedback we received during piloting suggests that most of 
our participants had different concerns using technology in their lessons, mostly because of low self-
efficacy. While learning CT-skills and exploring and performing tasks that can easily be integrated into 
their lessons, their self-efficacy rose, and they frequently reported about the fun they had while working on 
their models. 

 
Despite the initial findings provided in this paper, it is not yet clear how to integrate our modules into 
different curricula. To make this task easier, however, we tried to design our modules as flexible as possible 
and deliver various and diverse ideas for classroom activities that foster an improvement of CT-related 
skills. A simple exploration of implementations in German primary schools was done last summer. While 
it was not subject to systematic research all three participating primary school teachers reported positively 
about the flexibility of the modules and their adaptability regarding their lessons, highlighting once again 
the importance of the inclusion of technology use to solve problems into general education. Furthermore, 
they promised to make further use of our material. 
 
Lastly, we would like to point to an upcoming discussion regarding CT: As the concept of CT was 
developed based on established concepts of computer science, it is not clear, how it aligns with newer 
technologies which become part of our everyday life, especially including artificial intelligence and 
machine learning (Pears et al., 2021; Tedre et al., 2021). Despite the fact that school should prepare for 
future life, it is not researched yet, whether or not CT skills help to handle these technologies, too. It is 
therefore possible, that, as Pears puts it, we are “teaching the CT of the past, not the future” (Pears et al., 
2021), so more research about the connection of CT and machine learning methods is needed. 
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Abstract 

The emergence of educational robotics over recent years supported by the development of 
contemporary artefacts and technics such as artificial intelligence (AI) is gaining much attention in 
education, especially technology education. However, the implications of this innovation for 
technology education remain unclear, including the effects on student learning. Although AI is not 
a recent topic, it is relatively new in the school context, especially in France which is now 
considering the possible connexions between AI, technology, and education. As part of a robotics 
project in K12 within the French technology education (TE) context, this research investigates the 
attitudes and perceptions of students towards AI (and its components) to support their learning 
process in the educational settings. Based on an online research questionnaire addressed to K12 
students, we attempt to describe their perceptions of and attitudes towards AI, learning with (AI-
based artefacts) and about (technics of) AI, as well as the capabilities of an AI-based robots 
compared to classic robots in the contexts of TE. The survey is still ongoing, however, of the top 
five first terms that came to mind for students: robot, intelligent, and technology are among the most 
common. These results will help understand student thinking and how this could affect their 
learning. Following the survey, we project to focus on case studies about educational robotics to 
analyse the effects of AI-based artefacts in the teaching-learning process in technology education; 
and support the design of effective teaching of technology contents, skills, and attitudes. 
Implications for design and technology education are discussed. 

Key Words: Attitudes, Perceptions, AI-based Robots, Innovation, Technology Education. 

1. INTRODUCTION 

Over the past few years, technological innovations such as artificial intelligence (AI) have received 
particular attention within education. AI is being applied in various fields such as medical technologies, 
manufacturing, production, language processing, etc. with their pros and cons. However, in the field of 
education, AI experiences some issues that tend to affect its applications in teaching and learning, especially 
with technology education (TE). For instance, it is not clear how the technology is understood and how it 
could be used to improve learning in TE that serves to educate technological literate citizens. To integrate 
such a tool, both national and international educational institutions have been developing policies that 
consider the potentialities and challenges of an educational AIi. The international conference on AI and 
education in Beijing (China) laid the foundations of such an integration. The objective was to affirm 
commitments to develop appropriate policies aimed at the systematic integration of AI and education as 
part of the 2030 Agenda for Sustainable Development Goals (SDG), particularly SDG4: ensuring inclusive 
and equitable quality education and promoting lifelong learning opportunities for all (UNESCO, 2019). In 
Europe, the ‘Digital Education Plan’ii is promoting this. In 2018, the French government introduced their 
vision and strategy to make France a key role in the fields of AI. Their vision is summarised on the Villani 
et al (2018) report and stands to provide the basis for an AI that makes sense for humanityiii. In this 
perspective, various research, and educational projects on the future of education, especially on AI and 
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education, have been carried out. In addition to this, different thematic working groups on digital education, 
AI, learning analytics, digital literacies, collaborative practices, were initiated by French research labsiv. 
 
The French strategy defines six domains (economy, research, employment, sustainable development, 
ethical and inclusive AI) and five sector focus. The first sector focus is about ‘Transforming education’ 
which is defined into two sets: (1) teaching in the age of AI, and (2) transforming education policies with 
AI. As AI may open new opportunities to educate a wide range of learners, thus considering learners’ 
diversity and pace, the focus is on personalisation and adaptation of teaching. Also, the development of 
creative, social, and situational competences is needed to accompany the teacher support to learners. To do 
so, the report promoted developing educational experiments and adapting, rethinking teacher education to 
foster wellbeing and creativity. It is true that it would be tempting to discuss about the appropriateness of 
such policies for the accounts of technology education, however, in this paper, we report results from the 
analysis of an exploratory research, that is part of an educational robotics project in K12. The research 
investigated French student perceptions and attitudes towards AI, examined how students stand with regard 
to the opportunities and concerns of AI. This is to reflect on the student issues in acquiring knowledge, 
skills, and attitudes to be developed for contemporary learners. 

1.1. AI and robots in the context of technology education 

AI has been defined as ‘the effort to automate intellectual tasks normally performed by humans’ (Chollet, 
2018). It is part of computer science, and basically composed of different subsets like machine learning, 
but also includes deep learning, vision, speech, expert systems, natural language processing, optimisation, 
and robotics. For instance, the field of robotics has benefited from the integration of AI to control systems 
without direct human supervision. In the early stages of AI, AI and robotics were strongly linked, but have 
since diverged (Rajan & Saffiotti, 2017). In fact, when the term ‘robot’ was coined in 1920 by Karel Čapek, 
it meant a kind of artificial biological organisms closer to androids, made of synthetic organic matter with 
living flesh and blood components. The resemblance is such that it’s commonplace to mistake a Robot, that 
is the engineer creation, for a humanv. Within the current technological age, people have more eclectic 
views of robots as they can serve for different purposes and are used in various domains. It may be true that 
robots are strongly linked to AI in their ability to think, act and serve humans. However, our understanding 
of its relevance in education remains at its infancy as the technology officially comes into classroom 
practices.  
 
Earliest version of AI was computers and other related technologies (Karthikeyan et al., 2021). The 
technology has evolved to apply to robotics. Referring to this, automatization of intellectual tasks was done 
by a certain number of technologies such as traditional computing of robots. In this regard, this raises 
several important questions for robotics in education, namely what differ AI-based robots to other 
functional or computational thinking? Are AI-based robots really intelligent? What intelligence means for 
robots and for AI? Thus, what are the levels of intelligence of robots. Addressing these issues is important, 
however, understanding what effects these have on education is as relevant.  
 



439 
 

PATT 39 Conference Proceedings June 2022 
 

 
Figure 1. AI and subsets 

1.2. Possible usages of AI in technology education 

Considering the amount of data involved in the technology classroom situation, the process of teaching, 
analysing, and assessing student productions which relies mainly on the teacher to provide feedback has 
become time-consuming and expensive. To remedy this issue, new analysing approaches based on machine 
learning (ML) in particular deep learning (DL) have shown great interests and impressive results. These 
approaches suggest model’s prediction/analysis to support the teaching-learning process. In this context, 
the prediction of student learning outcomes is one of the main topics related to the analysis of educational 
data from educational environments (Romero & Ventura, 2020). These methods have considerably 
improved the state-of-the-art in recognition, detection, prediction with a high level of performance (LeCun 
et al., 2015). For instance, when applied to education, DL models allow different types of analysis 
(Hernández-Blanco et al., 2019; Moreno-Marcos et al., 2018): prediction of results/performance 
(qualitative/quantitative scores), detection of behaviours (de-motivation, dropping out, absenteeism, failure, 
etc.), analysis of psychological/social factors, development of intelligent systems for teaching and learning, 
development of concept maps to help teachers better describe knowledge and the learning process, etc.  
 
However, despite the possible advantages AI could provide for technology teaching, little is known about 
how it could significantly and positively affect student learning directly. In design and technology 
education, harnessing AI for educational purposes could be of interest as, for instance, different ways of 
product designing, system thinking and functioning, as well as design assessment are emerging. 
Furthermore, the fields of AI may change what technological artefacts also are, how they evolve and could 
‘think’ and for instance what it means to compute and to design a technological system. Over the past 
decades, we have been designing, programming systems, computers, and technological artefacts, now they 
become increasingly trained with AI, especially in robotics where impressive advances have been occurred.  
 
As we are exploring new opportunities with AI, only few studies have been referenced in the fields of 
design and technology education. For instance, Chang and Tsai (2021) highlighted that design thinking had 
a significant and positive effect on the creativity of ideas in the works created with AI, including the novelty 
and value of these works.  

1.3. Students’ perceptions and attitudes towards AI 

Researchers often apprehend the construct of attitude as a multifaceted structure composed of affective, 
cognitive, and behavioural components (Guillén-Gámez & Mayorga-Fernández, 2020). Also, various terms 
are used to describe the internal or mental structures of learners: perceptions, views, beliefs, conceptions, 
and so on. There is ongoing debate about terminology. But in this research, both ‘perceptions’ and ‘views’ 
are used interchangeably to describe opinions about an issue.  

Artificial Intelligence

Machine Learning

 
• Supervised 
• Unsupervised 
• Reinforcement 

• Vision 
• Speech 
• NLP 
• Robotics 
• … 
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In their article about “what should every child know about AI?”, Touretzky et al. (2019) identified some 
‘big ideas’ held by students on AI. They classified these five thematic strands based on student grade levels 
(K-2, 3-5. 6-8, and 9-12). These ideas are described below: 

• Computers perceive the world using sensors,  
• Agents maintain models/representations of the world and use them for reasoning,  
• Computers can learn from data,  
• Making agents interact comfortably with humans is a substantial challenge for AI developers,  
• AI applications can impact society in both positive and negative ways. 

According to researchers (Ibid.), there is a persistent lack of understanding of AI among learners, 
worldwide. As well, educational systems have been developing curricula to define what type of knowledge, 
skills and attitudes are needed to educate technological literate citizens, – that is, well-constructed thinkers, 
through curricula and instructions that provide them opportunities for criticism. 
 
In France, few studies analysed students’ attitudes and perceptions towards AI. Earliest works were 
conducted by a thematic working group called GTnum #Scol_IA which purpose is to further the debate and 
proposals related to the renewal of digital practices by integrating the potential contributions of creative 
uses of digital tools and AI. Using a pre-and-post questionnaire addressed to students, they showed that 
students associated robots to AI at its first level of meanings (Galindo, 2020). In fact, robot, future, 
algorithm, and autonomy were the first terms used by learners to characterise AI. After their intervention, 
robot was still associated to AI, however, new terms like collaboration and data emerged, while autonomy 
for instance was relegated to a secondary core plan.  
 
There is a need to identify how instructional approaches could improve perceptions and attitudes towards 
advances technologies like AI. For instance, it was shown that design thinking significantly affected 
learning attitudes toward AI (Chang & Tsai, 2021). More broadly, there is evidence that people views about 
AI vary depending on countries’ level of economic development (Ipsos, 2022). According to the Ipsos 
survey for the World Economic Forum, people in 28 countries around the world believed that products and 
services using AI have more benefits than drawbacks. And from this question, France had the lowest rate 
(31% under the global country average which is 52%), but this reflects a lot about a more eclectic view 
about French attitudes towards AI. When it comes to describe the possible change and improvement for 
different areas of human life, education came first. Therefore, then one would need to know why and how 
these changes and improvements will transform education, especially educators and learners. 
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Figure 2. Areas expected to change and improve because of AI (Ipsos, 2022) 

2. METHOD 

2.1. Context and participants 

This exploratory research attempted to capture student thinking and attitudes towards AI and its component 
as part of their apprenticeships. The participants involved in the study were French High School students 
with grades ranging from 10 to 12 (see Table 1). In our survey, students in grade 10 were mostly enrolled 
in a ‘General and Technological (GT)’ courses that are optional when entering High School in France; 
whereas students in grades 11 to 12 were mostly enrolled in a ‘Scientific and Technological (ST)’ 
curriculum which are compulsory in the French educational system. However, note that before High School, 
TE as a subject in general education is compulsory for pupils from 3 to 15 years old, i.e. before entering 
the 10th grade. We defined a survey that was first initiated in a High School where participants randomly 
answered the questionnaire. Only 23 students completed the survey that still remains open to the 
investigations of their perceptions and attitudes towards AI.  
 
Table 1. Distribution of students responding to the exploratory survey 
 

Grades N (%) 
10th GT Grade (≈15 years old)   4 (17.39%) 
11th ST Grade (≈16 years old) 10 (43.48%) 
12th ST Grade (≈17 years old)   9 (39.13%) 

2.2. Data collection and analysis 

We developed a first version of an online research questionnaire including Likert-based, open, and closed 
questions to investigate student attitudes and perceptions towards AI. The structure of the survey is as 
follows:  
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Table 2. Structure of the survey 
 

Themes  Items / Questions 

Theme 1: Robotic and AI 
AI in your lives  Q7-10 
AI at home  Q11-13 
AI at school and in your learning Q14-18 

Theme 2: Opportunities of AI as part of student apprenticeships Q19-31 
Theme 3: Challenges, concerns and ethical issues raised by AI Q32-37 

 

The Likert-based items were built on 4 levels (for instance: Never - Unlikely - Often - Very often) coded 
from 1 (the lowest) to 4 (the highest). These items were defined based on the literature and some issues 
faced by AI in everyday life and in education. The Likert-based items of the survey had acceptable 
reliability (alpha = .74). We used descriptive statistical analysis to interpret the data. Correspondence 
analyses were conducted to analyse textual data. The preliminary descriptive repartitions of the survey, 
especially Likert-based items can be found in the Table 3 below. 
 
Table 3. Mean scores of the Likert-based items of the survey (Mean = 2.87) 
 

Questions Mean SD 
26 Do you think AI can help you carry out complex tasks? 3.70 0.59 
7 Do you think AI already exists in our lives? 3.57 0.72 
31 Do you think AI can help you develop specific and transversal skills? 3.48 0.88 
23 Do you think AI can help you understand the usefulness of a robot better? 3.30 0.88 
25 Do you think AI can help you support the learning of technology content?  3.26 0.79 
8 Do you personally use any intelligent systems that you think are AI-related? 3.17 0.97 
27 Do you think AI can help you develop your autonomy in carrying out complex tasks? 3.17 0.88 
28 Do you think AI can help assess students’ learning through student activity traces? 3.13 0.95 
24 Do you think AI can help you understand the functions of a robot better? 3.09 0.56 
34 Do you think that an AI-based robot could dehumanising? 3.09 0.60 
29 Do you think AI can help you help understand HM interactions through the robot-student 

relationship? 
3.04 0.69 

35 Do you think that an AI-based robot could limit my thinking? 3.04 0.47 
37 Describe your general feeling about AI in your school learning 2.83 0.58 
32 Do you think that an AI-based robot could harm or hurt my peers? 2.74 0.69 
11 At home, do you use any intelligent systems that you think are AI-related? 2.70 0.77 
19 As part of your learning, have you programmed a robot to carry out a specific task? 2.65 0.90 
15 Do you think AI is already involved in your learning? 2.57 0.59 
30 Do you think AI can help you promote the sociability of certain students with specific 

learning difficulties? 
2.52 0.81 

33 Do you think that an AI-based robot could depersonalise? 2.43 0.84 
14 Do you think AI already exists in your daily life at school? 2.35 0.60 
16 Do you use any intelligent systems in your institution that you think are AI-related? 2.13 0.82 
36 Do you think that an AI-based robot could discriminate, racialize?  2.04 0.93 
21 As part of your classroom activities, do you learn to train a robot (with AI) to perform a 

specific task? 
1.91 0.65 

*Colour legends: Robotics & AI (Q7-18); Opportunities (Q19-31); Challenges (Q32-37). ** Some items (Q28, Q32, Q33, Q35, 
Q36) were negatively correlated with the total scale and probably should be reversed. We used four-point Likert scale and coded 
from 1 to 4.  
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3. PRELIMINARY RESULTS  

According to students, among the first top five words that came to mind when thinking of AI (in order of 
importance) is the term ‘Robot’ (34.78%) (see Figure 2 below), followed by ‘Artificial Intelligence’ (26%). 
Also, the correlation between ‘Robot’ and ‘Intellig’ had a value of 0.88. 
  

 
 

Figure 3. Top five AI- related terms according to students (left) and word cloud of student responses (right) 
 
Students generally ranked high the introduction of AI in everyday life and in education (Figure 3, Q37), 
however, they did not precisely mention the application through their technology learning within robotics-
related activities (Q16, Table 3).  



444 
 

PATT 39 Conference Proceedings June 2022 
 

 
 
Figure 4. Q37- Describe your general feeling about AI in your school learning (Mean = 2.83) 
 
When we asked the question about their utilisation of any intelligent systems in daily life (especially at 
home), personally and at school, and to give an example of such system and its function, the results were 
quite clear. For personal use, they know much more about Siri that was highly cited; About everyday life 
(home), they mentioned Google Home; whereas in the technology classroom, we observe a lot of ‘NA’ 
(blank boxes). However, in the latter, computers and cars are mostly mentioned, thus showing a 
categorisation of AI utilisation in different contextual settings. 
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Figure 5. A textual analysis of student utilisation of systems related to AI, personally, in daily life (home) and at school 

4. DISCUSSION 

The preliminary results showed that students highly ranked the term ‘Robot’ to describe AI. Thus, a 
relatively high correlation (0.88) was found between ‘Robot’ and ‘Intellig’. A similar result was reported 
by Galindo and collaborators (Galindo, 2020). Their study about student representations and perceptions of 
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AI showed that the key first-level notions around AI were: 1. ‘Robot’, 2. ‘Future’, 3. ‘Algorithm’, and 4. 
‘Autonomy’; followed at the next level by terms like 1. ‘Program’, 2. ‘Intelligent’ and 3. ‘Innovation’. After 
their intervention and within the post-questionnaire, students again identified ‘Robot’ among the AI-related 
key terms, in addition to the term ‘collaboration’ that came in student perceptions. This result suggested 
that students thought that AI-based robots are intelligent, smarter.  
 
However, student responses seemed to show they categorised AI-based robots depending on the usage. 
Results indeed showed students’ existing ideas about AI-based robots, their applications and functions, but 
they also highlighted a usual categorisation of what they meant by AI depending on the domain where it is 
applied (whether used personally like Siri or the Telephone, at home like Hoover and Google Home, and 
at schools like Computer and Car). As shown in Figure 3, we observe a categorisation mainly depending 
on the robot usage and by activity sectors. A similar outcome was identified by (Impedovo et al., 2021). 
Their study showed that: for 37.5% of students, robots are first ‘technical systems’ that do a specific task; 
33% of them considered robots as an ‘assistant’ for humans; 6.4% viewed them to be just ‘companions’ 
such as retirement homes; 15.2% classified them as ‘gadgets’ or ‘toys’ (4%). 3.8% said that they did not 
know what robots were used for. Finally, the authors indicated that about 2/3 of students had a good 
representation of robots, whereas the remaining 1/3 did not know what robots are used for outside the home. 
Moreover, an important element in their study was that many students (61.2%) viewed robots as 
programmable, connected, and intelligent. From their results, the authors concluded that students did not 
separate ‘robot’ from the ‘connected object’ and ‘intelligent object’, and consequently included them all to 
be part of the same grouping in a so-called ‘robot’.  
 
As part of technology learning, when we asked students to give an example of AI-based system and its 
function, we observed lots of ‘NA’ responses. Thus, it probably showed that AI-based systems may not yet 
be widely used and highlighted. AI, indeed, is not new, and different levels of AI can be found in technical 
systems. However, its rapid hype cycle in everyday life as well as in technology teaching may lead to 
confusions for both students and teachers about what is an AI-based system and what isn’t, and whether 
they have programmed a system or trained it. AI, indeed, can be identified in many systems and ICTs in 
classroom situations. And students might not know that those systems were related to AI if there is not 
teacher awareness first and then explicit teaching of technology content using it. We finally reported (see 
Table 3) opportunities (Q19-31) and challenges (Q32-37) of AI. Most students agreed to the possible 
opportunities that AI could provide in their learning. As such, they believe that the technology would 
probably help them carry out complex tasks as part of their apprenticeship. This could be explained by the 
excitement brought by AI as it can be seen in the last question of the survey (Figure 4, Table 3) they are 
almost excited (Mean = 2.83).  

5. CONCLUSION 

This research examined perceptions and attitudes of few French High School students. Results showed that 
the term ‘Robot’ was the first to evoke AI among students. This emphasis on robot may be interesting in 
several points. Among others, this can relevantly facilitate, as is done in most technology courses, the design 
of inclusive and systemic teaching approaches to promote the learning of technological content, skills and 
attitudes related to AI. The study reported that students have different views, and usages of AI-based 
systems depending on their functions and use sector. Their knowledge of AI-based systems is based on 
their daily use of these objects. Therefore, a diversity of AI applications should be considered when 
designing curricula entailing AI. Almost most students are quite excited for an educational AI, and they 
believed it could help improve their learning, especially if they highly valued AI assistance in carrying out 
complex tasks.  
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5.1. Limitations and perspectives 

This research has some limitations. The sample size is very limited, and we plan to collect further responses 
to assess the statistical significance of these preliminary results and to adjust questions if needed. Thus, a 
‘Technology Acceptance Model’ (Terrade et al., 2009) could be adapted to examine in detail students’ and 
teachers’ acceptance of technology artefacts like AI within technology education. More importantly, this 
exploratory survey also aimed to inform, the researchers in particular, about the structure of student 
perceptions and attitudes towards AI in light of improving a research protocol that will seek to test the 
effects of designing systemic and effective teaching and learning approaches of technology contents, skills 
and attitudes related to AI as outlined in the French AI policies for education. We will also seek to 
investigate the benefits and limits of using AI as an artefact in the teaching-learning process in technology 
education to teach AI-related contents, skills. In this respect, many issues were raised. For instance, a classic 
learning situation in robotics within technology education – that is line recognition, is of particular interest, 
and could be addressed for both primary and secondary technology education. For instance, we are 
particularly interested in how, if relevant, AI-based systems can facilitate students' search for constructive 
design solutions in specific design tasks. Interestingly, we believe that research conducted to analysis the 
effectiveness of AI-based systems that is consistent with the philosophy of D&T education is a major stake 
to educate contemporary technologically citizens. Finally, this research suggests that it is important for 
technology education to consider any relevant technological thinking that is capable of significantly and 
positively modifying some aspects of the teaching and learning processes in classrooms. 
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Abstract 

In South Africa the Department of Basic Education emphasised the need for school learners to 
become technologically literate. Teaching the subject Technology will prepare both the learners and 
teachers with the skills, values, knowledge and appropriate attitudes to become critical and creative 
thinkers which is an important skill highlighted in the current COVID-19 global pandemic. 
Notwithstanding, the school learners who decide to pursue university education is likely to 
understand technology as more than just an artefact – a simplistic conception of technology - and 
likely feel less intimidated by the prospects of deploying a technology, like ICT, in the quotidian. 
Using two Cape Town high schools as cases, this paper argues on the efficacy of integrating of ICT 
into the teaching of the subject Technology in schools. Two Grade 9 classrooms at each high school 
and four teachers were interviewed using semi-structured interviews and observations in the 
classroom. These provided rich data to determine the extent to which learners were exposed to ICT 
technology during learning, and teachers used ICT technology in their teaching within the 
Technology classroom. The paper uses Technology as Replacement, Technology as Amplification 
and Technology as Transformation (RAT) Model in order to highlight the individual learners and 
teachers’ personal experiences of teaching, learning and reflection of ICT in the Technology 
classroom. It concludes that integration of ICTs into the educational lives of learners and teachers 
have variable benefits. Indeed, for the teachers, it gives them the pedagogic eclecticism needed in 
this information society but they use this superficially; and for the learners, it allows them to engage 
with learning in a meaningful way if teachers integrate ICT appropriately. Thus, developing the 
school subject Technology in the learning curriculum, is an important way to advance the vision of 
the Department of Education to develop technologically literate learners, as well as diversify 
teachers’ pedagogy for meaningful learning, and ultimately to develop the fledging global economy. 

Keywords: Subject Technology, Integration of ICT, Technology Curriculum, Pedagogical 
Practice, Teacher technological literacy, Digital Technologies 

1. INTRODUCTION 

Technology has become central to modern society and to South Africa as the country integrates with the 
modern global economy. In the last two decades, Technology education was extended worldwide because 
of its potential to accelerate national development efforts and revolutionise societies (Bordbar, 2010). As a 
result, there were increasing calls to incorporate technology literacy into the South African high school 
curriculum to make the curriculum compatible with the skills needs of a globalised economy. Teachers 
need to be skilled to teach using digital technologies (Hasse, 2017). Understanding how the teaching of the 
subject Technology could be enhanced through integrating digital technologies became increasingly 
important. There was huge growth in the use of digital technologies, like Information Communication 
Technologies (ICTs), in education around the world (Barakabitze, 2019). Existing evidence suggested that 

mailto:mluckay@uwc.ac.za


450 
 

PATT 39 Conference Proceedings June 2022 
 

the use of ICTs was a sound means of expanding access to, and improving the quality of secondary 
Technology education in the short run. 
 
The acknowledgement of the pivotal role of Technology education for future generations in South Africa, 
as well as the need to improve the teaching of this subject through ICTs, is a first step toward reform in the 
subject. Indeed, the importance of promoting the subject have been recognised for years (Luckay & Collier-
Reed, 2012; Gumbo, 2019; Ankiewicz, 2020). Gumbo (2019) argues that this could also be an attempt to 
popularise and simplify science and technology to improve national Maths and Science performance 
statistics and reduce the resources used in teaching the subjects separately. However, while these are 
pivotal, if we do not focus on the human element, the important role of teachers, especially the new skills 
and analytic capabilities that teachers need to engage with digital technological development, espoused in 
the training of teachers, then we could lose the benefits of successful teaching of the subject Technology. 
Evidence in South Africa suggests that teachers are struggling, especially subject Technology teachers, as 
they are seldom using the resources adequately for the teaching of the subject Technology, some keeping 
resources as ‘white elephants’ in the classroom settings (Kanjee, 2006; Gumbo, 2019). Associated resources 
have been neglected in school budgets and teachers have not been trained to use equipment, especially 
Technology equipment (Kanjee, 2006). Hence, it is vital to devise effective ways of teaching the subject 
Technology. One way to do this is to integrate ICTs into the teaching of the subject Technology. 
 
In the South African setting, there is sparse research on the subject Technology teachers’ pedagogical 
practice, especially the integration of ICT into classroom practice. Kanjee (2006) argues that there is a need 
to deliver content and introduce different contexts in classroom experiences, and one way to do this is to 
introduce ICTs in the form of online resources, encyclopaedia’s and software. The benefits in subject 
Technology teachers’ pedagogical approaches would equip learners across South African contexts with key 
technological skills. 
 
This study will analyse the extent to which two selected schools have taken advantage of ICT integration 
in the teaching of the subject Technology, and the perceived impact of such utilisation. While much of the 
above have been opportunities for teachers and learners to engage with ICTs, there is a gap in the South 
African literature on the ICTs that teachers are using to support their teaching and learning in the subject 
Technology classroom. Hence, this study aims to fill this gap by providing information on ‘the what’ and 
‘the how’ teachers are meaningfully using ICTs in the Technology classroom practice in South Africa. 
 
2. LITERATURE REVIEW 
 
The role of teachers are important in mediating the integration of ICTs in school subjects. The South African 
policy focus on infrastructural and learner readiness for technology integration (Department of Education 
[DoE], 1995, 2002, 2003, 2004) does not guide teachers on how to integrate digital technologies into their 
classroom practice. Moreover, how digital tools and resources are used in the learning environment will 
depend on the pre-service or in-service teachers’ analysis of the accessible resources, the learners and their 
various contexts, teachers’ individual evaluation of their digital learning competencies; developing digital 
learning competencies is the responsibility of role players at all levels of the system (Blundell, et al. 2020). 
While Apartheid was abolished in 1994, the legacy of this regime still impact teachers in South Africa 
today. Due to Apartheid, and as a result of poor-quality initial teacher education (CDE, 2015:11), many 
teachers do not have the pedagogic skills to integrate ICTs (Parker et al., 2020). Research also attributes 
the lack in ICT pedagogic skills to environments in which teachers have grown up in, where exposure to 
electronic technology was limited, and thus they find the adaptation to working with ICTs more difficult 
than their learners do. Notwithstanding, ICT use in schools were promoted through government support. 
The national government released a White Paper in 1996 indicating a broader goal for economic, social and 
development needs. Projects that promoted ICT integration in schooling made significant progress with 
provincial implementation of ICT equipment, mainly in the Western Cape (Khanya); Gauteng (Gauteng 
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OnLine) and Northern Cape (Connectivity Project) in the early 2000s. However, the projects suggested that 
the ICT equipment procured for schools in most cases, are rarely used. Bialobrzeska & Cohen (2005) states 
that ICT equipment need to be used by teachers and they must be conversant in utilising them to implement 
an integrated approach in ICT use and new approaches. 
 
This study used the Technology as Replacement, Technology as Amplification and Technology as 
Transformation (RAT) Model (Van Dijk, 2005) to understand the use of information and communication 
technology in the teaching of the subject Technology at the two case study schools. The RAT is an 
assessment framework for understanding technology’s role in teaching, learning and curricular practices. 
The model is drawn from the view that technology is used as a means to some pedagogical and curricular 
end, that acknowledges the specific and unique motivation (Hughes, Thomas and Scharber, 2006) 
underlying a teacher’s choice to use technology. Looking deeper to what end technology serves rather than 
simply focusing on the variety and number of software programs teachers’ use, would yield representations 
of teachers’ technology use more accurately. The model introduced by Hughes, Thomas and Scharber 
(2006) helped us to understand whether digital technology was functioning as replacement, amplification, 
or transformation in educational practice. Technology as Replacement refers to a situation where 
technology is used to replace, but in no way change, established instructional practices, learners learning 
processes, or content goals. The technology serves merely as a different (digital) means to the same 
instructional end. Technology as Amplification implies to the understanding that technology increases 
efficiency, effectiveness, and productivity of instructional practices, learners learning processes, or content 
goals. The tasks stay fundamentally the same while the technology extends our capabilities in effectiveness 
or streamlining. Technology as Transformation involves technology use that transforms the instructional 
method, the learners’ learning processes, and/or the actual subject matter. For example, new cognitive forms 
could emerge, new people could be involved, or new content might be accessible. 
 
An in-depth analysis of the two case studies provides insights into the potential contribution of the use of 
ICT in the teaching and learning of the subject Technology.  
 
3. AIMS, OBJECTIVES AND RESEARCH QUESTIONS 
 
The overall aim of this study was to explore, describe, analyse and compare how ICTs, as pedagogical 
tools, were used in the teaching of the subject Technology. The research objective was: (a) To explore the 
integration of ICT into the subject Technology at two Grade 9 high schools in Cape Town, Western Cape. 
The study will therefore seek to answer the following main research question:  

1. What ICTs are used in the teaching and learning of the subject Technology for Grade 9 learners at 
two schools in Cape Town, Western Cape Province? (Objective a) 

4. RESEARCH METHODOLOGY 
 
The study uses a qualitative approach adopting the multiple case study design. A case study design was 
considered most relevant for this research. The design allowed a holistic and systematic focus on a single 
aspect, using multiple sources of evidence to get a better picture of the status quo. This design has 
advantages above a single case study where generalising is limited (Heale & Twycross, 2018). It facilitated 
an in-depth qualitative description of the phenomenon through direct interaction with participants. A sample 
of four teachers who taught the Grade 9 classes were probed at two high schools to explore ways in which 
ICTs were integrated into the teaching of the subject Technology. Two teachers’ classroom practices were 
examined at each school.  
 
The data collection methods used in this research included in-depth semi-structured interviews and 
classroom observations. Teachers were interviewed face-to-face at the two schools referred to as School A 
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and School B. The two schools were resourced differently according to the South African school quintile 
classification system, one fairly well-resourced and classified as a high socio-economic (SES) school, and 
in contrast, the other school, not well-resourced and classified as a low SES school. Four teachers’ 
experiences at the two schools, namely, at School A (Teacher A1 and Teacher A2) and at School B (Teacher 
B1 and Teacher B2) are unpacked. The teachers were purposively selected because they taught the subject 
Technology to the Grade 9 classes at the two schools. They played an important role in giving insight to 
their pedagogical strategies within their teaching contexts. The four Grade 9 teachers (3 males and one 
female) ranged in age between 33-56 years old. All the teachers used ICTs in their classroom practices to 
varying degrees. Data was collected through semi-structured interviews. The researcher drew on classroom 
observations of the teachers to triangulate the interview data. The responses from the participants were 
audio-recorded and field notes were taken during the observation periods. This study reported only the 
semi-structured interviews data. Reporting on the classroom observations is beyond the scope of the present 
study.  
 
The study was conducted after the University provided ethical clearance. The researchers also ensured 
honesty and respect to protect the institutions that were part of the study. Further, the researchers ensured 
that informed consent was observed. According to Abrar and Sidik (2019:186), ethics is the principle of 
right and wrong conduct and refers to the way in which the researcher should carry him or herself during 
the period the research is conducted.  
 
According to Sharma (2018), data analysis refers to the process of bringing order, structure, and meaning 
to any collected data. In the qualitative context of the study, content analysis was used to analyse data. The 
researcher developed categories of responses based on the themes that emerged and then counted the 
frequency of instances when those categories occurred. The analysed data was drawn from classroom 
observations, individual (learners and teachers) interviews and learners’ focus group discussions. In line 
with the RAT model, analysis focused on how technology served as a different (digital) means to the same 
instructional end (Replacement); how technology was being used to increase efficiency, effectiveness, and 
productivity of instructional practices and learners learning processes (Amplification); as well as how 
transformation of the enhancement of technology would allow teachers and learners to improve knowledge 
transfer and acquisition as well as expand ICT skills (Transformation). Overall, reference to the RAT model 
enabled analysis of how ICT was regularly embedded into the classroom environment. 
 
5. RESULTS 
 
In terms of the findings between the two schools, it is important to note that these were similar despite the 
seeming differences in the resource endowments of each school. This is because in both instances, use of 
ICT in teaching and learning is still developing. This phenomenon is typical of many South African schools 
since the government began to introduce ICT in schools not so long ago. 
 
Major themes emerging from the use of ICT in Classrooms A and B in the two case study schools in Cape 
Town, Western Cape Province is the emergence of how the ICT was used in the integration into classroom 
practice, highlighting three sub-themes, namely:  

5.1. Theme: Usage Access, Usage Frequency and Usage Diversity in the subject Technology 

Sub-theme 1: Usage access of ICT in the classroom in the subject Technology  
Sub-theme 2: Usage frequency of ICT in the classroom in the subject Technology  
Sub-theme 3: Usage diversity of ICT in the classroom in the subject Technology  
 
It is evident that the teachers in both schools primarily and frequently used Computers and Mobile Phones 
during the teaching process, and the learners used these primarily to learn. These technological tools were 
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used more frequently in School A given the infrastructural and managerial support inside and outside the 
classroom, while the teachers in School B often would use ICTs seldom because of their own capability 
limitations and their perceived lack of infrastructural and managerial support. It was evident from the 
interviews that the teachers tended to use Computers and Mobile Phones because they felt comfortable 
using them. Further, with regards to mobile phones, teachers used these to communicate with students in 
case of any problem regarding their classes or their academic clarifications. This is because mobile phones 
are portable and can be connected to internet at any time and at any place. They were often reluctant to use 
other varieties of technological tools because it was likely to take them out of their comfort zones.  
 
The RAT model introduced by Hughes, Thomas and Scharber (2006) helps us to understand if digital 
technology is functioning as replacement, amplification, or transformation. Based on the interviews with 
the teachers and the classroom observations, it was evident that the ICTs were used more superficially than 
meaningfully in the teaching and learning process, and therefore as a replacement, according to the RAT 
model. This implies that teachers were using the technology to do minor activities. The teacher’s choices 
and their motivation for choosing the technologies was more linked to the confidence they felt using the 
ICTs Computers and Mobile Phones than their pedagogical and curricular influences on choosing the 
technologies. For instance they were very comfortable with downloading materials to support their 
teaching, teachers noted that they opened or downloaded YouTube videos that were used for additional 
learning purposes in class. Teacher B2 stated: “I use additional videos for enhancing learner understanding 
of the subject because they contain visuals”. Teacher A1 argued: “YouTube gives me current information 
on the subject which is helpful to acquisition of knowledge”. Similarly, all four teachers A1, A2, B1 and B2 
claimed that, with the use of mobile phones, on average, 95% of learners used mobile phones for academic 
purposes in the Technology class. Furthermore, when the teachers were asked how the learners used their 
phones in the Technology classroom, the following dominated:  dictionary (95%), Internet search (100%, 
YouTube subject Technology (100%), WhatsApp (100%), and calculator (50%). Learners used the 
dictionary to search subject Technology terms that they did not understand rather than always waiting to 
enquire from the teacher.  
 
The teachers were unlikely to be looking deeper to what end ICT serves learning, they rather simply 
focussed on the variety and number of software programs used on the Computers (e.g., Internet, Class 
Presentations, Preparing Notes, Marking and Tests, Spread Sheets, Communication and Loading E-books) 
and Mobile Phones (Dictionary, Internet search, YouTube search, WhatsApp and Calculator) rather than 
the pedagogical depth these technologies could offer in their teaching. They tended to use ICTs more as an 
administrative tool than a pedagogical tool in their classroom practice in the Subject Technology. 
Authorities such as Becta (2004) have observed similar findings. Finally, when asked about the potential 
influence of ICT in the knowledge acquisition for subject Technology learners, all the teachers described 
various changes that ICT had brought to their classrooms. These changes included the fact that learners 
became more active in the classrooms. Further, according to the teachers, the learners’ performance 
significantly improved because of their use of ICT. This supported Becta’s (2004) view, which stated that 
the performance of learners was mostly characterised by teachers´ characteristics, educational environment 
and learners’ characteristics. As such, ICT could have a positive impact on these determinants and 
consequently become an outcome in subjects taught in schools.  

6. DISCUSSION 

The results suggests that the teacher’s choices in using digital technology and their motivation for choosing 
the technologies was linked to the confidence in using the tool, and hence resulted in them using the tools 
as a replacement (van Dijk, 2005), avoiding higher levels of engagement with the tools in the classroom. It 
was evident from the interviews that they felt highly confident using the ICTs Computers and Mobile 
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Phones when teaching. This focus diverted their attention from the pedagogical and curricular influences 
in choosing the technologies when teaching.  
 
By integrating the new digital technologies the teachers confronted many unknowns which they were not 
prepared for and only experienced these while teaching. This might impact their choice of using a digital 
technology or avoiding it as was evident in School B where teachers perceived lack of resources as a reason 
to avoid using the tool or to use it superficially. There are three levels which the evidence suggested 
impacted their practice, namely, the School level, Classroom level and Individual level. At the school level, 
there is a gap between policy imperatives and teaching with new technologies in the classroom. A lack of 
support and guidance was likely to be why the teachers chose to work with what they were familiar with, 
like the use of computers and mobile phones. At the classroom level, similar to the findings of Haase (2017) 
the classroom interviews suggested that the teachers lacked the skills and understandings necessary for 
incorporating these new technologies into their practice. Some of the responsibility for the difficulties 
experienced in this respect can arguably be located on the teachers’ side of the human–technology 
interaction. Digital technologies are often defined as the solution to learning problems in schools (Dakers, 
2006), many teachers lack the skills and understandings necessary for incorporating these new technologies 
into their practice.  Indeed, at the individual level, there should be a move beyond the teacher dealing with 
the technical aspects of ICT integration to a more individualistic and humanistic approach espoused in 
teachers’ technological literacy. This new kind of technological literacy for teachers must develop new 
skills and analytic capabilities that teachers need in order to engage effectively with digital technological 
development (Haase, 2017), impacting their choices of tools, integrating the tools in their lesson plans at 
the correct part of the lesson to promote meaningful learning and dealing with digital ethics during 
classroom teaching and practice. This individual conceptions and interactions in teachers’ technological 
literacy is compounded by the deep historical divisions that still impact teachers in South African schools, 
whether teachers in the system are digital natives or have been in the system for many years, accentuating 
the digital divide. These divisions will become more stark if teacher training, especially pre-service 
teachers, are not trained in their university programmes and supported by policy imperatives. 
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Abstract 

This study was aimed at determining the effects of STEM activities on science, technology, and 
mathematics learning, and on pupils' attitudes toward abstract concepts at the elementary school 
level.   This qualitative study was designed in consequence, and data was collected from different 
sources: pre- and postquestionnaires, as well as a working document dealing with pupils’ 
understanding based on designing, making, and simulations. Nineteen pupils from a fourth-grade 
classroom (9-10 years old) participated in the study.  The data analysis led to the conclusion that 
STEM activities have a positive impact not only on students' involvement in classroom activities 
but also on learning STEM concepts. Furthermore, the pupils' views on STEM activities 
demonstrated that they felt that the use of technology tools made learning mathematics and sciences 
easier.   

Key Words: STEM activities, STEM integration, variables and functions, motivation, pendulum 
motion 

1. INTRODUCTION 

Science, technology, engineering, and mathematics (STEM) education has become a primary focus of many 
curricula around the world, because it is crucial not only for economic development, but also for acquiring 
STEM literacy and for facing complex problems in real life (Guan, 2020). Bybee (2013) noted that STEM 
education can be integrated in a variety of ways, such as integrating two or three STEM subjects, or 
integrating all four STEM disciplines in a transdisciplinary way. That means the elements or concepts of 
science, technology, engineering, and mathematics are integrated to produce a new course where learning 
is applied to real-world problems and projects. 
 
In Quebec, the recent curriculum, the Quebec Education Program (2000), integrates Science and 
Technology in a single discipline, and keeps mathematics as a separate one. Nevertheless, according to Liu 
(2020), what lies at the core of STEM education is its integrated and interdisciplinary nature; instruction in 
these disciplines is conducted taking them as a whole rather than as separate, isolated subjects. On another 
note, many scholars have raised some concerns about STEM integration. For instance, Brown et al. (2011) 
and Koh and Tan (2021) pointed out that the understanding and knowledge of STEM education do not 
reflect the potential promised in the literature and is generally poorly understood by school administrators 
and teachers. This could be due either to curriculum instructions and teachers’ training, or to few or no 
standardized measures of integrated learning in other contexts (Honey et al., 2014). 
 
Besides, as Liu (2020) stated, integrated STEM education is based on the combination of conceptual 
understanding and procedural knowledge. In addition to this, Laksmiwati, Padmi and Salmah (2020) argued 
that " in the implementation of STEM, Engineering Design Process (EDP) becomes very significant in the 
development of students’ thinking and problem solving in STEM activities" (p. 3). After all, one of the 
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common foundations of all STEM disciplines is the EDP (Guan, 2020). Furthermore, it is through this 
process that this study joins technology education as prescribed in the Quebec Education Program. In 
accordance with the above, many initiatives have been taken to analyze the implementation of STEM 
activities in classrooms, and the results of those studies showed that most of the activities were connected 
to the EDP (Siew, Amir, and Chong, 2015; Knowles, Kelley, Sung and Choi, 2017; McFadden and Roehrig, 
2019). 
 
To get more insight into how the EDP is understood by science and engineering teachers in the Quebec 
context, El Fadil, Hasni, and Lebeaume (2018) investigated teaching practices and found that teachers’ 
understanding of this process varies; this could be seen in the variety of ways in which the EDP was 
implemented in their classroom practices. Most teachers present the EDP as a linear process to their 
students. Without a common understanding of STEM concepts, particularly the EDP, inconsistencies will 
arise in interpreting and implementing STEM education in the classroom (Honey et al., 2014). Didactically 
speaking, to design and conduct meaningful lessons, teachers use, as their references, the current 
curriculum, syllabus outlines, and sometimes the literature. In the absence of a sound collective 
understanding of the characteristics of STEM education, teachers and administrators can misunderstand 
STEM education policies and outcomes (Tan et al., 2019). 
 
For a better understanding of STEM education, viewpoints of students and teachers should be examined, 
in relation to classroom practices (Liu; 2020). From a student's point of view, the potential for a successful 
STEM career pathway is established when there is a high level of content understanding of individual 
STEM disciplines. The study carried out by Katehi, Pearson, and Feder (2009) supports this idea by noting 
that integrating ideas across all STEM disciplines is challenging when students have little understanding of 
the relevant concepts in the individual disciplines. Consequently, when STEM is taught in isolated 
disciplines, it is difficult for students to make connections and transfer their knowledge. In fact, they do not 
naturally use their disciplinary knowledge in an integrated context. 
 
From a teacher’s point of view, the consensus is that strong content preparation in individual disciplines is 
essential for having a successful integrated STEM education. For example, in elementary schools, teachers 
tend to make certain common mistakes in mathematics, and this may have to do with their basic training, 
where all disciplines were taught separately (Liu, 2011, 2017). All this indicates that STEM integration will 
be ineffective without both students and teachers having the necessary disciplinary knowledge.  In addition, 
curriculum analysis (the number of hours in timetables) clearly shows that some subjects are considered 
more important than others, because they provide many benefits both in real life and in their integration 
with other subjects. One such important subject is Mathematics, as noted by Milaturrahmah et al., (2017). 
 
There are several studies that have addressed STEM integration, and the ways of doing so vary from 
perceiving STEM as a single discipline to taking a transdisciplinary approach that regards STEM as a multi-
component discipline (Bybee, 2013; English, 2016). Furthermore, Laksmiwati, Padmi and Salmah (2020) 
have identified the following seven perspectives: (1) each STEM subject is considered as a separate 
discipline (silos); (2) STEM is designed as a house with separate rooms (S, T, E, and M) that are used as 
needed; (3) STEM integration compares to a shopping centre with...shops, where S, T, E, and M are all 
connected to each other; (4) STEM is integrated similarly to coordinating resources among building 
subcontractors; (5) STEM is illustrated as a process which includes creating a new product by combining 
other subjects; (6) STEM is referred to as a manufacture which has overlapping problems, with individual 
subject analysis for the appropriate solutions; and (7) STEM is presented as a string quartet, and is 
conceived as being a transdisciplinary, sustainable society course. Being part of a transdisciplinary 
approach, this latter perspective seems ideal. 
 
Regarding the impact of STEM activities on leaning, Sireger et al. (2020) have reported, in their literature 
review, that the integration of STEM has a positive impact on elementary, middle, and high school student 
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achievement (Han et al., 2016; Hansen and Gonzalez, 2014; Ing, Kelly, 2014; James, 2014; Judson, 2014; 
McCaslin, 2015; Tolliver, 2016). For instance, in his study with fourth-grade pupils in Georgia (USA), 
McCaslin (2015) showed the effects of STEM education on student achievement with respect to numbers 
and operations, data measurement, and analysis, geometry and algebra.  In the specific context of 
mathematics learning in the framework of transdisciplinary integration, two trends were found in the 
literature. On the one hand, although STEM is obviously conducive to promoting mathematical skills, few 
studies have addressed the reciprocal relationship between mathematics and the other STEM disciplines. 
On the other hand, some studies nuance the STEM contribution to mathematics learning (Fitzallen, 2015). 
 
As Liu (2020) pointed out, "contrary to what needs to be done with regard to the omnipresence of 
mathematics in all other STEM disciplines, mathematics is actually shunned by students who need it most, 
due to the perceived difficulty in its learning" (p. 132). Moreover, Honey et al. (2014) advocate that 
mathematics achievement is difficult to promote through STEM integration. 
 
Putting aside these different perspectives, and not necessarily adhering to any school of thought, we 
consider, as Devlin (2000) points out, that as a subject of learning mathematics is not an undivided entity, 
but has four characteristic aspects: it involves computation, formal reasoning, and problem-solving skills; 
it is a way of knowing; it is a creative medium, and it features practical applications.  
 
Therefore, more studies are needed to identify ways in which learning across the disciplines might be more 
evenly distributed so that student achievement in one area, especially in mathematics, does not overshadow 
their competence in the other areas (English, 2016). 

2. PURPOSE AND RESEARCH QUESTION 

This paper describes the effect of developing and implementing a STEM activity on mathematics learning 
at elementary level. It suggests setting up a physics activity centered on EDP to introduce the mathematical 
notions of variables and functions at the elementary level. Our focus is on making sense of mathematical 
concepts (variables) and their relationships through STEM activities.  
 
We sought to address these concepts for two reasons: one historical, the other curricular.  
 
The historical reason is that the concept of function is rightly considered to be one of the most important in 
mathematics (da Ponte and Henriques, 2013). It was introduced in science when Galileo (1564-1642) 
proposed an activity to study the motion of a pendulum. By identifying variables in a situation, he sought 
to investigate and understand how they may be quantitatively related. Subsequently, a preliminary 
definition of a function emerged as being an algebraic expression representing the relation between two 
variables. The curricular reason is that fourth-grade pupils have not yet learned the concept of variables, 
and our measurements would thus not be contaminated and biased by previous knowledge. Given this 
context, the purpose of this study is to explore the impact of introducing STEM activities on students' 
understanding of the functional links that regulate variables involved in the pendulum motion, and their 
motivation toward STEM activities. 

Research questions 

1. To what extent do science and technology activities affect pupils’ understanding in mathematics, in 
the Northern Quebec Context? 

2. What impact do STEM activities have on students' motivation to learn abstract concepts? 
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3. METHODOLOGY 

We conducted a case study (Baxter and Jack, 2008) to facilitate our understanding of the impact of 
integrated STEM activities on mathematics learning, in a rural context (a northern region of the Quebec 
Province). Consistent with Li (2019), we were guided by the proposition that learning by doing has the 
potential to increase pupils' motivation on learning mathematics through designing, making, developing 
ideas, and connecting science, technology, and mathematics. 
  
This paper presents the research tools used to explore the interventions over time. This approach was 
appropriate for the study because it is robust enough to adjust for uncertainties, which might arise when 
implementing designed STEM activities; it also has a feedback loop via pre- and postquestionnaires that 
support critical reflection, evaluation, and learning to provide a broader understanding of how STEM 
activities could benefit technology education and mathematics learning. 
 
To integrate learning from STEM disciplines, we designed a physics activity, because of its role in 
connecting and underlining many other disciplines (Koponen, 2021). As noted for example by Sinatra et 
al. (2015), one reason for this role is that physics has always been in dialogue with many other disciplines, 
especially mathematics, chemistry, and technology; and that the dialogue has been driven by methodologies 
that transgress the boundaries.  
 
More specifically, the designed activity consists of making and analyzing a simple pendulum's motion, 
using two teaching sequences, as shown in Figure 1, to get insight into the interdependence between the 
pendulum’s variables (length, mass, and period). Data was collected from a fourth-grade classroom of 19 
pupils (9-10 years old). Consistent with the case study design, we used multiple data sources to enhance 
data credibility (Lune and Berg, 2017; Patton, 1990; Yin, 2003). These included pre- and 
postquestionnaires, and a working document dealing with pupils’ understanding based on lab experiments 
and simulations. 
 

 
      
Figure 1: Project stages of implementation 
 
The first sequence was about making and testing a pendulum to understand not only how it works, but also 
the variables involved (physics and technology education). This sequence began with the exploration of 
pupils' previous knowledge of pendulums and interests, and data was collected by using a prequestionnaire. 
This was followed by making and testing a pendulum, using lab tools, and making measurements about the 
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pendulum's length, mass, and period. Pupils then worked in small teams on analyzing data and answered 
some questions about graphical analysis and interpretation.  
 
The second sequence aimed at using a technology tool (simulation). Pupils used an interactive platform (at 
https://phet.colorado.edu/) to simulate pendulum motions and to collect data as they did in the lab 
experiment. Afterwards, we asked pupils some questions about the extrapolation and the limits of both the 
lab experiment and the technological tools.   
 
At the end of the second sequence, we used the postquestionnaire to check if the STEM activity had an 
impact on pupils’ understanding of variables and functions.  

4. RESULTS 

In this article, only the impact of STEM activity on mathematics learning is addressed. As regards the 
question of technology education, the analysis is still in progress and will be published as soon as possible.  
In order to answer the question, to what extent do science and technology activities affect pupils’ 
understanding in mathematics, in the Northern Quebec Context, data was collected from pre- and 
postquestionnaires, and students' work about designing, making and testing pendulums. 
  
To answer the second question, what impact do STEM activities have on students' motivation to learn 
abstract concepts, we used data from the pre and postquestionnaires only, and pupils’ involvement and 
enthusiasm in working on the project. 
 
The first category of questions in the pre- and postquestionnaires addresses pupils’ basic knowledge about 
a pendulum and how it works. Here is a sample of questions in the first category:  

1. Do you know what a pendulum is? 
2. If yes, can you name the parts that make up a pendulum? 
3. Can you explain how a pendulum works? 
4. Can you name some elements (parameters or variables) that can influence the movement of the 

pendulum? 
5. What type of energy do you think causes pendulums to move? 

Data collected from the prequestionnaire shows that 11 respondents do not know what a pendulum is, while 
the others confirm that they know what a pendulum is, but they could not identify its components. 
 
The second category of questions deals with basic scientific and mathematical knowledge such as how can 
you measure lengths, how can you measure a period of time, and do you know how to plot a graph from a 
table of values?  
 
Unlike in the first category, the respondents’ answers reveal varying levels of understanding.   In terms of 
how to measure lengths, eight respondents said that the length could be measured by a meter stick or a ruler; 
three gave the unit of length (cm) instead of the instrument, and others said they did not know how to 
measure the length. In terms of how to measure a period of time, only 7 pupils said that they could use a 
stopwatch or a clock to measure the time; the others said they did not know how to do it or gave a wrong 
answer. These answers stem from a confusion between the concept of length, the measuring tool with its 
unit, and the action of measuring. 
 
With reference to plotting a graph from a table of values, we provided pupils the table of values shown 
below (Table 1), and we asked them to plot those values in the provided coordinate plane (Figure 2). 
 

https://phet.colorado.edu/
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Table 1: Values to plot 
 
Value 1 (x) 1 2 2.75 

Value 2 (y) 2 3.5 1 

     
 
 
 
 
                     
   
 
 
 Figure 2: Coordinate plane  
 
The graphic representations showed that the pupils were not familiar with this kind of activity. All 
participants were able to plot only the first point (1, 2). 
 
With respect to motivation and engagement in learning by using technological tools, we asked pupils two 
questions. The first one was if they had used any technological device to learn science and/or mathematics. 
The second was if the technological device made scientific and/or mathematics leaning easier or harder.  
The results show that, as pupils work in groups on collaborative projects, STEM activities generate high 
levels of motivation that favour meaningful learning.  
 
All respondents except one said that they had used computers in learning mathematics. Eight of them 
confirmed that computers might make science and mathematics learning easier, five said that computers 
might make learning harder, and the others said that using computers had no effect on learning. 
 
The postquestionnaire shows that, after the STEM activity, all students know what a simple pendulum is, 
and gave its short description, as a weight suspended by a string and going back and forth. Also, 15 
respondents understood that the function of a pendulum was related to the period of its motion and depended 
on the length of its sting. Four pupils still do not understand how pendulum works.  
 
Regarding plotting values in a coordinate plane, the answers show that despite the activity, pupils still face 
challenges when dealing with decimal numbers. Only five students plotted the values correctly. Whereas 
the answers related to the impact of using technological tools, surprisingly, 8 respondents said that 
simulation had no impact on their learning.  
 
When it comes to analyzing data from the working document dealing with pupils’ understanding based on 
designing and testing a pendulum, most answers are impressive. For instance, Sheet 1 deals with 
experimental data about the period of the pendulum as a function of the length of the string. An example of 
collected data is shown in table 2 (see Appendix 1)  
 
Table 2: Collected data about period as a function of length 
 

Length (cm) 40 50 60 
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Period (s) 1.14 1.33 1.45 
 
The question in relation to this table of values is: Based on your data, can you say if the period of the 
oscillation changes when the length of the string charges? (Explain your answer). All pupils confirmed 
that the period changes when the length of the string charges. As an example, here is an answer provided 
by a respondent: “Yes, it changes, because when the wire is 41 cm long, it takes 1.14 s, and when the wire 
is 51 cm long, it takes 1.33 s.” 
 
We then asked them to plot their values in a coordinate plane and use the graph to find periods of some 
pendulums in which the lengths were not included in the collected data. For instance, we asked them to 
find: 
 

(1) the period of a 20-cm-pendulum: T = 
(2) the period of a 30-cm-pendulum: T =  
(3) the period of a 75-cm-pendulum: T = 

 
Twelve pupils were able to apply their knowledge gained about graphs and extrapolate the curve to predict 
the periods. 
  
Regarding the simulation activity, the data shows that all pupils have learned from designing and making 
activity. All of them succeed in collecting data from the simulation platform, plotting the graphs, and using 
extrapolation to predict periods of different pendulums. 

5. DISCUSSION AND CONCLUSION 

The aim of the present study was to determine the effects of STEM activities designed for the fourth-grade 
level on attitudes and learning science, mathematics, and technology concepts, especially in the Northern 
Quebec Context.  
 
Based on the findings emerging from the qualitative analysis, we concluded that STEM activities improved 
learning about abstract mathematical concepts, and pupils’ attitudes toward learning science, technology, 
and mathematics. To get more insight into STEM effects on learning, we triangulated findings provided by 
pre- and postquestionnaires on one hand and working documents that addressed pupils' understanding of 
science and mathematical concepts, on the other hand. As a result of the study, it was determined that the 
integration of STEM activities positively affected pupils' science, technology, and mathematical 
understanding. Those findings were consistent with other results reported in the literature, where it has been 
emphasized that STEM education improves mathematics and science learning (Weber, Fox, Levings and 
Bouwma-Gearhart, 2013). Moreover, in their study, Güzey, Harwell, and Moore (2014) found a significant 
difference in favor of the students attending STEM-based schools versus students attending non-STEM-
based schools in STEM fields. Rehmat (2015) also reported that problem-based STEM activities increased 
STEM attitudes of fourth-grade students.  
 
To conclude, the results of this case study are promising, showing an overall positive and significant effect 
of STEM activities on pupils’ achievement in science and mathematics. These outcomes should be used by 
policymakers, curriculum editors and educators to support reforming instructional approaches and 
developing pedagogical materials with the purpose of improving pupils' learning at all levels. It is hoped 
that more research will be conducted in the Quebec context to answer ongoing questions about integrating 
STEM in an interdisciplinary approach, and to enhance our understanding of the complex nature of teaching 
and learning of STEM so as to provide pupils with 21st century skills. 
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Abstract 

Irish secondary education has implemented a recent (2019) reformation of the 3-year Junior Cycle 
programme (age 12-15 years). Subject specifications were developed for all subjects including new 
specifications for each of the four subjects within the technology suite: Wood Technology, Graphics, 
Applied Technology and Engineering. This change supports a more pupil centric developmental 
approach to general education.  As with much policy change, the translation to practice is often 
challenged by the dissonance between what is intended, experienced and enacted.  

This paper focuses on the experiences of teachers implementing the new approach, with specific 
emphasis on their perspectives of Classroom-Based Assessments (CBAs). Predominantly formative 
and developmental in nature, CBAs are focused activities that are evaluated by the teacher to support 
the normative development of pupils in their class and result in a statement of performance. 
Summative measures of pupil performance are still the preview of the State Examinations 
Commission (SEC) and although modified, maintain a summative structure.   

Engaging with a sample of practicing teachers (n = 20), experienced in teaching Wood Technology, 
this research sets out to explore the dimensions of CBA enactment in the classroom. Semi-structured 
interviews were conducted to determine teachers’ conceptual understanding and experience of 
implementing the CBAs. Data was then analysed to investigate if there were any emerging themes 
shared by the participants.   

Through a process of thematic analysis, interviews were codified, and initial impressions of the data 
emerged, identifying (1) conceptual alignment, (2) teacher workload, (3) value and engagement, (4) 
learning and skill development and (5) assessment. Although several themes emerged, which were 
codified with respect to operational, epistemological, and pedagogical dimensions, this paper 
focuses on the conceptual alignment theme that forms the basis of enacted practices. The initial 
interpretation of this theme is explored in the context of the reformed agenda and the scaffolding 
required to support teaching, learning and assessment practices. 

Keywords: Educational reform, Conceptual alignment, Wood Technology, Classroom-Based 
Assessments (CBAs) 

1. INTRODUCTION 

Technology subjects exist in a variety of formats internationally within secondary education curricula 
(Buckley et al., 2020). Internationally, the effectiveness of emergent policies within technology education 
has been limited by a lasting vocational heritage of craft (Doyle et al., 2019). Technological education in 
Ireland has undergone considerable change since the late 1980’s and continues today. Previous reforms to 
syllabi represent a pragmatic shift from a vocational craft-oriented approach to incorporate higher cognitive 
activities through a design-based philosophy (O’Connor et al., 2016; Doyle et al., 2019). Reformation for 
the technology subjects at lower secondary education was introduced in 2019, for certification in the autumn 
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of 2022. The reform has changed curricula to subject specifications for every subject including the 
technology suite: Wood Technology, Graphics, Applied Technology and Engineering. With the 
implementation of the latest technology education specifications, the National Council for Curriculum and 
Assessment (NCCA) has sought to redefine the nature of technology education in Ireland. The rationale 
states that: 

Each subject of the technology suite offers the pupil different experiences which contribute towards their education in 
technology education. As a result, preparing pupils for learning in the technology subjects is not just about teaching 
towards the technology but towards the skills that are fundamental to the technology subjects and are transferable into 
other areas of their learning. Skills that encourage the pupil to problem-solve through creation, innovation, 
communication, collaboration and exploration, all of which are developed in an active learning environment where pupils 
can advance their ideas from conception to realisation. (NCCA, 2018) 

The position fully captures the goals of technology education beyond the acquisition of declared knowledge 
and skill craft performance to the development of transferable skills and knowledge necessary for all aspects 
of living, working and the environment (Doyle et al., 2019; NCCA, 2017, 2018, 2020). The essence of this 
repositioning required a realignment of the assessment approach that moves from predominantly summative 
to more formative and developmental. Two Classroom-Based Assessments (CBAs) are included in the 
approach to assessment that are scheduled to be undertaken by pupils within a defined time-period (NCCA, 
2020). These focused activities are evaluated by the teacher to support the normative development of pupils 
in their class and result in the articulation of one of four standards: (1) Exceptional, (2) Above expectations, 
(3) In line with expectations and (4) Yet to meet expectations (NCCA, 2018, 2020).  
 
Therefore, CBAs differ from formal assessment practices as they have no assessment weighting towards 
pupils’ grades. Instead, pupil outputs are categorised within a framework that describes a level of 
achievement regarding technological capability and understanding (NCCA, 2020). It is important to 
distinguish that these standards will not contribute to pupils’ final grade. Instead, the teachers’ judgement 
is recorded for the Junior Cycle Profile of Achievement (JCPA) and is used in the schools reporting and 
reviewing structurers and formally awarded to pupils in the autumn of the following academic year (NCCA, 
2020). The State Examinations Commission (SEC) maintain the summative structure for awarding 
achievement. With this in mind, the research agenda seeks to explore the experiences of Wood Technology 
teachers implementing the reformed specification, with specific emphasis on attitudes, skills, and 
knowledge associated with CBAs. 

2. LITERATURE REVIEW  

Outside of the demands of the national assessment structures, little is known about teachers’ assessment 
practices on a national basis and even less is known about practices in subject specific syllabi/specifications 
(Hartell et al., 2014). Furthermore, four international reviews of technology education confirm this 
uncertainty by calling for more research on assessment practices (Jones et al., 2013; Ritz and Martin, 2012, 
2013; Williams, 2011). As with much policy change, the translation to practice is often challenged by the 
dissonance between what is intended, experienced and enacted. Adding to the complexity is that pupils in 
technology education can be excellent in dramatically different ways (Stables, 2008; Kimbell, 2011).  
 
This research will aim to capture the teachers’ voice and perspectives from practice that considers the 
manifestations of policy reform in classroom-based translations. With the implementation of CBAs, 
teachers will generate, gather, and evaluate evidence of learning through a variety of methods (NCCA, 
2011, 2018, 2020). However, change in assessment structurers is both personal and professional for teachers 
(NCCA, 2009, 2018). As a result, this research will consider the changes in assessment practices and 
measure its impact on practice, which may often involve changing deeply held educational beliefs (Kimbell, 
2011; NCCA, 2009, 2018). Understanding the operational, epistemological, and pedagogical dimensions 
of the reform has highlighted a contemporary challenge for technology education. 
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2.1. A contemporary challenge for Technology Education 

Naturally, there will be variance in the learning outcomes between countries regarding technology 
education, especially when multiple technology-based subjects exist (Buckley et al., 2020). However, there 
does appear to be commonality in the inclusion of design, at least philosophically, which has generated a 
degree of consensus (Barlex, 2007; Kimbell and Stables, 2007; Barlex and Trebell, 2008; Cropley and 
Cropley, 2010; Kimbell, 2011; Seery et al., 2012; Jones et al., 2013; Norman and Baynes, 2017). This is 
not to suggest that there is agreement on the treatment of design, but teaching to, through and/or about 
design appears central within the pertinent discourse (Hallström and Ankiewicz, 2019; Phelan et al., 2017; 
Buckley et al., 2020).  
 
One of the challenges facing contemporary technology educators is the balance between technical skill 
acquisition and domain specific knowledge with the development of transferable skills for general 
education (Seery et al., 2012). Kimbell (2011) argued that technological knowledge in education are 
‘approximations of reality, and being approximations allows for errors and misrepresentations’. Kimbell 
argued that assessment structurers in technology education must plan for and acknowledge the value of 
pupils operating in a state of half-knowing that further encourages pupils to refine and deepen their 
knowledge in response to a task. Similarly, Seery et al. (2012) recognised the importance of design 
education as the premise in developing an ability to synthesize ideas, see relationships and synergies in 
order to refine pupils cognitive processes. Therefore, design activities in technology education induces a 
natural variance in planning and practice (Atkinson, 2017), is difficult to assess (Seery et al., 2012), and 
evokes questions regarding its ‘learnability’ and ‘teachability’ (Geary, 2007, 2008; Seery et al., 2017; 
Stables, 2008). 

2.2. Assessment Framework in Wood Technology 

Classroom-Based Assessments are ‘best described as the occasions when the teacher assesses the pupils 
using a specific task(s) set out in the subject specification’ (NCCA, 2020). They are included within the 
time allocated for Wood Technology, which is a minimum of 200 hours over 3 years (NCCA, 2020). Subject 
teachers are now required to co-ordinate and plan for CBAs in pupils’ second and third year which are 
known as CBA1 & CBA2. School management structurers are required to schedule formal CBA windows 
for each subject within the academic calendar. The CBAs will be assessed by the class teacher who will 
then qualify pupils’ performance on a normative standard. Therefore, it is envisaged the classroom activities 
at the heart of the CBAs will provide an opportunity for the pupil to develop and demonstrate capability 
that aligns with subject goals (NCCA, 2020). The NCCA outline examples of such capability that include 
(2017, 2020): 

• Researching information using a range of methods. 
• Creating content specific knowledge in relation to wood science and the environment. 
• Analysing data and evidence to make informed value judgements and decisions. 
• Exploring, organising, and planning information logically. 
• Communicating clearly and effectively. 
• Collaborating with others on tasks. 
• Reflecting on their contributions to the work and their own learning. 

With respect to State summative assessment in Wood Technology, pupils are required to engage in a design 
and make brief which is published by the State Examinations Commission. Here, pupils will be required to 
complete a written folio (15% or a weighted grade of 10.5%) and a design and make artefact (85% or a 
weighed grade of 59.5%) that will have a combined weighting of 70%. The remaining 30% will be a formal 
2-hour examination in June. The State assessment is completed by pupils in third year. 
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Critically, it is essential to identify and unpack teachers’ perspectives on implementation considering the 
substantive and systematic change. Outside of the demands related to CBAs, the new specification has 
further implications for practice including professional development, teaching at a common level, 
timetabling, and applying new terminology associated with planning, assessment, and reporting. Therefore, 
the role of teachers to be agents of change is critical for a sustainable roll out of the Junior Cycle reform. 
For this reason, a methodology was employed to stimulate the perspectives and attitudes of Wood 
Technology teachers to contribute to the empirical evidence that can then be used to guide future 
progressions and research.   

3. METHODOLOGY 

Thematic analysis on qualitative data was employed to elicit a holistic understanding of teachers’ 
perspectives from practice on CBAs in Junior Cycle Wood Technology. Thematic analysis is a theoretically 
flexible approach to analysing qualitative data that identifies emergent themes or patterns in relation to 
epistemological and ontological positions (Braun and Clarke, 2006). Through its theoretical freedom, 
thematic analysis is akin to other manifestations of qualitative analytic methods such as conversational 
analysis (Hutchby and Wooffitt, 1998), discourse analysis (Burman and Parker, 1993) and grounded theory 
(Glaser and Strauss, 1967). However, thematic analysis does not use data to elaborate or create a new theory 
about an ongoing process referring to a phenomenon, instead, it identifies emergent themes that recur and 
can be validated by existing theory (Braun and Clarke, 2006). 
 
Forcing theory onto data and forcing data into a theory has long been viewed as a weakness of qualitative 
analytic methods (Braun and Clarke, 2006; Corbin and Strauss, 2008, 2015; Cohen et al., 2017). To alleviate 
this anomaly, assumptions were minimised, questioning did not lead or reference preconceived ideas which 
could influence or bias the researcher’s responsiveness to the data (Cohen et al., 2017). The instrument for 
data collection was employed until no new themes emerged and ‘theoretical saturation’ of the data was 
deemed to have occurred in accordance with Braun and Clarke (2006).  

3.1. Design of instrument 

Semi-structured interviews were chosen as the sole research tool as in keeping with the emergent model of 
thematic analysis as it allowed the interviewer to encourage participants to lead conversations and enable 
reflection upon recent past experiences. An interview protocol was implemented and ethically approved for 
the methodological framework, and triangulation was achieved through open ended questions pertaining 
to; the conceptual understanding of the new Junior Cycle framework, the impact and perspectives from the 
classroom and ultimately, the qualities teachers seek to instil and/or develop in pupils. Prior to engagement 
with the participants, a pilot study (n = 3) was conducted with qualified teachers to test the instrument and 
the technology that recorded teacher contributions, minor amendments followed.  

3.2. Participants  

In this study, 20 practicing teachers were interviewed and recorded through a Microsoft Teams software. 
Participants were selected to encompass a diverse variation of geographical and socioeconomic regions in 
Ireland. The inclusion criterion required participants to be qualified Wood Technology teachers, with a 
minimum of five years teaching experience and who have also completed the programme of professional 
development regarding the new Wood Technology specifications. 18 participants were male, 2 were female, 
ranging in teaching experience from 5 to 29 years (Mean = 12.1 and SD = 6.6).  

3.3. Thematic analysis 

The analysis of the data was undertaken in several phases. After multiple readings of the transcribed 
interviews, systematic development informed the initial codes (Braun and Clarke, 2006). This phase 
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focused explicitly on the semi-structured methodological framework, where insights from participants 
where unpacked. The qualitative data package NVivo facilitated the documentation in a codebook, inclusive 
of provisional code titles. Collating of deductive codes began including the data after saturation to remain 
open to any emerging new inductive codes as advocated by Braun and Clarke (2006). Codes were then 
collated and positioned under potential thematic headings. Alignment of themes and codes was achieved 
after a review process where themes were formally named and mapped.  

4. FINDINGS 

This paper presents the initial phase of data analysis and focuses on one of the emerged themes. Themes 
were codified with respect to operational, epistemological, and pedagogical dimensions, with the view to 
further unpacking the efficacy of CBA activities. Several themes emerged from the thematic analysis that 
broadly address areas of conceptual alignment, teacher workload, value and engagement, learning and skill 
development and assessment, it is beyond the scope of this paper to consider each. However, as a starting 
point, this paper will focus on the theme provisionally labelled conceptual alignment. Understanding the 
perspectives of teachers in the implementation of the new specification will have significant implications 
for teaching, learning and assessment practices in Wood Technology. Table 4.1 provides a sense of an 
emergent theme, code identification, and description, together with a frequency of mentions by participants. 
 
Table 4.1. Emergent theme – Conceptual alignment 
  

Emergent theme Code Code description  Frequency  
1. Conceptual 

alignment 
 

 
 
Rationale 
 
 
Alignment 
 
 
 
Potential changes 

 
 
Questioning the rationale of the reformed 
framework: 
 
Questioning the alignment of CBAs with Junior 
and Senior Cycle requirements: 
 
 
Recommendations for framework changes: 

 
 

15 
 
 
15 
 
 
 
16 

 

The emergent theme of conceptual alignment represents an important aspect of the evidence provided by 
teachers. However, it is to be expected with any change, the initial impressions of the data need to look 
beyond the operational issues and consider the more epistemological perspectives that will impact sustained 
change. The data gathered provides a very rich insight into the teachers’ value of learning in Wood 
Technology and their commitment to advocating for design and make as a core characteristic of effective 
pupils learning and the development of technological capability: 

The classroom culture allows pupils to express their interests through a variety of skills and showcased in a design and 
make artefact, whereby the teacher automatically captures the pupils interest that subsequently allows for teacher/pupil 
relationships to build faster. (PT18) 

The Wood Technology classroom has a different culture compared to conventional classrooms where we basically have 
done unintentional practical CBAs since the 1990’s… Pupils value the practical artefacts because it is usually placed and 
valued in a pupil’s home [after assessment] which is a special thing as the artefact can last a lifetime. (PT13) 
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For 75% of participants, the treatment of design and make did not fully align with teachers’ conception of 
the CBA. These perspectives raise interesting questions in relation to what is valued with respect to 
technological capability and in fact how we define what it means to be technological capable. 

The last few years I’m struggling to comprehend what we are supposed to be doing.  I prefer the previous MTW structure 
where teachers had full control to prepare the hand skills, the sketching skills, and the design skills. It seems the CBAs 
are an alternative for the sake of being an alternative, I can’t see the purpose of it. (PT07) 

Alternatively, the approach to knowledge and skill acquisition as a function of utility in future design and 
make positions the CBAs as advantageous in linking the need for pupils to understand and apply individual 
research to a given problem by stating: 

… that CBAs promote independent research for pupils to do. That can help later for the SEC folio. Here, pupils can focus 
and display some in-debt thinking on a particular topic like wood science and communicate their findings effectively. 
(PT16) 

The convergence of functional knowledge and skills with product outcome provides an interesting 
framework to explore the role of developmental and formative activities as they manifest in the new 
specifications of Wood Technology. Balancing these traditionally dichotomous perspectives in a coherent 
and comprehensive teaching, learning and assessment practice is at the centre of the discourse. 

…you can argue that there is alignment to a certain extent on particular skills like researching and reflecting. But skills 
like sketching, designing, and making [craft] supersede the skills for CBA1 & CBA2… 

The big difference is we [department] have lost teaching time in comparison to the previous structure and we are now 
teaching at common level. You really notice the pinch for the design and make projects when 6 weeks are taken out 
[because of the CBA1 and CBA2 window]. That’s something that is very evident with the pressures involved in meeting 
formal deadlines [SEC assessments]... In a nutshell, that is where the discourse in Wood Technology lies. (PT10) 

In summary, teacher difficulties with the Framework for Junior Cycle are theorised to be in part influenced 
by technology education’s technical heritage, where the explicit focus was on meeting culturally specific 
economic needs through the preparation of learners for the world of work (Dakers, 2005). Despite 
developments in recent years in the reformation of disciplinary goals, the difficulties associated in a shift 
of emphasis suggest the need for an alternative perspective on how the policy-practice disparity is 
considered before implementation (Doyle et al., 2019).  

5. CONCLUDING COMMENTS 

Like many areas of curricula internationally, technology education has encountered difficulties in achieving 
continuity between what is intended, experienced and enacted (Barlex, 2000; Kimbell, 2006; Spendlove, 
2012). In an Irish context, the initial interpretations from this study indicate that Wood Technology teachers 
are struggling with the transition from the previous curriculum to subject specifications. From initial 
interpretations, it appears the nature of Wood Technology itself should be considered with respect to 
definitions of capability as appropriate to general educational goals. The initial impressions from the 
analysis of data suggests that greater emphasis should be placed on epistemological differences between 
traditional definitions of Wood Technology and the more contemporary definition envisaged in the new JC 
framework. This will support critical practice-based decisions that will enable teachers lead teaching, 
learning and assessment to meet the goals of contemporary and relevant technological education. 
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Abstract 

Starting point is the increasing digitalisation of the living environment of primary school students, 
which is to be introduced into primary schools according to theoretical and educational policy 
guidelines. In this regard, further teacher trainings on digital media in classrooms are particularly 
relevant, on the one hand to promote teachers’ digital-related pedagogical knowledge and content 
knowledge (DPaCK). On the other hand, studies also reveal positive correlations among teacher 
trainings, teaching activities and students’ learning outcomes. Especially in-service teacher training 
courses with adaptive support by a trainer have proven to be effective. Against the background of 
various research studies on professional development of teachers, a corresponding model of 
tripartite learning outcomes has been established and serves as broad theoretical framework. 
However, the specific relationship between in-service teacher trainings with adaptive support, 
DPaCK, and Computational Thinking of primary school students in the context of the German 
primary school subject ‘Sachunterricht’ has not been sufficiently studied. Therefore, the following 
research questions can be derived: (1) To what extent does a training with adaptive support on the 
topic of learning robots contribute to the development of teachers’ DPaCK? (2) Which effects can 
be ascertained on the students’ Computational Thinking in technology-related ‘Sachunterricht’? To 
investigate this relationship, an intervention study in a pre-post design with an experimental group, 
a control group, and a baseline is appropriate. As results are not yet available at this point, the present 
paper focusses on the presentation of the theoretical background and empirical approaches. 

Key Words: technology education, teacher professionalisation, Computational Thinking, 
digitalisation, learning robots 

1. INTRODUCTION 

Increasing digitalisation has become an integral part of our everyday lives and thus not only affects the 
working world but the entire living environment we find ourselves in (Kultusministerkonferenz (KMK), 
2017). Therefore, the living environment of primary school pupils is also part of this space permeated by 
digitalisation. This can be seen, among other things, in the current results of the KIM study (Childhood, 
Internet, Media) published in 2021. According to its research results on media equipment in German 
households in 2020, it has been determined that digital media can be found to a high extent in German 
children's rooms. As reported by main educators, their children have access to television (100%), internet 
(99%), mobile phones/smartphones (99%) and computers/laptops (99%) (Medienpädagogischer 
Forschungsverbund Südwest (mpfs), 2021). The digital medium of a tablet is less widespread (46%) but is 
already part of almost every second German household (ibid.). Overall, the study confirms the thesis that 
digitalisation as well as the use and consumption of digital media are strongly connected to the living-world 
of primary school pupils (ibid.). This leads to the central concern of the here presented dissertation project, 
to take a closer look at this initial situation in order to investigate on digital media and the associated skills 
and abilities in the teaching of primary school subjects. 

mailto:nicole.janicki@upb.de
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The subsequent sections take a closer look at German educational policy guidelines and theoretical demands 
regarding technology education. After that a relevant framework for the effectiveness of in-service teacher 
trainings is presented that is linked to special teachers’ skills and particular students’ learning outcomes. 
Thereupon, research questions can be derived and considerations on the methodological design of the study 
are presented. Finally, there is given an outlook to tasks in the process of research which will be addressed 
next. 

2. LITERATURE REVIEW 

Foremost, the difference between educational technology and technology education has to be figured out 
briefly with the intention of a clear understanding of the presented research project. According to Loveland 
(2012), these two academic subjects are separate but still have commonalities. Nevertheless, there can be 
distinct characteristics. While educational technology emphasises the use of digital media and information 
systems (e.g., computer, internet, etc.) to enhance, assist and support teaching and/or learning processes, 
technology education aims towards technological literacy by which problem solving and critical thinking 
skills are developed (Loveland, 2012). Against the backdrop of ‘learning robots’ as specific teaching 
content, technology education is mainly raised because programming and assessing of ‘learning robots’ 
afford competencies of technological literacy such as problem-solving or understanding of its function. 
Therefore, the focus of this research focuses on technology education with ‘learning robots’ in primary 
schools. In order to define the term ‘learning robot’, it is important to emphasise its difference to usual 
robot toys. Such toys can be found in many children’s rooms (e.g., FisherPrice, robotic sets by LEGO, etc.); 
‘learning robots’ however are characterised by their embedded teaching settings framed by theoretical and 
empirical based guidelines. Therefore, robotic toys and ‘learning robots’ can be the same objects, that differ 
in their use and objective. Specifically, the ‘learning robots’ BlueBot and OzoBot are being considered as 
an example for solving a transport problem or planning traffic routes by programming them accordingly. 
 
Next, it is necessary to provide an overview of the current theoretical and educational policy guidelines in 
Germany concerning technology education at primary level in order to define the field of research more 
closely. General educational policy directives lead over to theoretical requirements for technology 
education in German primary schools (Mammes & Tuncsoy, 2018; Gervé, 2016) and standards for teacher 
education as well as for student learning are both formulated.  

2.1. German educational policy guidelines and didactic demands 

Against the background of digitalisation, educational policy guidelines have been developed to face 
challenges that come with it. One central document is the so-called strategy ‘Bildung in der digitalen Welt’ 
(Education in the digital world) that provides information about implementation of digital developments in 
the educational system (KMK, 2017). This educational policy document does not only address students at 
all school levels and all school subjects by defining learning goals with regard to digitalisation, but also 
encloses provisions for pre- and in-service teacher education (ibid.). Based on this, several frameworks for 
building up students’ media competence in school have been developed (Medienberatung NRW, 2020a). 
Each federal state of Germany has its own framework that differ slightly in priority setting but all have a 
similar content and target which applies to all school levels and subjects. In the following the framework 
of North Rhine-Westphalia serves as a specific example in an effort to a further definition of its objectives. 
The primary objective phrased in this framework is to enable students to use digital media in a safe, creative 
and responsible way as well as to provide them with technological literacy that is concerned with 
informatics (ibid.). In order to achieve these goals, there six areas of competencies which focus on operating 
and applying digital media, informing and researching by digital tools, analysing and reflecting them or 
problem-solving and modelling with and about digital media (ibid.). It appears that these competency areas 
do not merely refer to educational technology (operating and applying, informing and researching), but 
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address technology education as well (analysing and reflecting, problem-solving and modelling) which can 
be especially served by the teaching context of ‘learning robots’. 
 
Next to this educational political guideline, which concerns students’ education in the context of digital 
media, there is another document that concentrates on teachers’ perspective in North Rhine-Westphalia in 
order to extend teachers’ skills under the conditions of the digital transformation (Medienberatung NRW, 
2020b). For this purpose, five existing fields in which teacher find themselves (e.g., teaching, educating, 
advising) have been filled with a total twenty competencies (ibid.). With the help of these competencies, 
teachers are requested to design educational processes regardless of school level or subject by utilising 
opportunities that digital media can offer (ibid.). So, this framework does not exclusively aim towards pre-
service teachers but also finds application for in-service teacher trainings and the use of digital media in 
classroom (e.g., ‘learning robots’). 
 
As it has been already pointed out, the teaching content of ‘learning robots’ is attributed to technology 
education which is located in a German primary school-subject called ‘Sachunterricht’. This term is often 
translated by interdisciplinary social and science studies but this translation does not suit the multi-
perspective approach to children’s living environment and its phenomena (Thomas, 2015; Schröer & 
Tenberge, in print). Due to this fact, the present paper will stick to the German term of ‘Sachunterricht’ 
that includes a technological perspective and technology education. In the curriculum of ‘Sachunterricht’ 
in primary schools of North Rhine-Westphalia the engagement with digital media and technology education 
is particularly assigned to the area ‘technology, digital technologies and work’ in which first experiences 
with programming as well as reflection on the possibilities and opportunities of digitalisation are specified 
as teaching content (Ministerium für Schule und Weiterbildung des Landes Nordrhein-Westfalen (MSW 
NRW), 2021). 
 
Apart from these educational policy guidelines there are theoretical and empirical justified demands for 
teaching technology-related ‘Sachunterricht’ that call for an intensified addressing and implementing of 
digital technology/digital media (Schlagenhauf, 2015; Gervé, 2016). By integrating digital media into the 
classroom, prevention of technological illiteracy is to be achieved so that students are able to participate in 
social life (Mammes & Tuncsoy, 2018). Furthermore, students should acquire the ability to make 
judgements and critically self-reflect in the sense of technology education (Schlagenhauf, 2003, 2015). In 
addition, students should learn about functions of technological artifacts in order to develop an 
understanding for them (Straube et al., 2018; Wiesmüller 2006). This aim is especially important as students 
often have no idea about function or construction of digital technology (Schumann, 2021) which is why 
technology education is very important at this point. In this regard, learning with and especially about 
digital media takes a central role (Gervé, 2016; Gervé & Peschel, 2013) so that specifically the relevance 
of technology education is emphasised again. Further didactic demands relate to the perspective of teachers 
whose education and advanced training for example have to be specified with regard to digital media 
(Mammes & Zolg, 2015). 
 
From this overview it can be concluded a common intersection of theoretical and educational policy 
guidelines for teaching ‘Sachunterricht’. In this setting the question arises as to how these aims, which are 
demanded by German theoretical and educational policy guidelines, can be achieved if teachers are not 
sufficiently qualified for this. One possible solution consists in specific in-service teacher trainings on 
digital media that help teachers to build up and develop all relevant competencies for conducting technology 
education. The effects of such trainings depend on different aspects and can be noted on various levels 
which are presented in the following sections. 
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2.2. Effectiveness of in-service teacher training 

To outline the impact structure of in-service teacher-training, an established framework of tripartite 
outcomes is appropriate. As shown in figure 1, this simplified model is suited to examine the effectiveness 
of in-service teacher-trainings and their special features on teachers’ professional knowledge, instructional 
practices, and student learning outcomes (Kleickmann et al., 2015). 

Figure 16. Simplified framework for the effectiveness of in-service teacher training (Kleickmann et al., 2015) 
 
If in-service teacher training is assumed to be the central starting point of the framework, the immediate 
effect is on teachers who participate in such a training. This effect can be determined on different levels in 
the sense of a model derived from Baumert’s and Kunter’s (2011, 2013) COACTIV study. These levels 
compose professional competency of teachers; they include motivational orientations, beliefs, values and 
goals as well as self-regulation (Baumert & Kunter, 2011, 2013). In addition, the professional competency 
of teachers also comprises professional knowledge, whose impact through in-service teacher trainings is 
focus in the present paper (ibid.). Moreover, professional knowledge of teachers can be differentiated into 
the various partial competencies such as pedagogical knowledge, content knowledge and pedagogical 
content knowledge (Baumert & Kunter, 2011, 2013; Lipowsky, 2006). This classification of professional 
knowledge of teachers has general validity and can therefore be transferred to different teaching settings. 
In order to be more precise regarding the teaching topic of ‘learning robots’, the DPaCK model (digital-
related pedagogical knowledge and content knowledge) can be used, as it describes all those teacher-side 
competencies that are required for teaching about ‘learning robots’. This model is an extension of the 
TPaCK model to include aspects of digitality (Huwer et al., 2019). Central to the DPaCK model are three 
knowledge areas, which can be divided into digital-related knowledge (DK), content knowledge (CK) and 
pedagogical knowledge (PK) (ibid.). Compared with the partial competencies of professional knowledge, 
there can be found correspondences as well as specifications of knowledge areas. Furthermore, there are 
also intersections of DK, CK and PK; one of them contains all three knowledge areas and is called digital-
related pedagogical knowledge and content knowledge (DPaCK) (ibid.). In this intersection, all 
considerations from the associated knowledge areas are included. Against the context of teaching about 
‘learning robots’, DPaCK can be specified by the question as to how primary school students can (further) 
develop specific digital-related competencies in dealing with learning robots in the subject of 
‘Sachunterricht’. Empirical evidence can be mainly found for the more general impact of in-service teacher 
training on the professional knowledge of teachers (Lipowsky, 2019; Souvignier & Behrmann, 2017). Other 
research has shown positive effects of content knowledge, subject-didactic and pedagogical knowledge on 
student performance in mathematics education (Campbell et al., 2004; Hill et al., 2005; Rosenshine & 
Stevens, 1986; Wayne & Youngs 2003). These dependant variables are part of the already presented 
simplified framework by Kleickmann et al. (2015) and particularly student learning outcomes are now 
considered in more detail. Due to a lack of research results concerning the DPaCK model, there cannot be 
given specific results about in-service teacher training and their effect on DPaCK or students’ learning 
outcomes. Instead, study results based on TPaCK can be reviewed. According to Guzey & Roehrig (2009), 
teachers’ TPaCK has positive consequences on science teaching and students’ knowledge construction as 
well as problem-solving skills (Guzey & Roehrig, 2009). Taking the teaching setting of ‘learning robots’ 
into account, problem-solving skills as a student outcome are particularly essential, whereby these are 
defined next. 
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In a framework by Kleickmann et al. (2015), student learning outcomes are perceived in a multi-criterial 
way by the national primary standards for ‘Sachunterricht’ (Gesellschaft für Didaktik des Sachunterrichts 
(GDSU), 2013). According to the framework, various aspects such as interest, motivation or self-efficacy 
as well as cognitive abilities are considered (ibid.). With reference to the learning content of ‘learning 
robots’, the multi-criteria learning outcomes in particular include technological problem-solving ability of 
primary school students, which can be specified by the models ‘Technikkreis’ by Ahlgrimm et al. (2018) 
or ‘Entwicklerkreis zur technischen Problemlösung’ by Mammes and Zolg (2015). Both models visualize 
a way to solve an existing problem with the help of technological inventions by passing through various 
methodical steps or phases (Ahlgrimm et al., 2018; Mammes & Zolg, 2015). Besides, technological 
problem-solving skills can also be concretised with the help of Computational Thinking (CT), which takes 
a central role in the here presented research project. Wing (2017) has defined Computational Thinking as 
“thought processes involved in formulating a problem and expressing its solution(s) in such a way that a 
computer – human or machine – can effectively carry out” (p. 8). Therefore, Computational Thinking is 
closely linked to algorithms, modelling and formalisation and is directed towards solving (technological) 
problems (ibid.). Digital artefacts are considered in this process, but do not necessarily have to be used 
(ibid.). Her description of Computational Thinking is included in a model published by Barendsen and 
Bruggink (2019) which complements this definition to a circular scheme (see figure 2). Additionally, the 
model differs between the context of our living environment and the content of Computational Thinking 
(Barendsen & Bruggink, 2019). The connection between these two contexts is highlighted by the partial 
working steps decontextualizing and (re)contextualizing between living environment and CT-content, 
computationalizing and reflecting on the founded solutions.  
 
 

 
 

 
Figure 17. Model of Computational Thinking (Barendsen & Bruggink, 2019) 
 
A closer look at this model of Computational Thinking clearly shows parallels to the other models of 
technological problem-solving mentioned before (Ahlgrimm et al., 2018; Mammes & Zolg, 2015). All these 
models of problem-solving skills have in common that a certain technological problem has to be composed 
into manageable (partial) tasks and subsequent reflection and evaluation needs to be done. With regard to 
‘learning robots’ as teaching content and development of Computational Thinking, the entire framework 
by Kleickmann et al. (2015) has already been empirically proven to some extent: In the project ‘Denken 
lernen – Probleme lösen (DLPL) Primarstufe’ [Learning to Think - Solving Problems at Primary Level] of 
the Austrian Federal Ministry of Education, Science and Research (BMBWF) (2018), a professionalisation 
measure for teachers was implemented, which in a first step increased the methodological-didactic 
competencies of the teachers. At another level, positive effects were also seen on the problem-solving skills 
of primary school students (BMBWF, 2018). 
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Concerning the whole framework, Darling-Hammond et al. (2005) emphasised that teachers who have 
qualified through appropriate in-service teacher trainings, have a positive impact on student achievement. 
However, it should not be neglected that practical scientific research results take an important role in the 
design of effective and sustainable in-service teacher trainings, so that the focus must be on features that 
exactly promote these positive effects. In this context, Lipowsky & Rzejak (2019) summarised important 
features of effective in-service teacher training such as interweaving input, testing, feedback and reflection 
phases. It shows up that effective in-service teacher training is linked to certain structural or core features 
(Lipowsky, 2009; Desimone, 2009). Besides these features, adaptive support of training participants by a 
trainer figured out as particularly relevant, too. Van de Pol et al. (2010) considered this support as an 
interactive scaffolding-process between – in this case – trainer and training participants. Main characteristic 
is the tailored support of the learners that decreases over time while responsibility for carrying out a task is 
progressively transferred to the learner (van de Pol et al., 2010). However, minimal study results can be 
found that explicitly focus on the role of scaffolding in in-service teacher training. Based on this, a possible 
perspective is provided by Kleickmann et al. (2015), who examined the effectiveness of an in-service 
teacher training with adaptive support by the training leader. In this case, expert scaffolding measures in 
in-service teacher training courses represent the relevant feature of the training, whose advantages clearly 
emerged in the study. Both an improvement in quality of teaching (e.g., challenging student conceptions, 
ES = 1.05) and an increase of the students' understanding of science (ES = 0.55) were shown (Kleickmann 
et al., 2015). 

2.3. Research objectives and questions 

Despite the contemporary research, the specific relationship between in-service teacher training with 
adaptive support, DPaCK, and Computational Thinking of primary school students remains unclear. As it 
can be inferred from the previous overview, one reason is insufficiently recorded variables of the framework 
(content knowledge and pedagogical knowledge) which are central to this research project. Another reason 
can be found in a lack of research in the context of Computational Thinking in technology-related 
‘Sachunterricht’ at primary schools. Next to an investigation of this specific relationship, this research 
project aims towards the development of an evidence-based in-service teacher training for the use of 
learning robots in primary schools. From this, the following research questions can be derived: (1) To what 
extent does an in-service teacher training with adaptive support on the topic of learning robots contribute 
to the development of teachers’ DPaCK? (2) What is the impact of this in-service teacher training on the 
students’ Computational Thinking in technology-related ‘Sachunterricht’?  

3. METHODOLOGY 

In order to answer these research questions, an intervention study in a pre-post-design was developed. The 
sample will consist of teachers who attend a special in-service teacher training in the context of ‘learning 
robots’ and their primary-school students. The study participants are divided into the three groups 
experimental group, control group and baseline that differ in their approaches (see Table 1). 
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Table 14. Possible study design 
 

 
 
The possible intervention consists of a specific in-service teacher training on the topic of ‘learning robots’, 
whereby the training can be adapted from an existing in-service teacher training concept from ‘teachwood 
digital’ (Tenberge et al., In Print). It has been developed as a cooperation project between the University 
of Paderborn, the ProWood Foundation and the iMINT Academy and from this, a single session can be 
further developed for the content context of ‘learning robots’. The teachers in the experimental group 
receive this training as an intervention and are required to conduct appropriate lessons with their school 
classes after their training. For teaching purposes, the teachers have access to already designed teaching 
suggestions, which are included in the teaching material presented in the in-service teacher training. 
Accordingly, in the experimental group, both teachers and students undergo pre- and post-surveys in order 
to collect data about teacher-side DPaCK and students’ Computational Thinking skills. In contrast, the 
teachers in the control group do not receive any intervention but are just provided with teaching material 
with the intention of conducting corresponding lessons with their classes. This material is thematically 
identical to the one distributed to the experimental group, and the students of the control group also 
participate in pre- and post-surveys. A baseline is intended as a third group aiming to be able to exclude 
temporal effects in the sense of test repetition. For this reason, pre- and post-surveys are planned for teachers 
and students in the baseline group without any intervention, material distribution or teaching having taken 
place. For the purpose of ensuring the variation of the independent variables of the in-service teacher 
trainings, a treatment check of these trainings will be conducted. The training courses will be videotaped 
and checked by two independent raters. 
 
For the data collection, questionnaires in form of paper-pencil-tests are suitable for the survey of teachers 
and primary school students whereby these are supplemented by occasional guided interviews. In order to 
gather data about teachers DPaCK, a paper-pencil-test based on proven TPaCK questionnaires (e.g., 
Schmidt et al., 2009; Bilici et al., 2013; Schmid et al., 2020) will be adapted. In addition, teacher will also 
be asked about their Computational Thinking as it is an integral part of their specific DPaCK as well. A 
suitable questionnaire for surveys on Computational Thinking of teachers and primary school students is 
the test by Brämer et al. (2022) which has been used before to examine Computational Thinking of students 
at university (see also Román-González et al. 2017). Next to this, problem-solving-ability can be 
investigated by Bohrmann’s test (2017) that has to be adapted for the specific context of ‘learning robots’, 
too. This test also includes items for the investigation of primary school students’ interest. For the inquiry 
of students’ motivational forms of regulation a 'Self-regulation Questionnaire’ (SRQ) in allusion to Ryan 
& Connell (1989) is useful (see also Tenberge, 2002). All these questionnaires do not only contain closed 
questions, but also allow open responses. Furthermore, primary school students concepts about (learning) 
robots will be explored in a piloting session. First considerations about data evaluation figure out a 
qualitative questionnaire analysis which is complemented by a qualitative content analysis of the individual 
interviews (Kuckartz, 2018).  
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4. OUTLOOK 

Due to the current status of the research project, no further methodological details or preliminary results 
can be presented at this point. Instead, an outlook on oncoming tasks is given. After having elaborated the 
theoretical background with a focus on conditions for success and effectiveness of teacher trainings, an in-
service teacher training about ‘learning robots’ will be further developed based on the concept of 
‘teachwood digital’. Thereby theoretical background considerations as well as empirical findings will be 
considered. Subsequently survey instruments will be identified or adapted and interview guidelines for 
teachers and students will be created. Eventually, the DPaCK-questionnaire will be piloted in the context 
of ‘teachwood digital’. This piloting is particularly relevant for the development of a corresponding 
research instrument based on TPaCK questionnaires, so that the main study is planned for 2023. 
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Abstract 

In Taiwan, the 12-year basic education curriculum reform emphasises teaching and learning 
technology in response to the growing requirements of technological and engineering literacy in the 
21st century. The new curriculum guideline was implemented in 2019. However, a considerable gap 
in research related to technological and engineering literacy evaluation exists at present. This 
research aimed to develop a tool for assessing the technological and engineering literacy of junior 
high school students. The test employs a computer and scenario-based assessment format wherein 
the test items were developed based on the engineering design process with scenarios in technology 
classroom projects. The nineteen questions in the pre-test stage consisted of two-way specifications 
corresponding to the five core steps of the engineering design process and the 7th-grade learning 
performances and contents in the curriculum guideline of the technology domain. The participants 
in the pre-test comprised 102 eighth-grade students. Eight invalid responses were removed. As such, 
94 participants were finally considered for pre-test analysis. After the item analysis, one question 
was removed. The average difficulty and discrimination of the assessment were .44 and .38, 
respectively, indicating that the evaluation had moderate test difficulty and sound discrimination. 
The formal test comprised 743 participants who were 7th and 8th grade students from 3 junior high 
schools. This study applied descriptive statistics, independent sample t-tests, and correlation 
analysis to analyse the research data. According to the findings, the development of predictive and 
analytical abilities in engineering design is the crucial factor affecting students' engineering design 
performance; simultaneously, the development of students’ technological knowledge, hands-on 
skills, and integrative thinking competencies are indispensable. It should be an essential matter for 
cultivating technological and engineering literacy in the future. 

Key Words: Technological and engineering literacy, Scenario-based assessment, Engineering 
design process 

1. INTRODUCTION 

In modern society with rapid technological development, technological and engineering literacy is an 
indispensable competence for the 21st century workforce (International Technology and Engineering 
Educators Association [ITEEA], 2020). Therefore, technology education at the K-12 stage is critical in 
developing technological and engineering literacy among citizens. Hence, Taiwan is actively implementing 
a 12-year basic education curriculum reform in the technology education field to develop students’ 
technological and engineering literacy—specifically, the abilities in design thinking, hands-on skills, 
engineering design, technology selection, criticism, and problem-solving—through the study of living and 
information technologies (Ministry of Education [MOE], 2018).  
 
In technological education, technological literacy refers to the ability to understand what technology is and 
how it is created, and how it is both shaped and influenced by society (ITEEA, 2020). In engineering 
education, engineering literacy emphasises how to solve real problems through the effective use of 
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systematic and iterative engineering design processes combined with mathematical tools and scientific 
knowledge (Carr et al., 2012). Hence, technological and engineering literacy may be considered as the 
ability to understand, use, create, and assess the products of technological, and engineering activities 
(ITEEA, 2020). In K-12 technological and engineering education, engineering literacy focuses on 
understanding the process of creating or designing technological products and systems, and technological 
literacy covers the understanding and application of the products or outcomes of the engineering design 
process, as well as a broader view and cognition of the relationship between technology and society 
(Krupczak et al., 2016).  
 
Teaching assessment is crucial to educational research. Literacy-oriented assessment can guide students’ 
learning, reflect students’ learning performance, and improve teachers’ pedagogy (Mitchell, 2017). 
Technological and engineering literacy education is receiving more attention in recent years, thus the 
performance of students in technological and engineering literacy has become a crucial research issue 
(Bailey & Szabo, 2006; Davis et al., 2002; NAEP TEL report card, 2019). Since 2014, the US National 
Assessment of Educational Progress (NAEP) has been implementing the interactive scenario-based 
computerised test of Technological and Engineering Literacy (TEL). The TEL emphasises comprehensive 
and applied technology literacy and aims to assess whether students can effectively apply technological and 
engineering knowledge and ability to real scenarios (NAEP TEL report card, 2019). However, Taiwan has 
not yet implemented any scenario-based technological and engineering literacy test that focuses on the 
engineering design process. A suite of evaluation tools suited to the core principle of current technological 
and engineering literacy education must be developed to investigate the effectiveness of the curriculum 
reform in the technological field and thus understand the changes in students’ learning from the new 
curriculum and improving the quality of curriculums and teaching.  
 
In summary, this study aimed to develop a tool for assessing the technological and engineering literacy of 
junior high school students. The test employs a computer and scenario-based assessment format. The test 
items were developed based on the engineering design process with project-based scenarios in technology 
classrooms, and the questions are designed based on the 7th-grade contents of the technology domain in 
Taiwan’s 12-year basic education curriculum guidelines. 

2. LITERATURE REVIEW 

2.1. The content of curriculum guidelines of the technology domain 

In Taiwan’s K-12 education system, the technology domain covers two subjects, information technology 
and living technology, which respectively focus on computational thinking and design thinking. Living 
technology emphasises doing, using, and thinking. Through this, students are taught to design and make 
useful and applicable objects suited to actual needs in daily life. By designing and making such objects, 
they learn from trial and error to think systematically, which develops the abilities to execute tasks 
independently, use technological products, and think critically, as well as students’ problem-solving and 
design thinking ability (MOE, 2018).  
 
In-depth, the curriculum guideline covers two aspects, including learning performance and learning content. 
Learning performance refers to the learning outcomes (e.g. knowledge, skill, ability, and attitude) that 
students should demonstrate at the end of a learning stage. Meanwhile, learning content refers to the content 
of main subjects that students should acquire at each stage. The learning performance of living technology 
covers four aspects. 1) Technological knowledge for everyday life, 2) Attitudes toward everyday 
technology usage, 3) Hands-on skills for everyday technology, and 4) Integration of technological 
competencies (MOE, 2018).  
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Learning content covers four themes, including the nature of technology, design and production, application 
of technology, and technology and society (MOE, 2018). Specifically, learning content at the junior high 
school stage emphasises the development of students’ creativity and design skills by incorporating 
conceptual knowledge (e.g. mechanical structure, energy and power, and electricity and control) into the 
design process and making creative technological products through the proper use of machines, tools, and 
materials. In turn, this allows students to better understand the development of technology and its 
relationship with life. Learning content at the senior high school stage emphasises engineering design 
activities that provide students with interdisciplinary knowledge (e.g. science, technology, engineering, and 
mathematics) and develop their higher-level thinking abilities.  

2.2. Engineering design processes 

Engineering design is an iterative and complex mental process with clear goal orientation. Specifically, it 
leverages scientific and mathematical knowledge to achieve a clear goal through an iterative process under 
the criteria and constraints (ITEEA, 2020; National Research Council [NRC], 2009). The design process 
may vary slightly across different technological or engineering domains but generally comprises several 
key steps. Based on a review of related literature (Bailey & Szabo, 2006; Crismond & Adams, 2012; Fan, 
& Yu, 2017; Fan et al., 2021; Merrill et al., 2009; NGSS Lead States, 2013), this study used five engineering 
design steps (including defining the problem, developing solutions, prediction and analysis, modelling and 
testing, and optimisation) as the framework to plan the technological and engineering literacy test. The 
‘defining problem’ step clarifies the context of a problem, identify internal needs and external constraints, 
collect necessary information, ascertain the core of the problem, and dissected a major problem into specific 
subproblems (Fan et al., 2021; NGSS Lead States, 2013). The ‘developing solutions’ step develops 
innovative and valuable ideas (Bailey & Szabo, 2006; NGSS Lead States, 2013). The ‘prediction and 
analysis’ step integrates relevant scientific and mathematical knowledge, link such knowledge with existing 
experience, use analytical tools, plan for analysis, collect necessary information, judge the feasibility of the 
design solution based on the analysis results, and modify the design solution accordingly (Crismond & 
Adams, 2012; Fan, & Yu, 2017). The ‘modelling’ step at the high school stage is mostly based on 
prototyping; specifically, it can be a system, a design process, or presentation of a product feature or 
function, which serves to understand phenomena, construct knowledge, communicate and interact, and test 
the feasibility of solutions (Carberry & McKenna, 2014; Mentzer et al., 2014). The ‘optimisation’ step 
seeks the best solution with good coordination of different criteria and constraints to optimise or improve 
the original design solution to meet the new needs (Merrill et al., 2009; NGSS Lead States, 2013).  

3. METHODOLOGY 

3.1. Research procedure 

According to the research purpose and relevant literature on assessment development (Hinkin, 1998), 
assessment development in this study included the following steps: (1) Conducting a literature review to 
identify the theoretical foundations and the core ideas of technology and engineering literacy, (2) 
developing the question items of the technology and engineering literacy assessment, (3) Conducting the 
expert review and designing the scenario-based materials (e.g. photos, videos, products), (4) implementing 
pre-test and item analysis, and (5) conducting formal testing in three junior high schools. 

3.2. Participants 

During the study, the researchers invited two technology and engineering education experts and three junior 
high school technology teachers to develop and revise the test items. The pre-test participants in this study 
comprised 102 students in the 8th grade. Eight invalid responses were removed, thus 94 participants were 
finally considered for pre-test analysis. This study used convenience sampling to select the participant 
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schools in the formal testing. The formal test included 743 participants who were 7th and 8th grade students 
from 3 junior high schools from central and southern Taiwan. 

3.3 Data Analysis 

The statistical software package (SPSS) was used to conduct the item analysis such as difficulty, 
discrimination, and attractiveness in the pre-test stage. Cronbach’s α was used to perform reliability 
analysis. Inappropriate questions were deleted or corrected and arranged into a formal assessment. In the 
formal testing stage, methods such as descriptive statistics, independent sample t-test, and correlation 
analysis were used to analyse students’ performances. 

3.4. The development of technological and engineering literacy assessment 

3.4.1. Framework of the technological and engineering literacy assessment 
The purpose of this assessment was to measure technological and engineering literacy: that is, technological 
knowledge, hands-on skills, and integration of technological competencies displayed by students in real 
situations involving technology and engineering design problems. According to the literature, technological 
and engineering literacy also includes attitude. Given that attitude questions are not easily evaluated by 
questionnaires, this assessment focused only on students’ knowledge, skills, and competencies. 
 
This assessment adopted a scenario-based approach. Systematic engineering design processes were used as 
the central axis, and technology and engineering topics from daily life were chosen. Further, this study was 
in line with the learning performances of living technology in the national curriculum guidelines. Important 
learning content—including the nature of technology, knowledge related to design and production, 
mechanism and structures design, application of technology tools, and the reflection between technology 
and society—were also considered. The form of question presentation combined pictures, videos, 
animations, and text descriptions, making it easier for students to understand the story and scenario. 
Considering that most junior high schools are scheduled for one technology class per week, forty-five 
minutes were allotted for this assessment.  

3.4.2. Assessment topic and question design 
This test focused on the topic of mechanism design when making ‘mechanical toys (automata)’ in a 
technology classroom. At the start of the scenario, the teacher introduced the task to ‘design and make a 
cam toy kit in a classroom to celebrate Christmas. On Christmas Day, the students could assemble the toy 
and celebrate with older adults in a nearby retirement home. A film was shown to introduce the basic 
mechanism knowledge first (Question team 1). Then, the students were integrated into the special scenario 
through the ‘defining problem’ step (Question team 2). Subsequently, the students developed ideas of toy 
design through creative thinking to offer multiple design solutions (Question team 3). Based on the 
mechanism knowledge, the students analysed the feasibility of different solutions, and the design sketches 
were present to check whether the students could understand and revise sketches (Question team 4). At the 
modelling and testing stage, students were asked to simulate a processing-and-making scenario to check 
whether they could choose the right tools and processing methods (Question team 5). Finally, to check 
whether they could help their peers identify the crux of the problem and consequently offer appropriate 
problem-solving suggestions, the students were asked to optimise their products (Question team 6). Figure 
1 describes sample questions.  
 
A total of 19 questions were formulated in the preliminary development. There were seven questions each 
regarding technological knowledge and integrating technological competencies and five for hands-on skills. 
Meanwhile, fifteen questions were single-choice questions, while there were two multiple-choice and short-
answer questions each. As for the scoring method, single-choice questions received three points. Multiple-
choice questions had three or four correct options, and each correct answer merited one point, with wrong 
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answers garnering a one-point deduction until there are zero points. Meanwhile, short-answer questions 
were scored by rubrics and given 0 to 3 points based on students’ responses. 
 

 
Figure 1. Examples of questions 
 

3.4.3 Pre-test items analysis results 
There were 94 valid samples in the pre-test. The cut-off point for the high and low groups is 27% to 30% 
of the samples based on students' total scores. After calculating the score, 28 individuals scored 31 or more 
points and were considered the high group. Meanwhile, 27 individuals scored below 20 and were considered 
the low group. According to the item analysis results, the researchers examined the questions with high or 
low difficulty value and poor discrimination. Finally, question No. 3-2, which had poor difficulty value and 
discrimination, was removed. There were 18 questions in the formal test, with a total score of 55 points. 
The average difficulty and discrimination indices were .44 and .38, respectively. The overall Cronbach’s 
alpha value was .647 which remains within an acceptable range (Hair et al., 2010). 

4. RESULTS 

The formal test was implemented in 2021. The results illustrate students’ rate of correct answers for each 
question; the students’ performance in each step of the engineering design process is also analysed. Finally, 
reported students’ performances of technological knowledge, hands-on skills, and integration of 
technological competencies. 

4.1. Overall test results 

Table 1 shows that, regarding prior knowledge, most students could identify more than two types of 
mechanisms (Question 1-1) and products fitted with cam mechanisms in daily life (Question 1-2). At the 
‘defining problem’ stage (Question 2-1), most students could propose ideas related to the design of cam 
toys. However, they did not necessarily think from the perspective and requirement of elder generations, or 
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they did not express so clearly. At the ‘developing solutions’ stage, about half of the students knew the 
principles of the brainstorming creative thinking method (Question 3-1), but they were less able to select 
correct mechanisms to fulfil a specific movement (Question 3-3). In other words, they might still lack the 
ability to think abstractly; however, most students were able to select appropriate materials under specific 
constraints (Question 3-4). At the ‘prediction and analysis’ stage, students could roughly determine the 
possible motion patterns based on their mechanism knowledge (Questions 4-2 and 4-3), but the rate of 
correct answers to complex problems was relatively low; this might be due to their inexperience in making 
cam toys (Questions 4-1 and 4-4). At the ‘modelling and testing’ stage, most students could select the 
correct tools according to actual processing needs (Questions 5-1 and 5-3), but most of them held 
misconceptions about saw using (Question 5-2); this should be noted by teachers. In terms of ‘optimisation’, 
most students could think of how to improve the defective products (Questions 6-1, 6-2, and 6-3) and plan 
a correct assembly procedure (Question 6-5). However, choosing a better idea to revise design solutions 
according to user needs may still be improved (Question 6-4).  
 
Table 1. Summary of test results (N = 743) 
 

Engineering 
design 

processes 

Question 
Number  

 Number 
of 

corrects 

Correct 
rate 

Engineering 
design 

processes 

Question 
Number  

 Number 
of 

corrects 

Correct 
rate 

Prior 
knowledge 

No. 1-1 0 point 53 7.1% Prediction and 
Analysis 

No. 4-3  376 50.6% 
 1 point 165 22.2% No. 4-4  240 32.3% 
 2 points 276 37.1% Modelling and 

testing 
 

No.5-1  509 68.5% 
 3 points 218 29.3% No. 5-2  218 29.3% 
 4 points 31 4.2% No. 5-3  708 95.3% 

No. 1-2  552 74.3% Optimisation No. 6-1  372 50.1% 
Defining 
problem 

No. 2-1 0 point 59 7.9% No. 6-2  471 63.4% 
 1 point 101 13.6% No. 6-3 0 point 84 11.3% 
 2 points 506 68.1%  1 point 459 61.8% 
 3 points 77 10.4%  2 points 163 21.9% 

Developing 
solutions 

No. 3-1  352 47.4%  3 points 37 5.0% 
No. 3-2 Deleted after pre-test No. 6-4  233 31.4% 
No. 3-3  263 35.4% No. 6-5 0 point 140 18.8% 
No. 3-4  500 67.3%  1 point 139 18.7% 

Prediction and 
analysis 

No. 4-1  260 35.0%  2 points 199 26.8% 
No. 4-2  467 62.9%  3 points 265 35.7% 

4.2. Students’ performance of engineering design processes 

The performance of the engineering design processes is shown in Table 2. The average score is 29.11 
(SD=8.54) (out of 55 points). From the perspective of skewness and kurtosis, the total score shows a slightly 
positive skewness and a platykurtic distribution, implying that most students’ scores are concentrated in the 
middle and low sections and are scattered. Meanwhile, students’ ‘Prior knowledge’ showed a negative 
skewness and a platykurtic distribution, indicating that most students’ scores were concentrated in the high 
section but scores were scattered. Scores for ‘Defining problem’ displayed a negative skewness and a 
leptokurtic distribution, indicating that students’ scores were concentrated in a high range. The skewness 
of the ‘development solutions’ was not obvious, but it has a platykurtic distribution, which means that 
scores were relatively scattered. ‘Prediction and analysis’ showed a trend of positive skewness and low 
peaks, indicating that most students’ scores were concentrated in the middle and low sections, and the scores 
were scattered. The scores for ‘Modelling and testing’ showed a trend of negative skewness, while the 
‘Optimisation’ showed a slightly negative trend of skewness; both showed a platykurtic distribution, which 
means that the performance of most students in these two steps falls in the high range, but the scores were 
more scattered. 
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Table 2. Descriptive statistics of engineering design processes (N=743) 
 

 Min Max Mean SD 
Skewness Kurtosis 

Statistics Standard 
error Statistics Standard 

error 
Prior knowledge  (7 points in total) .00 7.00 4.24 1.76 -.74 .09 -.41 .18 

Defining problem  (3 points in total) .00 3.00 1.81 .72 -.97 .09 1.14 .18 

Developing solutions  (9 points in total) .00 9.00 4.50 2.56 .02 .09 -.62 .18 

Prediction and analysis  (12 points in 
total) 

.00 12.00 5.42 3.42 .17 .09 -.80 .18 

Modelling and testing  (9 points in 
total) 

.00 9.00 5.79 2.12 -.20 .09 -.27 .18 

Optimisation  (15 points in total) .00 15.00 7.34 3.26 -.03 .09 -.51 .18 

Total 5.00 53.00 29.11 8.54 .05 .09 -.54 .18 

4.3. Students’ scores for learning performances 

From the perspective of learning performance, as shown in Table 3, the average scores of students in 
‘Technological Knowledge’ showed a slightly negative skewness and a platykurtic distribution, which 
shows that most students’ scores were concentrated in the middle and high sections. However, the score is 
more scattered. In addition, the scores of ‘hands-on skills’ showed no skewness but had a platykurtic 
distribution, indicating that although the scores of students were scattered, they were roughly average. In 
terms of ‘integration of technological competencies’, there was a slightly positive skewness and a 
platykurtic distribution, indicating that most students’ scores were concentrated in the middle and low 
sections and remained relatively scattered. 
 
Table 3. Descriptive statistics of learning performance (N=743) 
 

 Min Max Mean SD 
Skewness Kurtosis 

Statistics Standard 
error Statistics Standard 

error 
Technological knowledge (22 
points in total) 

.00 22.00 12.31 4.66 -.09 .09 -.64 .18 

Hands-on skills  (12 points in 
total) 

.00 12.00 6.76 2.82 .00 .09 -.57 .18 

Integration of technological 
competencies (21 points in total) 

.00 21.00 10.04 3.77 .05 .09 -.35 .18 

4.4. Correlation analysis between engineering design ability and learning performance 

Based on the correlation coefficient analysis (as shown in Table 4), there is a significant correlation among 
engineering design abilities. Specifically, the student’s prior knowledge correlates with their prediction and 
analysis performance. The performance of both the development solutions and the optimisation is highly 
correlated with prediction and analysis. Meanwhile, the definition problem is more related to the modelling 
and testing abilities. As such, students’ ability to predict and analyse are likely crucial to their engineering 
design performance. 
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Further, from the perspective of learning performance, students’ technological knowledge is highly 
correlated with their hands-on skills and integration of technological competencies. When students are 
engaged in more complex and integrative problem solving, the level of their basic knowledge is crucial. 
 

Table 4. The Pearson correlation between engineering design ability and learning performance (N=743) 
 
  Prior 

knowledg
e 

Definin
g 

problem 

Developin
g solutions 

Predictio
n and 

analysis 

Modellin
g and 
testing 

Optimisatio
n 

Technologica
l knowledge 

Hands
-on 

skills 

Integration 
of 

technologica
l 

competencie
s 

Prior 
knowledge 

1 
        

Defining 
problem 

.23** 1 
       

Developing 
solutions 

.19** .17** 1 
      

Prediction 
and analysis 

.28** .12** .30** 1 
     

Modelling 
and testing 

.23** .24** .19** .16** 1 
    

Optimisation .26** .21** .21** .30** .20** 1 
   

Technologica
l knowledge 

      1 
  

Hands-on 
skills 

      .39** 1 
 

Integration of 
technological 
competencies 

      .36** .29** 1 

Note: *** p<.001 

5. IMPLICATION AND CONCLUSION  

This study assessed students’ technological and engineering literacy using a scenario-based approach 
combined with the engineering design process and technological curriculum guideline of Taiwan’s 12-year 
basic education. The preliminary assessment results showed that students’ prediction and analysis ability is 
critical to their performance in engineering design, while their level of basic knowledge is crucial in solving 
complex integration problems. Looking deep into the design of the test items, in the context of predictive 
analysis, students must observe the design sketch provided in the questions, predict the expected movement 
of the mechanism, and then determine whether it meets their design needs. Therefore, to answer these 
questions correctly, students must have conceptual knowledge such as reading design sketches, identifying 
mechanisms, and building models, thus applying them to real situations. According to the correlation 
analysis, the performance of the predictive analysis has a high correlation with other engineering design 
processes, indicating that it does play a key role in engineering design activities. Many studies highlighted 
that predictive analysis is a critical and challenging part of the engineering design process (Crismond & 
Adams, 2012; Fan, & Yu, 2017; Mentzer et al., 2014; Merrill et al., 2009). In this test, the performance of 
most students at this stage was also relatively below average. Therefore, more emphasis on how to improve 
the predictive analysis abilities is necessary. In addition, from the perspective of learning performance, the 
integration of technological competencies included most questions that need the ability to weigh multiple 
information and put forward improved solutions. It is not easy to make an appropriate judgment if students 
neither have relevant prior knowledge nor empathize with different perspectives. 
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In summary, this research is only based on the preliminary test results to observe the students' engineering 
design ability as well as the display of technology and engineering literacy. Continuous testing and research 
are needed in the future to obtain more meaningful information. However, we can learn from this study that 
prediction and analysis ability is critical to students' performance in engineering design. Therefore, 
technological knowledge, hands-on skills, and high-level integrative thinking competencies are essential to 
cultivating predictive analysis ability. This should be an important issue in future teaching and studies of 
technological and engineering literacy development. 
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Abstract 

The development of spatial skills within STEM fields is of growing importance with studies 
showing correlation between spatial skills in adolescence and the attainment of advanced degrees in 
STEM later in life. The rising need for STEM professionals is well documented which leads to the 
question of how STEM attainment can be improved earlier in life, with this paper focussing 
specifically on secondary (12-18) level education. 

Much of the existing literature focusses on the development of spatial skills in higher education, 
leaving a gap in the knowledge base surrounding the applicability of such studies in a secondary 
level context. Many other questions also exist around the transfer of spatial skills development to 
general educational impact or success in specific subject areas, as well as the influence of the context 
in which the intervention was completed (subject specific or generic). 

To address this, this paper presents a review of the current literature to analyse the trends in the 
implementation of spatial ability training interventions and the various tests used to measure the 
impact of these. A specific lens will be taken to interrogate the applicability of these interventions 
at secondary level, with intervention context and methodologies being the main areas of focus in 
this review. 

The completion of this literature review will inform the design of a study on the impact of a spatial 
training intervention on transition year students (15/16 year old students taking an optional year of 
study at the start of Irish upper secondary-level education). This will help to scope possible 
challenges in the implementation of existing interventions and allow for the inclusion of most 
appropriate established measures of impact and transfer. 

Key Words : Spatial Ability, STEM, Education 

1. INTRODUCTION 

The development of spatial ability within technology education and broader STEM disciplines is of growing 
significance, with much research being conducted in higher level education. The transferability of such 
studies in a secondary level context is questionable with the fundamental differences in secondary and 
tertiary level educational structures, values, and goals. STEM education has been identified as a key area 
for improvement with regards to uptake and achievement (Department of Education, 2020; STEM 
Education Review Group, 2016), yet with the wide variety of research conducted to date there is a lack of 
clarity in regard to the development of spatial skills within secondary level STEM education and the impacts 
of this on STEM performance. With this in mind, there is a clear need to investigate the development of 
spatial skills development in a secondary level context with a clear focus on context.  
 

mailto:A00302276@student.ait.ie
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Spatial ability is a key aspect of STEM fields and spatial test performance has been found to be a predictor 
of uptake and achievement within STEM. Newcombe (2010) explained how “spatial thinkers are likely to 
be more interested in science and math than less spatial thinkers, and are more likely to be good enough at 
STEM research to get advanced degrees” (p.30). One particularly important study tracked a cohort of 
approximately 400,000 participants over an 11 year period, after the completion of a wide range of 
psychometric tests and questionnaires including spatial tests (Wise et al., 1979). The spatial test scores of 
the participants were then cross referenced with the degree attainment of which they achieved after the 11 
years. It was highlighted that those with higher spatial ability were more likely to achieve advanced degrees 
(Masters or PhD) within STEM fields (Wai et al., 2009; Wai & Kell, 2017). Spatial ability has been found 
to be a contributing factor of performance and participation in various disciples such as Science (Hegarty, 
2014; Huk, 2006; Newcombe, 2010), Math (Duffy et al., 2020; Newcombe, 2010), Engineering (S. A. 
Sorby, 2009), Geometric problem solving (Buckley et al., 2019), and electrical engineering (Duffy et al., 
2016). With this knowledge, the importance of fostering strong spatial skills at a young age to promote 
participation in STEM is clear to see.  
 
It has been well established that spatial skills can be improved through specific spatial training (Uttal et al., 
2013) yet much of the existing literature focusses on the development of spatial skills with third level STEM 
student cohorts (Buckley et al., 2019; Duffy et al., 2020; Hegarty, 2014; Huk, 2006; S. Sorby et al., 2018; 
S. A. Sorby, 2009), with a limited amount of research focussing on a secondary level context (Mulligan et 
al., 2018; S. Sorby, 2009). The applicability of such third level studies in a secondary level context is 
contested with the fundamental differences between these two levels. The demographic of participants in 
these studies vary from 18 years old and upward in third level and between the ages of 12 and 18 in 
secondary level. Uttal and Cohen (2012) discussed suggestions from several studies that the relationship 
between spatial skills and STEM achievement reduce as the individuals ability in STEM increases. This 
further highlights the benefits of implementing spatial training at an early academic stage, where STEM 
abilities are quite low and focus predominantly on the development of basic core concepts rather than 
focussed expertise. 
 
Gender imbalance is well documented among STEM disciplines (Ganley et al., 2014; S. A. Sorby, 2001), 
with females participating in STEM subjects at much lower rates on average than male students. Looking 
at the Irish Leaving Certificate statistics, this issue is highlighted much more (the Leaving Certificate is a 
national examination in Ireland that students take at the end of the final year in secondary school. This is 
used to assess the student’s achievement in a range of subjects to aid the matriculation process to third level 
education). Across the STEM subjects at secondary level male uptake dominates, with the exceptions of 
biology, chemistry, and math. Looking at the suite of technology subjects we can see staggering imbalance 
with ratios (male to female) of 3959:761 in Design and Communication Graphics (DCG), 1427:269 in 
Technology, 7616:949 in Construction studies, and 4905:421 in Engineering (State Examination 
Commission, 2020). 
 
The importance of spatial skills development as a way to enhance STEM achievement and promote STEM 
uptake is evident throughout the literature, yet a lack of research conducted within a secondary level context 
still exists leaving us with the question of its transferability into secondary level. Further research is needed 
to determine the impact of spatial skills development in the context of secondary level STEM education. 
This paper aims to review current literature around the development of spatial skills to examine what has 
been done, and how it has been done, in order to inform the efficacy of a spatial training intervention for 
Irish secondary level STEM students. 
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2. LITERATURE REVIEW 

2.1. Interventions  

Explicit spatial interventions include those that deal specifically with completing spatial tasks in a manner 
in which the participants are aware of the spatial nature of the task (i.e. through the use of spatial language, 
the task context, the layout of the task etc), whereas implicit spatial interventions include those that deal 
specifically with completing spatial tasks in a manner in which the participants may not be aware of the 
spatial nature of the task (i.e. through context specific tasks like completing robotics tasks within a 
technology class, by using context specific language rather than spatially orientated language etc). In 
explicit spatial interventions, the tasks completed happen as additional tasks to or alternative tasks to the 
participants usual activities at that time, whereas implicit spatial interventions incorporate tasks into the 
participants usual activities. 

2.1.1. Implicit interventions  

Implicit spatial training interventions occur as part of the normal running of activities in which the 
participant is engaged in, such as through specific math related tasks within a math lesson. Uttal et al. (2013) 
described this as “indirect training” (p.356). This has been explored in a geography context through the 
implementation of ‘WebGIS’ software (De Miguel González & De Lázaro Torres, 2020) and ‘geogames’ 
(Feulner & Kremer, 2014) into the participants usual geography lessons. In engineering education, this can 
be seen through the use of augmented reality (AR) and virtual reality (VR) training activities, where the 
participants completed subject-specific tasks through the mediums of AR and VR (Molina-Carmona et al., 
2018; Roca-González et al., 2017). Through the lens of an elementary school STEM course, Sisman et al. 
(2021) analysed the impact of a LEGO robotics training programme on participants spatial ability. Outside 
of an educational context, research has been conducted to look at the use of video games as implicit spatial 
training, where the control groups consisted of participants who did not engage with video games (Spence 
& Feng, 2010).  
 
The common thread among these studies is the structure of the intervention. Each of the discussed 
interventions took place through the completion of context-specific activities that were in line with what 
the participant would be engaged with during their regular educational experience. The benefit of this is 
that the relevance of the tasks can be easily communicated to the participants as they are context driven. 
This may also make the delivery of the intervention simpler for the teacher/facilitator as the content is 
within their body of knowledge. 

2.1.2. Explicit interventions  

Explicit spatial training interventions occur outside of, or additional to the normal running of activities in 
which the participant is engaged in such as through the completion of a spatial training workbook within a 
science lesson (not science-based content). The term “direct practice” has also been used to describe these 
kinds of interventions (Uttal et al., 2013, p. 356). 
 
Chu et al. (2017) explore the implementation of an explicit intervention through the lens of geography 
education where the participants engaged in specific spatial training and discussions around spatial elements 
within geography lessons. Through a math lens, the impact of spatial training (both implicitly and explicitly) 
has been investigated at primary school level (Gilligan et al., 2020), at secondary level (Lowrie et al., 2021), 
and at third level (Sorby et al., 2013). In the context of third level engineering education, explicit training 
interventions have been utilised to improve spatial skills of weaker students (students who scored poorly in 
pre testing) (Duffy et al., 2015; Hsi et al., 1997), with results showing more gains in spatial ability among 
the cohort who participated in the intervention. 
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From a pre-service teacher training standpoint, we can see this to be evident within the fields of elementary 
school teacher training (Olkun et al., 2009), geography teacher training (Shin et al., 2016), and technology 
teacher training (Lane & Sorby, 2021, 2015). Within these examples, the participants were tasked with 
completing a specific spatial training intervention unrelated to course content. 
 
Arguably, one of the most well know explicit spatial training intervention is that of Sheryl Sorby and 
colleagues, which includes the completion of a workbook with chapters devoted to different aspects of 
spatial ability such as rotations and developments, mini lectures which are watched to provide instruction 
on the spatial tasks, and a computer software to aid the learners in the development of spatial skills (cf. 
Sorby, 2009; Sorby & Baartmans, 2000). This has been implemented within 1st year third level engineering 
courses for a number of years to improve retention rates and address the gender imbalance within 
engineering (Sorby et al., 2013, 2018). Similar to previously mentioned studies, weaker spatial ability 
students were chosen to take part in the intervention over the duration of 1 semester. Sorbys’ intervention 
content (workbook, videos, and software) has also been used by Duffy et al (2015), and Lane & Sorby 
(2021, 2015) in their studies. 
 
Some work has been done by Sorby (2009) in relation to implementing a spatial training intervention into 
second level. These studies found that the intervention materials (workbook etc) were suitable for a 
secondary level audience and demonstrated gains between 10.8% and 19.3% across the student cohorts. 

2.2. Tests to measure spatial ability  

2.2.1. Quantitative measurement 
Much of the work to date focusses on the visualisation factor of spatial ability(cf. Buckley et al., 2018), for 
this reason I will focus specifically on common spatial visualisation tests within the literature. Spatial 
visualisation can be described as “the ability to perceive complex patterns and mentally simulate how they 
might look when transformed (e.g., rotated, twisted, inverted, changed in size, partially obscured)” 
(Kaufman, 2018, p. 126). 
 
The Purdue Spatial Visualisation Test: Rotations (PSVT:R) (Guay, 1976) is a commonly used measure of 
spatial visualisation ability. The test presents an example 3D model which has been rotated about a number 
of axes, showing its initial position as well as its new rotated position. It then presents a different 3D model, 
which must be mentally rotated the same way as the example. The user then selects which answer 
corresponds with the correct new position. The PSVT:R has been used quite widely for pre- and post-testing 
in relation to spatial training interventions (Black, 2005; Connolly, 2009; Duffy et al., 2015; Farrell et al., 
2015; Lane & Sorby, 2021, 2015; Sorby, 2009; Sorby et al., 2013). 
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Figure 18. Example item from the instructions of the PSVT:R (Guay, 1976). 
 

The Mental Rotations Test (MRT) (Peters et al., 1995; Vandenberg & Kuse, 1978) is another common 
visualisation test. The MRT presents a 3D object to the user. The user must then examine four other 3D 
objects provided (rotated to different views) and decide which two examples are the same object (rotated) 
as the given 3D object. For each question, four examples are shown and only two are correct. The MRT 
has also been used widely as a measure of rotations and is well recognised as an indicator of one aspect of 
spatial ability (Casey et al., 1995; Ganley et al., 2014; Jones & Burnett, 2008; Nagy-Kondor, 2017; 
Pellegrino et al., 1984; Roca-González et al., 2017; Sisman et al., 2021). 
 

 

Figure 19. Example test item from the MRT (Vandenberg & Kuse, 1978) 
 

Tests based on the concept of surface developments can also be seen throughout the literature, with a variety 
of tests all drawing upon the same basic principles: matching a 3D object with its developed counterpart. 
These tests have been used in large scale studies such as that of project TALENT (Wai et al., 2009; Wise 
et al., 1979). These tests consist of a given surface development of a 3D object, which the user must then 
match to one of a number of 3D objects presented in a pictorial view. A valid and reliable surface 
development test (SDT) can be found in the Kit of Factor-referenced cognitive tests (Ekstrom et al., 1976). 
A similarly structured test is that of the Differential Aptitude Test-5 ‘space relations’ subset (DAT-5:SR) 
(Bennett et al., 1982). This also deals with choosing the 3D representation of a developed object. These 
tests deal with moving between 2D and 3D representations of objects and choosing the correct 
representation of a given stimulus. Such measures have been used in previous studies to provide a measure 
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of spatial visualisation (Black, 2005; Gorska & Sorby, 2008; Roca-González et al., 2017; Sezen Yüksel, 
2017).  

 

 

Figure 20. Example item from the instructions of the surface development test (Ekstrom et al., 1976)  
 
Another test which falls under the remit of spatial visualisation is the mental cutting test. Quaiser-Pohl  
explained that “subjects have to mentally cut three-dimensional geometrical figures (e.g., pyramids, cones) 
that are hollow. These figures must be cut by a plane or another geometrical figure and the two-dimensional 
mental-cut surfaces (e.g., triangles, rectangles) resulting from the given cutting operations must be 
determined.” (p. 220). 
 

 

Figure 21. Example test item from the mental cutting test (Quaiser-Pohl, 2003) 
 
The paper folding test (PFT) (Ekstrom et al., 1976) is another test that deals with spatial visualisation 
(Hegarty, 2014). This test involves visualising the transformation of a piece of paper from folded to 
flattened. The paper is shown to go through a process while folded (hole punched in it) and then the user 
must choose the correct image showing the flattened piece of paper.  
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Figure 22. Example item from the instructions of the paper folding test (Ekstrom et al., 1976) 

2.2.2. Qualitative measurement 
There is very little work completed to date that deals with qualitative measures of spatial ability, with most 
researchers focussing on the quantitative measures of ability. The most prominent method of qualitative 
data collection in terms of spatial ability is that of cognitive ethnography. The observation, recording, and 
analyse of participant behaviour, language, and interactions (with people, tools, and spatial representations) 
allow for an in-depth understanding of how spatial thinking manifests itself within the given task. In the 
area of secondary level STEM education, studies have been conducted to look at spatial ability from a 
cognitive ethnography standpoint (Ramey et al., 2018, 2020; Ramey & Uttal, 2017) which allow us to 
“understand how spatial understandings are distributed to or co constructed by learners and their social and 
material context” (Ramey et al., 2020, p. 15). 
 
These qualitative data collection methods allow us to look at information that wouldn’t be available through 
quantitative testing such as how a participant works through a task, how a participant works in a group 
setting to solve tasks, what difficulties were encountered while solving tasks, the time taken for different 
cognitive tasks and so on. 
 
Vaishampayan et al (2019) discussed the use of interaction analyses to investigate the use of “talk, actions 
such as gaze and gestures, turn transitions, and collaborative activities” (p.887). Similar to what was earlier 
discussed as cognitive ethnography, this allows the researcher to form a broader understanding of how a 
participant engages with spatial tasks, and how a participant develops their spatial sensemaking. 

3. DISCUSSION 

The implementation of both implicit and explicit interventions can be seen throughout the research, with 
clear logistical and implementational benefits to both. When looking at implicit interventions, the benefit 
of these in terms of ease of implementation can be clearly seen, as they can take place during the normal 
running of school classes, university modules, and so on. These are usually context specific, with the content 
closely matched with that of the given setting. In terms of facilitation, this also means that the facilitator 
(teacher, lecturer, course leader) isn’t required to develop skills in areas outside of their domain of expertise. 
A potential issue with an implicit intervention is that the focus may become diluted throughout the 
intervention. 
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Explicit interventions on the other hand, usually occur as additional tasks or stand-alone tasks, outside of 
the context of the given setting. On a logistics level, this may mean that a facilitator has to accommodate 
for time lost on context specific content, which may arise its own set of issues. The facilitation of explicit 
interventions may also cause concern as the content may be outside of the facilitators area of expertise, 
meaning that either they need to receive specific training or that an external facilitator will be required. The 
benefit however of explicit training is that the objective and focus of the training is clear throughout the 
intervention and having explicit training content may be easier to replicate. One key benefit to explicit 
interventions is that these can be easily implemented in another setting without the need to change the 
content. 
 
The majority of research tends to focus on the collection of quantitative spatial ability measures rather than 
that of a qualitative nature. Many tests have been developed through the years to measure spatial ability 
with a number of these becoming more recognised within the literature, yet there is no ‘go to’ qualitative 
measures of spatial ability development. Quantitative measures of spatial ability are extremely important 
to understand the impact of interventions, however qualitative measures are equally as important to 
understand how spatial ability develops through an intervention. Qualitative research on spatial 
interventions can help develop an understanding of how spatial sensemaking is developed, and the specific 
challenges that go along with this. 
 
This paper discusses the nature of spatial ability interventions, and the tests used to measure their impact, 
within the research. The implementation of the interventions have been described as either implicit or 
explicit, with each option having its own suitable application depending on the intervention aims. Trends 
in the research show the most well-recognised quantitative measures of spatial ability, as well as 
highlighting the lack of qualitative research conducted in the area. The impacts of implicit interventions 
versus explicit interventions, as well as the use of qualitative spatial ability measures warrant further 
exploration. 
 
The completion of this literature review provides support in understanding the current landscape of spatial 
development within STEM education contexts. Resulting from this literature review, the following key 
considerations have emerged which will inform the piloting of a spatial training intervention in Irish 
secondary education: 

• The implementation of an explicit training intervention will allow for the clear communication of intervention 
focus and goals throughout, and facilitate future replication of the intervention. 

• The implementation of a training intervention which has been proven to work effectively with a secondary 
level cohort will allow for the collection of valid and reliable results of impact and transfer. 

• The implementation of quantitative measures such as the PSVT:R and qualitative measures such as cognitive 
ethnography will provide a clear view of the impact of the intervention, as well as a deeper understanding of 
how spatial sensemaking has developed through the activities completed in the intervention.  

Through the completion of the pilot intervention, additional considerations will be identified within the 
context of secondary STEM education, allowing further optimisation of the spatial intervention. Further 
investigation in the use of spatial training interventions will also allow for a focus on the ‘T and E’ within 
STEM, facilitating the development of spatial training within technology education. 
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Abstract 

Assessment of Transversal Skills in STEM (ATS STEM) is an innovative policy experimentation 
project, which aims to enhance digital assessment of students’ transversal skills in STEM. This 
Erasmus+ project is situated in primary and secondary schools across eight European countries, 
involving 12 partners on different levels of educational system. Teachers and researchers have 
collaboratively developed and piloted several integrated STEM learning activities all focusing on 
UN sustainable development goals. Embedding formative digital assessment of STEM learners’ 
work has been a central component. This paper provides an overview of the project and shares some 
results from Sweden and Ireland. We provide examples from practice that help illustrate the 
complexity with a particular focus on technology education. 

Key Words: ATS STEM, Formative assessment, Technology Education, STEM education, Digital 
assessment, Sustainability 

1. INTRODUCTION 

Education has never been more important given the scale of challenges that we can face today; from 
pandemics to climate change and the massive global impacts of wars that are never just local. Technology 
is key to many of our efforts to address complex issues that arise from these concerns. Finding ways to 
teach technology in school has never been more important nor more challenging. Students require key 
transversal problem posing and solving skills that are developed from the logic of mathematics, the 
experimental rigor of science, and the solution orientated focus of engineering and technology. They also 
need competence in the digital (or analogue) technologies that enable the use of key skills in STEM 
environments. Technology is hence interwoven with STEM and its use in integrated STEM, where multiple 
disciplines are brought together to describe and solve problems or develop artifacts and ideas is a key 
challenge for educators.  

1.1. Digital Assessment of Transversal Skills in STEM 

Assessment of Transversal Skills in STEM is a project funded by Erasmus+ that was conducted in 88 
schools from 7 different European countries (see www.atsstem.eu). The project sought to develop a rich 
and evidence-informed educational framework to improve educational outcomes for students with use of 
digital tools as central. A series of five reports were written after a desk-based research phase, to help 
provide a theoretical base from which the project could proceed (McLoughlin et al., 2020; Costello et al., 
2020; Reynolds et al, 2020). Report #5 ‘Towards the ATS STEM Conceptual Framework’ (Butler et al 
2020) presented an integrated conceptual framework of standards for the assessment using digital tools. 
This became a conceptual tool to help us arrive at an understanding of what can be assessed using digital 
tools in schools. However, we also knew that this understanding was provisional and that the ultimate test 
of our learning design would be its translation into practice by teachers. Figure 1 below shows a high-level 

mailto:ehartell@kth.se
http://www.atsstem.eu/
http://www.atsstem.eu/wp-content/uploads/2020/02/ATS-STEM-REPORT-5-1.pdf
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visual mapping of the framework and the expansion on the left side in the technology dimension which 
gave guidelines to teachers in selecting and using digital tools in their practice (Szendey et al 2020).  
 
 

 

 

Figure 1: A high level visual mapping of the framework with the use of technology section (digital tools) highlighted 
  
This framework was then used to help teachers design lesson plans that would allow them to teach students 
key skills and digitally assess those skills. In large part the lessons involved student use of digital tools, but 
also offline, outdoor, and unplugged approaches. This paper illustrates two examples of practices in Irish 
and Swedish schools involved in the pilot research and selected findings. 
 
The examples were selected from many examples in the project because a common theme of the student 
work carried out in both countries was in developing their school environment (school yard and garden). 
There are commonalities in both examples but also differences. For example, in the Swedish context the 
system is moving from teacher-based assessment towards more high stakes terminal assessment in post-
primary level. By contrast the reverse process is happening in Ireland and in the earlier years of the post-
primary system the trend is towards more teacher assessed project work and less reliance on terminal 
examinations. These simple examples show the complexity of attempting to realize solutions that can scale 
in Europe and that implementations must be adaptable to contexts. Although there are challenges involved, 
we also attempt to illustrate via this paper how using technology in education can be powerful for student 
learning. 
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2. APPROACH AND CONTEXT 

A comprehensive research program was developed by the project team (Fernández de la Iglesia et al 2020) 
to examine how the conceptual framework was used by teachers and its effectiveness in practice. In this 
paper we present case studies (Fig. 1) from Ireland and Sweden titled: “Sensory Garden” and “Open 
spaces”. The projects were evaluated by gathering a variety of empirical data: teacher group interviews, 
student focus groups, mentor group interviews, classroom observations, and students' and teachers' artifacts 
following the ethical review committee approvals in each country. This included informed consent from 
parents, teachers, and assent from students.  
 
The projects were piloted in Ireland during a level 5 lockdown and, as such, were impacted by COVID-19 
restrictions. Schools did not reopen until from March 2020 to March 2021, and then on a phased basis. The 
intervention was carried out in two learning cycles, but no observations were carried out during learning 
cycle 1 due to the lockdown. In Sweden, the schools remained open for students and teachers, but no 
external people were allowed on site, hence the research team had to adapt their methodology to include 
online observations and interviews.  

2.1. Why apply digital assessment?  

The digital tools for assessment were infused in the educational projects as an integral aspect. We believe 
they must be deeply embedded in the design for learning to be useful for students and teachers. The 
motivation to apply digital assessment might be high, however the skills to do so may be challenging. 
Teachers and teacher mentors drew on teaching tools they were familiar with but used the project to deepen 
an expand their use in creative ways e.g., investigating peer assessment with comparative judgment and 
using digital platforms like Microsoft Teams and Book Creator for self and peer assessment. 

2.2. What are the challenges to using digital assessment strategies? 

One identified challenge in the project was that the process of assessment is not always explicit, and the 
teachers did not talk much about assessment, even when prompted about it during the interviews. For 
example, the use of quizzes to check if a student had grasped the content provided during lesson was not 
considered as assessment per se. We believe this is a result of the teachers having incorporated formative 
assessment as an integral part of their teaching and could be worth studying in the future.  

3. ILLUSTRATIVE EXAMPLES OF STEM ACTIVITIES 

Interpretation and implementation of Technology and Engineering in practice varies across all eight project 
partner countries. Preparing students with critical skills for the 21st century is a complex challenge, one in 
which technology education must occupy greater space and play a larger role in schools to allow every 
student the opportunity to flourish. Developing structured support and guidelines is key, and in the ATS 
STEM project the use of digital tools was embedded in all aspects of the project and students used a variety 
of digital tool concepts such as design from engineering. Within the scope of this paper, we have chosen 
two examples (of many) to illustrate what the theoretical framework might look like in practice with a 
particular focus on technology education. 

3.1. Ireland Case Study: Sensory Garden 

In Ireland, students completed two learning cycles. The first learning cycle was concerned with students 
designing a 2D Sensory Garden and an arch. A Sensory Garden was planned to be designed and built in the 
school during the summer of 2021. This task allowed students to contribute their ideas before the landscape 
designer and builder implemented the project. 19 students from a final year class were involved in this 
project led by 1 primary school teacher. The subjects involved in this project were Mathematics, Science, 
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Art, and History. The class produced 2D design plans of the garden, plans of an arch for the garden followed 
by self-assessment of the design and a Mentimeter quiz. 
 
The context for designing a 2D garden was the UN Sustainable Development Goal 3: Good Health and 
Wellbeing. This goal integrated the following topics from the Irish curriculum: 'A sense of space', 'Using 
pictures, maps and models', 'Human environments' and 'Natural/built environmental features and people'. 
The task of designing the sensory garden focused on two core technological competences: Problem-solving 
and Innovation and Creativity. 

Figure 2: 2D plans for Sensory Garden submitted on Padlet 
 
The elements of innovation and creativity that they engaged in were using their imagination, coming up 
with new ideas, and physically creating something original. Both the learning outcomes and success criteria 
were defined and shared explicitly at multiple stages with students via digital tools. By the end of the 
activity students were expected to be able to formulate research ideas for a sensory garden, measure the 
area of the garden, and design a 2D map of the garden. The success criteria were identified as students 
being able to identify at least three items for the sensory garden and produce a 2D draft plan to scale with 
the location of sensory items labelled. Students used tablets to take photos of their work and digital tools 
such as Blooket and mentimeter to give each other feedback on their designs. Feedback in interviews and 
focus groups particularly highlighted that participants valued the elements of peer assessment that were 
enabled by digital technologies. 
 

 

Figure 3: Student measuring in sensory garden. 
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3.2. Sweden case study Open spaces 

The multi-disciplinary STEM project Open Spaces involves digital peer assessment of authentic real-life 
problems where 10–12-year-olds redesigned an open public space from an UN Agenda 2030 perspective 
with a particular focus on design, choice of materials, and transportation. This multidisciplinary project 
included the following subjects from the Swedish national curriculum. Mathematics, Chemistry, 
Technology, Biology, Physics, Arts, English and Swedish as well as Swedish as a second language. 
Students completed two learning cycles where the first one had a more theoretical approach, where they 
e.g., learned about technical drawings, including measurements, and comparing them to the physical 
environment [the open space]. They also learned about properties of different building materials and how 
to choose different materials based on their properties as well as transportations, from a sustainable 
perspective. The second cycle had a practical approach where they e.g., built a 3D model of their idea and 
comparing them to the physical environment in the open space using digital tools. Figure. 4a shows a 
student group comparing their theoretical sketch with the outdoor environment. Figure 4b shows the model 
built by the students, and excerpt from student portfolio where they motivate their choice of material and 
why they chose to build a jump yard with trampolines and a large swing, thus remake their open space in 
the way they wanted. “We chose trampolines because we think it would be fun for children. We chose a large 
swing so that many people can fit and swing together.” 
 

 

 
 
Figure 4a and 4b. Left: Students comparing their sketches of their suggested redesign of the open space on site. 
Right: The sketch, model inserted in the open space and excerpt from portfolio. 
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The students worked in groups of three or four and peer assessed each other’s work via Adaptive 
Comparative Judgment (ACJ) in a digital cloud-based environment (RM Compare)– facilitating several 
schools to be involved. This allowed students to view and provide feedback to a potentially larger, more 
varied set of examples than traditional face-to-face peer feedback – resulting in lasting noticeable 
differences in capability among learners. Thus, even though CJ has limitations (particularly technical and 
cost implications), there is significant potential to support learning that should be investigated further, 
concurrent with Hartell and Buckley (2021). Relying on the judges’ (students) making pairwise 
comparisons of stimuli (digital portfolios) each student was asked to individually provide peer feedback in 
writing on the groups work. These comments were then compiled/assembled by the project management 
and fed back to the students’ groups. The group portfolios, prior and after peer review, were analyzed in 
combination with the feedback comments. 

4. DISCUSSION AND CONCLUSION 

Digital tools may be widely used in classroom activities, but we must ask whether these are intentional 
deliberate practices, embedded in the reflective teaching work or something teachers do in a more routine 
manner. In this case teachers were offered to reflect and more deliberately use digital tools in support of 
student learning via the ATS STEM project. Here, teachers were supported in different ways e.g., design 
learning activities, workshops etc. The teachers who committed to be observed during classroom practices 
said they were supported by that too. Also, the teachers were clearly highly motivated by the projects. They 
described how they could incorporate real world skills and interdisciplinarity in their teaching in enriching 
ways. They came across as real enthusiasts and working with the lesson planning elements of the project 
clearly fuelled their spirit and passion for improving their teaching. In future projects, it is important to 
spread this energy and enthusiasm among other students, teachers, and organizations. 
 
During this project we have seen examples of where digital assessment tools have been used to facilitate 
feedback, e.g., the peer feedback activity in Open spaces using comparative judgment (CJ) software. Future 
projects should consider focusing not only on the benefits for learners but also the challenges involved for 
teachers to plan and set up the activities. The limited number of devices at some of the piloting schools 
were very challenging; we recommend that future projects assess the technical infrastructure as a baseline 
and build on existing resources.  
 
There are also structural hindrances that do not support the implementations of digital tools in teachers and 
students’ assessment practices to support the development of transversal skills. The digital tools that have 
been included in the case study may have supported the students’ progress. We want to believe that, and 
we base our beliefs primarily from the results derived from the interviews where students’ motivation is 
expressed along with and gratitude for doing the projects and stating that they would like to do them all 
over again next year. Other structural hindrances may be the challenges for teachers to work collaboratively 
- this is not unique to the pandemic. However, within the Swedish education system there are many teachers 
who collaborate with themselves in interdisciplinary projects as they teach many subjects.  
 
The results showed that the students enjoyed doing the projects and their motivation clearly increased. How 
this increase in motivation affected their learning needs to be investigated further. However, results show 
they now know about Agenda 2030 and have expanded their vocabulary as well as their digital toolbox. 
Analysis of the feedback comments may conclude that the quality of the feedback could be improved - from 
a theoretical point of view. However, the interviews show that the students appreciated the feedback they 
received, especially through comparative assessment process, but also that they need to be trained for the 
process. It is thus difficult to interpret what the students learned from this feedback process, but the results 
undoubtedly show that the students enjoyed the process and evidence from the student work also shows 
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that they used the response received from the feedback process to improve their work, which is what matters 
the most regarding feedback. 
 
The overall enthusiasm and engagement among students and teachers in this project are difficult to convey 
in text. The students taking part in the project have increased their digital assessment competence and 
literacy, they now know the words for critical thinking, collaboration, communication, global goals, and 
Agenda 2030. Using multiple digital tools, they learned first-hand how to frame and then tackle broad issues 
of sustainability.  
 
This project has contributed to provide opportunities for collaboration and support from outside the schools 
as well. The project has raised student (and teacher) awareness around global issues. Even though they may 
not fully understand these issues, they now know of them, which is one step in the right direction. In 
combination with the global movement among young people and how the students in the case study schools 
express a wish for doing similar projects in the future, their foundations have been well laid.   
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Abstract 

Technology Education, design & technology in England, has frequently found itself struggling to 
work effectively within conventional examination and assessment systems. This is because design 
& technology has been, since the 1970s, principally concerned with the assessment of the processes 
that surround designing. Project-work assessment lies at the core of our assessments, and systematic 
research by the Assessment of Performance Unit (APU) team at Goldsmiths in the 1980s showed 
that teachers were far more reliable when assessing whole pieces of work than they were when 
assessing individual attributes. The teachers were also more confident when assessing holism. This 
appeal to holism found an ideal vehicle in a radically different assessment methodology – 
comparative judgement.  Alastair Pollitt and the ‘e-scape’ research team developed Adaptive 
Comparative Judgement (ACJ) and conducted a series of studies to validate it (Williams & Kimbell, 
2012). Since then many authors have reported using the ACJ tool for a variety of purposes 
(Bartholomew et al., 2019) and other comparative judgement tools have been developed by other 
bodies. 

The biggest constraint on ACJ has always been its single-cohort design. A sample of 50 or 100 
candidates can easily be managed as a single assessment cohort, but if we wanted to use it for 
national assessment, then numbers get far bigger. There are 60,000 entries for the Leaving 
Certificate examinations in Ireland and it is very difficult to imagine how that could be managed in 
a single ACJ exercise.  

But a new tool is under development, ACJ-Steady State, that makes it possible to move beyond 
single cohort studies to assess quality not only within schools but also across schools. The approach 
involves using a selected sample of schools to create a core rank, ‘the ruler’, and then merging other 
separate ACJ ranks with the ruler to take in new schools, new communities and ultimately the nation. 
As this piece is being written, the software and the associated application protocols are being 
explored in a project with teachers in Ireland. In this presentation I shall outline the project and the 
workings of the new tool. Later in this conference Dr Jeff Buckley and Dr Niall Seery will detail 
some of the key technical and pedagogic issues arising within this development. 

Key Words: Performance Assessment, Project-based assessment, Adaptive Comparative 
Judgement, Standards across schools 

1. SUMMARISING THE ASSESSMENT STORY 

Design portfolios are central to understanding learners’ performance on task.  Whilst design outcomes are 
frequently the longed-for (and strived-for) outcome of the activity, it is the portfolio that holds the key to 
all the thinking and decision-making that has taken place. In a design education setting therefore it is those 
portfolios that are critical, and unsurprisingly it is those portfolios that occupy the centre-ground in any 
assessment process.  
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Historically, through the 1970s, 80s, 90s and 00s, that assessment process typically involved an atomistic 
study of elements of the performance that were subsequently summed to arrive at an overall judgement of 
the quality of the work. Figure 1 illustrates a very simple version from 1972 and Figure 2 a more 
sophisticated example from 1987. Both systems have the same basic idea: divide the design process into 
steps; assess each of them; add up the result.    
 
 

  
 
Figure 1. 1972 

 
Figure 2. 1985 

(See Secondary Examinations Council [SEC] 1985)  
 
However, when the Assessment of Performance Unit in Design & Technology (Dept. of Education and 
Science) published its findings from a national survey in 1991, they showed that teachers’ assessment 
judgements were far more reliable when they were assessing whole pieces of work rather than atomised 
elements of it.  

… of all the judgements asked of markers, the overall or holistic was the most reliable (and therefore we assume the 
easiest).  

Having asked the markers for their opinions on the matter… 

… they felt most confident about, and were also most reliable when assessing holism.  (Kimbell et al., 1991, pp. 132-133) 

However, assessment practice in schools was not led by such research, but was rather established by 
Awarding Bodies (examination boards) who did not see themselves as being at the centre of innovation. 
Project-work assessment therefore evolved only slowly and continued as before with the atomistic 
approaches illustrated in Figures 1 and 2.  Indeed these practices grew progressively more atomistic with 
the England/Wales National Curriculum dividing performance in design & technology into 150 ‘statements 
of attainment’ (DES/WO 1989). It was another 15 years before a viable approach to holistic assessment 
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was developed and this came about through research into the construction of digital portfolios and their 
assessment.  
 
The approach was based on comparative judgement, ie a teacher looking carefully through two portfolios 
and deciding (in a single holistic judgement) which is the stronger piece of work. The judgements were not 
‘criterion-free’ however as the teachers were asked to ‘bear-in-mind’ a number of factors that would 
normally have been part of an atomised assessment. The big difference was that these factors were not 
isolated and scored, but were ‘borne-in-mind’ by the teacher as s/he made the overall judgement about 
which of the two portfolios was the stronger piece of work. Amongst other advantages, this approach 
enabled teachers to recognise and reward the relationships between those qualities and how they worked 
together as learners attempted to grow their solutions.  
 

It gives more appropriate results than atomised approaches which can lead to inaccurate overall assessment especially 
when the overall attainment is more than the sum of the parts. This often happens when the various elements of a designing 
process come together in a successful outcome that outstrips the quality of work in any (or all) the parts of the process. 
(DP)  

One of the major strengths of holistic judgements I see is its flexibility… in which you can give credit to students for 
what they have actually done rather than whether they are able to “tick the boxes” to match a set of assessment criteria.  
(DW) 

(All teacher comments are from Kimbell et al., 2009, pp. 71-72) 

 
It is clear in these comments from teachers of design & technology that they were desperately seeking to 
move beyond the point-scoring approach of atomistic rubrics to a position in which the whole ‘story-of-
the-emerging-design-solution’ could be credited.  The comparative judgement process was built into a 
software tool Adaptive Comparative Judgement (ACJ) and this enabled many teachers to make many paired 
judgements and collaborate in the assessment of hundreds of portfolios. The resulting reliability of the 
assessments was astonishingly high.  

The portfolios were measured with an uncertainty that is very small compared to the scale as a whole … the value obtained 
was 0.95, which is very high in GCSE terms.  (Pollitt A, p. 79 in Kimbell et al., 2009) 

The literature related to the reliability of ACJ as a method of assessment has consistently identified higher 
levels of reliability than those reached through other methods of assessment (Pollitt, 2004). Noting that 
micro-judgments, rubrics, criteria-guides, and multiple graders have all been used in an effort to increase 
assessment reliability, Pollitt (2004) points to the unique strength of ACJ for reliable assessment.  

When a judge compares two performances (using their own personal ‘standard’ or internalized criteria) the judge’s 
standard cancels out. In theory the same relative judgment is expected from any well-behaved judge. A similar effect 
occurs in sport: when two contestants or teams meet the ‘better’ team is likely to win, whatever the absolute standard of 
competition and irrespective of the expectations of any judge who might be involved. The result of the comparisons of 
this kind is objective relative measurement (Pollitt, 2004, pp. 6-7). 

It has been in the world of project-based assessment, principally design & technology based project 
assessment, that this tool has been so well received (Bartholomew 2018, 2019; McLaren 2012), but the 
continuing resistance of formal examination bodies has moved the centre of attention to formative 
(classroom-based) assessment for learning. This aspect of the ACJ tool first emerged when we asked the 
question – what would happen if the learners themselves were the judges?  As they attempt to decide which 
of two portfolios is the stronger, learners are bound to consider the question ‘what makes this one good or 
better?’ and ‘what does that one lack / need?’  These critical questions force learners to begin to articulate 
a view about quality, and that is a powerful learning experience that teachers are very able to capitalise 
upon. (See for example, Bartholomew et al., 2018, 2019; McLaren, 2012). 
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1.1. Single-cohort studies  

Despite its enormous advantages for assessment, the ACJ tool that has been the object of much classroom-
based research has a limitation. Theoretically it could operate with any number of student portfolios but the 
biggest research studies that we have read are of the order of 3-400 pieces of work. Most studies are of 
class-sizes (or double class sizes); so around 25-50 pieces of work. This might be described as ‘batch’ 
assessment. I’ll do a batch in my school (my class) and you can do a batch in your school.  They are separate, 
single-cohort studies, and whilst we will both end up with reliable assessments within our batches, there 
will be nothing that enables us to relate the work in my school to the work in your school. The assessments 
will not tell me whether the performance standards are the same in your school and mine. This is not an 
uncommon phenomenon in schools.  Teachers are familiar with assessing their own learners, and it is very 
rare for standards of performance ever to be shared across schools. That typically happens only at points of 
national examination. 
 
However, one of the strengths of ACJ assessments is the effects it has on the teachers doing the judging.  
In the original e-scape project in 2009, we had 350 portfolios from 15 schools and used a judging team of 
27. This included the 15 teachers and the development group of researchers. The 350 portfolios were all 
within a single pot (a big batch) and the portfolios being presented to judges for comparison could come 
from any of the schools. So, often for the first time, teachers were seeing work from many schools. And the 
schools were in four regions of England (Northumberland, London, West Midlands, South West) so the 
work was reflective of the standards of performance across the country. For the first time, these teachers 
were not assessing their own learners, but were assessing work from across the nation, that included (now 
and then) some of their own learners.  
 
As soon as the teachers began to study the paired portfolios they enthused about seeing work from many 
schools and getting a sense of what was being done elsewhere.  The opportunity to see beyond their own 
parochial patch was empowering.  And this led us to speculate on a new version of ACJ that would 
specifically enable cross-school assessments and even national assessment. The biggest constraint on ACJ 
has always been its single-cohort design. There are 60,000 entries for the Leaving Certificate examinations 
in Ireland and it is very difficult to imagine how that could be managed in a single-cohort ACJ exercise. 

1.2. An opportunity arises 

In 2020, the ill-wind of Covid 19 forced assessment organisations to re-consider the rules that should apply 
to national assessment. The State Examinations Commission in Ireland is responsible for the development, 
assessment, accreditation and certification of the second-level examinations of the Irish state: the Junior 
Certificate and the Leaving Certificate.  Teachers have not traditionally been involved in the formal 
assessment of their students’ work, but the exceptional circumstances of Covid 19 necessitated some 
changes.  

The grades will be arrived at through a process by which the teacher will use a range of available evidence to support 
her/his judgement-making in estimating the percentage marks to award to students, following which these estimated marks 
will be subjected to an in-school alignment process and later a national standardisation process. (SEC, 2021) 

This development added impetus to an emerging initiative from the National Council for Curriculum and 
Assessment (NCCA, 2019) whose report sets out options for a restructured ‘Senior Cycle’ along with 
changes to assessment, including more continuous assessment and less focus on terminal examinations. It 
remains to be seen how these discussions are resolved, but there seems little doubt that teachers will 
increasingly have some role in the assessment process as it operates within schools.  To that end it becomes 
ever-more important that teachers have a secure grip on the performance standards that are to apply to their 
students’ work.  
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1.3. A proof-of-concept study  

The aim of this study is to explore the use of ACJ as a means to empower teachers to understand and 
establish national standards of performance in Graphics at Leaving Certificate level in Ireland. This requires 
a project-based assessment not unlike that required in the original ‘e-scape’ project assessments. In their 
day-to-day work, teachers are always, inevitably, making judgements about the quality of their students’ 
work, but it is not common for those standards to be replicated exactly across schools. Variations in 
teachers’ interpretation of guidelines and assessment criteria inevitably leads to variation (and hence 
assessment unreliability) at key points on any marking/grading scale.  
 
Up to this point, ACJ has been used only as a single-cohort tool, and the purpose of this study is to explore 
the operation of a new multi-cohort version of ACJ. The new tool ACJ Steady State makes it possible to 
integrate judgements across many ACJ sessions and reconcile them into a single rank of performance. In 
the process of doing this, we believe that the tool will facilitate the kinds of professional discussions that 
will enable teachers to articulate their view of standards; to agree those standards; and thereby to arrive at 
a reliable view of national standards. 

2. METHODOLOGY 

The project will operate essentially in four steps: 
 

1. A set of 120 Leaving Certificate coursework portfolios in Graphics will be chosen as the basis for the 
project. They will be chosen from the SEC archives and from a recent graduating year. They will be 
selected to represent the full spread of performance as decided by SEC grades in the relevant year. 
The portfolios will be converted to a digital form appropriate for ACJ use. 

2. A group of graphics teachers, examiners, and project researchers will conduct a normal ACJ exercise 
with the 120 portfolios. This will result in a performance rank for the 120 and a series of statistical 
investigations will be carried out with the rank.  

3. A selection of 20 portfolios will be removed from the rank. This selection will reflect the full range 
of performance. The remaining 100 portfolios will then be regarded as ‘the ruler’ for the subsequent 
steps, and the former positions of the extracted 20 will be noted. 
 

 

Figure 3. ‘The Ruler’ comprising 100 pieces of work 

4. The same group of graphics teachers, examiners, and project researchers will conduct another ACJ 
exercise – only this time they will use ACJ Steady State, aiming to integrate the 20 extracted portfolios 
back into the ruler. A series of statistical investigations will be carried out with the new rank, 
particularly to note the new positions of the 20 as against the previous positions of the 20. 
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Figure 4. ‘The Ruler’ with the 20 pieces re-inserted by ACJ Steady State 

 
It is important to recognize that in normal ACJ exercises, the positions of both of the portfolios will change 
as the result of a judgement. The rank continuously modifies itself as the judging unfolds. But ACJ Steady 
State operates differently. The ruler is fixed and the judging thereafter only adjusts the position of the new 
pieces until they reach their points of stability within the fixed rank. Provided this all works as we believe 
that it will, then it will be possible to create a ruler with a selected number of schools, and subsequently we 
will be able to integrate new schools into the ruler. All it requires is that the judges make their judgements 
of the new school’s work against the work in the ruler. ACJ Steady State is, in effect, a multi-cohort tool 
and we can go on and on adding schools. It will thus be possible to create not just school ranks but also 
regional ranks and even a national rank. 

3. ISSUES TO BE EXPLORED 

Most critically we need to see whether the software will operate as we believe that it will, but beyond that, 
there are a number of issues that we wish to explore.   
 
i) It is critical to the purpose of the project that the teachers are required – and empowered – to discuss the 
judgements they make. Wherever possible teachers will work as pairs, agreeing the judgements as they go 
and noting the qualities of performance that led to the judgements. Beyond that, the project will convene a 
‘Judgement-Day’ event, at which the aim will be to debate the standards of judgement across schools. We 
believe that it will be possible for a group of teachers not just to operate reliably in their judgements but 
also to articulate and agree as a group what the qualities of work are at all levels through the rank, and 
particularly at key grade-boundary points. 
 
ii) Once a new school has been integrated into the ruler, it will be possible not only to comment on the 
placing of the individual pieces, but also to derive a ‘school statistic’ that identifies how (for example) the 
mean or median performance of school A is different from the mean or median performance in the ruler. 
This might enable a moderation tool to be developed to assist the SEC in their desired adjustment of teacher 
assessments…. “estimated marks will be subjected to an in-school alignment process and later a national 
standardisation process”. The data from this ‘ruler’ exercise might work to inform such alignment and 
standardisation. 
 
iii)  It is also important to understand how we might best create the ruler in the first place. Should this be 
from a random group of schools? How big should the ruler be? Should it include selected work from a 
previous year’s performance? What happens if work from a new school goes off the scale at one of the 
ends? The project will enable us to explore and recommend a model of practice for deriving and applying 
the ruler. 
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iv)  And fundamentally we also want to explore the pedagogical implications of the ruler. When teachers 
are self-consciously aware of the standards of performance that make up the scale – what would they choose 
to do with that information? And might they choose to use ACJ Steady State as a regular progress check?  
Might they choose to create their own rulers not just for overall performance but also for elements of 
performance? And how might they use ACJ Steady State formatively with learners making their own 
judgements? These and many other pedagogic issues will be explored in discussion with the teachers. 

4. CONCLUSION 

At the time of writing this piece, the plans are in place for the judging to be undertaken in May and by the 
time of the PATT39 conference in June we hope to have some of the answers to the questions we have 
outlined here. It is important to remember however that this is a dramatic leap into the future of school-
based assessment. Whilst design & technology pioneered process-centred, project-based assessment in the 
1970s and 1980s it was also within design & technology that we pioneered comparative judgement and 
developed the ACJ tool. This new tool, ACJ Steady State, stands as the most recent in a long line of 
assessment innovations that have only arisen because of the nature of design and technology, and in 
particular the priority of assessing design processes. 
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Abstract 

The introduction of Adaptive Comparative Judgement (ACJ) into technology education through the 
e-scape project conducted by the Technology Education Research Unit (TERU) in the United 
Kingdom fundamentally impacted discourse on assessment in technology education, particularly for 
designerly activity. Since e-scape there has been a significant rise in the use of ACJ in technology 
education research, however, to date it has been limited to single-cohort designs. The reason for this 
is that the output of an ACJ assessment session is a relative rank order of the pieces of work which 
were the subjects of the assessment. This rank is not immediately comparable to other ranks.  

To conduct an ACJ session with a large cohort, for example at national level, would be extremely 
logistically challenging. Yet to be able to do this would bring significant benefits to educational 
practice. Recently, Seery, Kimbell, and Buckley (2022) proposed a new approach to the use of ACJ 
– the ACJ-Steady State – which involves the use of ACJ to create a baseline rank of work which 
can be used as a reference against which new work can be compared. The agenda of this tool make 
the use of ACJ possible with multiple cohorts, thus opening its potential for larger scale use. 

This paper will provide an overview of how ACJ works for single-cohort designs, breaking down 
the Bradley-Terry-Luce (BTL) model used to calculate relative parameter values or “ability scores” 
for pieces of work. It will then present a proof-of-concept study which shows that ACJ can be used 
with multiple cohorts by applying the BTL model in a different way. In doing this, it will elaborate 
on the technical challenges in developing and validating ACJ-Steady State.  

Key Words: Assessment, Adaptive Comparative Judgement, Multi-cohort Designs, Reliability 

1. INTRODUCTION 

The assessment of student outputs generated in response to open-ended designerly activities in technology 
education has traditionally been difficult to implement reliably. Low reliability has several implications for 
both formative and summative assessment. For example, from a formative perspective, different views on 
performance, capability, or quality held by assessors can lead to variance in the nature and quality of 
feedback provided to learners. From a summative perspective, low reliability means low confidence in 
results or grades provided to learners which reduces their utility. Comparative judgement (CJ), largely in 
the form of adaptive comparative judgement (ACJ) has provided technology education researchers and 
educators with an approach to alleviating issues of low reliability where needed. Initially, CJ was developed 
by Pollitt and Murray (1993) for the assessment of a foreign language speaking activity with ACJ later 
being introduced to technology education through the seminal work of the e-scape project (Kimbell, 2007; 
Kimbell et al., 2005, 2007, 2009). Since the e-scape project ACJ has been the subject of much research in 
technology education. It was the focal subject of a special issue of the International Journal of Technology 
and Design Education (Williams & Kimbell, 2012), and has since been described in many additional studies 
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(e.g., Bartholomew et al., 2019; Canty et al., 2019; Hartell & Skogh, 2015; Hyland et al., 2018; Kimbell, 
2021; Seery et al., 2012, 2019). 
 
To appreciate why ACJ is presented by many technology education researchers as a contextually useful 
assessment approach (Bartholomew et al., 2018; Buckley et al., 2020; Hartell & Buckley, 2021; Kimbell, 
2021; Seery et al., 2022), it is important to make explicit the issues with traditional criterion referenced 
assessment typically operationalised through rubrics which it purports to resolve. Sadler (2009) identified 
two of these. First, in the use of rubrics to assess open-ended outputs, it is possible that the sum of the 
criterion scores on the rubric may lead to a result that is misaligned with an assessor’s holistic professional 
opinion. Second, particularly for open-ended tasks where there is considerable variance in the outputs 
generated by learners such as design activities, some learners may present work with aspects which deserve 
to be acknowledged and rewarded but which do not align with the criteria set out in the rubric. A third issue, 
specifically with respect to inter-rater reliability, relates to the possible compounding of error over time 
stemming from making multiple subjective, but professional, judgements. If an assumption is made that it 
is possible for two assessors to be misaligned, even marginally, on the application of a rating scale – for 
example on a ten-point scale one assessor could give a score of 6 and another a 7 – then a rubric with 
multiple dimensions presents multiple individual opportunities for misalignment, creating the potential for 
considerable variance when taken as a whole. It is these issues which ACJ provides a solution to. 
 
Hartell and Buckley (2021) have provided a comprehensive overview of the method of ACJ, however in 
brief the process involves a cohort of assessors, herein referred to as “judges”, who make binary 
comparisons (win/lose) on the pieces of work being assessed, herein referred to as “portfolios”. This process 
is typically managed through a software solution of which there are several such as the RM Compare (2020) 
tool from RM Education (see Figure 1 for example ACJ interface from RM Compare) and the No More 
Marking (2020) tool. Each judge is individually presented with a number of binary comparisons to make. 
The responses they give are then consolidated into a rank order of all portfolios from best to worst. The 
rank includes both absolute positions (1st place, 2nd place, 3rd place… nth place) and relative differences in 
performance denoted by parameter values or ability scores. For the rest of this article, the term “ability 
scores” will be used to describe these relative differences in performance. It is important to appreciate that 
no absolute qualifiers of performance are provided. The rank does not indicate “good” or “bad”, it only 
provides information on “better” or “worse” based on the judgements made within the ACJ session. 
Typically, CJ tools also provide features for judges to make comments on portfolios which in turn can be 
used for formative purposes (Dewit et al., 2021) or to synthesise the reasons underpinning judgement 
decisions to gain insight into the task and judges conceptions of what denotes capability (Buckley et al., 
2020). Beyond the software applications which allow for portfolios to be uploaded, viewed, commented 
on, and judged, for both CJ and ACJ there are two important technical features; the algorithm used to select 
which two portfolios which should be compared, and the model used to compute ability scores. The 
difference between CJ and ACJ is the inclusion of an adaptive algorithm which is implemented to make the 
process more efficient (cf. Kimbell, 2021). For more information on the use of such algorithms see Kimbell 
(2021), Verhavert et al. (2022), and Bramley and Vitello (2019). The model used to compute ability scores, 
the Bradley-Terry-Luce (BTL) model (Bradley & Terry, 1952; Luce, 1959), is common to both CJ and ACJ 
and will be the focus of this article. 
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Figure 1. Example of the RM Compare ACJ interface. 
 
To date, the use of ACJ in technology education research has been exclusive to individual case studies or 
experimental research where ACJ would be compared with a more traditional educational practice. Two 
recent systematised reviews provide an overview of the majority of these studies (Bartholomew & Jones, 
2021; Bartholomew & Yoshikawa-Ruesch, 2018) although there have been others which were outside of 
the inclusion criteria of these reviews, such as the work of Hartell and Skogh (2015). The reason for ACJ 
research being exclusively used to date in single ranks is that the ranks are relative and not immediately or 
directly comparable. When an ACJ session concludes, all associated information is relative to that single 
rank. That means, for example, a specific ability score in one rank is not comparable to that same ability 
score in another rank. To date, this has been a significant limitation of the method. There have been calls 
to evolve ACJ so it can be used in national assessment which would require establishing an approach to go 
beyond isolated ranks (Kimbell, 2012; Seery et al., 2022) and a recent study has described a possible 
approach to achieving this by using a fixed reference set (described by Seery et al. (2022) as a “steady state” 
or “ruler” if one is made for use as a constant, but evolving, barometer) and ranking portfolios against this 
(Verhavert et al., 2022). Where Verhavert et al. (2022) had an aim of using a reference set to increase 
reliability through a new adaptive algorithm, this study will instead focus on the use of a reference set, 
herein referred to as a “steady state” based on the terminology and agenda set out by Seery et al. (2022) for 
national assessment in technology education, against which portfolios can be compared as an approach to 
merging individual ACJ ranks. The capacity to merge ranks would represent a significant step towards 
making it feasible to use ACJ on a large-scale basis. 

2. METHOD 

2.1. The BTL model for computing portfolio ability scores 

Irrespective of which software is used to manage a CJ/ACJ assessment session, the computation of ability 
scores is done through the application of the BTL model. The computation of ability scores using the BTL 
model is achieved by 
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𝛼𝛼𝑖𝑖 =
𝑊𝑊𝑖𝑖

∑
𝑤𝑤𝑖𝑖𝑖𝑖 + 𝑤𝑤𝑖𝑖𝑖𝑖
𝛼𝛼𝑖𝑖 + 𝛼𝛼𝑖𝑖𝑖𝑖≠𝑖𝑖

1 

 
where i and j are individual portfolios, 𝑊𝑊𝑖𝑖 is the total number of wins of portfolio i, 𝑤𝑤𝑖𝑖𝑖𝑖 is the number of 
wins portfolio i has against portfolio j, 𝑤𝑤𝑖𝑖𝑖𝑖 is the number of wins portfolio j has against portfolio i, 𝛼𝛼𝑖𝑖 is the 
ability score estimate of portfolio i, and 𝛼𝛼𝑖𝑖 is the ability score estimate of portfolio j (Hunter, 2004). Initially, 
all ability scores are estimated as 1 and then normalised to maximum likelihood estimates. 
 
To provide a numerical example of this, Table 1 provides fictitious data of four portfolios, A, B, C, and D. 
Reading along each row, it indicates that portfolio A won against portfolio B three times, portfolio C zero 
times, and portfolio D one time. Similarly, portfolio B won against portfolio A four times, portfolio C five 
times, and portfolio D zero times. The same process can be used to see the wins of portfolios C and D. It 
can thus be seen that portfolios A and C were not compared, and neither were portfolios B and D. 
 
Table 1. Fictitious data for four hypothetical portfolios to demonstrate the computation of ability score estimated 
through the BTL model. 
 

Portfolio A B C D 
A - 3 0 1 
B 4 - 5 0 
C 0 2 - 1 
D 5 0 2 - 

 
Applying equation 1, initial non-normalised estimates can be computed as: 
 

𝛼𝛼𝐴𝐴 =
3 + 0 + 1

3 + 4
1 + 1 + 0 + 0

1 + 1 + 1 + 5
1 + 1

= 0.615 

 

𝛼𝛼𝐵𝐵 =
4 + 5 + 0

4 + 3
1 + 1 + 5 + 2

1 + 1 + 0 + 0
1 + 1

= 1.286 

 

𝛼𝛼𝐶𝐶 =
0 + 2 + 1

0 + 0
1 + 1 + 2 + 5

1 + 1 + 1 + 2
1 + 1

= 0.600 

 

𝛼𝛼𝐷𝐷 =
5 + 0 + 2

5 + 1
1 + 1 + 0 + 0

1 + 1 + 2 + 1
1 + 1

= 1.556 

 
Despite not every portfolio having been compared with every other portfolio, non-normalised estimates 
were computed for each portfolio. At this point, the estimates need to be normalised. This is done by 
dividing them all by the sum of all estimates, which in this case is 0.615 + 1.286 + 0.6 + 1.556 = 4.057. 
Thus, the normalised estimated become 0.152, 0.317, 0.148, and 0.383 respectively for portfolios A, B, C, 
and D. 
 
These ability score estimates were computed by initially assuming all portfolios were equal. A score of 1 
was used in the formula for each of the portfolio’s ability score. To improve the estimates and to converge 
on maximum likelihood estimates, the now computed normalised ability scores for each portfolio are 
substituted back into the formulae, and new estimates are computed. This iterative process is repeated until 
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convergence. Figure 2 shows this process across 20 iterations, where after these 20 iterations the BTL 
ability score estimates are αA = 0.145, αB = 0.244, αC = 0.126, and αD = 0.485. As these values are all 
relative, they can be adjusted to have a mean score of 0 which is common in ACJ software applications. In 
this case, the current mean is 0.25, and thus subtracting 0.25 from each ability score estimate would result 
in a mean of 0.  
 

 
 
Figure 2. Iterative process of estimating ability scores for the portfolios described in Table 1. 
 
The implication of this model is that given a dataset which has information on which portfolios are 
compared to others and the outcomes, irrespective of the order of these comparisons, i.e., as you would 
have at the end of an ACJ session, ability scores can be computed. This principle is used in the analysis for 
this study. 

2.2. Dataset 

The dataset used for this study came from an ACJ session where the portfolios were produced by 1st year 
undergraduate engineering students at an Irish university. For the purposes of this study, what the portfolios 
looked like and who the judges were is not relevant. What is relevant is that the judgements made were real 
as opposed to this being a simulation study. To that end, some context is useful. In a semester long 
engineering design module, the students were tasked with designing and making an electric vehicle which 
was capable of transporting a bottle of water up a small gradient in the shortest time possible, using a “kit” 
of available parts. The students captured their design journeys and presented these as electronic portfolios 
(slideshows with embedded videos) for the ACJ assessment. The ACJ assessors were a cohort of academics 
from a Faculty of Science and Engineering and experts from industry. 
 
The ACJ session was conducted in the RM Compare system in which 33 portfolios were assessed by 34 
judges. A total of 342 judgements were made, with 32 judges making 10 judgements each and 2 judges 
making 11 judgements each. The judges were anonymised and are referred to as judge1 to judge36. Two 
judges, judge19 and judge21 did not make any judgements, hence the number of judges being described as 
34 but there being a list of 36. The portfolios were anonymised into numeric codes through the RM Compare 
system and labelled as 49609 to 49641. The reliability of the ACJ session, denoted by the Scale Separation 
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Reliability (SSR) coefficient, was 0.944. The data from the session was exported and formatted as shown 
in Table 2. The first two columns, “portfolio.a” and “portfolio.b”, indicate the portfolios that were presented 
for comparison. The third “result” column indicates the winning portfolio, where “1” indicates that the 
judge selected portfolio.a as the winner and “0” indicates that portfolio.b was selected as the winning. The 
fourth “judge.number” column identifies which of the judges made the comparison. To provide an 
illustrative example, the first row of Table 2 indicates that portfolio 49611 was compared with 49619, and 
that judge28 chose portfolio 49619 as the winner. 
 
Table 2. Dataset format showing 7 of 342 judgements. 
 

portfolio.a portfolio.b result judge.number 
49611 49619 0 judge28 
49635 49611 0 judge28 
49628 49635 1 judge28 
49629 49628 1 judge28 
49621 49629 1 judge28 
49620 49621 1 judge28 
49618 49620 0 judge28 

 

2.3. Computing the initial rank 

The analysis described below was conducted in RStudio with R version 4.0.3 (R Core Team, 2020). There 
are multiple R packages which can be used to apply the BTL model. Four of these have previously been 
compared by Verhavert (2018) who advised the use of either the btm() function from the sirt package 
(Robitzsch, 2021) or the BTLm() function created by Verhavert and van Daal (2018) which implements the 
BTL estimation procedure used in the D-PAC CJ tool (www.d-pac.de), both with bias reduction. The btm() 
function from the sirt package is used in the No More Marking tool (Wheadon, 2015) and was used in this 
analysis with bias reduction (ε = 0.3). 
 
First, the data from the RM Compare judging session was extracted as described in the previous section. 
This dataset included all 342 judgements in the format of  Table 2, the SSR value of 0.944, and each 
portfolio’s ability score estimate to five decimal places. The dataset (see Table 2) was then analysed by 
fitting the BTL model using the btm() function. This model had an SSR value of 0.9407, which was 
negligibly different from the RM Compare estimation of 0.944. The btm() estimated ability scores also had 
a smaller range (min = -5.1886, max = 3.9438) than the RM Compare estimated values (min = -5.49302, 
max = 4.24111), however as these values are relative to their own respective ranks it is the correlation 
between estimates which is more important at this stage. The correlation between ability score estimates 
between models was almost perfect (r = 0.99986). Table 3 provides the ability score estimates from both 
models, and their respective absolute rank positions for the two sets of estimates. What is clear is that while 
both models are near perfect in correlation, in terms of absolute rank they have differences as the portfolios 
in ranked positions 12 and 13, 14 and 15, and 26 and 27, and reversed.  
 
Table 3. RM Compare and btm() ability score estimates and absolute ranks, ordered by btm() absolute rank. 
 

portfolio rm.compare.ability.scores btm.ability.scores rm.compare.rank btm.rank 
49620 4.24111 3.9438 1 1 
49615 4.14496 3.8253 2 2 
49630 3.4897 3.223 3 3 
49640 2.98795 2.7528 4 4 
49637 2.70522 2.5435 5 5 
49623 2.16854 2.0597 6 6 
49618 1.82866 1.7633 7 7 
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49641 1.82033 1.7076 8 8 
49614 1.48012 1.3722 9 9 
49613 1.2789 1.2054 10 10 
49609 1.06143 0.975 11 11 
49627 0.985653 0.965 13 12 
49616 1.01692 0.9315 12 13 
49626 0.366825 0.3569 15 14 
49633 0.379138 0.3491 14 15 
49639 0.272648 0.2217 16 16 
49632 0.0384208 0.0589 17 17 
49622 -0.0149321 0.0576 18 18 
49625 -0.382601 -0.3067 19 19 
49612 -0.44047 -0.4147 20 20 
49617 -0.693487 -0.6703 21 21 
49631 -0.827478 -0.7726 22 22 
49638 -0.886139 -0.8446 23 23 
49634 -1.31093 -1.2495 24 24 
49636 -1.41162 -1.2873 25 25 
49619 -1.49904 -1.3009 27 26 
49610 -1.4873 -1.3999 26 27 
49611 -2.04383 -1.8921 28 28 
49624 -2.11964 -2.0134 29 29 
49635 -2.92586 -2.7501 30 30 
49621 -4.11975 -3.8394 31 31 
49629 -4.61042 -4.3823 32 32 
49628 -5.49302 -5.1886 33 33 

 
The initial rank, computed with the btm() function, is presented in Figure 3. Importantly, the btm() function 
provides more information than just the ability scores SSR value. It also provides the standard error values 
for ability scores which are required to determine the reliability of the rank (see Verhavert et al., 2022 for 
associated formulae) which are used at a later stage of this project, and portfolio and judge infit statistics 
which are used to identify outliers. 
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Figure 3. Initial rank of all 33 portfolios created with the btm() function using all 342 judgements. 
 

2.4. Removing select portfolios and recomputing the rank 

Three portfolios, portfolio 49630 as the third relative best, portfolio 49632 as the median, and portfolio 
49621 as the third relative worst, were selected to be removed from the rank. Of the total 342 judgements 
made with all 33 portfolios, these three portfolios were involved in 61. The data associated with these 61 
judgements were removed from the dataset to create a dataset of 281 (342-61) judgements. As the BTL 
model is estimated with all judgements, it is possible to estimate with a sample of them. The btm() function 
was applied to the 281 judgements to re-estimate the ability scores of the remaining 30 portfolios. While 
this was retrospective, in this study it serves as a proxy for an initial rank or the steady state (Seery et al., 
2022). Table 4 presents the original ability score estimates (based on all 342 judgements) from the RM 
Compare data for the 30 relevant portfolios and their revised absolute rank. It also presents estimated ability 
scores computed by the btm() function, derived from the dataset of 281 judgements, and their absolute rank. 
Comparing the absolute ranks now sees more differences than from Table 3 when there were more 
portfolios and thus more comparisons. However, the correlation between RM Compare and btm() ability 
score estimates in Table 4 is again near identical (r = 0.99268). The “btm.ability.scores” data now serves 
as the steady state. 
 
Table 4. Ability scores and absolute ranks of portfolios for the proxy steady state (btm.ability.scores), and their 
original ability scores with revised absolute ranks from the original RM Compare ACJ session. 

portfolio rm.compare.ability.scores btm.ability.scores rm.compare.rank btm.rank 
49615 4.14496 4.7598 2 1 
49620 4.24111 4.6013 1 2 
49640 2.98795 3.2796 3 3 
49637 2.70522 2.7958 4 4 
49623 2.16854 2.3174 5 5 
49641 1.82033 1.7926 7 6 
49618 1.82866 1.4848 6 7 



531 
 

PATT 39 Conference Proceedings June 2022 
 

49614 1.48012 1.3602 8 8 
49609 1.06143 1.1186 10 9 
49613 1.2789 1.0755 9 10 
49616 1.01692 0.7374 11 11 
49627 0.985653 0.6307 12 12 
49626 0.366825 0.1642 14 13 
49633 0.379138 0.1559 13 14 
49639 0.272648 0.0809 15 15 
49622 -0.0149321 -0.0309 16 16 
49612 -0.44047 -0.5463 18 17 
49617 -0.693487 -0.7895 19 18 
49625 -0.382601 -0.8366 17 19 
49631 -0.827478 -0.9667 20 20 
49638 -0.886139 -1.066 21 21 
49634 -1.31093 -1.4469 22 22 
49636 -1.41162 -1.4554 23 23 
49619 -1.49904 -1.4711 25 24 
49610 -1.4873 -1.5844 24 25 
49611 -2.04383 -2.1144 26 26 
49624 -2.11964 -2.1398 27 27 
49635 -2.92586 -2.9809 28 28 
49629 -4.61042 -3.8544 29 29 
49628 -5.49302 -5.0713 30 30 

 
Figure 4 presents the steady state consisting of the 30 relevant portfolios. It has a reliability of SSR = 0.935. 
 

 
Figure 4. The btm() estimated steady state of 30 portfolios. 
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2.5. Judging portfolios against the steady state 

A useful aspect of the btm() function is that it allows for specific ability scores to be fixed in the model. To 
simulate the judging of portfolios against the steady state, a BTL model was fitted with the 61 judgements 
associated with the three extracted portfolios, portfolios 49621, 49630, and 49632, just as it was with the 
281 judgements from the 30 steady state portfolios to create the rank shown in Figure 4. However, in this 
model the 30 steady state ability score estimates were included as fixed scores. This was possible as the 61 
judgements were comparisons between the extracted portfolios and those from the steady state and thus 
there was sufficient “chaining” (cf. Benton, 2021). Specifically, only 25 of the steady state portfolios were 
relevant, and thus the model was created with 61 judgements relating to 28 portfolios of which 25 had fixed 
ability scores and 3 were then relatively estimated. Portfolio 49621 was involved in 21 judgements, and 
both portfolios 49630 and 49632 were involved in 20 comparisons each. The resulting rank is shown in 
Figure 5.  
 

 
Figure 5. Three portfolios judged “into” the steady state (25 of the 30 steady state portfolios). 
 
It is important to note that as 25 of these portfolios had fixed scores, only the three new portfolios had 
standard errors computed for them. Therefore, the SSR value was not computed for the rank as a whole 
through the btm() function. However, it can be computed for the three portfolios which were compared 
with the steady state: 
 

𝑆𝑆𝑆𝑆𝑆𝑆 =
𝜎𝜎𝛼𝛼2 − 𝑀𝑀𝑆𝑆𝑀𝑀

𝜎𝜎𝛼𝛼2
3 

 
where 𝜎𝜎𝛼𝛼2 is the standard deviation of the estimated ability scores squared, and 𝑀𝑀𝑆𝑆𝑀𝑀 is the mean squared 
standard error, or the mean of the standard error values after they have been squared. To illustrate this, 
Table 5 provides the ability score estimates and standard error values for the three portfolios, which are 
outputs from the btm() function. It also provides the squared standard errors for each portfolio, and standard 
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deviation, squared standard deviation, and mean values for each of the three variables associated with each 
portfolio. These were manually computed and are not outputs of the btm() function. 
 
Table 5. Data needed to compute the SSR value for the three portfolios judged into the steady state. 

Portfolio BTL ability score Standard error (Standard error)2 
49621 -3.7123 0.5725 0.3278 
49630 3.6366 0.6220 0.3869 
49632 -0.1089 0.5235 0.2741 

σ 3.6747 0.0493 0.0564 
σ2 13.5033 0.0024 0.0032 
Mean -0.0615 0.5727 0.3296 

 
The SSR can now be computed: 
 

𝑆𝑆𝑆𝑆𝑆𝑆 =
13.5033 − 0.3296

13.5033
= 0.976  

 
The reliability of the placement of the three new portfolios into the steady state was 0.976, which is very 
high. 

2.6. The final rank 

As the three portfolios were only judged against 25 of the 30 steady state portfolios, Figure 5 does not show 
a full rank of the 30 steady state portfolios with standard error and the 3 portfolios judged against it. This 
can be achieved by combining all portfolios into the one rank, as all the values are now relative to each 
other. This means combining the information from Figure 4 and Figure 5. This is shown in Figure 6. 
 

 
Figure 6. Final rank including the steady state and additional three portfolios compared against it. 
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At this stage, the entire dataset has been combined (see Table 6 for all data), and thus the SSR value can be 
computed as before for the entire dataset. In this case, the SSR value for the steady state with three 
additional portfolios is 0.939, whereas the SSR value for these same 33 portfolios with the same judgements 
was 0.944 when they were all included in the one BTL model. The correlation between the initial btm() 
BTL model of 33 portfolios (Figure 3) and the same 33 portfolios after three were extracted and judged 
back in was very strong (r = 0.992), and the correlation between the initial RM Compare ability score 
estimates and the 33 portfolios after three were extracted and judged back in was also very strong (r = 
0.993). 
 
Table 6. Ability scores and standard errors for the steady state with additional three portfolios used to compute SSR 
reliability. 

Portfolio BTL ability score Standard error (Standard error)2 
49609 1.1186 0.5917 0.3501 
49610 -1.5844 0.5292 0.2801 
49611 -2.1144 0.5472 0.2994 
49612 -0.5463 0.5846 0.3418 
49613 1.0755 0.5797 0.3361 
49614 1.3602 0.5625 0.3164 
49615 4.7598 0.6906 0.4769 
49616 0.7374 0.5949 0.3539 
49617 -0.7895 0.51 0.2601 
49618 1.4848 0.5306 0.2815 
49619 -1.4711 0.5034 0.2534 
49620 4.6013 0.6617 0.4378 
49621 -3.7123 0.5725 0.3278 
49622 -0.0309 0.4885 0.2386 
49623 2.3174 0.5738 0.3292 
49624 -2.1398 0.66 0.4356 
49625 -0.8366 0.5697 0.3246 
49626 0.1642 0.5014 0.2514 
49627 0.6307 0.5865 0.3440 
49628 -5.0713 0.7615 0.5799 
49629 -3.8544 0.6692 0.4478 
49630 3.6366 0.622 0.3869 
49631 -0.9667 0.51 0.2601 
49632 -0.1089 0.5235 0.2741 
49633 0.1559 0.5021 0.2521 
49634 -1.4469 0.4916 0.2417 
49635 -2.9809 0.6354 0.4037 
49636 -1.4554 0.5224 0.2729 
49637 2.7958 0.6165 0.3801 
49638 -1.066 0.5821 0.3388 
49639 0.0809 0.5222 0.2727 
49640 3.2796 0.6577 0.4326 
49641 1.7926 0.5624 0.3163 

σ 2.3489 0.0660 0.0795 
σ2 5.5172 0.0044 0.0063 
Mean -0.0056 0.5763 0.3363 

3. DICSUSSION 

This study illustrates an approach to linking ranks outputted from ACJ assessment sessions. Specifically, 
in this project, a BTL model was fit based on 342 judgements to create a rank of 33 portfolios. Three of 
these were extracted by removing the judgements associated with them from the dataset, and a “steady 
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state” rank was established by refitting a BTL model to the remaining 30 portfolios. Following this, the 
three previously removed portfolios were judged back into the steady state, to re-establish a rank of 33 
portfolios. 
 
The implications are more apparent if two distinct sets of portfolios are considered. If an ACJ session is 
conducted with the first set, a relative rank is produced which is not immediately comparable to any other 
rank. However, for the second set, if a selection of portfolios from the first set are included in their ACJ 
session, the ability scores from the second set can be re-computed by fixing the ability scores of the 
overlapping portfolios to those computed in the first ACJ session. This would mean the new ability scores 
for the second set were scaled similarly to the first, and the ranks could be compared. 
 
From a practice perspective this provides an approach to using ACJ in large scale, e.g., national, situations 
where one large assessment session is logistically not feasible, but several smaller sessions are. It would 
also enable the use of ACJ to examine relative performance changes in cohorts over time as portfolios from 
past sessions are included in future sessions, and average differences in ranks can be observed. From a 
research perspective, allowing two ACJ ranks to be compared would allow for a broader set of research 
questions to be answered concerning ACJ as ranks could be directly compared. Further, ACJ could be used 
as a dependent measure in experimental research now for all groups rather than just one. All such work 
should be cognisant of the need to improve methodological rigor in ACJ research and the need to work 
towards a more defined theoretical framework (Buckley et al., 2022). 
 
Finally, it is important to acknowledge the limitation that although the judgements were real, this was a 
retrospective proof of concept study. Further work is also needed to determine if there are minimum 
numbers of comparisons needed for the portfolios to be judged into a new rank, as this may have occurred 
by chance. One important consideration is that there would be adequate chaining, in that overlapping 
portfolios between ranks were sufficiently connected within each rank (Benton, 2021). Qualifying the 
extent of required chaining can be a focus of a next phase of this line of research. 
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Abstract 

Significant work is underway to develop a national standard using ACJ for a technology subject that 
will be built from authentic classroom evidence of student learning, ranked by practicing teachers.  
This proof-of-concept dataset will set standards by using evidence of learning and not from 
abstracted criteria formulated through a marking rubric.  The implications for this are significant.   

Building on the work presented earlier in this conference by Prof Richard Kimbell and Dr Jeffery 
Buckley that present the process of creating a dataset from a shard construct of capability, where 
teachers negotiate standards through exposure to comparative decision making from a range of 
pupil’s work.  Seeing pupils work from beyond one’s own classroom or school, broadens the 
conceptual understanding of capability while also demonstrating and explicating variances in 
standards, this is the focus of this paper.    

The research considers novel ACJ technology that enables the formation of a ‘steady-state’ or 
reference ‘ruler’, comprised of portfolios of pupils’ work.   Its formation from binary judgments, 
required teachers to explain standards, discuss and define standards, and independently rank work 
relatively while calling on their evolving conception of quality and standard.  The research explores 
the idea of content-irrelevant variables, while also articulating what is seen as valuable from the 
pupils’ work.  

Once created, the ‘ruler’ provides teachers with a window into the articulation of a national standard.  
The importance of being able to access this dataset of evidence for reference to standard setting in 
teaching and learning practices has significant implications. Using the ‘ruler’ will enable teachers 
to clarify what they see as critical from exposure to other school’s work, affirming their practice or 
giving new perspectives. It is anticipated this will have ensure contemporary and relevant views of 
the subject are maintained, while also ensuring that practices are enhanced by virtue of clearly 
understanding the utility of the formative functions that ascribe to the summative quality. 

Key Words: ACJ, Capability, Professional Judgement 

1. INTRODUCTION 

1.1. Research agenda 

This paper focuses on the pedagogical potential afforded to teachers from having access to authentic 
evidence of student learning created beyond their own classroom.   The aim of this research is to create a 
technology and dataset and that enables teachers to see a breadth of work, while also making decisions on 
the various standards that can be derived to determine student performance. This agenda is a dimension of 
a larger research project that sets out to develop a new technology that builds on ACJ to create a type of 
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reference ‘ruler’ that can be used to create a consensus on standards and therefore inform teaching and 
learning and assessment practices.    
The ’Ruler’ is a new technology built on the existing ACJ technology but is modified to enable new 
portfolios to be added to the rank for comparative purposed without editing the rank itself.   
 
Papers presented earlier at this conference have presented the concept of the ‘Ruler’.  Initially, Prof. 
Richard Kimbell presented the concept of deriving standards from actual student work as the basis of a 
methodology that would utilise the capacity of ACJ to reach beyond single cohort studies.  By creating a 
rank in the traditional sense of an ACJ holistic assessment, teachers would develop the definition of what 
‘good’ and ‘not so good’ work looked like.  Although this concept is premised on the capacity of ACJ to 
capture the professional judgment of teachers and aggregated their judgements through the consensus on 
student performance, our focus now turns to the definition of standards across and between ranks. The 
idea of better or worse builds towards graded definitions of what excellence, exceeding expectations, in 
line with expectations and yet to meet expectations look like.   The ‘Ruler’ concept adds two significant 
dimensions to the potential and utility of ACJ in practice, (1) datasets are created beyond single cohorts 
and can capture the performance of students across clusters, regions, and even nationally as adjudicated 
by practicing teachers (2) teachers can then use the dataset as an explicit reference scale to locate their 
students, comparing them to an agreed standard.  This approach adds both technical and validity 
challenges to the current ACJ technology.  Dr. Jeff Buckley described the technical challenges in 
developing a dataset that enables you to make comparisons of students work within the rank without 
changing the values of the rank itself.  This steady-state provides teachers and pupils will access to 
authentic evidence of work from beyond their own classroom that can shape the definition of what is 
‘good’ work in demonstrating technological capability.   

1.2. Context and treatment 

The recent JC reformation (NCCA, 2015)) in Ireland has brought with it 2 significant changes for 
technology education, namely a move from syllabus to subject specifications and a move from terminal 
assessment to include Classroom based assessments (CBA’s). Changing curricular articulations from 
explicit subject syllabi to subject specifications captures a more learning centred approach to personal 
development. This move also brings with it more autonomy for the teacher in the selection, organisation, 
and treatment of relevant knowledge and skills. Coupled with the breadth of technological activity and the 
manifestation of learners demonstrating success in multiple different ways, the reform is particularly 
interesting in the context of a broad-based technology education specification that is assessable to all.  
The nature of activity and the outcomes of learners’ performance is developed through the inclusion of 
formative assessment milestone that support moving the leaner forward.  These CBA’s are evaluated by 
the class teacher where they make a normative judgement on the performance of each student.  Building 
capacity to make better judgement by exposing teachers to features of quality in work from other schools 
is an empowering process of professional development.  This frames the context of a research agenda that 
explores teachers access to a national standard, derived from demonstrators and exemplars of students 
work.  Affirming that our current research on assessment must be in a situationally dependent context.   

2. FEATURES OF QUALITY 

Tasks in technological education are a critical mediator for the epistemological positioning of 
contemporary provision.  Challenging students to engage with permeable design activities framed within 
sophisticated concepts of social, environmental, and climate agendas brings with it a need to navigate the 
affective, cognitive, and psychomotor learning domains explicitly and simultaneously.  Sensitivity to task 
design comes to the fore when confronted with the agenda of a broad-based subject that is assessable to 
all.  The APU project (Kimbell, 1991) highlighted the performance differences from a gender perspective 
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when analysing tasks.  This is a useful frame of reference, but consideration must be given to a broader 
definition of diversity and inclusion, beyond just gender.   
 
Within contemporary technology education, the technological and designerly activities highlight the need 
to support the interdependency of the affective, cognitive, and psychomotor development that manifests 
through cyclical, iterative and even idiosyncratic processes.  This requires a more holistic view of 
performance and a comprehensive frame of refence as to what constitutes effective evidence of learning.  
This is further complicated by the need to then translate this evidence in a definition of standards.   
 
Kimbell, (2009) claim that learners can be successful in various ways in technology education is well 
supported and created the rationale to articulate features of qualities that should be evident in 
technological capable works.  The work of Canty et. al (2019), presented overarching features of quality 
to guide teacher judgement that include, Technological Knowledge and Skills, Research and Analysis, 
Innovation, Communication, and Reflection and Evaluation.  This work highlights that technological 
capability involves self-monitoring and an awareness of how and when to use skills and knowledge.   
Similarly, Kimbell, (2011) describes hunch and half knowing and the use of ‘provisional’ knowledge to 
describe a satisficing journey of internal and externalised dialogue, so students move towards their 
solution. Students are required to demonstrate their ability to utilise knowledge and skills to (re)solve the 
technological challenge at hand.  Using strategic approaches coupled with heuristic processes evidence 
will be present of their ability to research, identity and source useful information, that is analysed in the 
context of its utility.  Autonomy in communication will, provide the opportunity to decide on ‘what’ 
should be demonstrated as evidence of their learning and ‘how’ best to communicate meaning through the 
most relevant and appropriate medium.  Students are also expected to present a cohesive narrative of the 
evolution, design, and decisions that have progressed their developed output(s).  
 
These categorical features to some degree untangle the amalgam of speculative and critical processes that 
emerge because of technological and designerly activity and form the evidence for assessment.  However, 
the significant challenge in assessing technological capability is the relationship between artefacts of 
learning and the intentions set out by the learner as interpreted from the given task.  It is not as simple as 
the presence and identification of these features of quality, but the interdependency and culmination with 
utility.  It is the interplay in a synthesis of potential and application of provisional understanding and 
conditional knowledge that represents a breadth of evidence and the requirement for its interpretation by 
the teacher.   

3. THE IMPORTANCE OF SITUATED PRACTICE  

3.1. Nature of contemporary technology education 

The relationship between foundational knowledge and skills and their utility has presented an almost 
dichotomous perspective on defining the epistemology of a post-vocational definition of technology 
education.  At the extremes, the definition of learning changes from the idea that knowledge and skills need 
to be acquired as a definition of capability, so one can enact their capability, verses a construct whereby, 
the ability to identify, search, acquire and utilise foundational or threshold knowledge and skills for a self-
defined goal forms the basis of capability. The truth lies somewhere in between, but either way, it is well 
supported that the epistemological view of the teacher significantly shapes the definition of the technology 
subject and how it manifests in the classroom (Reinsfield & Williams, 2018). Potter, (2013) explains that 
the quality of the teaching and learning transactions depend on the teacher’s capacity to translate their 
experiential knowledge into valid learning experiences for the learner.   
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This research is interested in the impact that exposing teachers to a breadth of evidence will have on how 
the value the nature of design and technology outcomes, this will have implications for both pedagogical 
and assessment decisions.  

3.2. Formative transactions 

Avoiding abstracted interpretations of criteria and moving definitions of capability and evidence of 
effective learning nearer to classroom practices is at the centre of this research agenda.  Many studies 
have demonstrated ACJ as a powerful means of meaningfully integrating learners into the assessment 
process, developing a sophisticated understanding of both quality and capability (Canty, (2012), Kimbell, 
(2009), Seery et al., (2012), Seery et al., (2019).   The practicality of using ACJ to embed ‘assessment as 
learning’ while supporting the formative agenda of moving learning forward in classroom practice is well 
supported.   

While there is no doubt about the positive effect of good feedback on learning, there is growing evidence 
that indicates that the quality of feedback is not always of the standard to be use by the student (Hughes 
2011).  The evidence claims that poorly delivered feedback will have little impact in the classroom 
(Carless et al. 2011; Scoles et al. 2013).  It can be argued that it is the nature of the information that 
passes during a feedback transaction that supports moving learning forward or creates the cognitive 
dissonance.  Sadler, (2010) highlights that despite teachers best efforts to communicate the performance 
gap, many students do not have the ability to decode what is being transacted.  Teachers who engage in 
formative feedback practices, do so to advance student learning, therefore feedback most move tangibly 
from the expository and didactic transactions presented by Sadler (2010) to demonstrators of various 
standards of performance that avoids the limited capacity of the learner to decode the feedback message.  
Two critical perspectives are considered (1) Building on the work of  Shay, (2004) that describes the 
assessment of complex performance as a socially situated interpretive act and (2) the work of Handley et 
al., (2013) that supports the use of exemplars in assessment not as function in themselves, but as a 
powerful facility to interpret quality from conversations that surround them. Sharing evidence of student 
learning across schools enables the interpretive discourse that facilitates not only standard setting but also 
maintenance of standards over time.  Creation of the ACJ ‘Ruler’ will make possible this process by 
engaging in human judgement that relies fundamentally on comparative processes rather than on 
objective, standardised measures (Laming, 2004). 

4. WHAT IS OF VALUE?  

The cumulative effect of a broad-based specifications, that is mediated through desingerly activities, that 
facilitates teachers defining the direction of learning, and where students are encouraged to be creative 
and curious, makes standards setting and standards maintaining a potentially elusive construct.  This 
dynamic is at the centre of an activity based subject specification and requires the development of a 
sophisticated assessment literacy.  The challenge with much assessment is the interpretation of criteria to 
allow meaning making aligned with the outcomes of pupils’ learning activity.  This interpretation can take 
many guises in the context of technological activity and be even more complex in the context of 
designerly ambitions.    
 
Classroom-Based Assessments are the key milestones when the teacher assesses students in the specific 
assessments that are set out in the specification. Classroom-Based Assessments are best described at the 
normal formative assessment that occurs every day in every class, with its formality being captured by the 
fact that the teacher’s judgement is recorded for the purpose of assessment review and reporting. Canty et 
al, highlights that is it critical that teachers make “on balance” professional judgements on their students 
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work for formative and reporting purposes.  This position captures the holistic, formative, and normative 
characteristics of CBA’s. 
 
Developing the ‘Steady-State’ ACJ technology provides the potential to support the aggregated collective 
consensus of student performance based on holistic judgement. Understanding the breadth and nature of 
evidence produced by students can provide the basis for formative guidance based on ‘seeing’ the 
definition of standards from authentic work relative to stage and age of the assessment activity.  
Additionally, the normative approach to the expectations of the teachers requires a crystallised view of 
what students should be able to ‘do’ relative to the technological and or designerly task. Categorising 
students as having exceeded, met, or yet to meet expectations requires teachers to have formulated 
performance standards within the breadth of possible outcomes.  All three aspects can be supported by 
having access to the Steady-State Ruler.   

5. SUMMARY  

This paper presents the possible perspectives on the potential of the Steady State Ruler in supporting 
teachers navigate the complexities of assessing CBA’s in technology education.  The ongoing research 
study will present the empirical evidence from working with practicing teaching created by exploring their 
views with on relevance, application, and utility as an integral part of teaching and learning practice.  
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Abstract 

New standards for Initial Teacher Education programmes, published by the Teaching Council of 
Ireland, have highlighted the need for pre-service teachers to develop assessment literacy with 
particular emphasis on formative assessment practices. This follows a period of curricular reform in 
the second level education sector that sees the assessment strategy changed from a predominantly 
summative to a more formative integrated approach.  

In the technology subjects, significant emphasis is placed on the process of learning as well as the 
resulting artefact(s) that emerge as a result of designerly activity. As such, it is critical that teachers 
develop skills in giving feedback and making judgments on the quality of learners’ work as it 
emerges. By developing their assessment expertise, teachers enhance their opportunities to create 
and implement formative and summative assessment practices that facilitate the generation and 
collection of authentic evidence of learning and capability.  

This paper describes an explorative case study that observes the practices of (n=89) Initial Teacher 
Education (ITE) students as they engage in a Classroom Based Assessment activity that forms part 
of the assessment strategy for the national curriculum. This was facilitated through the use of 
Adaptive Comparative Judgement sessions (ACJ). In these sessions, the participants engaged in the 
establishment of assessment criteria and provided formative and summative feedback for their peers. 
In addition, the participants also reflected on the usefulness, benefits and challenges of using ACJ 
to develop assessment expertise. The results of this study provide insights into the nature of pre-
service teachers’ conceptions of assessment as they engaged in the assessment as learning activity. 
Furthermore, the findings demonstrate the usefulness of ACJ sessions to develop pre-service 
teachers’ assessment literacy. Further research is necessary to map the development trajectory of 
the assessment expertise of pre-service teachers. 

Key Words: Assessment literacy, formative assessment, comparative judgement, peer assessment 

1. INTRODUCTION 

The publication of CÉIM (Standards for Initial Teacher Education) (Teaching Council, 2020) presents a 
continuum of teacher learning that recognises the importance of life-long learning. Initial Teacher 
Education is the first step in preparing competent and confident teachers such that as they begin their 
journey on this continuum they develop the relevant values, skills and knowledge to help them to learn 
about being a teacher. The standards send a clear message in relation to the development of assessment 
literacy where they emphasise that: 

 “Student teachers shall be supported in their development of strategies to support, monitor and holistically assess pupils’ 
approaches to learning and their progress – including effective feedback techniques”. 
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The focus on assessment literacy is further emphasised by the Teaching Council (2020) in the graduate 
teacher standards (Teaching Council, 2020). To achieve these goals and meet the standards, ITE providers 
must strategically integrate the development of assessment literacy over the duration of the programmes of 
study. However, much inconsistency exists on how student teachers develop assessment literacy (AL) in 
the context of their ITE programme (Xu & Brown, 2016). Currently, research is still emerging to indicate  
what key skills and dispositions pre-service teachers require to ensure the effective implementation of 
assessment practices that would benefit pupil’s learning. This paper presents part of an AL development 
strategy in undergraduate Technology ITE where Adaptive Comparative Judgement is explored as a means 
of facilitating student engagement with AL development. The work presented forms part of a larger data 
set relating to AL development which was beyond the scope of this paper. In this paper we will focus on 
how ITE students' conceptions of assessment were challenged through the use of an assessment as learning 
task and we will discuss how this has significance for the development of student teachers' assessor identity. 

2. LITERATURE REVIEW 

The recent curriculum reform of the Junior Cycle curriculum in Ireland places greater emphasis on 
formative assessment practices and has introduced classroom based assessments (CBA’s) that are intended 
to be formative in nature however they also have a summative role as they are also used to give a snapshot 
in time of the learners’ capability that is  recorded on the Junior Cycle Profile of Achievement award. The 
CBA’s are designed such that they support learners and teachers in achieving the learning outcomes 
prescribed by the curriculum specifications and are guided by features of quality that are central to learning 
in the subject. However, in a recent survey conducted by one of the teacher unions (ASTI, 2022), it is clear 
that teachers have concerns and struggles with the transition to the new curriculum and new forms of 
assessment. In relation to the CBA assessment tasks teachers' views seemed to be polarised in terms of their 
utility with some teachers viewing them as useful while others saw them as a burden and taking up too 
much time in terms of preparation and implementation. What may be beginning to emerge is that the 
treatment of the CBA’s may be more summative in nature and that they are not being conceived, interpreted 
and implemented in a way that can fully utilise their potential in the three year cycle of learning. This may 
result from conceptions of assessment that have been shaped by a predominantly summative focused 
curriculum in the past shaping how the new approach is implemented. Recognising how teacher conceptions 
of assessment can influence teachers practice (Xu & Brown, 2016) it is important that ITE providers go 
beyond the development of the knowledge base and provide opportunity for ITE students to develop their 
assessment literacy and assessor identity. 
 
Much has been written in relation to the development of teachers’ knowledge and skill development of 
assessment (Xu & Brown, 2016). The development of AL is viewed as a particular knowledge base where 
there is consensus on the importance of assessment in its many forms (Hattie & Clarke, 2018; Hattie & 
Timperley, 2007; Nicol & Macfarlane Dick, 2006; Sadler, 2009; Wiliam, 2018; Kimbell, 2012). What is 
evident from the research is that simply teaching student teachers about the mechanics of assessment, e.g. 
concepts of validity, reliability, bias etc. is not enough as there are many factors that influence how teachers 
enact their assessment practices in their classrooms. As presented in the model by Xu and Browne (2016) 
in Figure 1, there are multiple layers and factors that influence classroom practice. 
 
The conceptual framework presented by Xu and Browne (2016) highlights the importance of an appropriate 
knowledge base for the development of assessment literacy. However, a strong knowledge base alone is 
not sufficient for assessment literacy and for effective transfer into practice. Teacher beliefs about the 
purpose of assessment have a significant impact on the development of assessment literacy. Deeply rooted 
conceptions of assessment that are formed from experiences of assessment in school, such as the dominance 
of summative practices, can negatively impact on developing the ITE student teachers assessment literacy. 
Conscious of this issue, the approach to AL development in this study provides opportunity for students to 
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begin to question and value the nature and role of assessment practices and to consider their role and utility 
in their future practice as teachers. 

 
 
Figure 1. A conceptual framework of assessment literacy in practice (Xu & Brown, 2016) 
 
This study focuses on how ITE students conceptions of assessment are evolving through the use of an 
assessment as learning activity that embeds peer assessment through the use of Adaptive Comparative 
Judgement (ACJ) (Kimbell, 2007; Seery et al. 2012; Canty et al. 2017, Bartholomew et al. 2018). To this 
end, we draw on Xu and Browne’s (2016) to explore three dimensions to teachers conceptions of assessment 
being cognitive, views of learning and epistemological beliefs; and the affective that are the filters by which 
the AL knowledge base is interpreted and implemented in practice. Focusing on Technology ITE students’ 
conceptions of assessment is vital in order to counter traditional, dominant views of assessment as Xu and 
Browne (2016) and Deneen and Browne (2016) explain that teachers’ conceptions of assessment will 
influence the development of their assessment literacy skills.  

3. METHODOLOGY  

This study presents an immersive assessment as learning activity that was facilitated through the use of 
ACJ. This activity provided an opportunity for student teachers to challenge their conceptions of assessment 
with a view to broadening their knowledge base and influencing their future assessment practices. The 
participants (n=89) were in their third year of a four year concurrent Technology Education initial teacher 
education programme. The study was set in the context of a subject discipline pedagogy module where the 
students were learning about the assessment approach from the new curricular reform with specific 
emphasis on the role of CBA’s as part of the national assessment strategy. As part of the learning and 
assessment strategy in the module, student teachers created a sample CBA task that followed the guiding 
principles for assessment set out by the curriculum. At an intermittent stage in the development of the CBA 
task they completed an ACJ session that was formative in nature where they gave feedback to their peers 
on their work to date. Following this they had a further week to develop their work for final submission. 
After submission they completed another ACJ session but this time the assessment was more summative in 
nature where student teachers had to identify how the work addressed the features of quality associated 
with the task and benchmark it to the levels of attainment for the CBA i.e. Yet to meet expectations, In line 
with expectations, Above expectations or Exceptional. At the beginning of the module of study the ITE 
students completed a reflection task that asked them to reflect on their experience of assessment to date. On 
completion of the ACJ sessions students completed a reflective activity through an electronic open ended 
questionnaire that captured their experience and reaction to the CBA assessment task. Both data sets were 
combined for the purposes of the thematic analysis presented in this paper. For the data analysis, we 
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followed Braun and Clarke’s (Braun & Clarke, 2006) guidelines for conducting thematic analyses. This 
method allowed us to engage in a process of systematically identifying, organising, and generating 
deductive and inductive themes across the various data sets. Nvivo was used in documenting and codifying 
the data and facilitated the generation and mapping of the thematic outcomes. 

4. RESULTS AND DISCUSSION 

The analysis for the data from the participants generated a number of themes and sub themes. The scope of 
this paper does not allow for all to be presented thus a subsection of elements is presented to highlight how 
the ITE students' conceptions of assessment have been influenced as a result of having engaged with the 
assessment as learning activity. It is acknowledged that the conceptions will have also been shaped by other 
aspects of their programme of study but other analysis (beyond the scope of this paper) indicates that the 
CBA assessment task integrated with the ACJ assessment tasks was a particular catalyst for participants to 
think more deeply about the role and purpose of assessment. In response to the question how has your view 
of assessment evolved over the duration of this module participants indicated the following: 

Participant 1 - Initial reflection on assessment stated: 

“In general when I think of the word assessment I think of a student doing an exam or class test where they are simply 
applying knowledge that the teacher made them learn or take down in their copies and then have their answers corrected 
based off a set answer sheet which was formulated by the teacher. Assessment was in place just for the teacher to see 
where their students are currently at academically and that when students got back a test it was just there for them to see 
a number on their pages and what they got wrong with little to no feedback”.  

At the end of the module the same student stated: 

“following this activity I think of assessment as a means for students to learn, adapt and overcome any difficulties that 
may arise during their academic journey and to allow them to show their understanding of a topic and challenging them 
where necessary”. 

Participant 2 - Initially viewed assessment as: 

“A method of gauging a student's understanding of a topic and a form of testing in regards to a student reaching a level 
of achievement in a given topic of subject”.  

At the end of the module the same student stated: 

“Assessment is not just focused on students learning but also teachers, with both developing skills in how to use 
assessment effectively to influence positive learning. Assessment can't just be thrown in randomly at the end of a given 
topic by a teacher, rather that the entire learning experience of that topic should lead into a well planned assessment. 

The thematic analysis of the participants' reflections revealed the themes and sub themes presented in Figure 
2. The following section will present a synopsis of the first of these themes (Purpose of Assessment) and 
their significance for AL development with ITE students. 
 



548 
 

PATT 39 Conference Proceedings June 2022 
 

 
Figure 2. Emergent themes from the participants’ reflections 
 
When asked to reflect on the purpose of assessment the participants initially indicated that the purpose of 
assessment was predominantly to grade or measure students ability. For example, one participant 
commented that: 

 “I would see assessment as a teacher-led process where students follow what they are being asked to do. From my time 
in school and college, I often saw it as a grades orientated activity and never took anything else but the grade away from 
me after the assessment”.  

Another participant stated that:  

“My first impressions of assessment was that it was used to order and grade students based on their knowledge. The most 
common way of grading and ordering students was through tests taken on student knowledge. This is called summative 
assessment, students were taking tests and graded on these tests. Students do not receive any feedback on how they can 
improve their results. These tests are used to test students' recall ability and to categorise the students within grades. This 
type of grading does not help the student to improve and show them where they need to improve”.  

It was clear from many responses that initial conceptions of assessment were heavily influenced by the 
summative approach where the currency of the grade had utility of the learner.  
 
This leads to the second sub theme where a dominant purpose of assessment was seen as a tool for the 
purposes of determining the future of learners. One participant stated:  

“I believe that this classical humanist perspective of assessment which was perpetuated by our school system and culture, 
had quite negative effects on students' self-esteem and perspective of themselves and their ability and intelligence. There 
was an understanding that assessment was there to serve the purpose of sorting the “wheat from the chaff”, that it 
determined who would get a place in university and who would not”.  

Another participant stated:  

“The two major assessments I would have always known about was the Junior Certificate, which by passing would allow 
you to move onto doing the second assessment, the Leaving Certificate. As far as my knowledge of assessment went, I 
now know that it was very limited. From my understanding before, assessment was based on a levels system, e.g. complete 
this exam, and you can move on to a harder exam i.e. Junior Certificate to Leaving Certificate to College”.  
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What was clear from the data was that the assessment experiences of many of the participants had shaped 
their conceptions of the purpose of assessment. With this mindset it would be difficult for ITE students to 
begin to embrace the virtues of formative assessment and to implement them effectively through the CBA 
activities. 
 
Following the immersive assessment as learning task where ITE students engaged in both formative and 
summative peer assessment tasks a change in thinking around the purpose of assessment seemed to emerge. 
This was the third sub theme in relation to the purpose of assessment. For example one participant remarked:  

“Now I see assessment as part of the learning process. It can be used at any stage of any topic or exercise. Lately I have 
learnt the importance of students understanding assessment as well as myself, the teacher. Once students know the value 
of it, they will understand it as a learning tool, and not just answering questions for the sake of it”.  

Another participant stated:  

“Something that is embodied in lesson planning from the beginning and throughout the lesson as opposed to at the end of 
a lesson or Unit of Learning. It has also become something that is a lot more student centred, and students are involved 
in almost all stages, such as giving feedback to their peers and self-assessment. The benefit of this method is that students 
get to explore different ideas and concepts. This is especially suited to technology subjects as there is usually a variety of 
ways of doing this”.  

From the data it is clear that modelling good practice in relation to assessment and involving the learners 
as part of the assessment process through the peer ACJ activities has promoted thought and a 
reconceptualising of the purpose of assessment for many participants. Participants indicated that they now 
see assessment as an integral part of learning and something that must be strategically planned for as part 
of their classroom practice. The following comment represents a sentiment observed in many of the student 
responses:  

“I used to have a very negative mind-set towards assessment, when really it is one of the key and arguably one of the 
most important elements in teaching. Assessment should be something everybody sees as a positive thing, both as students 
and teachers, because evidently it will benefit everyone and help maximise their learning throughout the process. I used 
to think assessment was almost one dimensional and there was not that much to be thought about and involved in it but 
now my opinion on that has changed, and I did not fully realise all the elements and processes that must be thought about 
when making or doing an assessment until now.” 

One of the goals of the module of study at the core of this paper was to challenge ITE students' conceptions 
of assessment. This is important for learning and development AL as teachers tend to take on new 
knowledge, strategies and ideas around assessment that are congruent with their conceptions of assessment 
while rejecting those that are not (Xu & Brown, 2016). As we can see from the data ITE students' 
conceptions of the purpose of assessment was significantly shaped by the dominant summative approach 
that they experienced as learners during their own second level schooling. This acts as a barrier between 
the knowledge base and the enactment of broader assessment practices. While ITE students may 
demonstrate a strong knowledge base of assessment it may not translate to classroom practice and influence 
how they receive or embrace future developments or reform in assessment practices. From the work in this 
study it is clear that embedding the ACJ process as part of the learning and assessment strategy has given 
ITE students the opportunity to experience assessment from both the perspective of a learner and a teacher, 
working out along the way what was helpful and what was not, what was challenging and what they needed 
to do as teachers to make better use of assessment as part of the learning process. 

5. CONCLUSION  

The analysis of the data from this study is in its early stages and this paper gives just a snapshot of how ITE 
students engaged with and responded to an assessment as learning activity that was designed as catalyst of 
challenge students conceptions of assessment and get them to think deeply about how their practices in 
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assessment may influence their future learners experiences. Further research is ongoing into how this 
assessment as learning activity may have influenced teacher conceptions of assessment and development 
of assessment literacy. 
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Abstract 

Previous work has demonstrated the capacity for positively influencing student learning by 
engaging them in evaluation of previously submitted work as an intentional priming exercise.  
This exercise has been referred to as Learning by Evaluating (LbE). Nuances such as who should 
complete the evaluations, what should be evaluated, how often, and when, are all areas needing 
additional research and exploration.  Expanding on current LbE research, we set forth to 
investigate the impact on student learning of intentionally differing the quality of examples 
evaluated by the students. In this research, university design students (N = 468) were assigned to 
one of three treatment groups; while each group evaluated previously collected student work as an 
LbE priming activity, the work evaluated by each group differed in quality.  Using a three-group 
methodology, one group of students only evaluated high quality examples, the second only 
evaluated low quality examples, and the third group of students evaluated a mix of high- and low-
quality examples. Following these LbE priming evaluations, students completed similar group 
projects that were then evaluated to determine if there was a difference between student 
achievement by treatment condition. Additional qualitative analysis was completed on student 
LbE rationales to explore similarities and differences in student behavior based on intervention 
grouping.  No significant difference was found between the groups in terms of achievement. 
However, several differences in group judgement approach were identified and future areas 
needing investigation were highlighted.  

Key Words: Adaptive Comparative Judgement, Learning by Evaluating, Assessment 

1. INTRODUCTION 

In general, assessment practices have improved over time (Robertson, Humphrey & Steele 2019), but 
relatively little has changed about students’ participation in assessment processes, with assessment being 
viewed as a teacher-centric activity and having minimal effect on student learning (Johnson et al. 2019). 
Recent work with assessment and evaluation has demonstrated the potential of these activities to play a 
larger role in students’ learning. Specifically, as students engage in evaluation activities and 
revisit/review/revise their own—or their peers’—work, their learning has been significantly positively 
impacted (Bartholomew, Mentzer, Jones, Sherman, & Baniya, 2022). Research into this approach, called 
LbE has highlighted this potential; instead of viewing assessment as a task meant solely for teachers, 
students intentionally engage in an evaluation process as a step in their own learning. LbE has demonstrated 
that as students engage with sample work, they exercise higher order thinking skills that can help strengthen 
their own understanding of the task, the associated requirements, and the applicable skills, aptitudes, and 
approaches (Bartholomew et al. 2020). 

mailto:scott.bartholomew@byu.edu
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2. LITERATURE REVIEW 

The theoretical basis for LbE is informed by multiple areas of study, including cognitive apprenticeship, 
and Bloom’s taxonomy. However, despite these theoretical underpinnings, LbE is still in its infancy and 
the potential connections and implications warrant additional consideration.  

2.1. Learning by Evaluating 

Following research into improving design education, researchers recognized the potential for utilizing 
evaluation as a learning tool for students rather than simply as an assessment approach for teachers. 
Specifically, Bartholomew, Mentzer, Jones, & Sherman (2020) coined the acronym “LbE” to describe a 
process wherein students view and evaluate examples of work using Adaptive Comparative Judgement 
(ACJ) prior to engaging in similar assignments themselves. As a learning intervention, LbE starts an 
assignment with student evaluation of previously submitted work with the primary goal of informing their 
own future learning and work. Several studies have shown positive results in student learning through LbE 
with implications for facilitating student learning and growth (Baniya et al. 2019; Bartholomew, Mentzer, 
Jones, & Sherman, 2020; Bartholomew and Strimel 2019; Bartholomew et al. 2018b; Bartholomew et al. 
2018a; Seery and Canty 2017). Students have called out benefits of this approach such as its ability to help 
them gain confidence (Canty 2012) and improve their own work (Bartholomew et al. 2019). This process 
has been shown to have positive effects in design, English, Engineering, and Business courses (see 
Bartholomew & Jones, 2020). 

2.2. Cognitive Apprenticeship 

In an LbE setting, a learner can critically evaluate previously submitted work and engage in several methods 
inherent to cognitive apprenticeship including reflection, modeling, and articulation (Collins, 2021).  
During the reflection portion, a student is then invited to compare their own thinking processes to the 
processes of experts or other students. Likewise, students engage in critical evaluations of their peer’s work 
through pairwise ACJ comparisons and compare what is displayed (modelling) with their own ideas, 
thoughts, plans, and intentions for that assignment.  Bartholomew, Strimel, & Yoshikawa (2018) highlight 
the benefits of this comparison process and highlight the opportunity for subsequent reflection 
(articulation).  Given these connections between cognitive apprenticeship and LbE, we posit that cognitive 
apprenticeship may provide a rationale for, and a theoretical basis from which to build our understanding 
of LbE.   

2.3. Bloom’s Taxonomy of Learning 

In addition to connections with cognitive apprenticeship, elements of LbE are tied to Bloom’s Taxonomy 
of learning (1956). As students compare examples of previous student work and evaluate which is better, 
they practice two of the highest skills along Bloom’s learning taxonomy (analysis and evaluation). Further, 
the act of articulating an evaluation decision rests firmly in the evaluation portion of Bloom’s taxonomy.  
In this way, LbE rests on the premise that engaging students in higher-order thinking skills may lead to 
great learning gains (Collins, 2014) as opposed to other learning activities with an emphasis on lower-order 
methods. 

2.4. Adaptive Comparative Judgement 

Although LbE is not dependent on ACJ, the research into LbE has largely utilized ACJ as a vehicle through 
which the LbE comparisons are made (Bartholomew & Jones, 2020).  By itself, ACJ is a method of 
comparing items with the goal of forming a rank order of item quality.  In ACJ an individual views pairs of 
items and determines, based on an identified criterion, which is better.  This process is repeated iteratively 
by multiple judges with the result of a rank-ordered list of all items determined by the collective 
comparative judgments.  Previous research has shown high reliability levels (Baniya et al. 2019, Bramley 
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2015), a simpler assessment process (Kimbell, 2021), and greater ease of integrating assessment feedback 
from multiple assessors (Bartholomew and Yoshikawa 2018; Kimbell 2012b) as benefits of ACJ over other 
more traditional approaches (e.g., rubrics) to evaluation. 

3. METHODOLOGY 

With LbE research demonstrating the potential for enhancing student learning, questions around the 
potential to modify or enhance LbE have risen (Bartholomew et al. 2020; Buckley, Kimbell, & Seery, 
2021). If LbE has demonstrated a significant impact on student learning using previous student work of 
varying quality, can LbE be improved even further through intentionally selected items for evaluation? In 
response to this call, we determined to investigate this potential. The research question which guided our 
efforts was: 
  
RQ: What is the impact, if any, on student learning through LbE with differentiated stimulus materials? 
  
Based on previous work (Bartholomew et al. 2020; Bartholomew et al., 2022; Kimbell & Seery, 2021), we 
hypothesized that varying the quality of examples during LbE would influence student learning differently.  
Specifically, we posited that students engaged in LbE with only high-quality examples would rise to a 
“higher standard” and have better educational outcomes - a hypothesis based on observations as educators 
who have used LbE, and which aligns with research that high expectations generally lead to increased 
student achievement (Johnston et al. 2019). We counter-hypothesized that mixed quality examples may 
lead to the highest educational outcomes based on an opportunity to identify strengths of high-quality 
examples and weaknesses of low-quality examples (e.g., research on contrasting cases by Miksza, 2011; 
work learning from others mistakes by Caniglia, 2020).  Our specific hypotheses were: 
 
H0: Students who view only high-quality examples will perform better than their peers who only view low-
quality examples during LbE. 
 
H1: Students who view mixed-quality examples will perform better than their peers who view only high-
quality or low-quality examples during LbE. 
 
To better understand the impact of example quality on student learning in LbE we used a mixed methods 
study with three collections of items: 1) high quality examples, 2) low quality examples, and 3) mixed 
quality examples. All examples were previously created student work centered on design point-of-view 
statements (POVs).  Specifically, POVs identify a user, their unique need, and an insight for designing (see 
Wible, 2020; or Dam & Siang, 2020).  The quality of each utilized POV was determined through an ACJ 
session conducted by course instructors in a previous section of the course following which the rank order 
was used to separate 125 student POVs into high-, low-, and mixed-quality groups.  Specifically, POVs 
ranked 1-31 were categorized as “high-quality” examples, POVs ranked 95-125 were categorized as “low-
quality” examples, and every fourth POV in the ranking (e.g., 1,5,9) were categorized as “mixed-quality” 
examples.  The results from this process were 31 POVs for each treatment groups to evaluate during LbE. 
 
Following the creation of our three POV sessions, we engaged 468 students in an introductory 
undergraduate design course at a large Midwestern University in our study. At the time of our intervention, 
these students were working in groups of 3-5 (N = 112) to complete an 8-week design project. Student 
groups were randomly assigned to one of three treatment conditions (high-, low-, or mixed-quality 
examples). Each section of the course included about nine teams with approximately three of these teams 
assigned to each condition. In this way, we attempted to mitigate teacher and/or section level variances. We 
intentionally opted to provide all students with the LbE experience—choosing not to include a traditional 
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“control group”—based on previous research which showed that LbE provided better educational outcomes 
for students (Bartholomew, Mentzer, Jones, & Sherman, 2020).   
 
As part of this project, each group was assigned the task of creating a POV statement which would serve 
as a guide for their subsequent efforts. All students were introduced to the ACJ software to be used during 
class (RM Compare) and, as part of the assigned homework, students were provided with their assigned 
login and instructions for completing the assigned LbE.  Students (N = 468) completed these LbE 
comparisons by viewing assigned examples, making comparative judgments on quality, and providing a 
rationale for each decision made. Each student viewed six comparisons (12 POVs)—differentiated in 
quality by treatment condition—and chose the better of the two using an online software (Figure 1).  All 
evaluations, typed rationales, and other ACJ-generated data were collected and separated by treatment 
condition for analysis. 
 

 

Figure 1. LbE POV student view 
 
Following this intervention, all students worked in their groups during class to create POV statements and 
the remaining requirements of their project. At the conclusion, all student groups submitted their final POV 
statements for assessment; these final POVs (N=112), were then evaluated by students through an additional 
ACJ session to investigate the potential for differences in quality by treatment condition. 
 
Our decision to utilize the students as evaluators during this second ACJ session was intentional - previous 
research (e.g., Bartholomew, et al., 2022; Strimel, Bartholomew, Purzer, Zhang, & Yoshikawa-Ruesch, 
2020) has consistently demonstrated high levels of reliability between students’ ACJ evaluations and the 
results produced through student ACJ sessions have demonstrated strong correlations with course 
instructors and industry professionals (Bartholomew & Jones, 2020). Given the large number of items (112 
POVs), the burden of completing a significantly high round of judgments was alleviated by utilizing all 
enrolled students (N=468) as judges.  The resulting rank, following 39 rounds of judgment, had a high 
reliability, r = .83. 
 
The following data were collected, used, and analyzed in line with our stated research questions and 
hypothesis (see Table 1). 
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Table 1.  Data collection approaches and statistical analysis 
 

Data Collection approach Statistical Analysis & Associated 
Variables 

High-Quality POVs  Collected from work 
submitted by previous 
students – ranked in an ACJ 
session by course instructors 

 
Low-Quality POVs  

Mixed-Quality POVs  

   
Treatment student (all 3 groups) 
LbE evaluation decisions 

Collected through the ACJ 
software RMCompare 

 

Treatment student (all 3 groups) 
LbE evaluation rationale 

Attribute Coding 
Frequency Counts 
Thematic Categories 
Pattern Coding 

   

Treatment student (all 3 groups) 
POVs 

Collected through the course 
learning management 
software 

 

   
Parameter Values (rank & 
magnitude) of treatment group 
student POVs Collected through the ACJ 

software RMCompare 

ANOVA; Treatment group (IV) 
Parameter Values (DV) 

Student evaluation rationale for 
treatment student POVs Pattern Coding 

 

Statistical analyses were performed on the quantitative data using associated software (SPSS, V24) to 
determine what difference, if any, existed between the final student POVs and how the student learning was 
impacted by the quality of POVs viewed.  
 
Additionally, three exploratory analyses were completed on students’ comments collected during their LbE 
experience. Analysis of the prevalence of terms was used to explore potential trends regarding what students 
may be learning through LbE. This process involved an analysis of open ended-responses following 
suggestions by Feng  & Behar-Horenstein (2019) and Saldaña (2015). All comments (2299) made by 402 
students were analyzed using attribute coding with frequency counts. In this analysis the comments from 
student’s evaluations during the LbE exercises were combined and the number of times relevant and related 
words were used in the decision rationales were identified. Data was sorted in line with the intervention 
groups and non-relevant words that did not contribute to the overall meaning of each comment (e.g., “the”, 
“and”) were removed. This frequency list was then sorted by frequency and used as a means of illuminating 
and triangulating findings derived from the other analyses.  
 
Next, as part of the general inquiry into the potential for influencing student learning through intentionally 
varying the quality of items viewed during evaluations, we analyzed the overall sentiment of students’ 
rationales using attribute coding.  Each of the 2299 LbE comments was coded as either purely positive, 
purely negative, or neutral following Saldaña’s (2015) recommendations using thematic categories. Student 
comments that provided positive feedback generally included words like “good,” “better,” and “more 
organized.”  These were coded as positive while student comments that provided negative feedback using 
words like “worse,” “more confusing,” and “missing” were coded as negative. All comments that included 
both positive and negative comments were coded as neutral. 
 
A final qualitative analysis sought to identify if themes of students’ comments provided during the LbE 
experience correlated with the themes of feedback they received on their own projects at the conclusion of 
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the POV creation process. 20 students were randomly selected from each treatment and a qualitative 
analysis of the six rationales they provided during the LbE experience was completed in line with 
recommendations from Baker & Edwards (2012). All elements referenced in the students’ comments (both 
their rationale during the LbE intervention and the rationales provided by peers during the final POV 
evaluation) were identified. For example, if a student commented “It is a more concise problem that is 
actionable with more direct purpose” then the themes of being “concise” and “actionable” would be 
identified. Finally, each of these comments was qualitatively analyzed looking for potential correlation 
between the themes in students’ LbE rationale and the rationale provided by peers during the final POV.  
Table 2 provides an example of our qualitative approach to coding. 
 
Table 2. Example of analysis completed regarding student themes. 
 

Initial Student 
Comments 

-They started out with a long-winded POV statement but eventually came out with a refined 
version that I think fits very well. 
-I think option B is more actionable while maintaining focus and direction. Both statements have 
clear stakeholders, needs, and insights. 
-While A is a longer POV statement, I think it is still more defined and focused. 
-This one melds the components of a strong POV statement slightly better than the other. 
-I like the insight of this one. It is more surprising. 
-This one appeals to me. I want to see how it would work. The videos we watched in class 
explaining POV statements said that a good statement is attractive and option B is attractive to 
me. 

Themes 
Identified 

Actionable 
Focus 
Direction 
Components 
Insight 
Attractive 
Stakeholder 
Need 

Feedback 
Received on 
Student’s 
Project. 
 
Feedback 
about the 
project it was 
being 
compared to is 
crossed out 
and repeated 
themes are 
bolded.  

I choose this one because although 'it is short, the other one does not follow the 
format very well and explain why that is a problem 
B is too repetitive. 
Stakeholders are well defined, and the POV gives a very good explanation of what 
needs to be solved 
B is too long and not specific enough. 
The stakeholder is more descriptive than A's stakeholder. 
Option B is more focused and therefore gives the design team more direction in 
brainstorming and ideation. 
Again, simple states the problem without a broad solution 
This POV clearly has an actionable plan and provides insight for the design team. 
B provides better insights. 
More specific to an issue and more actionable 
This clearly identifies the stake holder. 
This one is more actionable and has a better stakeholder. 
Problem is more defined, Option A is too broad and doesn't provide the same insight. 
The stakeholder is clearly defined opposed to the less specific use of the word 
"people" in POV statement B 
It is more descriptive. 
The stakeholder, the need, the insight is clearly stated 
This statment is very developed and specific in each criteria. 
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Option B is ambiguous, problem is not defined well enough for a solution to be 
created. 
The POV statement is more detailed than B. 
I chose B because A went into more detail and had too much in its statement. 
It seems easier to identify all the parts needed in a good POV statement. 
Has all the requirement components in order to be a good POV statement. 
This statment is more complete and specific 
A is more specific than B 
PoV A seems to have a properly identified group of stakeholders/users compared to 
PoV B, as PoV B doesn't specify who within the operations needs to cut down on their 
production / consumption. 
This is very clear and identifies all required areas. 
User is well defined, and need and insights are well explained 
The stakeholder, the need, the insight is clearly stated 
It has a user, a need, and an insight with much fewer words than A. 
Very simple, to the point without too much detail 
Has all three descriptively. 
better focus 
Less vague than the other. 
This statement is clear and consise. 
POV B is too vague and does not offer a solution or any insight for the design team. 
A provides more of a focus and direction for the design team. 
It is more descriptive. 
B is unclear 
A has better insights. 

Correlation 
Between 
Themes 

Students commented positively about the sample project and received positive feedback on 
their project regarding the same theme 13 times. 
Students commented positively about the sample project and received negative feedback on 
their project regarding the same theme six times.  

4. RESULTS 

Based on previous findings demonstrating that students who use LbE have better academic outcomes than 
those who do not (Bartholomew, Mentzer, Jones, & Sherman, 2020), we determined to investigate the 
potential, if any, to influence student learning outcomes by intentionally differing the quality of items 
evaluated during LbE.  Using an ANOVA, our analysis revealed no statistically significant difference 
between students who were exposed to high, low, or mixed quality examples (p = .809). Specifically, the 
difference between high quality (M = .13, SD = .836), low quality (M = -.07, SD = .970) and mixed quality 
(M = -.04, SD = 1.12) groups was not significant either overall or between each of the Groups.  Further, 
each group had a similar number of items ranked in the top and bottom quartiles. 
 
We next investigated the potential for differences between the treatment groups in the qualitative data 
provided by students’ comments on the six example POVs they were shown.  The first analysis of open-
ended comments consisted of analyzing the words included in the student rationale provided during the 
LbE intervention. This analysis of word frequency (see Table 3) revealed that the vocabulary specific to 
elements of POV statements were the most common with “need”, “stakeholder”, and “user,” each appearing 
more than 250 times in students’ comments. Following these words there were many instances of 
descriptors in the student feedback with terms such as “clear”, “specific”, and “detail” each appearing more 
than 150 times in students’ comments. Using a chi-squared test, we noted that within these groups of 
commonly appearing words there was no significant difference between groups. This use of content specific 
vocabulary and critiques of writing style between groups supports our quantitative finding of no significant 
difference in the outcomes of student groups. 
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Table 3.  Word Frequency in Student Comments by Group 
 

Term 
High-Quality 
POV 

Mixed-Quality 
POV 

Low-Quality 
POV Total 

need 163 195 195 553 

clear 130 147 151 428 

insight 139 153 127 419 

stakeholder 118 146 120 384 

specific 115 95 86 296 

user 108 67 104 279 

solution 70 81 103 254 

focus 59 77 53 189 

action 67 65 57 189 

detail 69 59 43 171 

format 37 53 58 148 

define 33 47 39 119 

point 16 39 42 97 

revised 43 32 20 95 

concise 12 44 38 94 

descriptive 29 21 27 77 

long 10 30 30 70 

problem 
statement 17 25 23 65 

real 22 16 22 60 

thematic 16 25 13 54 

vague 25 13 16 54 

short 9 19 22 50 
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The second analysis of student comments involved categorizing comments as either positive, negative, or 
neutral. In all groups, there were more than twice as many positive comments as neutral comments and 
even fewer negative comments (See Table 4).  Further analysis showed the group only exposed to high 
quality examples had significantly fewer negative comments than the other two groups - an intuitive finding 
given the high-quality nature of the items they compared.  Overall, students were more likely to justify their 
judgement with positive comments than critical ones, regardless of treatment condition. 
 
Table 4.  Comment Sentiment by Group 

 
Positive Negative Neutral 

High-Quality POV 483 95 165 

Mixed-Quality POV 495 152 197 

Low-Quality POV 443 140 207 

The third qualitative analysis of student LbE rationale compared the comments provided by students during 
LbE to the feedback that they received on their own project. Specifically, all comments were coded as 
positive, negative, or neutral and the counts of comments were analyzed for potential differences (See Table 
5). 
   
Table 5. Instances of shared themes in student initial comments and feedback received 
 
Group Negative -> Positive Positive -> Positive Positive -> Negative Negative -> Negative 

Mixed-Quality POV 16 97 14 6 

High-Quality POV 0 148 19 6 

Low-Quality POV 5 146 37 1 

Again, our analysis demonstrated no significant difference between groups. All groups received at least 
four times as many positive comments as negative comments during the POV evaluation. 
 
While few differences existed between groups, several findings hinted at how students engaged in LbE. For 
example, students’ LbE comments generally followed a theme centered on one aspect of a POV across all 
examples. For example, one student’s feedback referenced “groups” 5 times and “stakeholders” 2 times. 
While user groups are an integral part of POV statement creation, they are just one part. This pattern of 
feedback around one aspect/idea was common across many student evaluations. 
 
Another trend was a level of quality conditioning that appeared to impact student judgments. For example, 
students approached the judgment process relatively, meaning, they made judgements based on the caliber 
of examples they were seeing. Even students who were only exposed to high quality examples sometimes 
concluded that “Both of these are poor,” and students who were only exposed to low quality examples 
concluded that “Both of these were very good.” 

5. DISCUSSION 

Previous analyses clearly support the use of LbE in the classroom. This attempt to understand the types of 
examples that should be presented to students presents additional questions around the LbE process our 
analysis suggests that students may experience positive learning impacts regardless of the types of examples 
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given. Given this finding, researchers should continue to analyze other aspects of LbE such as the effect of 
prompts, teacher-led discussions, and peer review on student learning. Interviewing students and teachers 
about their experiences using LbE could provide greater insight into how teachers facilitate learning and 
what thought processes students participate in.   
 
The fact that students exposed to only high-quality examples made negative comments and that those 
exposed to only low-quality examples made positive comments raises questions about how students’ 
expectations are shaped by what they see. A potential avenue for future research includes exposing students 
to new examples after the initial evaluations to see how students’ opinions differ based on the examples 
they are exposed to. Exploratory research that identifies different types of learning activities would allow 
further research into optimal implementations of LbE. 
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Abstract 

Literature has shown there to be a direct correlation between spatial ability and success in various 
STEM disciplines. Those testing with lower spatial ability in undergraduate STEM degrees can 
improve their skills with tailored interventions. This indicates that spatially orientated subject matter 
at second level could have the possibility of unlocking spatial ability at a much earlier age and 
developing these key skills in the more cognitive-developmental years. Critical to identifying how 
Graphics education can support students in their development of spatial skills is to gain an 
understanding of how curriculum supports its inclusion. This study, using the extended Cattell-
Horn-Carroll (CHC) theory developed from literature to support the inclusion of 25 spatial factors 
along with NVivo data analysis software, will present a qualitative document analysis of the Junior 
Cycle Graphics specification. Through this analysis, it was found that Junior Cycle Graphics is 
associated with multiple spatial ability factors. Static spatial factors emerged dominant over 
dynamic spatial factors with the associated links to the specification unearthing an interesting 
perspective to the manner in which the subject supports the incorporation of spatial cognition.  

Key Words: Spatial Ability, Spatial Skills, Spatial Intelligence 

1. INTRODUCTION 

Irish second-level Technology Education is offered at two cycles. Junior Cycle Education for students aged 
between 12-15years old, offers a suite of four technology subjects: Graphics, Wood Technology, 
Engineering, and Applied Technology. Senior Cycle Education for students aged between 16-18 years old 
offers the successive subjects of Design and Communication Graphics (DCG), Construction Studies, 
Engineering, and Technology. Reform to lower second-level education in Ireland strived to create “a shared 
understanding of how teaching, learning and assessment practices should evolve to support the delivery of 
a quality, inclusive and relevant education that will meet the needs of junior cycle students, both now and 
in the future” (NCCA, 2015, p. 6). Bringing a shift in focus from the traditional subject syllabi centred on 
content and summative examination, a more student-centred teaching and learning approach was created 
aimed at a greater balance between subject knowledge and skill development. Subjects are informed and 
underpinned by eight principles, twenty-four statements of learning and eight key skills set out in the 
Framework for Junior Cycle 2015. This study, through the experience of the researcher teaching technology 
subjects coupled with a surface level review of the subject specifications highlighted the content of the 
Graphics specification contained the closest links to spatial skill development. Often deemed as the 
language that underpins technology education, Graphics provides students with the opportunities to explore 
the world of geometry with gaining an appreciation of its importance within the ‘real world’. Critical to the 
overall success of the subject is the student's development of various “cognitive and practical skills such as 
graphical communication, spatial visualisation, creative problem-solving, design capabilities and 
modelling, both physically and through the use of computer-aided design” (NCCA, 2018, p. 4).  
Spatial visualisation is regarded by many to be an important attribute in determining success within the 
fields of Science, Technology, Engineering and Mathematics (STEM) (Veurink & Sorby, 2019). Many 
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studies show a correlation between spatial abilities and STEM success; supporting the broad view that high 
levels of spatial ability are the foundation to succeeding among the STEM disciplines (Buckley et al., 2018; 
Taylor & Hutton, 2013; Uttal & Cohen, 2012; Wai et al., 2009, 2010). The development of spatial skills 
employing an intervention is an approach incorporated into many undergraduate degree programmes 
(Bockmon et al., 2020; Sorby et al., 2018; Veurink & Sorby, 2019). Development of spatial skills at second 
level could see enormous benefits for students entering STEM disciplines, though it is vital to consider its 
position within the curriculum and its application within the classroom to understand how it could be 
developed. Problem-solving is a core attribute to Graphics, “abstraction, and spatial reasoning are 
fundamental to this process; graphics provides multiple and varied opportunities for students to develop 
these high level cognitive and creative skills in engaging contexts” (NCCA, 2018, p.4). However, what 
spatial reasoning is and the way it is incorporated in classroom practice is not made explicit.  
 
This study aims to shed some light on the positioning of spatial ability within Graphics, to gain a greater 
understanding of the way the subject supports its inclusion and development. 

2. LITERATURE REVIEW 

2.1. Present-day Spatial Intelligence  

In 1993, Carroll devised the ‘Three-stratum model’ of intelligence, expanding further the existing theories 
of intelligence at that time such as Spearman’s (1904) two-factor theory of intelligence and Cattell’s (1963) 
Fluid-Crystallized Gf-Gc theory. Based on an analysis of 461 factor-analytic studies on cognition, the three-
stratum model presented three levels or stratums of intellect: stratum 1 (narrow abilities), stratum 2 (broad 
abilities) and stratum 3 (general abilities) (Carroll, 1993). Stratum 1 comprises of approximately 60 
narrowly-defined primary factors such as inductive reasoning, working memory capacity, visualization, 
spatial scanning and perceptual speed (Visser, 2005). Shared variance between these factors define broad 
abilities of which there are eight in Carrolls model: Fluid Intelligence (Gf), Crystallized Intelligence (Gc), 
Broad Visual Perception (Gv), Broad Auditory Perception (Ga), General Memory and Learning (Gy), 
Broad Retrieval Ability (Gr), Broad Cognitive Speediness (Gs), RT & Decision Speed (Gt) (Carroll, 1993). 
“These abilities are positively inter-correlated, but they reflect the fact that individuals vary somewhat in 
their cognitive strengths and weaknesses” (Visser, 2005). 
 
Integration of Cattell’s (1943) Fluid and Crystallized Intelligence Theory (Gf-Gc) and Carroll’s (1993) 
Three-Stratum Theory came in the form of the Cattell-Horn-Carroll Theory (CHC Theory) which emerged 
from a meeting between Woodcock, Horn, Carroll and McGrew (Carroll, 1993; Cattell, 1963, 1987; 
McGrew, 2005, 2009). Reviewed by Schneider and McGrew (2012, 2018) who presented a reformed CHC 
theory, it is classified as one of the most comprehensive frameworks to draw on academically in many 
cognitive fields (Seery et al., 2015). Using a hierarchy of factors like that of Gf-Gc Theory and Three 
Stratum Theory, Schneider and McGrew (2012) state “At the apex of most models of CHC theory is the 
broadest of all cognitive ability constructs - general intelligence (g)” similar to Spearman’s (1904) Theory 
of Intelligence. Following this, there are 18 broad-based cognitive abilities, with 101 narrow abilities 
branching from their parent group (Buckley et al., 2018; Flanagan & Dixon, 2013; Schneider & McGrew, 
2018, 2012). 
 
McGrew (2009) described spatial ability as a factor of visual processing ‘Gv’; “the ability to generate, store, 
retrieve, and transform visual images and sensations”. Visual processing ‘Gv’ encompasses 11 narrow 
abilities: visualization, spatial relationships, closure speeds, flexibility of closure, visual memory, spatial 
scanning, serial perceptual integration, length estimation, perceptual illusions, perceptual alterations, 
imagery; these abilities are often referred to as ‘spatial factors’ (McGee, 1979) and ‘spatial skills’ (Uttal et 
al., 2013). Buckley et al. (2018) noted that there is a possibility of a “full remit of second and first order 
factors…yet to be uncovered”. Through a review of literature, evidence was identified which suggested the 
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existence of spatial factors not currently included in modern frameworks. Their adaption of the CHC theory 
(Fig 1) comprises several additional spatial factors; spatial orientation, spatial relations, imagery quality, 
imagery speed, shape and direction illusions, size contrast illusions, overestimation illusions, 
underestimation illusions, frame of reference illusions, dynamic visual memory, dynamic serial perceptual 
integration, dynamic spatial scanning, dynamic perceptual alterations, directional judgement, speed 
judgement and movement detection (Buckley et al., 2018). The latest adaptation of the CHC Theory, 
published in “Contemporary Intellectual Assessment Theories, Tests, and Issues” increased the broad 
abilities from 16 to 18 and narrow abilities from 80 to 101 supporting the idea that a definitive model of 
intelligence might never be reached due to the very nature of evolution within the human race (Buckley el 
al., 2018; W. J. Schneider & McGrew, 2018, 2012). 
 

Figure 1. Extended Cattell-Horn-Carroll (CHC) theory (Buckley et al., 2018) 

2.2. Spatial Ability and STEM  

Extensive research, stemming over sixty years has demonstrated the role spatial ability plays within our 
general intelligence and its association with success in STEM disciplines. One longitudinal study titled 
‘Project TALENT’, comprising of approximately 400,000 participants from American high school grades 
9th through to 12th with successive data from 1, 5 and 11 years after graduation found that spatial abilities 
play a critical role in our general intelligence, recognising it’s importance within STEM and called for more 
extensive research in the area (Wai et al., 2009). Many studies have further supported its links with STEM 
disciplines such as engineering, mathematics, medicine and physics and have repeatedly correlated success 
within to those with high levels of spatial ability (Hegarty et al., 2007; Hsi et al., 1997; Pallrand & Seeber, 
1984; Tartre & Fennema, 1995). Emerging as a key component of STEM success and a predictor of 
undergraduate course selection the question arose to whether spatial training could lead to increased 
performance in STEM disciplines (Sorby et al., 2018; Stieff & Uttal, 2015). Noting the role spatial ability 
plays in predicting success in STEM fields based on empirical evidence that emerged from project 
TALENT, Sorby et al. (2013) found that spatial skills among engineering students can improve with an 
intervention designed to improve 3D spatial skills. Undergraduate engineering students during orientation 
were administered the PSVT:R psychometric test and students that scored 60% or lower were enrolled into 
a course aimed at improving their skills (Sorby et al., 2013). Post testing carried out on completion of this 
1-semester course showed that such a spatial intervention can significantly improve performance in those 
initially showing poor spatial skills (Sorby et al., 2013). Similarly, Miller & Halpern (2013) found that a 
spatial training intervention among 77 undergraduate STEM majors lead to improved spatial skills in the 
areas of mental rotation and the cross-section visualisation of 3D objects. Interestingly, both Sorby et al. 
(2013) and Miller and Halpern (2013) noted gender differences when it came to spatial skills with male 
participants outperforming female participants in initial psychomotor testing. Although the gap shortened 
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with post-intervention testing it does spark many questions with regards to the inclusivity of STEM 
disciplines and the gender difference in the development of spatial skills.  
 
Not underestimating the importance of the work of Sorby, Miller and Halpern, Stieff and Uttal (2015) called 
for more compelling research to support the effectiveness of spatial straining on STEM success, believing 
“that new research efforts are needed to provide robust evidence for the impact of spatial training” Sorby 
et al. (2018) in response to this argued that the evidence did support the effectiveness of spatial training on 
STEM success. Through a number of longitudinal studies, it was found that enrolment in a spatial 
intervention course designed at improving undergraduate's spatial skills did lead to improvements in grades 
within STEM courses, higher pass rates and higher retentions rates for females within engineering fields 
(Sorby et al., 2013, 2018; Sorby & Veurink, 2010). Building on previous studies in the area of spatial skills 
and computing, Bockmon et al. (2020) demonstrated a correlation between students' spatial skills and their 
success in computer programming, with a statistically significant difference in grade results between the 
control and treatment groups. Pre and post spatial testing with the Revised PSVT:R corroborated the 
evidence to support the role of spatial skills within this improvement (Bockmon et al., 2020; Yoon, 2011). 
With numerous studies supporting the role of spatial skills in STEM and the benefit of an intervention to 
improve spatial skills and STEM success at undergraduate level the question arises as to whether such an 
intervention has merit at an earlier stage of one’s development. In 2016, through a national study of spatial 
skills in Irish lower-level education, Seery et al. (2016) found that students in 1st year appeared to have 
“underdeveloped spatial skills compared to the level they are typically reported at in higher education” 
while drawing on an interesting tread that students who engaged in Technical Graphics, the predecessor of 
Junior Cycle Graphics, were associated with higher spatial skills. Greater evidence is needed to support the 
impact of spatial skill development within the second-level environment; however, such evidence could 
uncover the potential importance of spatial skill developmental education.  

3. METHODOLOGY  

This study is part of a larger research project aiming to gain an understanding of spatial skill treatment 
within Irish lower-level Technology Education. This study aims to gain an understanding of spatial skill 
development within the written curriculum of graphics. The development of an appropriate methodology 
informed by research was paramount to gaining an understanding of the treatment of spatial skills within 
Graphics education. The use of document analysis with NVivo software allowed for an extensive evaluation 
of the Graphics specification. Document analysis is a form of qualitative research that grants a researcher 
the opportunity to examine and interpret data to gain meaning and understanding of a topic (Bowen, 2009). 
Fundamental to this methodology is the requirement for a robust data collection method to ensure the 
plausibility of data gathering and subsequent analysis of data. A common approach to document analysis 
is embracing O’Leary’s eight-step planning process (O’Leary, 2017). Adopting O’Leary’s eight steps helps 
ensure the validity of data collection and addresses researcher bias. The Graphics specification will be 
qualitatively analysed to gather data, however, the representation of data gathered will subsequently be 
displayed in a quantitative manner to support the qualitative discussion 
 
The Graphics specification maps what the teaching and learning of the subject should represent. The initial 
part of the document outlines the aims of Graphics, the rationale behind the nature and purpose of the 
subject, the general demands and capacities that it will place on and require of students along with its links 
to the Junior Cycle statements of learning and key skills (NCCA, 2015, 2018). Following this, an overview 
of the subject illustrates how it is organised and sets out the learning involved in interlinking strands, 
elements and learning outcomes. A strand represents a section of the Graphics course; 2D graphics, 3D 
graphics and Applied graphics (Design and 3D modelling) whereby an element illustrates an overarching 
cognitive or knowledge-based area being addressed; Spatial reasoning, Design thinking, Communicating 
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and Geometric principles and constructions. Learning outcomes included under each strand concerning 
elements are what is required of the student. 
 
The extended framework of spatial ability from the Cattell-Horn-Carroll (CHC) Theory, developed by 
Buckley et al. (2018), was adopted as a theoretical framework to deductively code the positioning of spatial 
skill development through a document analysis of the Junior Cycle Graphics specification. NVivo data 
analysis software was used to code the extended CHC theory to the specification. Addressing a broad range 
of spatial factors (Table 1), the extended CHC theory allowed the analysis of the Graphics specification for 
the development of spatial skills to be comprehensive, ensuring that links to spatial ability throughout were 
highlighted based on empirical evidence. 
 
It is also important to note the lens of the primary researcher's approaching this study. The primary author 
is a practising technologies teacher with four years of teaching experience within the Irish education system. 
Along with this, they are at the forefront of teacher continual professional development working with the 
Professional Service for the Development of Teachers (PDST) the “largest single support service offering 
professional learning opportunities to teachers and school leaders in a range of pedagogical, curricular, and 
educational areas” (About Us | PDST, n.d.). The experience the primary author has with teaching the subject 
of Graphics was an important contributor to linking the factorial coding within the specification and to its 
application with the classroom. The primary author conducted the coding exercise under the guidance of 
their Doctoral supervisors who are listed as co-authors. 
 
Table 1. Spatial Factors and definitions (Buckley et al., 2018) 
 

 Spatial Factor Definition of spatial factor 

St
at

ic
 S

pa
tia

l F
ac
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Visualisation  The ability to perceive complex patterns and mentally simulate how they might look when transformed 
(e.g., rotated, twisted, inverted, changed in size, partially obscured) (Schneider & McGrew, 2018). 

Speed rotation (SR) The ability to solve problems quickly by using mental rotation of simple images (Schneider & McGrew, 
2018). 

Closure speed (CS) The ability to quickly identify and access a familiar, meaningful visual object stored in long-term memory 
from incomplete or obscured (e.g., vague, partially obscured, disguised, disconnected) visual cues of the 
object, without knowing in advance what the object is (Schneider & McGrew, 2018). 

Flexibility of closure 
(CF) 

The ability to identify a visual figure or pattern embedded in a complex distracting or disguised visual 
pattern or array, when one knows in advance what the pattern is (Schneider & McGrew, 2018). 

Visual Memory 
(MV) 

The ability to remember complex images over short periods of time (less than 30 seconds) (Schneider & 
McGrew, 2018). 

Spatial scanning (SS) The ability to quickly and accurately survey (visually explore) a wide or complicated spatial field or 
pattern with multiple obstacles and identify a target configuration or identify a path through the field to a 
target endpoint (Schneider & McGrew, 2018). 
 

Serial perceptual 
integration (PI) 

The ability to recognize an object after only parts of it are shown in rapid succession (Schneider & 
McGrew, 2018). 
 

Length estimation 
(LE) 

The ability to visually estimate the length of objects (without using measuring instruments) (Schneider & 
McGrew, 2018). 
 

Perceptual illusion 
(IL) 

The ability not to be fooled by visual illusions (Schneider & McGrew, 2018). 
 

Perceptual 
alternations (PN) 

Consistency in the rate of alternating between different visual perceptions (Schneider & McGrew, 2018). 

Imagery (IM) The ability to voluntarily mentally produce very vivid images of objects, people, or events that are not 
actually present (Schneider & McGrew, 2018). 

Perceptual speed The speed and fluency with which similarities or differences in visual stimuli can be distinguished 
(Schneider & McGrew, 2018). 
 

Spatial orientation 
(SO) 

The comprehension of the arrangement of elements within a visual stimulus pattern, the aptitude to remain 
unconfused by the changing orientations in which a spatial configuration may be presented, and an ability 
to determine spatial orientation with respect to one’s body (McGee 1979). 

Spatial relations The ability to solve problems quickly by using mental rotation of simple images (Schneider and McGrew, 
2012). 
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Imagery quality The ability to generate a mental image, add and/or subtract detail from the image, rotate, maintain, and 
transform the image in specified ways (Burton & Fogarty, 2003) 

Imagery speed The efficiency of those processes involved in the generation, maintenance, and transformation of mental 
representations (Burton & Fogarty, 2003). 

Shape and direction 
illusions 

This grouping predominantly includes distortions in apparent shape, parallelism, and collinearity, which 
seem to arise in patterns with numerous intersecting line elements. The Poggendorff, Wundt, and Zoellner 
illusions are characteristic of this class (Coren et al., 1976) 

Overestimation 
illusions 

[This] grouping [is] on the basis of the behavioural manifestation that does not immediately suggest any 
underlying mechanism but suggests a pattern of interrelationship. The illusions that show the highest 
loadings on this factor include all the longer versions of the Mueller-Lyer illusion, both parts of the 
Baldwin illusion, the apparently longer segment of the horizontal–vertical illusion, and the apparently 
longer segment of the Oppel-Kundt illusion (Coren et al., 1976) 

Underestimation 
illusions 

[This factor] includes most of the apparently shorter segments of the Mueller Lyer illusion, the apparently 
shorter segment of the Oppel-Kundt, and the horizontal–vertical illusions, it seems to be a factor that is the 
complement to [Overestimation Illusions], representing predominantly underestimations of linear extent 
(Coren et al. 1976). 

Frame of reference 
illusions 

[This factor involves] the comparison of an element to its global frame of reference…illusions like the rod-
and-frame ought to fall into this classification (Coren et al., 1976) 

D
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Dynamic visual 
memory 

The ability to remember complex dynamic images over short periods of time (less than 30 s) (Buckley et 
al., 2018) 

Dynamic serial 
perceptual 
integration 

The ability to recognise a dynamic object after only parts of it are shown in rapid succession (Buckley et 
al., 2018). 

Dynamic spatial 
scanning 

The ability to visualise a path out of a dynamic maze or a field with many obstacles (Buckley et al., 2018) 

Dynamic serial 
perceptual alterations 

Consistency in the rate of alternating between different visual perceptions of a dynamic stimulus (Buckley 
et al., 2018). 

Directional 
judgement 

[This factor is] necessary to account for performance of tasks involving prediction of directions (Colom et 
al., 2001) 

Speed judgement [This factor is] necessary to account for performance of tasks involving prediction of arrival times of 
moving objects (Colom et al., 2001) 

Movement detection The ability to detect barely visible movement of an object and to determine the direction of this movement 
(Roff, 1952). 

 
4. DISCUSSION OF FINDINGS 

The investigation into the links between spatial ability factors and Graphics identified two categories: static 
spatial factors and dynamic spatial factors. As initial factorial coding associations were drawn, the 
emergence of two additional coding categories was evident: the location within the specification and spatial 
application. The spatial application category arose from the experience the primary researcher has with the 
specification and their teaching of the subject within the content of the graphics classroom.  
 
Interestingly the existence of only 1 of the 7 dynamic factors (Fig 1.1) and 15 of the 18 static spatial factors 
(Fig 1.2) was evident when applied to the specification. This may come as a surprise to some, though it 
could be said that the very nature of the Junior Cycle Graphics subject and its assessment methods lens 
itself heavily to static spatial factors with the movement characteristic of dynamic factors are not apparently 
evident within. Nevertheless, the outlier code, dynamic perceptual alteration was applied 7 times in areas 
that encouraged the students to “explore the role of geometric principles and constructions in the natural 
world around them” (NCCA, 2018, p. 11) and the solving of “real-context and abstract problems” (p. 16).  
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Figure 1.1. Dynamic Spatial Factor Coding references within the Graphics Specification 
 
Static Spatial Factors became the leading coding category with links throughout all elements of the 
specification. Visualisation (Vz) emerged as the dominant static factor with 80 coding references. This did 
not come as a surprise due to the nature of Graphics and its reliance on students “developing their abilities 
from initially recognising spatial properties to visualising their manipulation” (p. 11). There were 70 
instances of Spatial orientation codes within the specification with and 69 incenses of imagery quality . 
These spatial factors are closely related and could be linked to students “understanding of Graphics to 
develop ideas and solutions to everyday problems” and “construction of two-dimensional and three-
dimensional representations and in the solving of geometric problems” (p. 11).  
 
 

There were 53 categories of the Spatial relations code with Flexibility of Closure in 52 places. Flexibility 
of closure could aid in students’ ability to “appreciate the hidden features of an object or an artefact 
necessary for its representation” (p. 16). In practice, this might represent hidden detail in 2D representations 
of 3D solids in contact. Serial perceptual alterations was linked 45 times throughout  the specification in 
areas like “creating clear representations of objects in space and accurately represent these in two-
dimensions” (p. 10) and “construct a 3D representation of an artefact or abstract idea using a variety of 
media and methods” (p. 15).  
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Interestingly, there was a significant drop in coding references over the final coded static factors. Imagery 
speed with 22 references, length estimation 19, speeded rotation 10, static spatial scanning 7 and static 
visual memory 1 with Frame of reference, perceptual speed overestimation illusions, shape and direction 
illusions, size contrast illusions, serial perceptual alterations, underestimation illusions and closure speed 
not apparently evident. Speed reliant factors are not heavily utilised as a result of the timetabling of Graphics 
classes and assessment methods. Rapid testing is not an evident feature of the subject within the 
specification. Length estimation features in areas where students are required to communicate 2D and 3D 
shapes and objects in 2D conventions through setting up their page for drafting working drawings. Due to 
the nature of the illusion spatial factors, they are not used within Junior Cycle Graphics. 

Figure 1.2. Static Spatial Factor Coding references within the Graphics Specification 
 
It was found that Student Learning Outcomes are heavily associated with the use and/or development of 
spatial ability factors (Fig 1.3). Each learning objective is a product of a strand and element one of which 
aims to develop student's spatial reasoning skills. “The learning outcomes from the different strands that  
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Fig 1.3 Location of Spatial Factor within the Graphics Specification 
 
are associated with this element encourage students to investigate a range of shapes, graphical information, 
objects and artefacts to assist students in developing their spatial ability. The learning outcomes aid the 
student in developing their abilities from initially recognising spatial properties to visualising their 
manipulation” (NCCA, 2018, p. 11) 
 
The spatial application coding category found task and communication as the areas in which spatial ability 
factors are associated the most (Fig 1.4). It is important to note that although problem-solving, sketching, 
working drawings and 3D modelling are separated from task and communication they are interlinked as a 
product of a task and as a direct result of a student's communication of said task. 
 

Figure 1.4. Location of Spatial Factor within the Graphics Specification 

5. CONCLUSION 

The findings outlined in the paper have highlighted the merit of Graphics as a subject in the development 
of spatial skills among students in lower-second level. Such treatment of this type of skill in an area of study 
like Graphics in lower-second level education could help to alleviate students presenting with low spatial 
skills within undergraduate STEM disciplines highlighted by Sorby et al. (2018). Undergraduate students 
may no longer require a spatial intervention in order to improve this skill set if such development of spatial 
skills were tackled within curriculum at second level education. This could have the potential to unlock 
STEM pathways for students at a much earlier stage, develop these key skills in adolescence and potentially 
having a impact on shortening the gender gap in spatial skill development noted by both Sorby et al. (2013) 
and Miller and Halpern (2013), thus creating a pathway for more females into STEM fields. It should be 
noted that Seery et al. (2016) highlighted the potential impact of spatial skill development among students 
in second level education with their study showing evidence of students of Technical Graphics, the 
predecessor of Graphics, displayed higher levels of spatial skills. With the introduction of Graphics in 2019, 
the close links to spatial skill development shown in this paper further supports Seery et al. (2016) findings 
and demonstrates that Graphics education has a role to play in the earlier development of spatial skills. 
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Interestingly, the results show that not all spatial ability factors are present within the specification. There 
is particular emphasis on the static spatial factors of visualisation, spatial orientation, imagery quality, 
spatial relations, flexibility of closure, static perceptual alteration, imagery speed, length estimation, 
speeded rotations and static visual memory and the dynamic factor of dynamic perceptual alteration. With 
the continuation of this research, the three additional technology specifications: Wood Technology, 
Engineering and Applied Technology, will be analysed for spatial links using the extended CHC Theory. 
There is the possibility that the full remit of dynamic spatial factors could emerge to be present through the 
more practical orientated subjects. The findings from this study and subsequent document analysis will 
inform semi-structured interviews of practising technology teachers to gain deeper insight into how the 
specifications are adopted into pedagogical practices within Irish technology classrooms.   
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