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Abstract 

Statistics literacy and critical thinking have become increasingly important for Higher 

Education (HE) and employability in the 21st century; however, teaching these topics or skills 

remains a major challenge. This PhD attempted to address this challenge through technology-

enhanced video-based learning (VBL). Three iterations of ‘bite-sized’ VBL interventions 

focusing on statistics literacy or critical thinking were implemented. The bite-sized VBL 

approach was enhanced with progressive peer-assisted learning (PAL), a pedagogical approach 

where students learn from senior students who have recently completed the same course. The 

interventions also included Precision Teaching (PT), a behaviourally-grounded teaching 

approach that builds 'fluency' on learnt skills and benefits students learning in VBL settings.  

 In the first iteration of the intervention (Study 1), an online VBL intervention for 

consolidating previously learned statistical skills was developed. The use of PAL varied across 

three 'presenter conditions': lecturer-led, peer-imitating-lecturer, or peer-led. Participants 

presented a high performance in post-episode assessments, irrespective of presenter conditions 

and reported remarkably positive views towards bite-sized VBL.  

 The second iteration (Study 2) evaluated an integrated VBL and PT intervention for a 

broad range of statistics topics. A PT intervention group achieved consistently higher scores in 

all end-of-episode assessments than a self-directed learning control group. Both groups showed 

significant and comparable improvements in statistics attainment and reported more positive 

feelings towards statistics post-intervention. 

 The final iteration (Study 3) extended the integrated VBL and PT approach to critical 

thinking skills, focusing on fallacy identification. Three groups of participants, a 'PT' group, a 

'PT+' group, where PT was combined with problem-based training, and a 'self-directed 

learning' control group, completed two learning episodes. All groups showed significant and 

comparable improvements in fallacy identification on taught and unseen materials, while 
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lower-scoring participants had higher gains than high-scoring participants. The results on 

delayed recall a week later were also comparable between groups. Crucially, the two PT groups 

showed bigger improvements than the control group in the domain-general fallacy-

identification assessment post-intervention. 

 The original contributions of this project to knowledge are threefold. First, PT is 

flexible enough to support learning quantitative and more complex skills in VBL. Second, 

video-based PAL strategies share similar benefits to lecturer-led learning whilst being more 

congruent with the learners' level of competence. Third, bite-sized VBL has a great potential 

to support university students in learning as a supplementary teaching aid. 

 

Keywords: statistical literacy, critical thinking, precision teaching, peer-assisted 

learning, video-based learning, computer-assisted learning, higher education 
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Overview of the Thesis 

Statistics literacy and critical thinking have become increasingly important in Higher 

Education (HE) for 21st-century employability. But despite the emphasis that the current 

curricula place on these skills, the teaching and learning of statistics and critical thinking 

remain a challenge. This PhD attempted to address this challenge by implementing technology-

enhanced video-based learning (VBL) interventions to support HE students in learning 

statistics and critical thinking skills. The interventions integrated Precision Teaching (PT), a 

behaviourally-grounded teaching approach targeted to build 'fluency' on learnt skills, with peer-

assisted learning (PAL), a pedagogical approach targeted to cultivate collaborative learning 

through study sessions facilitated by successful upper-level students.  

Chapter 1 provides a brief overview of the current identified challenges in the teaching 

and learning of statistics and critical thinking, as well as the impacts of COVID-19 on the HE 

sector. 

Chapter 2 provides a broad overview of the existing literature surrounding evidence-

based methods involved in this thesis, including PT, PAL, and VBL.   

Chapter 3 explores the methodological approaches adopted in the research projects in 

the preceding chapters and describes how this PhD is original in addressing the research 

questions. 

Chapter 4 details a mixed-method design study evaluating students’ experience towards 

using a bite-sized VBL intervention that aimed to reinforce previously learnt statistics skills. 

Students’ learning outcomes were compared when PAL was integrated to a different extent, 

specifically when the learning content was presented by a lecturer, a student peer tutor, either 

in their own words or by repeating a lecturer’s wording in verbatim. The results revealed a high 

level of performance in post-episode tests, irrespective of presentation conditions. The user 

satisfaction questionnaires and interviews identified participating students' perceived benefits, 
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preferences, and attitudes towards the bite-sized VBL methodology. Findings from this study 

support the development of VBL tools and prompt the researcher to explore, in the following 

chapters, alternative approaches, such as PT, to facilitate learning. 

Chapter 5 extends the findings from Chapter 4 by incorporating a frequency-building 

approach under the PT framework into the VBL design for statistics. Participants were 

allocated to experimental groups, namely a ‘frequency-building practice’ intervention group 

and a ‘self-directed learning’ control group. The results showed that the intervention group 

consistently achieved higher scores in the post-episode tests than the control group. Both 

groups reported more positive feelings towards statistics post-intervention. Findings from this 

study suggest that there is a lot of potential in combining PT and VBL design for statistics 

learning. 

Chapter 6 broadens the applications of PT and VBL design to a topic conventionally 

considered to be less suited for a technology-enhanced intervention - critical thinking. Three 

learning conditions were compared: PT - a fluency-based intervention; PT+, where the PT was 

combined with problem-based training; and self-directed learning. All three groups showed 

comparable improvements in fallacy identification on taught and unseen material during, post-

intervention, and at 1-week recall. Importantly, in the domain-general fallacy-identification 

assessment (post-intervention), the two PT groups showed more significant improvements than 

the control group, indicating that PT, on its own or combined with problem-based approaches, 

can improve the ability to generalise learning to novel contexts. 

Chapter 7 outlines students’ views and perceptions towards the use of this technology-

enhanced learning intervention for critical thinking. Data from interviews with participants (N 

= 30) who had been exposed to the technology-enhanced critical thinking intervention outlined 

in the previous Chapter 6 were presented. Their responses revealed three main themes relating 
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to the use of technology-enhanced learning: 1) positive learning experiences, 2) effective video 

design and presentation, and 3) value technology-enhanced learning model. 

Chapter 8 provides a general overview of the thesis aims and chapter findings. The 

chapter also includes the strengths, limitations, and implications of the current research to 

support recommendations for the broader application of such interventions within HE. 
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Chapter 1: Background and Introduction 

Globalisation, economic, and social developments have challenged Higher Education 

(HE) institutions to equip students with more skills and competencies for 21st-century 

employability (Saavedra & Opfer, 2012). University graduates today are not only required to 

have basic skills or knowledge, but the labour market also demands them to be communicators, 

problem solvers, and independent thinkers (Levy & Murnane, 2005). Following this, HE 

organisations have begun a movement towards enhancing 21st-century skills among students 

to prepare them to meet the newly emerging needs of the globalised world (Ananiadou & Claro, 

2009).  

This PhD project will focus on improving two of the most valued skills in the 21st-

century labour market and everyday life, namely - statistical literacy and critical thinking 

(Tishkovskaya & Lancaster, 2012). 

The Importance of Statistical Literacy and Critical Thinking 

Statistical literacy is a multifaceted term that includes discussing personal 

understandings of data, concerns over conclusions, and communicating relevant and accurate 

statistical information to the public (Gal, 2002). In the era of information explosion, being 

statistically literate has emerged as a critical everyday life skill. It underlies the ability to 

process and interpret information present in the environment and make efficient daily decisions 

(Gal, 2002; Tishkovskaya & Lancaster, 2012). Proficiency in numeracy skills can also affect 

decision-making in both health and financial domains, whereby numerate people are more 

likely to make better decisions on health insurance decisions and retirement plans (Hibbard et 

al., 2007; Lusardi & Mitchell, 2007). In HE, statistics is widely recognised as an essential 

subject across various domains (Watson, 1997). For example, the Quality Assurance Agency 

for Higher Education (QAA) guidelines state that psychology courses should introduce 

students to a wide range of research designs and statistical analysis techniques (QAA, 2007). 
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Statistical literate students will gain a solid understanding of fundamental statistical concepts 

and possess the ability to critically evaluate data presented to them to analyse potential risks 

and benefits before a conclusion or a decision is made (Chan, 2013). 

On the other hand, critical thinking can be described as the "purposeful, self-regulatory 

judgement which results in interpretation, analysis, evaluation, and inference, as well as 

explanations of the considerations on which that judgment is based" (Abrami et al., 2015, 

p.275). This high-level skill enables individuals to think logically, make appropriate decisions, 

and solve problems effectively (Peter, 2012). Critical thinking has also been associated with 

academic achievements, enhanced employability, higher financial status, and better real-life 

decisions (Butler et al., 2017; Facione & Facione, 2001; Hart Research Associates, 2015). 

Given the importance of critical thinking, many HE institutions have highlighted critical 

thinking as an essential educational goal (Hatcher, 2011; Joynes et al., 2019) and included it in 

learning outcomes and assessment standards across disciplines (Forbes, 2018). 

Challenges in the Teaching and Learning of Statistics and Critical Thinking 

Despite the emphasis that HE curricula place on statistics and critical thinking, many 

educators still face challenges teaching these skills.  

With regards to statistics, it is well reported that many students, especially those 

pursuing non-mathematical disciplines, find this subject to be tedious, challenging, and 

sometimes present low levels of learning motivation towards it (Conners et al., 1998). Statistics 

have also been associated with "statisticophobia" and feelings of anxiety for some students 

(Dillon, 1982; Tishkovskaya & Lancaster, 2012; Verhoeven, 2006). There are also concerns 

that there is a deterioration of basic statistical proficiency among students even after being 

taught this subject (Garfield & Ahlgren, 1988), as well as their difficulties in relating concepts 

learnt to real life settings (Allen et al., 2010). From the educators' perspectives, there are three 

challenges in statistics education: 
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1. To address the needs of both high- and low-achieving students; 

2. To design learning materials that would be interesting and relevant to all students; and 

3. To improve retention of learnt skills and knowledge. 

These three challenges have led to an urgent call for educators, researchers, and 

policymakers to find strategies to reform statistics education and to employ new innovative 

technological development in their instructional approaches (Tishkovskaya & Lancaster, 

2012). 

With regards to critical thinking, it is challenging to teach this skill, which requires 

explicit instruction, training, and practice (Bensley et al., 2010; Peter, 2012; Zhao et al., 2016). 

Due to the complexity and multifaceted nature of critical thinking, students often confuse 

critical thinking with criticism or focusing on limitations or weaknesses of particular theories 

or approaches (Duro et al., 2013; Harrington et al., 2006; Kreth et al., 2010). The challenges in 

teaching critical thinking are also compounded by the lack of formal methodological training 

and textbook resources in teaching critical thinking (Broadbear, 2003; Scriven & Paul, 2007). 

Currently, there is no clear consensus on how critical thinking should be taught (Abrami et al., 

2015). Some researchers have suggested that critical thinking builds on generic metacognitive 

skills, such as reasoning, interpreting, analysing, and should thus be taught across disciplines 

(Solon, 2007). Other researchers have argued that critical thinking is context-specific and 

should be taught within the domains in which it is used (Bellaera et al., 2016; Brunt, 2005; 

McPeck, 1981).  

Critical thinking education is also challenged by the limited contact time for critical 

discussion and evaluation of the learning content in conventional teacher-led instructional 

approaches (Mandernach, 2006; Peter, 2012). To meet the diverse learning needs of students, 

educators typically follow teacher-led instructional approaches, which focus on basic course 

concepts but not enough on critical discussion and evaluation of the learning content 
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(Mandernach, 2006; Peter, 2012). But a  'teaching students what to think, but not how to think' 

(Clement, 1979) approach often results in difficulties in applying knowledge learnt among 

students as they are not trained to think critically and make flexible decisions (Husnaeni, 

2016).  

COVID-19 

In March 2020, the World Health Organisation declared the outbreak of an infectious 

respiratory disease named Coronavirus (COVID-19), a global pandemic (WHO, 2020). 

Following this, "Stay at Home" lockdown measures were put in place in the UK and globally 

to avoid the rapid transmission of this deadly virus.  

These developments led to the suspension of many face-to-face teaching activities. HE 

institutions were required to continue to provide high-quality education online via synchronous 

(e.g., live video conferences) or asynchronous (e.g., pre-recorded instructional videos) modes 

of teaching. These rapid changes have resulted in unprecedented levels of stress and challenges 

to educators as the frontline workers of HE institutions (Watermeyer et al., 2020). 

On the other hand, students have expressed major concerns over the quality of teaching, 

learning, and assessment when these are transferred online. Many students express reservations 

about the possibility of completing a degree through online autonomous learning (Gonzalez et 

al., 2020). Some have also expressed that they experience significant challenges in online 

learning such as screen fatigue, distractions from surrounding environments, and limited or 

poor internet connection (Adnan & Anwar, 2020; Xiong et al., 2020).  

These developments lead to an important question: How can we support the learning of 

academic course content by delivering high-quality online lessons that students find engaging 

and that raise learning outcomes? 
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Research Questions 

This PhD focuses on using bite-sized technology-enhanced learning interventions to 

improve students' learning experience for statistics and critical thinking at HE. Specifically, the 

PhD aims to develop learning interventions to support students in previously taught statistical 

skills and newly taught critical thinking skills. 

These interventions include elements of a behavioural approach, referred to as Precision 

Teaching (PT), and two pedagogical approaches, peer-assisted learning (PAL) and video-based 

learning (VBL). The interventions were administered to students as supplementary teaching 

aids outside formal teaching sessions. This was done before (Chapter 4) and during COVID-

19 lockdowns (Chapter 5 - 7). Following these interventions, qualitative and quantitative 

approaches were used to explore participating students' learning satisfaction and performance 

outcomes. Using these methods, the PhD aimed to address the following research questions: 

RQ1: What are the educational benefits of PT and PAL on students' attainment in 

statistics and critical thinking? 

RQ2: What is the impact of PT and PAL on students' attitudes towards statistics and 

critical thinking? 

RQ3: What are students' perceptions and opinions towards the use of a VBL for 

statistics and critical thinking? 

RQ4: How does participating in this technology-enhanced intervention affect students' 

learning experience and satisfaction? 

Addressing the specific aims of this PhD will help educators understand how we can 

be more effective in designing online curricula for statistics and critical thinking and become 

more aware of elements that impact student engagement and satisfaction.  
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Chapter 2: Literature Review 

This chapter provides a broad overview of the existing literature surrounding evidence-

based methods involved in this thesis. The first section of this chapter explains the behavioural 

approach of PT and identifies the importance of fluency and fluency-based learning. It also 

explores the theoretical underpinnings of PT and its application in educational settings. The 

second section explains the pedagogical approach of PAL and examines existing research and 

theoretical frameworks related to this pedagogical approach. The last section focuses on 

technology-enhanced learning in the form of VBL, with some emphasis on effective video 

design and presentation.  

Precision Teaching (PT) 

Ogden Lindsley originally introduced PT in 1960s based on the classical concept of 

free-operant conditioning (Lindsley, 1992). Free-operant conditioning in this context refers to 

the situation whereby an individual's responses are not restricted by the conditions of the 

environment (Trask, 2017). For example, students may answer as many questions as they want 

without limiting the number of responses they need to provide. Later, Lindsley transferred 

principles of free-operant conditioning from behavioural research into classroom settings. He 

postulated that free-operant conditioning should be applied in classrooms and that "all students 

should be free to respond at their own pace without having restraints placed on them by the 

limits of the materials or the instructional procedures of the teachers" (Lindsley, 1990, p.10).  

Within the domain of education and teaching, PT referred to a detailed ("precise") 

framework for systematic self-monitoring of learning (Lindsley, 1997) and of the effectiveness 

of instructional approaches (Kubina & Yurich, 2012). This framework serves to help educators 

closely monitor the acquisition of targeted skills by students, and students to keep track of their 

learning (Sundhu & Kittles, 2016). By closely defining, measuring, and analysing learning on 

an individual basis, the PT framework also allows educators to adjust their instructional 



TECHNOLOGY-ENHANCED INTERVENTION FOR HIGHER EDUCATION LEARNING 20 

 

approaches based on each student's learning progress report to ensure the optimal learning 

performance of students (Kubina & Yurich, 2012; Sundhu & Kittles, 2016).  

Fluency and Fluency-based Learning 

A key feature of PT is that it aims to build fluency, the ability to perform a targeted skill 

accurately and at speed (Kubina & Morrison, 2000). Fluency also refers to automaticity, which 

is both an indicator of mastery as well as a prerequisite for more advanced skills within any 

academic subject (Kubina & Morrison, 2000). For example, students should acquire the ability 

to decode words accurately before they can construct meaning from a text (Miller & 

Schwanenflugel, 2008). Similarly, fluency in basic numeracy skills, like addition or 

subtraction, is vital to access to higher-order thinking and reasoning (Kent Educational 

Psychology Service, 2014). Lin and Kubina (2005) demonstrated a strong correlation between 

the fluency of basic and complex mathematics skills, whereby students who were fluent in 

solving one-digit multiplication had relatively higher fluency scores in multiple-digit 

multiplication tasks. Failure to achieve fluency in basic skills may hinder students' progress 

through the curriculum, also referred to as cumulative dysfluency (Binder, 1996; McDowell & 

Keenan, 2001).  

Achieving skill fluency is also associated with other important learning outcomes, 

including 1) Retention - the ability to perform the skill fluently even after an interval of no-

training days; 2) Endurance - the ability to maintain fluency for a longer on-task period; 

3) Stability - the ability to perform without being affected by distractions; and 4) Application - 

the ability to adapt the skill to different learning environments (abbreviated as RESA; Binder, 

1996). From a psychological perspective, fluency-based learning may also have wider 

implications on students' attitudes towards a subject. Cates and Rhymer (2003) found that 

students with higher mathematics anxiety had significantly lower fluency levels across the 

timed tests for basic arithmetic operations than students with low anxiety.  
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A commonly used fluency-based training approach within the PT framework is 

frequency building (Kubina & Yurich, 2012). Frequency-building involves training on 

repeated tasks and within a short period of time, under the aim to increase the rate of correct 

responses to a predetermined standard (e.g. 60 words typed in a minute; Lokke et al., 2008). 

Unlike conventional practice sessions, frequency-building uses short practice sprints followed 

by immediate performance feedback. This is thought to improve performance and fluency in a 

time-efficient manner (Kubina & Yurich, 2012; Lokke et al., 2008).  

When frequency building is implemented effectively to teach a new skill, it will involve 

the four basic steps: Pinpoint, Record, Change, and Try Again (Kubina & Yurich, 2012). 

Teachers or students will first decide the targeted learning goals and the strategy to present the 

task and record responses during the timed trials. Once the skill has been pinpointed, students 

will practice it using timed trials and record their learning progress. Based on this learning 

report, teachers can adjust their teaching approach or implement an intervention to support 

students in attaining their learning goals. The final step, Try Again, encourages both teachers 

and students to keep working until the goal is achieved and posits that educators should 

carefully and continuously analyse changes in students' learning performance to facilitate 

purposeful and successful learning. The provision of prompt and frequent feedback within PT 

(Lindsley, 1990) enables effective learning, in line with Chickering and Gamson’s (1987) 

Seven Principles for Good Practice in Undergraduate Education. 

Earlier Interventions using PT and Frequency Building 

Past research has demonstrated that PT and frequency-building techniques can support 

the teaching of a wide variety of skills, ranging from handwriting (Bashore & McLaughlin, 

1995), oral reading fluency (Griffin & Murtagh, 2015; Hughes et al., 2007; Lambe et al., 2015), 

mathematics (Chiesa & Robertson, 2000; Hayden & McLaughlin, 2004), academic 

terminologies (Stockwell & Eshleman, 2010), writing (Datchuk, 2017; Datchuk & Kubina, 
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2017), and vocational skills (Twarek et al., 2010). There is evidence that PT is not only flexible 

enough to be combined with any curriculum (Lindsley, 1992), but also effective in improving 

academic performance for diverse populations, including university graduates (Beverley et al., 

2009; Stockwell & Eshleman, 2010), college students (Olander et al., 1986), students at risk of 

falling behind academically in school (Hughes et al., 2007; Roberts & Norwich, 2010), and 

individuals with developmental disabilities (Ramey et al., 2016).  

One of the large-scale applications of PT is the Great Falls PT Project (Beck, 1979, 

1981; Great Falls Precision Teaching Project, undated; White, 1986), in which over 8000 

teachers were trained to implement PT in their classrooms. This project showed major 

improvements in students' academic attainment in both mainstream and special education 

schools. A four-year longitudinal study showed that students who received PT intervention 

daily within their school curriculum outperformed students in the matched school who utilised 

the almost identical curriculum but did not implement PT. At post-intervention, students from 

the PT school group generally scored 20-30% higher in the Iowa Basic Skills Test reading and 

mathematics sections than the control group.  

Evidence from the Great Falls PT Project and other research projects suggests that PT 

provides significant advantages in improving academic skills for students with different needs 

in both primary and secondary education (e.g. Champman et al., 2005; Ramey et al., 2016). As 

Lindsley (1992) proposed, PT can facilitate the least costly and most effective change within a 

classroom setting. It provides a tool that enables educators to base educational improvement 

on students' learning progression. Frequency-building techniques in PT improve the 

performance and fluency of students in a time-efficient manner (Kubina & Yurich, 2012; 

Lokke et al., 2008). 

Despite these successes, limited studies have evaluated the effectiveness of PT in HE 

settings. PT interventions usually aim to improve basic skills like reading, writing, and 
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mathematics at the primary or secondary school level (e.g. Datchuk, 2017; Hughes et al., 2007). 

Even for the very few applications of PT at the university level, it appears that these studies 

have mainly focused on improving academic concepts (Baird & Stein, 2013; Beverley et al., 

2009; Stockwell & Eshleman, 2010). For example, Stockwell and Eshleman (2010) used PT to 

help a graduate student achieve fluency in Skinner's Verbal Behaviour Terms and retain the 

knowledge learned even in the absence of daily practice for 11 weeks. There was, however, no 

further follow-up on assessing the application of knowledge in real life other than the 

performance measurement that indicated the student was able to respond to the terms accurately 

and quickly. Importantly, there is scarce evidence on whether and how PT could support the 

learning of complex material (Commons et al., 2015) and enhance the application of knowledge 

or critical thinking skills (Cuzzocrea et al., 2011; Fox & Ghezzi, 2003), which have been 

deemed to be one of the end goals of HE.  

From a methodological point of view, most PT interventions use traditional flashcards 

coupled with frequency (i.e. the number of correct and incorrect responses within a specific 

timeframe) to measure the rate of responses in their practice sessions (Eshleman, 2000). 

Although the flashcard practice in PT interventions has given positive results (e.g. Beverley et 

al., 2009; Stockwell & Eshleman, 2010), there are concerns about its use at a college or 

university level. These concerns refer to the rigidity that may lead to difficulty in generalisation 

(Meindl et al., 2013) and other limitations associated with tracing students' learning and 

engagement (Adams et al., 2018).  

Specifically, Beverley et al. (2009) reported methodological limitations with the use of 

flashcards to improve fluency in statistical concepts among psychology undergraduates as it 

was difficult to monitor engagement and accuracy of the flashcard practice based on students' 

self-report data. Moreover, there were unavoidable differences between the cards. Some 
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contained more complex definitions, and others included more statistical symbols that might 

induce different responses when different cards were used (Beverley et al., 2009). 

It is important to consider more modern approaches when implementing PT, such as 

computer-based methods that can potentially enhance the effectiveness of PT. Delivering PT 

interventions through a computer-based system allows tracking student engagement effectively 

and recording data automatically and accurately (Beverley et al., 2009; Hayes et al., 2018; 

Killerby, 2005). A computer-based PT intervention also provides the opportunity to present the 

task systematically and collect detailed data such as on response latency (i.e. time delay 

between the show of a stimulus and the response given) and the fluency performance outcomes 

– retention, endurance, stability, and application (RESA; Beverley et al., 2009). Implementing 

PT via a computer-based system eventually helps improve the engagement and fidelity of PT 

intervention (Beverley et al., 2009; Hayes et al., 2018). 

Theoretical Underpinnings of PT 

PT is supported by Vygotsky's psychological theory and the notion of the Zone of 

Proximal Development (1978). PT's ideology to encourage fluency in skills also fits into 

Haring and Eaton's pedagogical perspective in learning (1978). 

Vygotsky's Zone of Proximal Development (1978). The ‘Zone of Proximal 

Development’ notion implies a gap between what a student already knows and what they can 

master with guidance from adults or by working in collaboration with a more capable peer 

(Shabani et al., 2010). A student can potentially 'outgrow' their current or actual development 

stage if an adult or a peer is available to bridge the gap through scaffolding (Shabani et al., 

2010). PT intervention draws upon the Vygotskian Theory as educators are encouraged to be 

specific about a student's current level of understandings and work to optimise learning through 

scaffolding or training (Educational Psychology Service, 2013).  
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Haring and Eaton's Hierarchy of Learning (1978). Haring and Eaton's Hierarchy of 

Learning (1978) postulates that our learning progress consists of the five stages, and fluency in 

a skill is important for ensuring that it can be maintained for an extended period, generalised, 

and adapted to various settings. When learning a new skill, students first target to acquire the 

skill by observing others or practising with guidance from others. The acquisition stage aims 

to perform the skill accurately with a minimum amount of support or guidance. Then, students 

will be trained to execute the skill fluently. Fluency-building within this hierarchy has the same 

goal as in PT: to train the skill until it becomes automatic. The next stage is to maintain the 

skill over time, similar to one of the four fluency aims in PT – retention. The fourth stage, 

generalisation, aims to expand the context in which students can apply the skill across different 

settings. The final stage of learning involves the adaptation of the skill into performing a more 

complex behaviour, similar to the application fluency aim in PT. The hierarchy of learning 

clearly features principles of PT to build up fluency and encourage retention and application of 

a new skill.  

Peer-Assisted Learning (PAL) 

PAL, also called peer-assisted study sessions, is an instructional approach that aims to 

cultivate collaborative learning. A senior student who has successfully passed a course acts as 

a facilitator to support students from other cohorts in their learning (Keenan, 2014; Power & 

Dunphy, 2010). The term PAL has been derived from the Supplemental Instruction peer 

learning model (Power & Dunphy, 2010), which was designed to improve student retention 

rates and academic attainment for courses that were deemed to be challenging (Jacobs et al., 

2008). Apart from Supplemental Instruction, PAL also shares common characteristics with 

other approaches such as Structured Learning Assistance (SLA), Emerging Scholars Program 

(ESP), Accelerated Learning Groups (ALGs), Video-based Supplemental Instruction (VSI), 

and Peer-led Team Learning (PLTL; Arendale, 2004, 2009). All these programs involve 
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specific role-taking with peers who act as tutors to support learning for others who are in the 

role of tutees (Keenan, 2014; Topping, 1996). 

During a PAL session, tutees share their study notes, discuss potential test elements, 

and do problem-solving together (Jacobs et al., 2008). The session is usually guided by a senior 

student who acts as a leader or a tutor to initiate discussion, encourage communication between 

students, and probe questions whenever necessary to aid understanding within a subject area 

(Malm et al., 2012). Although the structure of PAL sessions varies between different 

programmes, there is a 'genetic code' in organising these sessions, whereby the role of a session 

leader is to facilitate learning, but not to teach new materials (Power & Dunphy, 2010). 

Throughout these interactive learning sessions, the session leaders who have successfully 

passed the subject model their study strategies and skills. This enables tutees to learn effective 

strategies to cope with the academic requirements (Power & Dunphy, 2010). 

Evidence on PAL Interventions 

A large body of research has demonstrated that students who attended PAL sessions as 

tutees outperformed the non-attendees in terms of academic success and retention (Arendale, 

1994; Malm et al., 2012; Martin & Arendale, 1997; Paloyo et al., 2016). Malm et al. (2012) 

found that first-year engineering students who actively participated in PAL sessions generally 

gained more credits than students who did not attend the session or had low attendance rates. 

Following this, Malm et al. (2012) hypothesised that if students were encouraged to participate 

in PAL sessions during their first year of engineering courses, the tendency to drop out from 

studies could be reduced by half. This could ensure that students had timely graduation. Bowles 

and colleagues (2008) also found similar results with their study showed that first-year students 

who attended peer coaching sessions had a greater chance to graduate in time after four years.  

When comparing the academic grades between attendees and non-attendees, Paloyo et 

al. (2016) found that attendance to PAL sessions could improve academic results by 
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approximately 1.26 points on a 100-point scale even if the session only lasted for an hour. 

Improvements in academic grades were also reported in a longitudinal study by Peterfreund et 

al. (2007) in the Science, Technology, Engineering, and Mathematics (STEM) discipline. 

These authors found significant differences in academic performance between participants and 

non-participants of PAL sessions, especially for students from the underrepresented minority 

group. Whilst most of the studies focused on first-year students, Peterfreund et al. (2007) 

compared the outcomes of PAL sessions between students from the entry-level and upper-level 

courses. Results showed differentially positive effects among these two groups of students. 

PAL was beneficial in the introductory course as it increased passing rate, but the positive 

effects were especially pronounced in the higher-level course with more students gaining 'A's 

and 'B's (Peterfreund et al., 2007).  

The positive outcomes of PAL intervention are not limited to students who participated 

only, but also to senior students who act as tutors to facilitate the sessions (Congos & Stout, 

2003; Couchman, 2009; Lockie & van Lanen, 2008; Ten Cate & Durning, 2007). Graduated 

senior students have reported that the experience of coaching their peers in academic subjects 

had positive effects on their studies and professional life (Congos & Stout, 2003). Most 

facilitators gained improvement on the learning of course content (Congos & Stout, 2003; 

Power & Dunphy, 2010), enhanced communication skills (Couchman, 2009; Topping & Ehsy, 

2001), and increased self-confidence (Lockie & van Lanen, 2008) following their tutoring 

experiences. Furthermore, the obligation to coach others also increased motivation to learn as 

tutors perceived a higher sense of autonomy, competence, and relatedness when they were 

given the active role to guide others instead of being a passive learner (Ten Cate & Durning, 

2007). The study also suggested that tutors benefited from having longer knowledge retention 

as they revisited the subject and built new learning connections (Ten Cate & Durning, 2007). 
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As such, it may be expected that bi-directional learning will occur during PAL sessions that 

will benefit both tutors and tutees. 

Nevertheless, evaluations of the effectiveness of PAL are mostly limited to academic 

grades and retention rates as proxies of attendees' learning outcomes (Dawson et al., 2014). 

While the benefits of PAL have been cited in hundreds of scholarly literature and pronounced 

to promote academic success among attendees, critique remains to argue that solely dependent 

on grade and retention rate cannot provide a holistic evaluation on PAL's effectiveness 

(Ashwin, 2003; Richardson et al., 2012). There were limited studies investigating wider 

cognitive abilities and transferable skills of PAL, like effective study skills, communication 

skills, and retrieval of knowledge (Dawson et al., 2014). It is worthwhile to go beyond the 

narrow confines of the academic assessment system to include other transferable effects when 

evaluating PAL's effectiveness (Topping, 1996). A deeper investigation to include both 

qualitative and quantitative approaches is also necessary to assess tutors' and tutees' feedback 

on PAL and will make the effectiveness of PAL more convincing (Ashwin, 2003; Topping, 

1996).  

Theoretical Underpinnings of PAL 

PAL is supported by theoretical approaches, which include the cognitive congruence 

theory (Lockspeiser et al., 2008), the social congruence theory (Bulte et al., 2007), the 

Vygotskian framework (Vygotsky, 1978), and the Model-Observer Similarity (Schunk, 1991).  

Cognitive Congruence Theory. This theory suggests that students are better and more 

effective to learn from a peer who has a similar knowledge base than an expert in the field 

(Lockspeiser et al., 2008). This is because students may perceive a larger 'cognitive gap' 

between them and the experts, leading them to think that experts are too advanced to visualise 

the source of their difficulties and provide support (Ten Cate & Durning, 2007). During a focus 

group interview with first-year medical students, Lockspeiser et al. (2008) found that having a 
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near-peer (i.e. a second-year Medical student) benefited students more in learning than a faculty 

member. Students generally reported that second-year peers who had just progressed through 

the course could understand their difficulties in a better position and provide a more appropriate 

explanation on how they managed to solve the problems based on their learning experiences 

(Lockspeiser et al., 2008). Hence, this theory argues that peers have relatively more minor 

cognitive distance from the learners, and this may be one of the factors that contribute to the 

success of PAL (Bulte et al., 2007; Lockspeiser et al., 2008).  

Social Congruence Theory. Another model that provides support to PAL is the social 

congruence theory. A non-threatening and comfortable environment is essential for learning; 

therefore, peer tutors are more beneficial in identifying and bridging knowledge gaps based on 

the social congruence theory (Bulte et al., 2007). Within a PAL setting, tutors function as 

facilitators rather than lecturers, ultimately removing the anxiety in learning (Ten Cate & 

Durning, 2007). Lockspeiser et al. (2008) found that students felt more supported and had better 

expectations of the upcoming assignments when they were paired with senior students. Some 

students even commented that having a peer who had been through the learning process gave 

them confidence that helped to alleviate stress in learning (Lockspeiser et al., 2008).  

Vygotsky's Framework. Apart from cognitive and social congruence theories, PAL is 

also underpinned by psychological theory based on Vygotsky's framework (Vygotsky, 1978). 

This theory suggests that social and cognitive interactions with a knowledgeable peer (i.e. 

scaffolding) during a problem-solving task could enhance a learner's cognitive development 

within the learner's Zone of Proximal Development (Vygotksy, 1978). Based on Vygotsky's 

framework, learning occurs more effectively when a learner encounters problem-solving tasks 

that are interesting but also challenging that require them to seek guidance from a more senior 

peer (Roosevelt, 2008). Learners will benefit from the scaffolding process and acquire the 

necessary skill to solve a similar task in the future (Roosevelt, 2008). Extensive studies also 
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showed that the scaffolding learning interaction that occurred during PAL sessions could 

activate the Zone of Proximal Development and facilitate learning of skills that are yet to be 

acquired (e.g. de Guerrero & Villamil, 2000).  

Model-Observer Similarity Theory. The Model-Observer similarity theory (Schunk, 

1991) postulates that perceived similarity between a learner and a model plays a major role in 

determining the success of observational learning (Schunk, 1991). Having a model that 

resembles the learner may help them assess behavioural appropriateness, identify performance 

outcomes, and enhance self-efficacy in learning (Schunk, 1987). Other studies also supported 

this theory by stating that learners pay more attention to a model with higher similarities 

(Berscheid & Walster, 1969). A learner may even believe that they have similar competency 

as the model when they observe the model who is like them in completing a task (Schunk, 

1984). The model-observer similarity effects are more pronounced when the learners have 

limited prior knowledge, suggesting that novice learners are more likely to compare themselves 

with the model and be affected by the model-observer similarity hypothesis (Hoogerheide et 

al., 2016a). Nonetheless, evidence on the benefits of perceived similarity between the model 

and the learner is mixed. Similarities between the model and the observer in competency were 

shown to have positive effects on writing skills (Braaksma et al., 2002). However, model-

observer similarity in terms of age did not bring any additional benefits in learning how to 

troubleshoot electrical circuit problems (Hoogerheide et al., 2016b). As such, it would be 

interesting to see how the Model-Observer Similarity Theory would apply when teaching 

academic skills to university students.  

Technology-Enhanced Learning: Video-Based Learning (VBL) Approach 

This PhD project proposes a video-based approach of technology-enhanced learning to 

fit into the context of HE that relies on e-learning and makes the interventions more appealing 

to students. VBL has become increasingly popular in the 21st century, as students from 
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different age groups and educational backgrounds engage more in video streaming 

(Hoogerheide et al., 2016a; Lenhart, 2012). In the academic world, VBL has evolved to a type 

of learning that allows knowledge to be accessed by students anywhere at any time (Hepp et 

al., 2004). Various forms of VBL, like instructional videos (videos that include a demonstration 

of how to solve a particular problem; e.g. Hoogerheide et al., 2016a), knowledge clips (bite-

size videos that explain a certain concept), and web lectures (e.g. Jensen, 2011), are now being 

offered online through platforms, such as Panopto, BlackBoard Collaborate, YouTube, and 

TikTok to support students in learning (Hoogerheide et al., 2016a). The adjustments to life and 

education following the pandemic have also transformed user acceptance of VBL methods. 

Many teaching activities are now being delivered through synchronous or asynchronous modes 

of teaching that involve VBL methodologies (Camilleri & Camilleri, 2021). 

Evidence on VBL Interventions 

 There is extensive literature on the benefits of VBL in enhancing students' engagement 

(Stockwell et al., 2015), academic performance (Salina et al., , 2015), academic performance 

(Salina et al., , 2015), academic performance (Means et al., 2010; Salina et al., 2012), and 

learning motivation (Hill & Nelson, 2011). VBL is versatile and has been used successfully to 

support diverse pedagogical strategies, including flipped classrooms, whereby introductory 

videos are used before attending physical teaching sessions (Zainuddin & Halili, 2016), and 

blended learning sessions, whereby videos support learning outside the physical classrooms 

(Yousef et al., 2014). VBL has been used widely in HE institutions (Pal & Patra, 2020). This 

learning approach allows educators to enrich their curriculum with supplementary materials 

that facilitate the acquisition of knowledge and the development of practical skills outside of 

face-to-face sessions (Carmichael et al., 2018).  

Many students perceive VBL to be enjoyable (Winterbottom, 2007), motivating (Hill 

& Nelson, 2011), and effective as a study approach (Salina et al., 2012). Using video 
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technology to learn yields positive learning outcomes (Kay & Kletskin, 2012), due to its 

flexibility that allows students to pause, rewind, and revisit any part of the video whenever 

needed (Salina et al., 2012; Schreiber et al., 2010). VBL also allows students to take autonomy 

and manage their learning (Fill & Ottewill, 2006; Syed et al., 2020), in line with the adult 

learning principles of active participation in the learning process and self-directed learning 

(Knowles, 1984). 

Theoretical Underpinnings of VBL 

 From a theoretical perspective, VBL presents common elements with the Social 

Constructivist Theory, which suggests that effective learning occurs through community 

interactions (Camilleri & Camilleri, 2021; Woo & Reeves, 2007). Students can use remote 

technologies to access recorded online resources and participate in online discussions with 

classmates or instructors through real-time or synchronous communications. These video 

technologies enable meaningful interactions for learning to occur in the virtual world and 

supports the paradigm shift of HE for more active learning to take place (Camilleri & Camilleri, 

2021).  

 Another theory that supports VBL is the theory of multimedia learning (Mayer, 2014). 

This theory suggests that when information is presented across multiple channels (e.g. visual 

and auditory), it maximises the working memory capacity and enables users to simultaneously 

manage more pieces of information (Clark & Mayer, 2016). The presentation of information 

using graphics (visual channel) and narration (auditory channel) also results in better retention 

of information compared to when information is presented only in text or is narrated (Mayer, 

2014). Following this, Clark and Mayer (2016) suggested that combining the visual and the 

auditory modality facilitates selecting and organising information across the dual channels to 

form a 'mental model' suitable to be stored in long-term memory. As such, videos can support 
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effective teaching and learning, while they offer information that may not be available in 

textbooks (Kay, 2012; Turan & Cetintas, 2020). 

Effective Video Design and Presentation 

 There are three primary considerations when designing videos as educational tools: 

cognitive load, student engagement, and active learning (Brame, 2016). The cognitive load 

theory suggested that learners are selective about the types and the amount of information 

processed due to the limited capacity of our working memory (Sweller, 1988). As information 

needs to be stored temporarily in working memory before it is decoded and integrated into our 

existing knowledge base in long-term memory, it is important to ensure that learning materials 

minimise extraneous cognitive load (Homer et al., 2008). Information can be presented via dual 

processing channels (a visual/pictorial channel and an auditory channel) to maximise working 

memory capacity and allow knowledge to be accepted, processed, and decoded (Mayer, 2001; 

Mayer & Moreno, 2003).  

 Another key consideration with the utility of video lessons is student engagement 

(Brame, 2016). Without the physical presence of an instructor, VBL requires much more self-

discipline and self-motivation from students to stay focused, which may be a challenge to some 

students (Conacher et al., 2004). However, no learning can occur when students do not pay 

attention to the video content or when they do not watch the video. One way to manage this 

challenge is via segmentation, whereby information is presented in a smaller chunk or in a 

‘bite-sized’ format to maximise the overall engagement time (Brame, 2016). Past research has 

found that bite-size videos enhance learning outcomes (Ibrahim et al., 2012) and are perceived 

as more engaging and likeable by students compared to the longer ones (Carmichael et al., 

2018). A characteristic example comes from Guo and colleagues (2014), who analysed over 

6.9 million video streaming sessions and showed that videos of less than 6 minutes could reach 

up to a 100% engagement rate.  
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 The last component when considering video technology for pedagogical purposes is 

active learning (Brame, 2016). VBL is more effective when it stops being a passive learning 

event and includes active learning components. Passively watching a video might not be 

sufficient to trigger cognitive activities necessary for knowledge construction and acquisition. 

Videos need to be interactive. Questions or prompts help students to monitor their own 

learning, become aware of the key learning targets, and identify possible interventions to 

improve learning. Alternatively, interactive elements engage students in metacognitive 

thinking as self-regulated learners. (Gaudin & Chaliès, 2015; Sablić et al., 2020) and improve 

learning effectiveness (Zhang et al., 2006). These are supported by research that showed 

interactive videos could trigger the cognitive activities necessary for knowledge construction 

and acquisition (Gaudin & Chaliès, 2015; Sablić et al., 2020) and help to maximise student 

performance (Freeman et al., 2014).   

 In this PhD, we used these three principles to develop three empirical studies which 

aimed to enhance university students' statistics and critical thinking skills. The details of how 

the PhD integrated the principles of effective video design from VBL with the other two 

teaching approaches, PAL and PT, are explained in the preceding chapters. 
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Chapter 3: Methodological Approach 

 This chapter provides rationale and justification in the planning of interventions to 

foster statistics and critical thinking skill development. It also explores the methodological 

approaches adopted in empirical studies described in the preceding chapters. Finally, the 

chapter describes how this project is original in addressing some broader research questions 

associated with the use of PT, PAL, and VBL in HE settings.  

Formation of Technology-Enhanced Learning Interventions  

 The following section describes the process towards developing technology-enhanced 

interventions for HE learning involving the elements of PT, PAL, and VBL. This section details 

each phase of the development and logistics issues that are crucial for the successful 

development of these integrated approaches. 

Phase 1 - Deciding the targeted learning topics 

 The researcher identified topics in statistics and critical thinking that corresponded to 

key learning areas for HE students after consultation with subject matter experts (i.e. senior 

lecturers of university-level modules that involve statistics and essential components of 

thinking). For example, in Chapter 4, three statistical topics that most students struggled with 

within the Year 2 Research Method module (i.e. PSY2116) at the Psychology Department of 

Edge Hill University were selected, with the help of the module leader and tutors. Likewise, 

four logical fallacies, corresponding to common reasoning errors, were chosen for the critical 

thinking intervention in Chapter 6, after consulting a subject matter expert and reviewing 

relevant textbooks (e.g. Gray, 1991; Schick & Vaughn, 2020). 

Phase 2 - Preparing instructional materials for each topic chosen 

For statistics, instructional materials were designed to reinforce previously learnt 

statistics skills but not teach new concepts or skills. Therefore, these instructional materials 

were created upon the lecture content of the Year 1 and Year 2 Research Method modules (i.e. 
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PSY 1116 and PSY2116) at the Psychology Department of Edge Hill University. For critical 

thinking, instructional materials included a basic introduction to an argument and four common 

reasoning errors: the 'appeal to ignorance', the 'bandwagon', the 'false cause', and the 'hasty 

generalisation' fallacies.   

Phase 3 - Recruiting tutors and filming of the instructional videos  

For the study that involved PAL (Chapter 4), a third-year psychology student (peer) 

and a senior academic staff (lecturer) were recruited. The tutor-student had a good grasp of 

statistical knowledge, as suggested by their performance in the latest statistics examination, 

while the lecturer had experience teaching statistics. The academic tutor and the student peer 

tutor presented the statistics learning content using the lecture capture software, Panopto and 

developed nine instructional videos, each lasting between 7 to 13 minutes. The academic and 

peer tutors were given instructional materials prepared by the researcher before the video 

recording sessions to familiarise themselves with the content. 

 In Chapter 5, two senior academic staff, one male and one female with experience in 

teaching Research Methods and statistics modules at the Psychology Department of Edge Hill 

University, presented content during the recording of the instructional videos. The two 

academic tutors received a short PowerPoint presentation and scripts to follow for each video. 

The filming and production of instructional videos in this study were supported by two student 

interns from the Media Department at Edge Hill University. Eight 'bite-sized' videos, each 

lasting between 3 to 6 minutes, were created to professional standards using specialised 

equipment from the University's Media Department. 

 In Chapter 6 and 7, the role of an instructor was not included in the learning videos to 

test out the cognitive load theory that suggested the instructor's presence might be distracting 

for some students (Wang et al., 2017). The researcher created two 'bite-sized' learning videos 
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using the video animation software, Powtoon (https://www.powtoon.com) to present the 

standard form of an argument and introduce the four fallacies.  

Phase 4 - Preparing assessment materials for each topic chosen 

The researcher created an assessment about each video created based on the lecture 

materials and other existing materials. These assessment materials were reviewed and validated 

or piloted if necessary before being used. Cycles of alteration and validation were applied to 

ensure that the assessments were appropriate, and these are discussed further in the following 

chapters (Chapter 4 to 7). 

Phase 5 - Developing technology-enhanced interventions 

The last step was the development of a technology-enhanced intervention for statistics 

and critical thinking. As this PhD aimed to develop a highly sophisticated online learning 

system, three iterations of technology-enhanced learning intervention were developed. Each 

iteration involves either a separate component (PT vs. PAL) or a different learning focus 

(statistics vs. critical thinking). The video quality improved and a more comprehensive online 

learning system was employed as the intervention progressed from one iteration to another.   

 In the first iteration of the intervention, which aimed to improve students' proficiency 

in statistics (Chapter 4), three learning sessions were presented via the online platform 

Qualtrics (Qualtrics, Provo, UT, https://www.qualtrics.com) to participants at a time of their 

choice on the same day of testing. In each session, participants watched a video showing either 

a lecturer or a peer tutor, who demonstrated and explained the statistical analysis test. The three 

learning sessions were presented to each participant in three different learning conditions: 

'lecturer-led', 'peer-led', and 'peer-imitating-lecturer'. The learning conditions were 

counterbalanced across participants and sessions. At the end of each learning video, 

participants completed the corresponding statistics assessment. At post-intervention, 

participants completed the social validity questionnaire and were invited for interviews.  

https://www.powtoon.com/
https://www.qualtrics.com/
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 In the second iteration of the intervention, which included PT elements to reinforce 

previously learnt statistics skills (Chapter 5), the study was presented in two separate sessions. 

In the first session, participants were administered the pre-test of statistical knowledge, the 

attitudes towards statistics questionnaire, and four 'Concept' VBL episodes. In the second 

session, participants were administered the subsequent four 'Analysis' VBL episodes, the post-

test, the attitudes towards statistics post-test version of questionnaire, and the Review of 

Learning Materials questionnaire. Both sessions were presented online via Qualtrics (Qualtrics, 

Provo, UT).  

 In the last iteration that focused on enhancing critical thinking skills (Chapter 6 and 7), 

participants completed the study in three sessions administered online via the Qualtrics 

platform (Qualtrics, Provo, UT). In the first session, participants completed the pre-test phase 

and Episode 1 (Arguments and Fallacies). In the second session, participants completed 

Episode 2 (Examples of Fallacies) and the post-test phase. In the last session, which was 

administered a week after completing Session 2, participants were administered the retention 

tests for Episode 1 and 2 learning. 

Methodology Approach 

This PhD broadly employs a mixed-methods approach, including interconnected 

quantitative and qualitative analysis. 

Quantitative Elements 

 To explore the educational benefits of PAL and PT on students' attainment in statistics 

and critical thinking (RQ1), the researcher compared attainment scores before and after the 

completion of each learning episode. In addition to this, pre-and post-intervention test accuracy 

scores were collected, analysed, and compared in Chapter 5 and 6 to determine whether there 

were any impacts of PT training on students' attainment in addition to the targeted training 

materials. 
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 The methods of analysis for attainment data varied across different empirical studies. 

The first iteration study (Chapter 4) with three learning conditions ('lecturer-led', 'peer-led', and 

'peer-imitating-lecturer') used a repeated-measures ANOVA with learning condition as a 

within-subject factor to compare tutees' average scores in the assessments across three learning 

conditions. The findings of this analysis will contribute to the current literature base of PAL 

and provide evidence that can testify the theoretical underpinning of PAL. If the average scores 

of 'peer-led' and ‘peer-imitating-lecturer’ are found to be higher than 'lecturer-led', the findings 

can supplement the existing literature that this PAL intervention is effective in enhancing 

learning performance. Additionally, if there is a difference in average scores between 'peer-led' 

and ‘peer-imitating-lecturer’, this can help to attribute the effectiveness of PAL to either the 

better ability of a peer tutor to scaffold within the Zone of Proximal Development (Topping & 

Ehsy, 2001) or the theory of Model-Observer Similarity (Bandura, 1994). 

 For the second iteration study (Chapter 5), which was conducted across two separate 

sessions, 2 x 4 mixed-method design ANOVAs were conducted, with a between-participant 

factor (Group: PT frequency-building intervention vs. self-directed learning control) and a 

within-participant factor (Episodes: Episode 1 to 4 / Episode 5 to 8). The pre-and post-test 

accuracy scores were examined using a two-way 2 x 2 ANOVA, with Group (frequency-

building training vs. self-directed learning) serving as the between-subject factor and Time 

(pre-test vs. post-test) serving as the within-subject factor. Similarly, for the third iteration 

study (Chapter 6), results were analysed using a 3 (Groups: PT frequency-building intervention 

vs. PT plus problem-based training intervention vs. self-directed learning control) x 2 (Time: 

pre- vs. post-episode/intervention) mixed-design ANOVA to investigate score differences 

between groups and across two-time points.  

 The analysis can suggest whether PT is effective for improving statistics and critical 

thinking skills by comparing the effect sizes and confidence intervals between both conditions. 
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If PT presents a bigger difference than the non-PT condition, the results add to existing 

evidence that PT can facilitate the acquisition and fluency of skills. Thus PT can be a useful 

tool for educators in the HE setting who aim to improve students' statistics and critical thinking 

skills.  

 With regards to assessing changes to students' attitudes towards statistics and critical 

thinking (RQ2), the researcher collected students' attitudes using standardised measures such 

as the Survey of Attitudes towards Statistics (SATS-36; Schau, 2003) and Critical Thinking 

Toolkit (CriTT; Stupple et al., 2017). Data were analysed using two-way mixed ANOVA, with 

Group as the between-subject factor and Time as the within-subject factor. 

 To evaluate students' opinions towards the VBL component of this intervention (RQ3), 

the user satisfaction questionnaire (Chapter 4) the Review of Learning Materials questionnaire 

(Chapter 5) were administered to each participating student. Data were analysed based on each 

subscale of the questionnaire. Students' feedback on the intervention were analysed statistically 

to evaluate its implementation fidelity and quality based on scores on the self-report 

questionnaires. These analysis results can inform a larger scale technology-enhanced 

intervention study. 

Qualitative Elements 

 Qualitative approaches employ open-ended questions which can be used to capture the 

experiences, opinions, perceptions, attitudes, and feelings of a target population (Patton, 2002). 

Gaining insight into students' learning experiences and perceptions towards the usefulness of 

the intervention and its functionality (RQ4) will allow the researcher to understand its value 

better and inform future iterations of the current approach. Student reflections on positive 

elements of the intervention are also useful for ensuring that we continue to promote these 

characteristics in practice. 
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 In the first iteration study (Chapter 4), qualitative methods were used to address: i) the 

views of tutees on the form, the process, and the context in which the integrated intervention 

of VBL and PAL was developed; ii) their experiences from their involvement in the study; iii) 

their views on the effectiveness of the intervention with regards to supporting more general 

and transferable skills - for example, effective study skills and communication skills (Topping, 

1996); and iv) their views on which elements of the intervention were most successful in 

supporting learning and development. Qualitative methodologies were applied in the form of 

semi-structured interviews. Data were transcribed and analysed by the researcher following the 

interviews. 

 Similarly, in the third iteration study (Chapter 7), qualitative methods were used to 

better understand students' experiences using the technology-enhanced intervention for critical 

thinking. Interviews were held virtually through a video conferencing platform (i.e. Zoom) to 

focus on four key areas: 

1. Students’ perceived usefulness of this intervention for critical thinking development; 

2. Their views on presentation of learning materials; 

3. Their views on factors impacting their learning engagement; 

4. Their views on potential of this approach to support mainstream provisions. 

The audio recordings of the interviews were transcribed in full for data analysis. Braun 

and Clarke (2006) 's established framework of six phases of Thematic Analysis were used as a 

guideline for qualitative data analysis. 
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Chapter 4: Peer-assisted Video-based Learning in Statistics 

Education 

 

Tan, A. J. Y., Kaye, L. K., Spiridon, E., Davies, J., Nicolson, R. I., & Karaminis, T. (in 

press). Bite-sized and Peer-assisted Video-based Learning in Statistics Education: 

Benefits on Attainment, Attitudes and Preferences of University Students. 

International Journal of Technology-Enhanced Learning. 

 

Introduction 

As mentioned in Chapter 1, statistics is considered one of the most important subjects 

within HE (Watson, 1997). Students who are statistically literate will gain a solid understanding 

of fundamental statistical concepts and develop the ability to interpret statistical messages that 

might be misleading sometimes (Tishkovskaya & Lancaster 2012). However, there are 

challenges in teaching this skill to students due to students’ mixed mathematical backgrounds, 

their feelings of anxiety about statistics, or their difficulties in establishing the relevance of 

statistical knowledge to real-world situations (discussed in Chapter 1 - Challenges in the 

Teaching and Learning of Statistics).  

 One way to mitigate these challenges is to offer supplementary teaching materials such 

as VBL tools to support students learning statistics, with the benefits of VBL detailed in the 

previous chapter (Chapter 2 – Evidence on VBL Interventions). Nevertheless, the 

implementation of VBL does not always lead to positive outcomes. According to Brame 

(2016), it is crucial to keep students engaged with course content when using VBL. This is 

because, without the physical presence of an instructor, VBL heavily relies on students' sense 

of self-discipline and self-motivation to stay focused (Conacher et al., 2004). However, when 

students lack self-discipline in learning, the absence of physical interaction with an instructor 
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may be perceived as an "abdication of responsibility on the part of the teacher" (Conacher et 

al., 2004, p.21).   

Past research showed that involving an instructor within videos could overcome this 

limitation (Guo et al., 2014; Pi et al., 2017). The positive outcomes of this approach draw upon 

the social presence theory (Lowenthal, 2010), which suggests that social cues provided by the 

presenter, such as facial expressions and body gestures, help build a connection with the learner 

and subsequently result in the learner's greater engagement with course content. Importantly, 

having a video model similar to the learner could also lead to further improvements in the 

learner's performance (Bong & Skaalvik, 2003) and self-confidence as learners perceive that 

they can perform similarly to the video model (Hoogerheide et al., 2016a). These latter findings 

open up additional opportunities to introduce peer-assisted formats into VBL.   

The study evaluated whether a combination of VBL with PAL approaches could 

address challenges in statistics education and enhance statistics attainment in university 

students of Psychology and related disciplines.  

The learning design developed in this study was administered before the arrival of 

COVID-19, in the form of a brief learning intervention via a user-friendly online platform, 

Qualtrics (Qualtrics, Provo, UT). This intervention comprised three learning sessions, which 

included watching a video followed by an online assessment of statistics competence. The 

study explored students' learning experiences when PAL was integrated to a different extent. 

That is, when the learning content was presented by a lecturer, a student peer tutor, either in 

their own words or by repeating a lecturer's wording verbatim. 

A mixed-method approach was used to evaluate the online learning design based on 

short learning sessions and produced comprehensive and meaningful inferences regarding 

students’ experiences of using it, their preferences towards key features of the design, and their 

learning outcomes (Tashakkori & Creswell, 2007). The mixed-methods included 
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interconnected quantitative and qualitative components, which addressed the following 

research questions:  

RQ1) Does the use of PAL result in improved statistics attainment compared to the 

lecturer-led format? (quantitative);  

RQ2) What are the perceptions of students towards the impact of a VBL approach on 

statistics attainment? (qualitative); and  

RQ3) What are their attitudes and preferences towards the combination of VBL and 

PAL as an alternative to lecturer-led formats? (qualitative).  

Methods 

Participants  

All participants were psychology students from a university in the North of England (6 

males, 12 females) with a mean age of 24.47 years (SD = 5.42) enrolled in undergraduate (N = 

14) and postgraduate (N = 4) psychology courses. Participants signed up as peer tutees through 

the University’s research participation scheme and the Psychology Department’s social media 

on a voluntary basis (see Appendix A for the research advertisement). Participants reported 

that their most recent statistics module grades were 40-49% (N = 2), 50-59% (N = 2), 60-69% 

(N = 4), and 70% and above (N = 8).  

Materials  

Pre-recorded instructional videos  

Nine instructional videos were created using the lecture capture software, Panopto. 

Each video lasted between seven to 13 minutes (M = 10.86, SD = 2.19) and focused on a 

demonstration of how to conduct a given statistical analysis (test) using the statistical software, 

SPSS (IBM Corp. 2017) and the explanation of the analysis results. Three learning videos 

focused on One-way ANOVA, another three videos focused on Repeated-measure ANOVA, 

and another three on Linear Regression. These topics were selected to correspond to key 
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learning areas for psychology students after consultation with a subject-matter expert (a senior 

lecturer of a university-level statistics module) and a review of a core statistics textbook for 

psychology students (Dancey & Reidy, 2017). The three topics are prerequisites for more 

advanced statistical analysis, such as Factorial ANOVA, Mixed-design ANOVA, and Multiple 

Linear Regression.   

Three alternative types of video were recorded for the three target statistical topics 

(One-way ANOVA, Repeated-measure ANOVA, and Simple Linear Regression). This enabled 

the researcher to implement the following three VBL conditions: (a) the ‘lecturer-led’ 

condition, in which an academic (lecturer) delivered the learning content by presenting the 

slides given; (b) the ‘peer-imitating-lecturer’ condition, in which a peer tutor delivered the 

same learning content by reading the lecturer’s explanations in verbatim; and (c) the ‘peer-led’ 

condition, in which a third-year psychology student (peer) delivered the learning content by 

presenting the slides using words of their choice. These three learning conditions were 

counterbalanced across participants and sessions as shown in Table 4.1.   

Table 4.1 

Counter-balanced order of conditions across sessions and across participants. 

 Video 1 Video 2 Video 3 

Participant 1-6 Condition A: 

lecturer-led 

Condition B: peer-

imitating-lecturer 

Condition C: peer-led 

Participant 7-12 Condition B: peer-

imitating-lecturer 

Condition C: peer-led Condition A: 

lecturer-led 

Participant 13-18 Condition C: peer-led Condition A: 

lecturer-led 

Condition B: peer-

imitating-lecturer 
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These learning videos (image and voice-over) showed a presenter (lecturer or peer 

tutor) delivering the learning content based on 15 slides prepared by the researcher using 

Microsoft PowerPoint®. The slides included texts presenting key information, as well as 

visuals illustrating the steps of statistical analyses with the SPSS software (IBM Corp., 2017). 

Visuals were included to reduce cognitive loads of information processing (Kester et al., 

2006).  

In the videos, a presenter appeared at the bottom right-hand corner of the video (see 

Figure 4.1) to improve engagement with the video (Guo et al., 2014). The academic tutor and 

student peer tutor had the opportunity to familiarise themselves with the slides prior to the 

recording of the sessions. Furthermore, videos for the ‘peer-led’ condition were recorded 

before videos for the ‘peer-imitating-lecturer’ condition. This ensured that there was no 

interference in the way the peer tutor presented the learning content in the ‘peer-led’ condition 

from the ‘peer-imitating-lecturer’ condition.  

Figure 4.1  

Screenshot of a ‘lecturer-led’ learning video.  
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Statistics competence assessments 

Three statistics competence assessments (one for each targeted topic) were developed 

to measure attainment at the end of learning sessions. Each assessments included six multiple-

choice questions and four short-answer questions. The assessments were based on material and 

performance records from web-based assessments within the second-year “Research Methods 

and Statistics” module of the University’s BSc Psychology Programme. Within the curriculum, 

these web-based assessments are completed weekly to track students’ learning progression 

throughout the module. For the purposes of this study, anonymised data from web-based 

assessments of previous academic years were used to identify challenging questions. These 

were questions that were answered incorrectly by more than a quarter of students in previous 

cohorts. From these, six multiple-choice and short-answer questions that best addressed the 

learning objectives of the sessions and that were similar to the questions found in the relevant 

chapters of a core textbook were selected (Dancey & Reidy, 2017).   

User-satisfaction questionnaire  

A five-item questionnaire was developed to collect participants’ views towards the use 

of VBL for statistics learning. This questionnaire was based on Bueno-Alastuey and Pérez 

(2014), who created a survey to evaluate students’ satisfaction with the virtual learning 

courses.   

Participants used a 5-point Likert scale (from 1, ‘very dissatisfied’ to 5, ‘very satisfied’) 

to rate the VBL sessions on the following characteristics: 1) enjoyability; 2) usefulness of video 

resources for statistics learning; 3) appropriateness in terms of difficulty; 4) resourcefulness – 

the breadth of skills and areas covered; and 5) quality of the structure and organisation of 

learning sessions. See Appendix B for the user-satisfaction questionnaire.  
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Open-ended questionnaire / Semi-structured interviews  

An open-ended questionnaire or a semi-structured interview were used to assess in 

greater detail the following areas: i) the tutees’ experiences from their involvement in the study 

(e.g., “Did you enjoy taking part in the study?”); ii) their views on the effectiveness of the 

intervention on improving statistical knowledge (e.g., “How do you feel the intervention in 

improving statistical knowledge?”); iii) their views on the effectiveness of the intervention with 

regards to supporting more general and transferable skills - for example, effective study and 

communication skills (Topping, 1996; e.g., “Are there any other outcomes or skills you feel 

that these sessions have helped you achieve/develop?”); and iv) their views and preferences for 

videos presented by lecturers vs. peer tutors (e.g., “How would you compare the sessions in 

which the material was presented by the lecturer to the sessions in which the material was 

presented by a peer?”); and v) their opinion on the potential of this intervention to support 

learning and development (e.g., “How would you compare a VBL scheme like these online 

sessions to traditional lecture sessions?”). The semi-structured interviews lasted about 15 

minutes. All audio recordings of interviews were transcribed to allow analysis. See Appendix 

C for the open-ended questionnaire and Appendix D for semi-structured interview questions. 

Procedure  

Participants were asked to complete three learning sessions via the online platform, 

Qualtrics (https://www.qualtrics.com) at a time of their choice on the same day of testing. 

Participants first completed a session on One-way ANOVA, followed by Repeated-measure 

ANOVA, and Simple Linear Regression. For each session, they watched a video, involving 

either a lecturer or a peer tutor in demonstrating and explaining the statistical analysis test. The 

three learning sessions were presented to each individual participant in one of the three 

conditions (‘lecturer-led’, ‘peer-imitating-lecturer’, and ‘peer-led’) in a counterbalanced order 

across participants and across sessions. At the end of each learning video, participants 

https://www.qualtrics.com/
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completed the corresponding statistics assessment. Subsequently, participants completed the 

user-satisfaction questionnaire and were invited to answer some open-ended questions relating 

to their experience of using a VBL approach for statistics.   

Measurement and analysis   

Data from the user-satisfaction questionnaire (N = 17, one participant did not complete 

the questionnaire) were analysed per item - enjoyment, usefulness, appropriateness in terms of 

the level of difficulty, resourcefulness, and structure. Statistical analysis showed that the 

internal reliability of these five measures was high (Cronbach’s α = .93) and therefore, it is 

acceptable to say that the questionnaire is an internally valid instrument as it falls within the 

range of 0.70 to 0.95 (Tavakol & Dennick, 2011). All participants completed the questionnaire, 

except for one participant who was lost to attrition and did not respond to emails during follow-

up.    

 Qualitative data from the open-ended questions (N = 14) and the semi-structured 

interviews (N = 3) with tutees were analysed with thematic analysis based on Braun & Clarke 

(2006)’s framework of six phases. The researcher first familiarised themselves with the data 

by reading the open-ended responses and the transcripts repeatedly several times. 

Subsequently, the researcher coded the entire dataset by generating labels that capture the key 

features of the dataset, followed by examining these codes to generate potential themes. 

Finally, the selected themes were reviewed, defined, and reported with supporting quotes.  

Data from the statistics competence assessments were scored to yield a measure of 

accuracy in a given session. A correct response was awarded 1 mark, while an incorrect 

response was awarded 0 mark for both multiple-choice and short-answer questions. From the 

scored assessments, measures of overall accuracy in each of the three VBL conditions were 

calculated. Assessment scores were calculated as the percentage of correct responses (%), as 
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the number of questions varied slightly across sessions. These scores across learning conditions 

were compared with ANOVAs conducted on the overall data as well as on individual sessions.  

Ethical Approval  

Ethical approval was granted from Edge Hill University’s Centre of Learning and 

Teaching and the Psychology Department Research Ethics Committee. See Appendix M for 

Ethics Forms. 

Results  

Statistics attainment scores  

In the statistics assessments scores, participants achieved an average accuracy score of 

72.40, SD = 14.52 (see Figure 4.2).  

Figure 4.2 

Participants’ accuracy in statistics competence assessments across learning conditions in the 

three sessions and in the combined data. 
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The assumption of normality was met for all measures when tested using Kolmogorov-

Smirnov tests (all ps >.05). The assumption of sphericity also had not been violated when data 

was tested using a Mauchly’s Test of Sphericity, x2(2) = .95; p = .67. The results of these two 

assumption tests suggested that it was appropriate to analyse the data with parametric statistical 

procedures with learning conditions as a within-subject factor.     

Subsequently, a repeated-measures ANOVA was conducted with learning conditions 

as a within-subject factor (‘lecturer-led’, ‘peer-imitating-lecturer’, and ‘peer-led’). This 

showed no significant effect of learning condition on participants’ average accuracy 

scores, F(2, 34) = 0.07, p = .94, MSE = 20.14, ηp
2 = 0.004.  

Additionally, participants’ accuracy scores across different learning conditions were 

compared with the focus on individual learning sessions. Again, there were no significant 

effects of learning condition (between-participants factor) on accuracy in either the One-way 
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ANOVA session, F(2, 15) = 0.51, p = .61, MSE = 171.49, ηp
2 = 0.26, the Repeated-measures 

ANOVA session, F(2, 15) = 0.53, p = .60, MSE = 151.24, ηp
2 = 0.27, or the Regression 

session, F(2, 15) = 1.59,  p = .24, MSE = 370.55, ηp
2 = 0.46.   

Perceptions towards the VBL episodes  

Participants’ responses from the user-satisfaction questionnaire were generally positive 

across all five items (see Table 4.2). 

Table 4.2  

Mean and standard deviation of satisfaction scores per item. 

Items Means* SD 

Enjoyment 3.71 0.85 

Usefulness 4.53 0.51 

Appropriateness 4.06 0.66 

Resourceful 4.06 0.75 

Structure 4.47 0.51 

*Participants indicated their level of satisfaction on a 5-point Likert scale (from 5, ‘very 

satisfied’ to 1, ‘very dissatisfied’). 

Questions on the usefulness and structure of these sessions received the most positive 

responses, with 100% of the participants rating themselves to be somewhat satisfied or highly 

satisfied on these two items. The other three items received more than 50% of moderately to 

highly positive responses (see Figure 4.3).   

Figure 4.3 

Participants’ responses for the five items on the user satisfaction questionnaire.  
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Attitudes towards video-based and PAL 

The thematic analysis of the interview transcripts identified the following main themes: 

“Positive learning experiences”, “Divergent attitudes towards VBL”, and “Differential 

preferences towards presenter status”. The first main theme, “Positive learning experiences” 

included a sub-theme, “Improved confidence in statistics skills”. The second main theme, 

“Divergent attitudes towards VBL” included a sub-theme, “Supplementary learning aid”. The 

following sections present themes in further detail.  

Positive learning experiences  

Overall, participants reported positive learning experiences from the VBL approach. 

They suggested that the video-based sessions reinforced what has been taught in class and 

clarified concepts that were confusing to them before. This was consistent with the aim of this 

intervention to reinforce previously learnt statistics skills and knowledge. In response to a 
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question that asked if the sessions had helped them to develop certain skills, participants’ 

responses were:  

“Yes, it (the learning session) serves as a refresher and also informs me of something 

that I don't know before.” (Participant 204)  

“Yes, I learn something new but the better thing is that I understood some concepts that 

before weren't so clear.” (Participant 306)  

“It (the learning session) helps me to improve my knowledge on the subject, which I 

need help anyway.” (Participant 304)  

 

Some participants also commented that the learning sessions helped them improve their 

conceptual and practical knowledge with the information provided within the sessions and the 

assessments at the end of the sessions.    

“Information provided during the three sessions is very useful in enhancing both 

conceptual and practical knowledge. Now, I can better interpret the data.” (Participant 303)  

“It [the learning session] did improve a lot because they didn’t speed in the video, they 

didn’t go fast, so I understand it when it moves along and it also reinforces it when I was doing 

the questions after.” (Participant 102) 

 

Improved confidence in statistics skills. When asked about other positive outcomes, 

other than academic gains following the participation in this study, several participants reported 

increased confidence in dealing with statistics.   

“First of all, my confidence. I love it, because something I thought I didn’t know, I 

finally understand that if you have a little bit more thought about it, you know the answer is 

just about the confidence. So I think the practical exercise in the end, helped me to em…tell 

myself that you actually know some of that stuff.” (Participant 205)  
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Participant 103 also reported a reduced in anxiety when looking at SPSS tables as 

he/she reported:  

“the sessions made me realise that SPSS tables are more simple to read than they 

seem.”  

 

Divergent attitudes towards VBL 

Another theme that emerged from participants’ responses was their differential 

attitudes towards VBL as a general learning approach. Several participants suggested aspects 

of VBL that were beneficial to them in learning. In response to a question asking participants 

to compare VBL schemes to traditional lecture formats, many reported very positive 

experiences such as:  

  “I think a VBL scheme is good because people can watch the video according to their 

learning effectiveness. Some people who are slow learners could re-watch the video or pause 

at some point and rewind to link things together, or to process what was taught.” (Participant 

106)  

“I think it’s good because you can do it in your own time. And you can pause the video 

if you don’t understand something and go back I guess. Em…and you can rewind and stuff like 

that to do it at your own pace. Whereas face-to-face you can’t do that.” (Participant 102)  

  

However, other participants did not hold positive attitudes towards VBL and noted the 

lack of communication and interaction between presenters and students.  

“Much harder to sustain attention when it is a web-based video. It is also harder to 

remain engaged in the topic when the lecturer cannot make use of the physical space in a way 

that facilitates engagement (e.g., moving around the room, writing on the board, interacting 

with students by posing or answering questions, etc.).” (Participant 307)  
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“I think they [VBL sessions] are useful but lack communication so would be a good 

additional resource.” (Participant 309)  

  

Supplementary learning aid. Despite the mixed opinions on VBL, most participants 

acknowledged that VBL had a great potential to be used as a supplementary material to support 

learning.   

“Access to online materials is always useful as a revision tool, or as backup for people 

who may be unable to attend a lecture for any reason.” (Participant 203)  

“It could certainly be useful and it could be supplemented on BlackBoard [higher 

education software platform] for people who are really struggling with the PowerPoint and the 

textbook as a point of alternative need. It is sort of like the last stage of things, if you don’t 

understand the PowerPoint, you don’t understand the lecture, you are struggling with the 

textbook, here is the YouTube video that might help.” (Participant 205)  

 

Differential preferences towards presenter status  

When asked to compare sessions presented by a lecturer and a peer tutor, participants 

expressed mixed preferences. The majority of the participants reported they would prefer the 

session presented by the lecturer and commented that the lecturer was more confident, 

engaging, and easy to understand as compared to the peer tutor. Some of those responses were:  

“I think that the lecturer had a slightly more logical presentation of the material, 

and seemed to pre-empt which areas might need extra explanation and I found the session 

presented by the lecturer easier to understand.” (Participant 203)  

“Not sure if it's the authority or experience level has a difference. The lecturer is 

definitely easier to understand.” (Participant 202)    
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“It was easier for me to understand what the lecturer is doing and explaining than the 

student explaining. Probably the lecturer has some years of teaching experience, and she can 

cut down at different pace.” (Participant 205)    

  

By contrast, some participants reported they would prefer sessions led by peer tutor due 

to the similarity in age, knowledge, and experience.  

“When it’s someone similar to your age, they know the way best to describe it for you 

to understand it. Em…whereas when you are old, when you have this knowledge for a long 

time, you might be able to explain it in a simple term. So when it’s someone who knows it, I 

don’t know maybe for a couple of years, they will be able to explain to you how they learn it 

and how they explain to you.” (Participant 102)  

“Maybe the sessions presented by a 3rd-year peer were more simple to understand.” 

(Participant 303)  

Discussion  

This study developed a VBL design that brought together elements that were associated 

with positive student perceptions and good learning outcomes in previous studies. Specifically, 

the study incorporated a VBL design to fit into the context of HE that is fast-moving forward 

to virtual learning and also assessed the benefits of PAL in relation to other instructional 

approaches by comparing participants’ learning performance in statistics assessments. The 

VBL design was administered pre-COVID to HE students without a mathematical background, 

aiming to reinforce their previously learnt statistical skills. A mixed-methods approach was 

used to evaluate the students' performance and preferences for this learning design, in 

particular, whether ‘presenter status’ had an impact on learning outcomes, and whether 

students responded positively to this VBL approach.    
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With regards to the impact of presenter status (lecturer vs. peer) on learning outcomes, 

the quantitative competence assessment data revealed that average student scores were 

uniformly high (corresponding to a ‘first class’ score) in the three learning conditions, and with 

no substantial differences in accuracy across the three conditions. In contrast to what the 

Model-Observer Similarity theory (Bandura, 1977; 1986) and the cognitive and social 

congruence theories (Bulte et al., 2007; Lockspeiser et al., 2008) would predict, no 

improvement statistics performance was found in sessions in which PAL was used. 

These results are inconsistent with earlier PAL studies who reported benefits from PAL, for 

example, Paloyo et al. (2016) and Peterfreund et al. (2007), who addressed the learning of 

statistics or STEM-related subjects, and Braaksma et al. (2002), who showed a positive impact 

of PAL in video-based settings.    

Nevertheless, the results also suggested that there were either no benefits when a 

lecturer served as a presenter in the videos. Although such benefits are opposite to the 

hypothesis in this study grounded on the Model-Observer Similarity (Bandura, 1977; 1986) 

and the cognitive and social congruence theories (Bulte et al., 2007; Lockspeiser et al., 2008), 

one could expect lecturer-related benefits based on the lecturer’s authority status (Esmaeili et 

al., 2015), their formal training (Azam et al., 2014), and their experience in a virtual teaching 

environment (Guasch et al., 2010). The current findings suggested that the student peer 

presenter was as effective as the academic lecturer in terms of the students’ statistics 

performance.     

With regards to the perceptions of students towards the impact of this VBL design on 

their statistics attainment, our findings suggested that students' views were overall positive. 

Data from the user-satisfaction questionnaire suggested high satisfaction rates, especially 

regarding the usefulness and the structure of the video episodes. In their open-ended responses 

and semi-structured interviews, participants reported that the video-based episodes helped 
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them build confidence in dealing with statistical knowledge and skills and develop a better 

understanding of the subject area. In their accounts, participants attributed these benefits to the 

possibility to pause, rewind, and revisit the information provided in the VBL session.  These 

findings are consistent with earlier studies, which suggested that VBL is perceived to be fun, 

enjoyable, and motivating by students (Hill & Nelson, 2011; Winterbottom, 2007) and chime 

with previously-reported accounts for the benefits of VBL (e.g., Salina et al., 2012; Schreiber 

et al., 2010). This study showed that these benefits of VBL generalise to statistics, a challenging 

subject (Tishkovskaya & Lancaster, 2012), in which university students present well-

documented difficulties − from poor abilities to understand mathematical concepts and relate 

statistical knowledge to real-life settings to feelings of hatred and anxiety (Allen et al., 2012; 

Verhoeven, 2006).   

However, some of our participants expressed preferences for conventional face-to-face 

lectures. These individuals recognised benefits in the opportunity to engage and communicate 

face-to-face with an instructor and suggested that this promotes their overall engagement with 

the learning process. This account is similar to alternative accounts of students’ attitudes 

towards VBL approaches (Conacher et al., 2004; Kay, 2012; Sun & Rueda, 2012), which 

highlight that some students prefer to receive teacher guidance in their learning interactions 

and that the student’s sense of self-discipline is not always sufficient for successful learning. 

The inclusion of presenter models within the videos of the learning design (Guo et al., 2014; 

Pi et al., 2017), did not compensate for this limitation for some of the participating students in 

our study. Nevertheless, there seemed to be a consensus amongst participating students that the 

VBL design would be valuable as a supplementary learning aid or a complementary learning 

approach.  

With regards to participants’ preferences and attitudes towards having a peer or a 

lecturer as a presenter, participants’ views were divided. This result was to an extent expected 
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given the individual differences in our sample. Furthermore, earlier studies have suggested that 

PAL might not be appealing to the entire student population and that this divide in students’ 

opinions can affect students’ willingness and motivation to participate in PAL 

programmes (Burgess et al., 2020).  There are also different views on whether PAL should be 

optional and voluntary or part of the mandatory programme (Burgess et al., 2020; Ross & 

Cameron, 2007).  

In their questionnaire responses and interviews, students who expressed a preference 

towards peer-led sessions alluded to similarities between them and the student tutor in terms 

of learning experiences and knowledge level. These accounts were consistent with the 

cognitive and social congruence theories (Bulte et al., 2007; Lockspeiser et al., 2008). On the 

other hand, students who preferred sessions with a lecturer suggested that the lecturer-led 

sessions were easier to understand and more engaging than the sessions with the peer tutor. In 

their interviews, these students also alluded to the role of teacher’s experience and the role of 

authority. These latter accounts suggested that even though VBL is often associated with 

autonomy (Fill & Ottewill, 2006) and self-directed learning (Knowles, 1984), teacher guidance 

is important.  

In sum, the current study demonstrated that students showed uniformly high 

performance in the competence test across learning conditions, suggesting that the presenter 

status did not have a direct impact on their learning outcomes. Students also had overall 

positive learning experiences from their participation in the learning intervention, though their 

individual attitudes and preferences towards the use of VBL and PAL as mainstream learning 

formats varied.   

Students’ performance was overall high even though individual students were exposed 

to videos in which the presenter status was different from their preferences (in some of the 

sessions). Nevertheless, individuals’ learning outcomes as measured by the statistics 
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competence tests are possibly related to their learning preferences. This idea was put forward 

in Braaksma et al. (2002), who reported that in videos, weaker students are likely to prefer less 

competent (‘weak’) models in observational learning, while better students would focus more 

on expert (‘good’) models.  

It was not possible to investigate if a similar relationship was held for the data in this 

study, due to sample size and scale (three sessions, one lecturer, one peer tutor) limitations. 

However, our research design could be extended in future studies to systematically vary 

characteristics of instructors in VBL, such as perceived expertise levels (Hoogerheide et al., 

2016a), age, and gender (Hoogerheide et al., 2016b) and examine how these impact on 

individual students’ engagement and, more so, on their learning outcomes. The size and length 

of a video episode can also be manipulated to establish optimal students’ engagement and 

learning outcomes. More generally, findings from this enterprise could 

inform customisable learning designs with bite-sized videos and support the development of 

learning materials that accommodate the individual learning needs and preferences of students. 

This possibility is valuable as HE relies increasingly on online and distance-based learning, 

and ensuring engagement with online materials is key.  

In conclusion, the study evaluated an online VBL design which aimed to reinforce 

previously learnt statistics skills in university students without mathematical backgrounds in 

this study. The learning design incorporated elements that have been proposed to encourage 

self-directed learning such as the presence of a video instructor in a PAL format and the use of 

dual modalities (visual and auditory) in the presentation of learning videos. The study also 

identified perceived benefits, preferences, attitudes, and learning outcomes of students who 

took part in the learning intervention. The current research design could be extended to gain 

further insights into online VBL and support the development of efficient VBL tools, which 

are warranted in the current educational landscape. Findings about presenter conditions in this 
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study allows further investigation of other elements such as bite-sized video learning (Khong 

& Kabilan, 2020; Koh et al., 2018) and Precision Teaching (PT, Kubina & Morrison, 2000; 

Lindsley, 1992) that have been shown to improve engagement and optimise learning. The 

following chapter examines the use of PT, whereby the learning of individual students is 

closely monitored, in bite-sized VBL designs for statistics. 
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Chapter 5: A Technology-Enhanced Learning Intervention for 

Statistics in Higher Education using Bite-Sized Video-Based 

Learning and Precision Teaching 

 

Tan, A. J. Y., Davies, J., Nicolson, R. I., & Karaminis, T. (in press). A Technology-Enhanced 

Learning Intervention for Statistics in Higher Education using Bite-Sized Video-

Based Learning and Precision Teaching. Research and Practice in Technology 

Enhanced Learning. 

 

Introduction 

When the first study (Chapter 4) concluded, the coronavirus (COVID-19) pandemic 

was declared by the World Health Organisation (WHO, 2020) in early 2020. This has had a 

significant impact on the HE sector. Social-distancing measures and lockdowns led to the 

suspension of many face-to-face teaching activities. Educational institutions responded 

urgently to these unprecedented challenges by transferring or redeveloping curricula on online 

teaching platforms (Crawford et al., 2020).  

Initially, many educators and learners experienced feelings of unpreparedness and 

uneasiness with online formats (Gonzalez et al., 2020; Watermeyer et al., 2021), as well as 

difficulties due to screen fatigue, distractions from surrounding environments or poor internet 

connection (Adnan & Anwar, 2020; Xiong, Jiang, & Mok, 2020). However, the period in which 

the HE sector relied almost exclusively upon online teaching highlighted its flexibility, 

accessibility, inclusivity, and affordability (Dhawan, 2020; Pokhrel & Chhetri, 2021). There 

now appears to be an agreement that online learning is more than a short-term remedy for 

challenges during the pandemic (Rapanta et al., 2020). Online learning offers HE institutions 

the opportunity to focus on more inclusive student-centred learning approaches and to cultivate 
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collaborative partnerships which are not possible within physical classroom settings (Pokhrel 

& Chhetri, 2021). To fully benefit from online learning, it is imperative to monitor learners’ 

performance and preferences during online learning interactions. 

This study built upon the first iteration of technology-enhanced learning intervention 

(Chapter 4). The study evaluated the effectiveness of the second iteration of technology-

enhanced learning intervention, which combined bite-sized VBL with PT to reinforce 

previously learnt statistics skills in university students without a mathematical background. 

The integration of VBL and PT was thought to bring additional benefits to learning. 

Specifically, bite-sized VBL approach presents key information in a concise manner and has 

been shown to maximise the overall engagement time and improve knowledge retention 

(Khong et al., 2020). On the other hand, PT allows teachers or students themselves to closely 

monitor the acquisition of a targeted skill and adjust the instructional design whenever 

necessary to optimise learning (Kubina & Yurich, 2012). The incorporation of bite-sized videos 

and PT in this iteration of technology-enhanced intervention aligns with Brame’s (2016) 

recommendations for an effective educational video design to emphasise student engagement 

and to incorporate active learning elements (see Chapter 2 – Effective Video Design and 

Presentation). 

The study focused on statistics as a target learning domain to address the challenges in 

statistics education as outlined in Chapter 1 (see Chapter 1 – Challenges in the Teaching and 

Learning of Statistics). A further reason for the choice of statistics was that due to the nature 

of this subject, there is clear potential to benefit from frequency-building approaches. Building 

up fluency in prerequisite mathematical skills and abstract thinking are vital for making 

progress in statistics (Garfield & Ahlgren, 1988). For example, students need to have an 

adequate understanding of a statistical problem and learn different ways to visualise the data 
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through graphical or table representations before they are able to interpret patterns within the 

data (Ruz et al., 2018).  

The learning design presented in this study was administered during the first lockdown 

period in the UK (March to July 2020) in the form of a brief online intervention delivered via 

a user-friendly platform. The study explored students' engagement and statistics attainment 

before, across the duration, and post-intervention, contrasting the performance of two groups, 

which completed two forms or conditions of learning. The two learning conditions used the 

same learning material but differed in the way students interacted with it in a practice phase. 

In particular, an intervention 'frequency-building’ group completed practice on the learning 

material based on the identification of knowledge gaps of individual students with PT and a 

‘self-directed learning’ control group, completed practice on the learning material navigating 

through it for the same time as the intervention group but in a self-paced way. 

The study quantitatively assessed students’ attitudes toward statistics pre- and post-

intervention, and their attitudes towards the learning materials after they completed the 

intervention. With these measures, it aimed to address the following research questions:  

RQ1) Are there any educational benefits of frequency-building on students’ 

engagement and statistics attainment?;  

RQ2) Are there any benefits of frequency-building on students’ attitudes towards 

statistics after participating in the study?; and  

RQ3) What are students’ views towards the use of a bite-sized VBL for statistics, and 

their opinions on the quality of materials used, its potential to complement formal teaching, 

and its general functionality?. 
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Method 

Participants  

Thirty-eight adults (33 females, 5 males) with a mean age of 25.29 years (SD = 8.83; 

range 18-52 years old) took part in this study. Participants were recruited through the 

University’s Research Participation System (SONA) and the departmental social media 

platforms (see Appendix E for the research advertisement). All participants were university 

students, with 29 of them registered as undergraduate students and nine as postgraduate 

students.  

Materials 

Findings from Chapter 4 suggested several improvements that the development of this 

iteration of the intervention sought to address, namely the focus on bite-sized learning, the 

expansion of the scope of videos, the inclusion of pre- and post-intervention measures, and the 

quantitative measures of attitudes towards statistics.  

For this study, two types of testing material were developed, instructional and testing. 

Instructional materials consisted of pre-recorded learning videos. Testing materials consisted 

of end-of-episode assessments of statistics attainment, a test of statistics attainment, a Survey 

of Attitudes towards Statistics, and a Review of Learning Materials Questionnaire. The 

instructional and testing materials are presented below.  

Pre-recorded learning videos 

Building upon the experience of developing pre-recorded instructional videos from the 

previous iteration (Chapter 4), the scope was expanded to include eight brief pre-recorded 

learning videos (lasting 3-6 minutes each). These learning videos covered content from a 

Research Methods module from the first year of a BSc Psychology course and were divided 

into two types: ‘Concept’ and ‘Analysis’. The first four learning videos were ‘Concept’ videos 

and focused on explaining statistical concepts and terminologies. The following four learning 
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videos were ‘Analysis’ videos and focused on illustrating and explaining the steps of specific 

statistical analysis tests using the IBM SPPS Statistical software (IBM Corp., 2017) and the 

interpretation of the test results. See Appendix F for video topics.  

Two senior academic staff, one male and one female, with experience in teaching 

Research Methods and Statistics Modules to Psychology students offered guidance in the 

development of the learning videos. These two staff, who were both native English speakers, 

also served as presenting tutors in the videos. Each tutor was randomly allocated to half of the 

‘Concept’ and half of the ‘Analysis’ videos presented in this study. Before recording, the two 

tutors liaised with the researcher to develop short presentations (8 - 17 slides, using Microsoft 

PowerPoint) and scripts to follow each video. See Appendix G for the video recording release 

form. 

End-of-episode assessments of statistics attainment 

The end-of-episode assessments included 15 multiple-choice questions with four 

answer choices for each question. These were selected from question banks of two statistics 

textbooks (Dancey & Reidy, 2011; Field, 2013), and covered the learning content and 

addressed the learning objectives of the videos. A subject-matter expert (senior lecturer of a 

university-level course on statistics) provided feedback during the selection process and 

validated the questions as well as the answer choices. 

Tests of Statistics Attainment 

A multiple-choice quiz consisting of 25 questions with four choices for each question 

was presented as a pre- and post-test assessment of all learning videos. Questions referred to 

the learning objectives of the videos and were drawn from the bank of questions used in the 

end-of-episode assessments, ensuring that they were different to the questions of the end-of-

episode assessments. Each learning episode contributed at least three questions to the pre- and 

post-tests to ensure that all content was represented. Participants received no feedback on their 
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performance on these tests. The addition of pre- and post-test assessments could offer a more 

sensitive measure of the impact of VBL and PT on statistics attainment as suggested in Chapter 

7 (see Chapter 7 – limitations and directions for future research). 

Survey of Attitudes towards Statistics (36-item version; SATS-36) 

Students’ anxiety and attitudes towards statistics were measured using the SATS-36 

questionnaire (Schau, 2003; Schau, et al., 1995). This 36-item scale includes six components: 

1) affect – six items (e.g. “I will enjoy taking statistics courses”); 2) cognitive competence – 

six items (e.g. “I can learn statistics”); 3) value – nine items (e.g. “Statistics skills will make 

me more employable”) 4) difficulty – seven items (e.g. “Statistics formulas are easy to 

understand”); 5) interest – four items (e.g. “I am interested in being able to communicate 

statistical information to others”; and 6) effort – four items (e.g. “I plan to complete all of my 

statistics assignments”). Respondents indicate their level of agreement with a given statement 

based on a 7-point Likert scale, ranging from 1 (strongly disagree) through 4 (neither disagree 

nor agree) to 7 (strongly agree). The SATS-36 was found to have high internal consistency (α 

= .90) and has been widely used in previous studies to investigate students’ attitudes towards 

statistics (e.g. Khavenson et al., 2012; Stanisavljevic et al., 2014; Vanhoof et al., 2011). The 

use of SATS-36 could help to assess the wider impacts of this intervention on students’ feelings 

towards statistics. 

Review of Learning Materials Questionnaire 

The quality of learning videos was evaluated using the Review of Learning Materials 

questionnaire, developed by the Multimedia Educational Resource for Learning and Online 

Teaching (MERLOT, www.merlot.org). The questionnaire consists of three subscales: quality 

of content – seven items (e.g. “The learning material is clear and concise”), potential 

effectiveness as a teaching tool – seven items (e.g. “The learning material identifies learning 

objectives”), and ease of use – five items (e.g. “The learning material is engaging”).  
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Respondents indicate their level of agreement with 19 statements based on a 5-point Likert 

scale (1 = strongly disagree, 5 = strongly agree). 

Design  

The design of the study is shown in Figure 5.1. Participants were allocated to two 

experimental groups, namely a ‘frequency-building practice’ intervention group and a ‘self-

directed learning’ control group. The two groups were matched at an individual level on their 

performance on the pre-test assessments, and were assessed on their statistics attainment during 

and post-intervention. Group matching was used for two reasons. Firstly, the researcher needed 

to control for the effects of participants’ prior knowledge in statistics on statistics attainment. 

Secondly, the researcher needed to control for the amount of time for which participants in the 

two groups were exposed to the practice procedure (different for the two groups as described 

below) so that exposure would not be a confounding variable for the performance of the two 

groups in the post-test assessment.  

The individual-based matching of the two groups was implemented as follows. The first 

19 participants were assigned to the intervention group. For the following participants, each 

participant was matched to a unique participant from the intervention group based on a 10% 

margin criterion. Kolmogorov-Smirnov tests indicated that the assumption of normal 

distribution was not met for the pre-test score performance of either group (p = .037 for 

intervention group, p = .131 for control group). Based on this result, a Mann-Whitney non-

parametric test was used to compare participants’ pre-test scores between the two groups. This 

test showed no between-group difference, U = 175.50, p = .885. 

Figure 5.1 

Design of the study. 
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Procedure 

Participants completed the study in two sessions. In the first session, participants were 

administered the pre-test of statistical knowledge, the SATS-36 questionnaire, and four 

‘Concept’ VBL episodes. In the second session, participants were administered the subsequent 

four ‘Analysis’ VBL episodes, the post-test, the SATS-36 post-test version of questionnaire, 

and the Review of Learning Materials questionnaire. Both sessions were presented online via 

Qualtrics (Qualtrics, Provo, UT).  

Each learning episode started with participants watching a video, in which the male or 

the female staff explained a concept or analysis skills in statistics for approximately five 

minutes. Then, participants completed 15 multiple-choice questions which were administered 

to the two groups as practice. The practice phase allowed participants to familiarise themselves 

with and consolidate knowledge learnt from the video content. Practice was different in the 

frequency-building training and the self-directed learning condition. Finally, participants 

completed an end-of-episode assessment, in which they answered again the 15 multiple-choice 

questions that were used in the practice phase within a 3-minute timeframe.  
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 The practice phase in the two groups used identical instructional materials and stimuli, 

however it was administered in different ways in the two groups as explained in what follows.  

Practice in the frequency-building training group 

Practice in the intervention group was guided by a high response-rate requirement 

implemented in iterations of timed sprints and feedback. Participants were told that they would 

complete a quiz consisting of 15 multiple-choice questions and that they should aim to answer 

at least 10 questions correctly within a 3-minute time period. When the 3-minute period 

elapsed, participants received feedback on the number of questions they answered correctly or 

incorrectly. Then, participants completed an error-correction phase, in which each participant 

had the opportunity to focus on the questions they had answered incorrectly. Participants were 

instructed to answer these questions again, without any time limit, and were shown a relevant 

part of the video as a reminder activity. After the error correction phase, participants answered 

again the 15 multiple-choice questions with the same target criterion (10 correct answers within 

3 minutes). This error-correction phase and assessment cycle was repeated until the target 

criteria were met. Participants required 1.63 repetitions on average (range 1 – 3) of the whole 

error-correction and assessment cycle. Once participants achieved the target criteria, they could 

move to the next episode of video learning.  

Practice in the self-directed learning group 

In the control group, there were no timed sprints and feedback iterations with a high 

response-rate requirement. Instead, participants were asked to complete 15 multiple-choice 

questions without being instructed to meet a target score. Importantly, the total time in which 

participants were exposed to the practice assessment was identical to their matched counterpart 

in the frequency-building group. If a participant in the intervention group needed a total of 10 

minutes to achieve the target criteria, the matched counterpart in the control group would be 

exposed to the relevant practice phase for 10 minutes. Participants had the chance to refer to 
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the video content before selecting their answers within that time frame. When that time elapsed, 

participants were instructed to complete the end-of-episode assessment. 

Measurement and analysis 

Quantitative data collected from the end-of-episode assessments and the post-test were 

used to explore educational benefits of frequency-building practice on students’ engagement 

and statistics attainment, in comparison to self-directed learning during and post-intervention 

(RQ1). Data from the first session, which focused on statistical concepts was analysed using a 

2 x 4 mixed-design ANOVA, with one between-subject factor, Group (frequency-building 

practice vs. self-directed learning) and one within-subject factor, Episode (Episode 1 to 4). 

Similarly, data from the second session, which focused on statistics analysis skills was analysed 

using a two-factor mixed-design ANOVA, with Group (frequency-building practice vs. self-

directed learning) as a between subject factor and Episode (Episode 5 to 8) as a within-subject 

factor. The pre- and post-test accuracy scores were examined using a two-way ANOVA, with 

Group (frequency-building training vs. self-directed learning) serving as the between-subject 

factor and Time (pre-test vs. post-test) serving as the within-subject factor. Given that the two 

groups were matched on pre-test performance, group differences would be reflected in a 

significant interaction between Group and Time factors.   

The SATS-36 was used to assess if there were any changes to students’ anxiety and 

attitudes towards statistics following the intervention (RQ2). Participants’ responses were 

scored according to the scoring guidelines of the instrument (available in 

https://www.evaluationandstatistics.com/) to yield sub-scores across six components: affect, 

cognitive competence, value, difficulty, interest, and effort. Some items within the components 

were negatively worded and responses were reversely scored (1 scored as 7, 2 scored as 6, etc.). 

Scores for each component were calculated by summing the item responses and then dividing 

it by the number of items within the component. Each component score ranges between 1 to 7, 

https://www.evaluationandstatistics.com/
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and a higher score indicates more positive attitudes towards statistics. Data were analysed on 

each component using a two-way 2 x 2 mixed ANOVA, with Group as the between-subject 

factor and Time as the within-subject factor. 

To evaluate students’ opinions towards the VBL component of this intervention (RQ3), 

data from the Review of Learning Materials questionnaire (19 items) were analysed per 

subscale: quality of content, potential effectiveness as a teaching tool, and ease of use. 

Statistical analysis showed that the internal reliability of these five measures was high 

(Cronbach’s α = .89) and therefore, it is acceptable to say that the questionnaire is an internally 

valid instrument as it falls within the range of 0.70 to 0.95 (Tavakol & Dennick, 2011). 

Ethical Approval  

Ethical approval was granted from the University’s Psychology Department Research 

Ethics Committee (ref: AT-DT/10-2019/078). See Appendix M for Ethics Forms. 

Results 

End-of-episode assessments’ accuracy scores  

Mean accuracy scores of the intervention and control groups in the end-of-episode 

assessments are shown in Figure 5.2. 

Concept Learning Episodes: Statistical concepts 

A Mauchly’s test suggested that the sphericity assumption was not met, ꭓ²(5) = 0.72, p 

= .042, and therefore, degrees of freedom were corrected using Greenhouse-Geisser estimates 

of sphericity (ε = .84). The analysis showed a significant main effect of Group, F(1, 36) = 

21.40, p <.001, ηp
2 = .373, whereby the frequency-building training intervention group (M = 

11.93, SE = 0.35) scored better than the self-directed learning control group (M = 9.67, SE = 

0.35) across all four learning episodes. The analysis also showed a significant main effect of 

Episode, F(2.53, 91.06) = 11.97, p <.001, ηp
2 = 0.250. Post-hoc analyses with Bonferroni 

corrections indicated significant differences in scores between Episode 1 (M = 12.21) and 2 (M 
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= 10.55), Episode 1 and 3 (M = 10.92), and Episode 1 and 4 (M = 9.53). There was also a non-

significant trend for an interaction between Group and Episode, F(2.53, 91.06) = 2.26, p = .097, 

ηp
2 = 0.059. 

Analysis Skills Learning Episodes: Statistical analysis skills 

A two-way mixed ANOVA showed that there was a significant main effect of Group, 

F(1, 36) = 6.80, p = .014, ηp
2 = 0.155, suggesting that, similar to the ‘Concept’ episodes, the 

overall score was higher in the frequency-building training intervention group (M = 12.54, SE 

= 0.45) than in the self-directed learning control group (M = 10.90, SE = 0.45). There was also 

a main effect of Episode, F (3, 108) = 13.77, p <.001, ηp
2 = 0.277. Post-hoc analyses with 

Bonferroni corrections showed significant differences in scores between Episode 5 (M = 12.95) 

and 6 (M = 11.08), Episode 5 and 7 (M = 10.64), Episode 6 and 8 (M = 12.21), and Episode 7 

and 8. The interaction between Group and Episode was marginally not significant, F(3, 108) = 

2.61, p = .055, ηp
2 = 0.068. 

Figure 5.2 

Mean accuracy scores for both intervention and control groups for the end-of-episode 

assessments. Scores were calculated out of 15 questions. Error bars represent standard errors 

of the means. 
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Pre and post-test accuracy scores 

Kolmogorov-Smirnov tests indicated that the assumption of normal distribution was 

not met for both the pre-test (p = .001) and the post-test (p < .001) score performance. A 

logarithmic transformation to the data [0.5*log((1+pre-test score/25)/(1-post-test score/25))] 

was applied to meet the normality assumption and avoid the loss of statistical power due to 

the use of non-parametric statistics (for a non-parametric analysis of the data, which yielded 

similar findings, see https://osf.io/2gkqu/?view_only=fee61ba1101f42ffa7b09c6095941534). 

A two-way 2 (Group: frequency-building practice vs. self-directed learning) x 2 (Time: pre-

test vs. post-test) mixed ANOVA was conducted. The results showed that no significant 
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difference in scores was found between the two groups, F(1, 36) = 0.13, p = .726, ηp
2  = .003, 

however, there was a marginally significant difference between the pre- and post-test, F(1, 

36) = 4.28, p = .046, ηp
2  = .106 (see Figure 5.3). There was no significant interaction 

between the two factors, F(1, 36) = 1.367e-4, p = .991, ηp
2  = 3.797e-6. 

Figure 5.3  

Mean accuracy scores for both intervention and control groups at pre- and post-test. Scores 

were calculated out of 25 questions. Error bars represent standard errors of the means. 

 

 

Pre- and post-test version of the SATS-36 questionnaire 

Figure 5.4 illustrates the means for both frequency-building intervention and self-

directed learning control groups on each component of the SATS-36 pre- and post-

questionnaire. 

Two-way 2 (Group) x 2 (Time) mixed ANOVAs were conducted on the first four 

components of the questionnaire, namely affect, cognitive competence, value, and difficulty. 

For the other two components (interest and effort), non-parametric tests were conducted due to 

the violations of the normality assumption. The ANOVAs’ results suggested no significant 

main effect of Group across the four components: affect [F(1, 36) = 0.05, p = .828, ηp
2 = .001], 
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cognitive [F(1, 36) = 0.03, p = .876, ηp
2 = 6.326e-4], value [F(1, 36) = 0.45, p = .505, ηp

2 

= .012], and difficulty [F(1, 36) = 0.15, p = .705, ηp
2 = .003]. Turning to the effects of Time, 

there was a significant effect on the ‘affect’ component, indicating an improvement on 

students’ affect (emotion or feeling) towards statistics from pre-test (M = 3.93, SD = 1.36) to 

post-test (M = 4.25, SD = 1.26), F(1, 36) = 11.95, p = .001, ηp
2 = .015. However, the effect of 

Time was not significant in the other three components, cognitive competence [F(1, 36) = 3.69, 

p = .063, ηp
2 = .007], value [F(1, 36) = 0.57, p = .456, ηp

2 = 6.346e-4], and difficulty [F(1, 36) 

= 2.89, p = .098, ηp
2 = .012]. There was a significant interaction between Group and Time on 

the ‘difficulty’ component, F(1, 36) = 5.81, p = .021, ηp
2 = .023, which arose as participants in 

the control group uniquely reported that statistics is a difficult subject to a lesser extent post-

intervention compared to pre-intervention. Interactions between Group and Time were not 

significant in the remaining components, affect [F(1, 36) = 1.89, p = .178, ηp
2 = .002], cognitive 

[F(1, 36) = 1.08, p = .305, ηp
2 = .002], and value [F(1, 36) = 1.80, p = .189, ηp

2 = .002]. 

 With regards to the interest and effort components, Kruskal-Wallis tests suggested that 

there was no significant difference between groups, interest [χ2(1) = 0.06, p = .811] and effort 

[χ2(1) = 0.31, p = .578]. Wilcoxon signed-rank tests also demonstrated there was no significant 

difference between pre- and post-survey scores on the interest (Z = 154.50, p = .171) and the 

effort components (Z = 153.00, p = .943).  

Figure 5.4 

Average component scores for both intervention and control groups on the SATS-36 pre- and 

post-survey. Higher bars suggest more positive attitudes. Error bars represent standard errors 

of the means. 
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In a complementary analysis, correlations between the component scores of the SATS-

36 post-survey and the post-test accuracy scores were performed (see Table 5.1). Results 

showed that there were significant, positive correlations between the post-test accuracy scores 

and the scores obtained on four components of the SATS-36 post-survey, namely affect (r 

= .341, p = .036), cognitive (r = .368, p = .023), value (r = .502, p = .001), and effort (r = .429, 

p = .007). However, the difficulty (r = -.064, p = .701) and interest (r = .172, p = .302) 

components demonstrated no significant correlation with the post-test accuracy scores.  

Table 5.1 

Pearson’s Correlation matrix of component scores of the SATS-36 post-survey and the post-

test accuracy scores. 

Measures 1 2 3 4 5 6 7 

1. Affect_Post-survey 
 

.850** .241 .591** .351* .098 .341* 

2. Cognitive_Post-survey 
  

.339* .542** .274 .046 .368* 

3. Value_Post-survey 
   

-.001 .623** .455** .502** 

4. Difficulty_Post-survey 
    

-.015 -.389* -.064 

5. Interest_Post-survey 
     

.454** .172 
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6. Effort_Post-survey 
      

.429** 

7. Post-test accuracy scores               

* p < 0.05 

**p < 0.01. 

Perceptions towards bite-sized VBL for statistics 

In the Review of Learning Materials Questionnaire, responses were very positive (see 

Figure 5.5), with most participants rating “4-somewhat agree” or “5-strongly agree” on a 5-

point Likert scale for all 19 items of the questionnaire (Mrating = 4.09, SDrating = 0.58). Results 

of independent t-tests showed that there was no significant difference between the ratings of 

the intervention and control groups across all three subscales: the quality of content [t(36) = -

0.38, p = .709], potential effectiveness as a teaching tool [t(36) = -0.39, p = .700], and ease of 

use [t(36) = 0.86, p = .396]. 

Mean rating was reported as 4.35 (SD = 0.61) for the first subscale on the quality of 

content, indicating a high level of satisfaction with the quality of learning materials used in the 

videos. In particular, all participants agreed that the content presented in these video learning 

sessions were relevant to their academic work. 97% of participants also agreed that these videos 

summarised concepts well. Overall, 95% of participants agreed to the statement that these 

learning videos were of high quality. 

For the second subscale, participants gave a mean rating of 4.10 (SD = 0.71), meaning 

that participants generally agreed that these learning videos could be developed into an 

effective teaching tool. This is evidenced in the last statement of the subscale, with a total of 

93% of participants agreeing or strongly agreeing that these video-learning sessions were an 

effective educational tool. Most participants (97%) also agreed that these videos were helpful 

in identifying learning objectives, but some stated that it could have explained prerequisite 

knowledge more explicitly. Nevertheless, 97% of participants stated that these VBL sessions 

reinforced concepts well in a gradual manner. 
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Mean rating of the last subscale, ‘Ease of Use’, was reported as 3.74 (SD = 0.75). This 

demonstrates that some participants were indecisive or generally disagreed with some 

statements that targeted the ways learning materials were presented in the videos. In particular, 

with regards to the statement that asked participants about the interactive nature of these videos, 

29% of participants stated that they disagreed that the learning videos were interactive. 14% of 

them also disagreed that the videos were to be considered as engaging. However, 90% of 

participants agreed that these videos had high quality in design and 95% of them also agreed 

that the videos were easy to follow.  

Figure 5.5 

Frequency of participants’ ratings on the Review of Learning Materials Questionnaire. 

Participants were asked to rate how much they agree with the statements on a scale of 1 to 5, 

with 1 being strongly disagreed and 5 being strongly agreed. 
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Discussion 

The experience of almost exclusive reliance of the HE sector on online learning formats 

during the COVID-19 pandemic highlighted the need for a better understanding of student 

performance and learning preferences during online learning interactions. This study 

implemented a bite-sized learning design which combined a VBL approach with frequency-
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building within a PT methodology. This learning design was used to enhance previously learnt 

statistical skills of university students without a mathematical background. To evaluate 

educational benefits of frequency-building, statistical attainment were compared in groups of 

students who were exposed to identical instructional videos for the same time but under 

different learning conditions: frequency-building vs. self-directed learning. The study also 

examined how attitudes of students towards statistics, a subject associated with negative 

attitudes amongst students (Dillon, 1982; Tishkovskaya & Lancaster, 2012; Verhoeven, 2006), 

changed after the completion of the intervention. Finally, students were asked to review the 

quality, effectiveness, and functionality of the learning material. 

With regards to statistics attainment, the analyses of the end-of-episode assessments 

showed that the frequency-building intervention group scored consistently higher than the self-

directed learning control group across all eight learning episodes. These results are consistent 

with earlier findings that showed frequency-building facilitates knowledge acquisition and 

enhances learning performance (Beverley et al., 2009; Stockwell & Eshleman, 2010). The 

findings suggest that these benefits also hold for statistics, consistent with Beverley et al. 

(2009) study who showed that a flashcard-supported frequency-building procedure improved 

statistics performance of undergraduate students. The study shows benefits of PT for statistics 

education within a virtual learning environment. This evidence chimes with evidence from a 

recent study by Yin and Yuan (2021), who used PT in a blended-learning environment to 

support a computer technology course in China. 

In the post-intervention statistical assessments, both groups showed comparable 

improvements. This finding, which was inconsistent with the results of the end-of-episode 

assessments, suggested that benefits associated with PT methodologies did not transfer beyond 

the learning episodes. This finding is in contrast with earlier studies that demonstrated the 

generalisation of skills into novel stimuli, for example, Beverley et al. (2009) who showed 
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significant improvements in post-test performance following students’ participation in a 

precision-teaching-based statistics intervention, and Hughes et al. (2007), who found 

significant gains in standardised reading tests with primary school students following a brief 

frequency-building training targeted on reading fluency. 

One possibility for the lack of generalisation is that the benefits of PT are more 

pronounced in students who present difficulties in the target learning area. This was the case 

in the study by Beverley et al. (2009) on statistics, in which participating students had scored 

at the 50th percentile or below at pre-test. Similarly, Fox and Ghezzi (2003) who used PT for 

concept formation training, also recruited at-risk students. In this study, a convenience 

sampling approach was employed. Some participants who took part in the study might have 

achieved a relatively high average score at pre-test, leaving less room for improvement. Future 

research could examine the extent to which or ways in which frequency-building can benefit 

students with low and high abilities. 

The lack of group differences in the post-intervention assessment also suggests that 

building fluency in basic skills might not be sufficient for skill generalisation. With regards to 

this issue, Kubina and Yurich (2012) emphasised that it is important to build fluency in all the 

basic skills that are prerequisite for more complex skills (rather than a subset of the basic skills). 

Given that students' difficulties with statistics can be extensive and pervasive across topics, the 

intervention might have needed to be expanded to more topics before a noticeable improvement 

on statistics attainment can be seen. This issue is also reflected in the marginal improvements 

in both groups in the post-intervention assessment in the study. 

Nevertheless, current findings suggest that frequency-building is valuable for 

enhancing attainment within individual bite-sized sessions. Furthermore, there were 

considerable differences in the magnitude of these effects across learning episodes. The most 

pronounced differences between both groups were in Episode 3 and Episode 7. The former 



TECHNOLOGY-ENHANCED INTERVENTION FOR HIGHER EDUCATION LEARNING 84 

 

introduced participants to one of the most challenging conceptual topics in introductory 

statistics, inference statistics (Kula & Koçer, 2020). The latter introduced participants to a 

statistical analysis test, Dependent T-test, that understanding it is contingent upon the 

application of fundamental statistical concepts. The higher levels of statistics attainment 

success in these two episodes suggest that the PT framework to focus on fluency of skills could 

be useful in improving learning of certain complex conceptual materials (Singer-Dudek & 

Greer, 2005). As the current results were based on evidence from a small number of learning 

episodes, further investigation into how frequency-building procedures impact the learning of 

both elementary and complex skills is warranted. 

Turning to changes in the attitudes of students towards statistics, current results showed 

that students in the control groups had less negative feelings about statistics post-intervention. 

Additionally, there was an improvement in the “affect” scale post-intervention, which was 

irrespective of learning condition. This is important given the prevalence of negative attitudes 

and low levels of motivation towards this subject (Conners et al., 1998; Dillon, 1982; 

Tishkovskaya & Lancaster, 2012; Verhoeven, 2006). In terms of the association between 

attitudes (non-cognitive factors) and performance in statistics (cognitive factors), findings of 

the study demonstrated significant correlations between four of the six SATS-36 post-survey 

component scores and scores on the post-test. Specifically, scoring high on the “affect”, 

“cognitive”, “value”, and “effort” components correspond with a higher score in the post-test. 

These results are consistent with previous studies that have demonstrated positive relationships 

between statistics attainment and attitudes towards statistics (e.g. Chiesi & Primi, 2010; Milic 

et al., 2016). Importantly, the inter-relationships of cognitive and non-cognitive factors suggest 

that students’ attitudes towards statistics were linked to their performance. This highlights the 

importance of improving not only students’ attainment, but also their attitudes towards statistics 

in future pedagogical interventions. 
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Turning to the review of the learning materials, participants expressed a high level of 

satisfaction towards the video-based component of this study, irrespective of learning 

condition. The overall positive judgements of students are consistent with a large body of past 

research and with findings from Chapter 4 which show that video-based technology is 

perceived by students as an effective educational tool (e.g. Hepp et al., 2004; Kay, 2012; Tan 

& Karaminis, 2020; Turan & Cetintas, 2020). This result also likely reflects students' positive 

perceptions towards the use of ‘bite-sized’ videos. By presenting information in smaller 

chunks, the intervention aimed to maintain participants’ engagement with the content and 

reduce cognitive load requirements (Brame, 2016; Guo et al., 2014). 

In conclusion, the study evaluated the effectiveness of a technology-enhanced 

intervention combining VBL with PT to reinforce previously learnt skills in statistics, a subject 

that is often perceived as challenging by students. Results demonstrated that frequency-

building practice under the PT framework led to enhanced engagement and attainment 

compared to self-directed practice within the intervention. Both groups reported more positive 

feelings towards statistics post-intervention and the VBL approach was perceived as an 

effective learning approach, similar to the findings in Chapter 4. Current results suggest that 

this integrated approach (VBL and PT) has great potential to support university students in 

learning statistics as a supplementary teaching aid. This prompts the researcher to extend the 

application of this approach to a topic conventionally considered to be less suited to a 

computer-based intervention and to a PT framework, namely critical thinking, in the following 

chapter. 
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Chapter 6: Learning Critical Thinking with Online Bite-sized Videos: 

Can Precision Teaching Help? 

 

Tan, A. J. Y., Davies, J., Nicolson, R. I., & Karaminis, T. (under review). Learning critical 

thinking skills with online bite-sized videos: Can Precision Teaching help? 

Manuscript submitted for publication. 

 

Introduction 

Critical thinking can be described as the “purposeful, self-regulatory judgement which 

results in interpretation, analysis, evaluation, and inference, as well as explanations of the 

considerations on which that judgement is based” (Abrami et al., 2015, p.275). This intellectual 

process has been found to contribute to statistical literacy (Watson & Callingham, 2004), as it 

supports the understanding of correlational reasonings, biases in sampling, and concepts of 

hypothesis testing (Halpern, 1997). Critical thinking also becomes vital when students select 

the appropriate statistical analytic model, make inferences from the results, and communicate 

findings with others (Halpern, 1997). As such, many educators started to infuse critical thinking 

elements into their statistics and research methods courses (e.g. Saville et al., 2008), or vice 

versa, to teach critical thinking through statistics problem-solving (e.g. Korres & Tsami, 2010). 

Due to this strong connection between critical thinking and statistical analytic skills, 

there is a clear potential of the integrated approach of VBL and PT outlined in Chapter 5 for 

statistics to be suitable in supporting the learning of critical thinking as a key educational 

outcome in HE curricula. Another reason for the selection of this topic in this intervention study 

was because the rapid shift of the HE sector to online teaching during the COVID-19 pandemic 

(WHO, 2020) has presented educators with new challenges in teaching critical thinking. For 

example, online learning relies on students feeling comfortable with using and participating in 
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live discussion boards, online debates and focus groups, and this may pose a barrier to student 

access and engagement in activities relevant to the application of critical thinking skills 

(MacKnight, 2000). There is a scarcity of studies on instructional strategies to promote critical 

thinking in online environments (Guiller et al., 2008; Richardson & Ice, 2010).  

This study examined the effectiveness of a technology-enhanced learning intervention 

for critical thinking administered online to HE students during the second round of COVID-19 

restrictions in the UK (early 2021). The study used a bite-sized VBL approach, which has been 

shown to promote student engagement, but has been evaluated to a lesser extent in the area to 

promote critical thinking (Carmichael et al., 2018). VBL was implemented together with PT, 

which modulates the exposure of individual learners to the learning material to enable them to 

build ‘fluency’ in the targeted skills (Kubina & Yurich, 2012).  

To mitigate the challenges for knowledge transfer post-intervention as outlined in 

Chapter 5 for the PT intervention group, PT was applied synergistically with domain-general 

problem-based training in one of the learning conditions. This was because building up fluency 

in basic skills does not necessarily lead to the automatic transfer of knowledge in applied 

settings (Kubina and Yurich, 2012). Furthermore, the ability to apply critical thinking skills 

learnt into real-world or subject-specific contexts does not often come intuitively (Paul & 

Elder, 2009). Previous studies suggested to use frequency building synergistically with 

instructional approaches that promote the transfer and the application of critical thinking skills 

across domains. For example, embedding critical thinking training into content-focused 

courses or instructions (Braun, 2004; Gray, 1993; Ikuenobe, 2001) can facilitate the transfer of 

critical thinking skills by teaching students 'how to think' rather than 'what to think' (Clement, 

1979). Similarly, Halpern (1998) proposed a model for the trans-contextual learning of critical 

thinking skills, which scaffolds the learner's ability to apply skills in real-world contexts. In the 

current study, frequency building was combined with structured problem-based training to 
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further support the transfer and application in critical thinking beyond a subject-specific 

context. Therefore, three groups were compared: a PT intervention group completing 

frequency-building training, a PT+ intervention group in which PT was applied synergistically 

with structured problem-based activity, and a control group completing self-directed learning.  

The intervention used in this study focused on the identification of a type of reasoning 

error referred to as informal logical fallacies (Carey, 2000), an ability that is thought of as a 

hallmark component of critical thinking (Carey, 2000; Ramasamy, 2011). The study examined 

students' learning of the taught critical thinking skills, their ability to transfer taught knowledge 

in novel settings and to retain knowledge. More specifically, students’ performance were 

measured on the testing material in which they received instruction, as well as their 

performance in unseen examples and domain-general assessments of broader fallacy-

identification skills. Follow-up assessments were repeated one week after the intervention. 

Finally, the study also examined potential changes in students’ attitudes towards critical 

thinking following the intervention. 

Method 

Participants  

A total of 57 adults (39 females, 17 males, 1 preferring not to say) with a mean age of 

24.14 years (SD = 5.62; range 18-47 years old) took part in this study. Participants were 

recruited through the University’s Research Participation System and departmental social 

media platforms (see Appendix H for the research advertisement). All participants were 

university students, with 37 registered as undergraduate students and 20 as postgraduate 

students.  

Design 

Participants were randomly allocated to three groups: (A) a ‘Precision Teaching (PT)’ 

intervention group, (B) a ‘Precision Teaching plus problem-based training (PT+)’ intervention 
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group, and (C) a ‘self-directed learning’ control group. The three groups were exposed to the 

same instructional material and testing stimuli; however, this was administered in different 

ways to implement different learning conditions. In particular, the PT group received 

frequency-building learning tasks, which aimed at increasing the rate of fallacy identification. 

The PT+ group completed frequency-building learning tasks combined with the addition of 

problem-based training to facilitate a better application of critical thinking in the PT condition. 

Finally, the control group completed learning tasks in a self-directed way. 

Materials 

The intervention focused on four informal logical fallacies: 'appeal to ignorance', 

'bandwagon', 'false cause', and 'hasty generalisation'. These four logical fallacies corresponded 

to common reasoning errors and were selected after consultation with a subject matter expert 

(a senior lecturer of a university-level course involving critical thinking) and review of relevant 

textbooks (e.g., Gray, 1991; Schick & Vaughn, 2020). The four logical fallacies share a similar 

form, consisting of a premise followed by a conclusion (Fox & Ghezzi, 2003; see Table 6.1). 

Table 6.1 

Informal Logical Fallacies 

Fallacy Definition Common Form 

Appeal to 

Ignorance 

Arguing that something is true 

because it has not been proved false 

Premise X is not known to be 

false. 

Conclusion Therefore, X is true. 

Bandwagon Arguing that something must be true 

or good because it is in accordance 

with the beliefs of the majority 

Premise Everybody believes that 

X is true. 

Conclusion Therefore, X is true. 
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False Cause Assuming a causal link between a   

premise and a conclusion based on an  

imagined causal connection that 

probably does not exist 

Premise X correlates with Y. 

Conclusion Therefore, X causes Y. 

Hasty 

Generalisation 

Drawing a general conclusion about 

all elements  of a certain type/category 

based on partial evidence, from some 

elements of that type/category 

Premise X has been shown to be 

true in some instances. 

Conclusion Therefore, X is true. 

 

Instructional Material 

Learning Videos. Two ‘bite-sized’ learning videos, lasting 2:46 and 2:54 minutes, 

were created using the video animation software, Powtoon (https://www.powtoon.com). The 

first video (Episode 1: Arguments and Fallacies) presented learners with the standard form of 

an argument and introduced the four fallacies. The second video (Episode 2: Examples of 

Fallacies) gave examples for each of the four fallacies and explained why the arguments 

involved were fallacious or problematic.  

Learning Tasks. Two learning tasks (one for each episode) consisting of 20 multiple-

choice items were developed to facilitate knowledge acquisition after the presentation of the 

learning videos. Items for these tasks were based on material from the critical thinking 

textbooks (Gray, 1991; Schick & Vaughn, 2020) and were also reviewed by the subject-matter 

expert. Each item presented participants with a short paragraph that illustrated an example or a 

definition of a fallacy, followed by a forced-choice question asking participants to identify the 

relevant fallacy. Participants received programmed feedback (“Correct!” or “Incorrect!”) on 

the screen after each answer selection.  

Problem-based Tasks (used in the PT+ intervention group only). Three problem-

based tasks were developed to support learning in the PT+ intervention group, following each 

https://www.powtoon.com/
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learning episode. The problem-based tasks consisted of open-ended questions, which required 

participants to analyse, evaluate, and explain flaws in reasoning within a psychological debate 

or dispute. Each task first presented a debate situation. This was done by showing a newsletter 

article or a short paragraph which summarised research findings referring to the main claim in 

dispute, alongside some context about the debate. For example, participants were presented 

with a paragraph entitled "does social media do more harm than good?" and referring to a recent 

survey, which found that feelings of loneliness among young workers increased as they 

reported higher amounts of time spent on social media. Then, participants were invited to 

identify fallacies in arguments presented by three panel members, who advocated for the 

disadvantages of social media (open-ended question, "Review the reasoning of each of the 

panel members A, B, and C and explain what might be problematic with their reasoning if 

considered to be faulty"). For example, a panel member would suggest that social media is 

doing more than good based on the fact that too much social media use will cause someone to 

feel lonely ('false cause'), and his friend, George, who uses social media more than 16 hours a 

day has been diagnosed to have depression lately ('hasty generalisation'). Participants were 

asked to review each argument and explain if a fallacy was involved.  

 Subsequently, participants were asked to indicate which of the three arguments 

presented by panel members they would be least likely to support (forced-choice question, 

“Indicate which one you believe to be the reasoning that you would be least likely to support”). 

Finally, participants were asked to provide a suggestion for the best course of action or the best 

counter-argument to resolve the debate (open-ended question, “If you are asked to give an 

opinion in this debate, what would be your next course of action”). Programmed feedback was 

provided for each task following participants’ responses to the questions involved. For 

example, the panel member above argued that there is a cause and effect relationship based on 

the correlation found and drew about the impacts of social media on all individuals on the basis 
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of evidence concerning only certain people. Hence, the fallacies of false cause and hasty 

generalisation were committed.  

Testing Material 

Pre- and Post-Episode Tests based on the Learning Material. The questions 

included in the learning tasks of the two episodes were also used in the episode-specific tests 

of critical thinking. These were administered twice, at the beginning and the end of the episode. 

The pre-and post-episode tests were administered as time-based assessments (to consider both 

accuracy and speed in identifying the fallacies). Participants were instructed to answer the 

questions as accurately and as fast as they could within a minute. No feedback was given in the 

pre-and post- episode tests. See Appendix I for examples of questions. 

Pre- and Post-Intervention Assessments on Unseen Questions. An additional 50 

multiple-choice questions were used to assess participants' ability to recognise fallacies in 

unseen questions. These were selected from the same bank of questions used for the 

development of the learning tasks and the pre-and post-episode tests. 25 items were presented 

as a pre-intervention assessment and the rest as a post-intervention assessment.  

Broader Abilities in Fallacy Identification: Informal Reasoning Fallacies 

Identification Task (IRFIT; Neuman, 2003). To assess the students' broader abilities in 

fallacy identification, a test based on the IRFITs (Neuman & Weizman, 2003; Weinstock et al., 

2004) was used. In this study, four informal reasoning tasks, each consisting of two items 

adapted from Neuman (2003)'s study, were administered to participants. Each reasoning task 

corresponded to one of the four fallacies and consisted of an argumentative scenario followed 

by four questions. The scenario was structured in four sentences as follows. The first sentence 

presented participants with two debaters who were described as either psychology students or 

philosophers. The second sentence presented the context and the main claim under debate 

stated in the form of a question. The third and the fourth sentences presented the arguments by 
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the two debaters, a so-called “protagonist” and an “antagonist”. Finally, the specific reasoning 

of one of the debaters in support of their position was presented with a fallacy involved. See 

Appendix J for an example of the IRFIT task. 

Participants were asked to identify potential flaws in reasoning and identify fallacies. 

In particular, they responded to the following four questions:  

1) A yes/no fallacy identification question, which examined whether participants 

conceived an argument as fallacious or problematic (e.g. “Do you think there is a problem in 

the argument that the antagonist presented in Line 5?”).  

2) A open-ended fallacy explanation question, which assessed participants’ ability to 

articulate what they perceived to be faulty with the reasoning of an argument (e.g. “If you think 

that there is a problem in the argument presented by the antagonist, what is the problem?”). 

3) An open-ended response question, which assessed participants’ ability to debate and 

present a counter-argument (e.g. “What is the best answer the protagonist can use in response 

to the antagonist’s argument?”). 

4) A forced-choice fallacy classification question, which assessed whether participants 

perceived the argument to be a quarrel, a formal debate, or a critical discussion (e.g. "In your 

opinion, what is the main reason for the debate between the two arguers"). Participants 

responded to this question by selecting one of the three answer choices: (a) They do not like 

each other and, therefore, each person is attacking the others claim - quarrel, (b) Each one of 

them wants to impress his colleagues and win the debate - formal debate, and (c) They have 

different opinions on this matter, and they are trying to convince each other - critical discussion. 

Attitudes towards Critical Thinking: Critical Thinking Toolkit (CriTT; Stupple 

et al., 2017). The CriTT (Stupple et al., 2017) was used to evaluate students’ perceptions and 

attitudes towards critical thinking. This scale consists of three subscales: 1) Confidence in 

critical thinking, which measured how much students feel confident in critical thinking (17 
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items, e.g. “I can detect the use of inappropriate emotional language in scientific arguments”); 

2) Valuing critical thinking, which measured students’ perceived utility of critical thinking (6 

items, e.g. “Critical thinking is essential in HE”); and 3) Misconceptions in critical thinking, 

which measured avoidance and misconceptions in critical thinking (4 items, e.g. “Critical 

thinking is when you describe what is wrong with something”). Reliability analysis 

demonstrated high levels of reliability for this measure (Cronbach’s α = .899). Participants 

rated the extent to which they agreed on each item on a 10-point Likert scale (1: ‘strongly 

disagree’;  10: ‘strongly agree’). See Appendix K for CriTT. 

Procedure 

A flowchart of the study is shown in Figure 6.1. Participants completed the study in 

three sessions administered online via the Qualtrics platform (Qualtrics, Provo, UT). In the first 

session, participants completed the pre-intervention assessment and Episode 1, Arguments and 

Fallacies. In the second session, participants completed Episode 2, Examples of Fallacies and 

the post-intervention assessment. In the last session, which was administered a week after the 

completion of Session 2, participants repeated both the post-episode assessments for Episode 

1 and Episode 2 as retention assessments.  

The three groups were differentiated in the types of learning task they completed within 

the two learning episodes, as detailed in the following section.  

Figure 6.1 

Flowchart of the Study. 
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Learning tasks in the PT intervention group 

Learning tasks in the PT intervention group was guided by a high response-rate 

requirement implemented in iterations of timed sprints and feedback. Participants were 

informed that they were going to practice on identifying the fallacies within a 1-minute 

timeframe, with the remaining time appearing on the top left corner of the screen. They selected 

the best answer out of the four choices as fast as they could and received programmed feedback 

after each response ("Correct!" or "Incorrect!"). After the 1-minute timed sprint, participants 

were shown the number of accurate responses they had provided. Then, participants proceeded 

to an error-correction procedure, which focused on the questions they had answered 

incorrectly. During the error correction procedure, participants were instructed to answer these 

questions again, without any time limit, and were shown the accurate answer if they gave an 

incorrect response for a second time. After the error correction procedure, participants 

answered the 20 multiple-choice questions with the same procedure as the first timed sprint 

again. The error-correction procedure and the learning cycle were repeated twice before 

progressing to complete the post-episode test.  
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Learning tasks in the PT+ intervention group 

Participants who were assigned to the PT+ intervention group completed the same 

learning tasks as the PT group. Additionally, participants in this group completed the 

corresponding problem-based task following each episode.  

Learning tasks in the control group 

In this group, learning tasks were completed in a self-directed way, without a high 

response-rate requirement. Participants were instructed to answer all 20 questions accurately 

and as fast as they could (but not within timed sprints) and were given feedback on the number 

of correct responses they achieved. This cycle was repeated twice before progressing to 

complete the post-episode test.  

Scoring 

IRFIT  

Content analysis was conducted on participants’ answers to the tasks by two 

researchers. Using the scoring procedures from Neuman (2003)’s study, 10% of the data was 

marked by both scorers and Cohen’s Kappa showed that there was strong agreement between 

the two scorers (κ = .814; McHugh, 2012). The yes/no identification question was scored as 1 

for a ‘yes’ answer and 0 for a ‘no’ answer. Both open-ended fallacy explanation and response 

questions were marked as 1 when participants took into account to identify and/or explain the 

informal reasoning fallacy involved in the situation. Participants scored 0.5 when they captured 

the key elements of why the arguments were fallacious but nonetheless did not provide a 

complete explanation. Participants scored 0 when either they did not answer the question, did 

not identify the problem in the situation, or did not take into account the fallacy involved when 

explaining. 
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The CriTT Questionnaire 

Participants’ responses were scored as in Stupple et al. (2017) to yield three sub-scores: 

confidence in critical thinking, perceived utility of critical thinking, and misconceptions of 

critical thinking. Higher scores indicated more positive perceptions towards critical thinking. 

Data Analysis 

Quantitative data collected from the pre-and post-episode tests and the pre-and post-

intervention assessments were analysed to examine the effects of time (within-participants 

factor) and differences between groups (between-participants factor). When preliminary data 

checks suggested that the assumptions of normality and homogeneity of variance were met, 

data were analysed with a 3 (Groups: PT vs. PT+  vs. control) x 2 (Time: pre- vs. post-

episode/intervention) mixed-design ANOVA. When these assumptions were violated, 

Wilcoxon Signed Rank non-parametric tests (within-participants) were used to compare 

differences in a given measure across two time points, and Kruskal Wallis non-parametric tests 

(between-participants) were used to examine differences in the changes in the measure between 

groups. If the data were normal but the homogeneity of variance was violated, changes on a 

measure over time were examined with t-tests, and between-group differences in change over 

time were examined with a Welsch one-way ANOVA.  

In a complementary analysis, changes between participants with relatively low and 

relatively high performance were compared. 

In all analyses, effect sizes were reported using relevant standardised measures (t-tests: 

Cohen’s d; Wilcoxon Signed Rank/Kruskal Wallis: r, Welch one-way ANOVA: ω2, mixed 

ANOVA:  ηp2). For Cohen’s d and r, a value of .20 was taken to suggest a small effect size, a  

±.50 a medium effect size, and  ±.80 a large effect size; for ω2 and ηp2 the thresholds were 0.01 

(small), 0.06 (medium) and 0.13 (large) (Cohen, 1998). Effect sizes d greater than 0.40 were 

considered educationally relevant (Hattie, 2009). 
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Ethical Approval  

Ethical approval was granted from the University’s Psychology Department Research 

Ethics Committee (ref: ATa-GTA/08/2020/105). See Appendix M for Ethics Forms. 

Results 

Pre- and post-episode tests on the learning tasks 

Figure 6.2 presents the mean scores of the pre- and post-episode tests for Episode 1 and 

2 for the three groups. Shapiro-Wilk tests indicated that the assumption of normality was not 

met (p < .05 for Episode 1 pre- and post-episode tests, and Episode 2 pre-episode test), hence, 

Wilcoxon Signed Rank tests were conducted to examine the changes in performance within 

each episode. The results showed that participants on average, scored significantly higher in 

the post-episode (Episode 1: Mdn = 10.00; Episode 2: Mdn = 10.00) compared to the pre-

episode tests (Episode 1: Mdn = 5.00; Episode 2: Mdn = 5.00) on the learning tasks, for both 

Episode 1 (Z = 6.31, p < .001, r = 0.84) and Episode 2 (Z = 5.78, p < .001, r = .77). 

Given that the data were not normally distributed, we compared improvements in the 

three groups using Kruskal Wallis tests for Episode 1 (PT: Mdn difference = 5.00; PT+: Mdn 

difference = 6.00; Control: Mdn difference = 5.00) and Episode 2 (PT: Mdn difference = 6.00; PT+: Mdn 

difference = 5.00; Control: Mdn difference = 4.00). These tests suggested that the improvements of 

the three groups were comparable in both Episode 1 [H (2) = 0.17, p = 0.920, r = 0.02] and 

Episode 2 [H (2) = 1.02, p = 0.601, r = 0.13]. 

Figure 6.2  

Mean scores of the pre-and post-episode tests. Scores were calculated out of participants’ 

accurate responses to 20 questions within a minute. Error bars represent standard errors of the 

means. 
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Pre- and post-intervention assessments on unseen questions 

Figure 6.3 shows mean accuracy scores in the pre-and post-intervention for the three 

groups. Shapiro-Wilk tests indicated that all data were statistically normal (all ps > .05). 

However, the preliminary Levene’s test suggested that the assumption of homogeneity of 

variance was not met for the post-test measures (p = .017). 

Paired sample t-tests were thus conducted to compare performance between pre-and 

post-intervention assessments in the three groups. These tests suggested significant 

improvements in all three groups [PT: t (18) = 10.33, p < .001, d = 2.37; PT+:  t (18) = 7.68, p 

< .001, d = 1.76; Control: t (18) = -4.12, p = .001, d = 0.95]. 

To compare participants' improvements between groups, a Welch one-way ANOVA 

with corrected degrees of freedom was used. The results showed a trend for a difference 

between the average scores of the three groups, which, however, did not reach levels of 

statistical significance, F (2, 34.63) = 2.61, p = .088, ω2 = 0.05.  

Figure 6.3 

Mean accuracy scores of the pre-and post-intervention assessments. Scores were calculated out 

of 25 questions. Error bars represent standard errors of the means. 
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To gain further insight into the non-significant trend of between-group differences, in 

a complementary analysis, participants were divided into lower- and higher-scorer categories 

based on their pre-test scores. Participants who scored at the 50th percentile and below were 

categorised as lower-scorers (n = 33), and those who scored above the 50th percentile were 

categorised as higher-scorers (n = 24). Figure 6.4 shows mean accuracy scores of low- and 

high-scoring participants in the pre-and post-test. Shapiro-Wilk tests indicated that the 

assumption of normality was not met for the pre-and post-test scores (all ps < .05). Hence, a 

Wilcoxon Signed Rank non-parametric test was conducted to compare participants' scores 

between pre-and post-intervention assessments. The results showed that both low- and high-

scoring participants achieved significantly higher mean scores at post-intervention compared 

to pre-intervention (Low-scoring: Z = 4.79, p < .001, r = 0.83; High-scoring: Z = 3.68, p < .001, 

r = 0.75].  

With regards to differences in the improvement of low- and high-scoring participants, 

a Kruskal Wallis test suggested a significant difference, H (1) = 4.48, p = 0.034, r = 0.59, with 

larger improvements for low-scoring (Mdn difference = 6.00) than for high-scoring participants 

(Mdn difference = 4.50). 

Figure 6.4 
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Mean accuracy scores for low- and high-scoring participants at pre-and post-intervention 

assessments. Scores were calculated out of 25 questions. Error bars represent standard errors 

of the means. 

 

Pre- and post-intervention assessment on broader critical thinking skills (IRFITs) 

Figure 6.5 shows the average scores of the three groups in the IRFIT, the assessment of 

how well participants applied their critical thinking skills in a broader context of fallacy 

identification. These data were analysed with parametric statistics; in particular, a 3 x 2 mixed-

design ANOVA was conducted, with Group as a between-subjects factor and Time as a  within-

subjects factor. The analysis showed a significant main effect of Group, F (2, 54) = 6.09, p 

= .004, ηp
2 = .184 (‘large’ effect), which was further explored with posthoc comparisons. These 

suggested that the performance scores for the PT (M = 11.29) and the PT+ intervention groups 

(M = 12.20) were higher than the scores of the control group (M = 9.07) (PT vs. Control: p 

= .216; PT+ vs. Control: p = .007, PT vs. PT+: p = .127). There was also a significant main 

effect of Time, F (1, 54) = 9.82, p < .003, ηp
2 = .154, whereby the post-intervention score (M 

= 11.35) was higher than the pre-intervention score (M = 10.35), as well as a significant 

interaction between the two factors, F (2, 54) = 4.14, p = .021, ηp
2 = .133 (see Figure 5.5), 

reflecting a significant improvement for the PT (p = 0.001) and PT+ (p = 0.046) intervention 

groups but not the control group.  
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Figure 6.5 

Mean performance scores of the IRFITs at pre-and post-intervention. Scores were calculated 

out of four IRFITs at each time point. Error bars represent standard errors of the means. 

 

Knowledge retention 

Figure 6.6 shows the average scores of the three groups in the post-episode assessments 

and the retention tests for Episode 1 and Episode 2. Shapiro-Wilk tests indicated that all data 

were statistically normal. Levene’s tests also showed that the assumption of homogeneity of 

variance was met. Thus, the data were analysed with a 3 x 2 mixed-design ANOVA with Group 

as a between-subject factor, and Time (post-episode assessment vs. retention test) as a within-

subject factor. For Episode 1, the results showed no significant main effect of Group, F (2, 48) 

= 0.22, p = .803, ηp
2 = .007; Time, F (1, 48) = 3.00, p = .090, ηp

2 = .011; and no interaction, F 

(2, 48) = 1.35, p = .269, ηp
2 = .009. Similarly, for Episode 2, there was no significant main 

effect of Group, F (2, 47) = 0.71, p = .497, ηp
2 = .023; Time, F (1, 47) = 3.26, p = .077, ηp

2 

= .015; and no interaction, F (2, 47) = 0.40, p = .676, ηp
2 = .004. 

Figure 6.6 

Mean scores for all three groups at the post-episode assessments and the retention tests of 

Episode 1 and Episode 2. Scores were calculated out of participants’ accurate responses to 20 

questions within a minute. Error bars represent standard errors of the means. 
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Attitudes towards critical thinking 

Figure 6.7 shows  the subscale scores on the CriTT questionnaire pre- and post-

intervention. These were analysed with non-parametric statistics. Wilcoxon signed-rank tests 

demonstrated that there was no significant difference between pre- and post-intervention scores 

on the ‘confidence in critical thinking’ (Z = 807.00, p = .945), the ‘valuing critical thinking’ (Z 

= 615.50, p = .835), and the ‘misconceptions’ (Z = 560.00, p = .455) subscale. Kruskal Wallis 

non-parametric tests also suggested that there was no significant difference between groups 

across all three subscales: Confidence in critical thinking [χ2 (2) = 0.50, p = 0.778], Valuing 

critical thinking [χ2 (2) = 0.24, p = 0.997], Misconceptions [χ2 (2) = 2.55, p = 0.279]. 

Figure 6.7 

Subscale scores on the CriTT questionnaire pre and post-intervention. Higher bars suggest 

more positive attitudes. Error bars represent standard errors of the means. 
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Note. Pre-int. = Pre-intervention; Post-int. = Post-intervention. 

In a complementary analysis, correlations between all three subscale scores, the post-

intervention assessment, and the IRFIT scores at post-intervention were performed (see Table 

6.2). There was no significant relationship shown between the ‘confidence in critical thinking’ 

subscale score and scores on the two post-intervention assessments of critical thinking: Post-

intervention assessment: r = .198, p = 140; Post-intervention IRFIT: r = .143, p = .287. The 

‘valuing critical thinking’ subscale correlated positively with the post-intervention assessment 

(r = .318, p = .016), but not with the IRFIT assessment (r = .247, p = .064). For the 

‘misconceptions’ subscale, negative correlations were found with scores on the post-

intervention assessment (r = -.448, p < .001) and the IRFIT assessment (r = -.278, p = .037). 

Table 6.2 

Pearson’s Correlation matrix of the CriTT post-intervention’s subscale scores, scores on the 

post-intervention assessment, and the post-intervention IRFIT.  

Measures 1 2 3 4 5 

1. Confidence in critical thinking 
 

.674** .031 .198 .143 

2. Valuing critical thinking 
  

-.004 .318* .247 

3. Misconceptions 
   

-.448** -.278* 

4. Post-intervention assessment 
    

.715** 

5. Post-intervention IRFIT           

* p < 0.05 

**p < 0.01. 

Discussion 

The study implemented and evaluated an online learning design aiming to improve 

critical thinking skills in university students based on a VBL approach that used frequency 

building under PT. The study also combined the frequency-building approach with structured 

problem-based training to further foster the transfer of the taught skills. Learning performances 

of the three experimental groups were compared by examining students’ performance in the 
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taught materials, in unseen examples, and in more general fallacy-identification problems, as 

well as in follow-up tests.  

With regards to students’ learning of the taught material, results from the post-episode 

tests demonstrated that all groups showed significant and comparable improvements in their 

ability to identify the taught examples of fallacies. Thus, all three types of learning condition 

worked equally well in supporting video-based teaching of fallacy-identification yielded 

comparable results, in line with findings from an earlier study from Fox and Ghezzi (2003). 

This result also adds to evidence suggesting that the use of PT extends to complex and high-

level skills such as critical thinking (Cuzzocrea et al., 2011).  

With regards to the application of the taught knowledge into unseen examples, the 

analyses of the post-intervention assessments suggested that, again, all learning conditions 

yielded comparable improvements. Interestingly, these improvements were greater for students 

who scored at or below the 50th percentile. Although this result could be partially attributed to 

a ceiling effect, it demonstrates the usefulness of technology-enhanced learning designs to all 

students and especially those who present difficulties in critical thinking.   

Turning to the transfer of the taught skills in a domain-general IRFIT task, the results 

showed that, importantly, only the two PT groups showed reliable improvements in 

performance post-intervention. Thus, frequency building under the PT framework can serve to 

foster the application of skills in novel contexts, in line with Kubina and Yurich (2012), who 

suggested that frequency-building can lead to desirable outcomes of knowledge generalisation. 

Furthermore, as improvements were comparable in the PT and PT+ group, problem-based 

training is not necessary to promote the transfer of taught skills. This finding is in contrast with 

previous literature that suggested that rigorous practice for critical thinking is required until 

students can internalise the concepts learnt and demonstrate critical thinking skills intuitively 

in their daily lives (Paul & Elder, 2009).  
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Finally, in the knowledge retention tests, there were no significant differences between 

the post-episode assessment scores and the retention test scores, suggesting that students, 

regardless of groups, presented non-significant detriments in their fluency even after a week 

without practice. Earlier research suggested that the frequency-building practice can support 

the retention of skills for a longer period of time (Binder, 1996). However, as the difference 

between the intervention and the control groups was not significant, further investigation into 

how frequency-building procedures impact long-term retention is warranted, possibly by 

extending the time point of retention tests. 

Regarding students’ attitudes towards critical thinking, the scores on the CriTT 

questionnaire did not change significantly before and after the intervention. Although this is in 

contrast to the prediction of the study, complementary analysis on the CriTT’s subscale scores 

indicated that the ‘valuing critical thinking’ and ‘misconceptions’ were related to performance 

on the post-intervention assessments on unseen questions and on broader critical thinking 

skills, IRFIT (for ‘misconceptions’ subscale). Higher scores for the ‘valuing critical thinking’ 

subscale indicate better performance in the post-intervention assessment on unseen questions. 

For the ‘misconceptions’ subscale, significant negative correlations were found with the post-

intervention assessment and the IRFIT assessment at post-intervention. These results suggest 

that explicit discussions on the value and the misconceptions of critical thinking should be 

included when teaching critical thinking to boost students’ competencies in critical thinking as 

well as their attitudes towards the subject area.  

In conclusion, the study suggests that technology-enhanced approaches can be 

developed into an effective supplementary teaching tool to promote critical thinking in online 

settings and are suitable for students of various abilities. This online learning approach 

addresses the challenges in critical thinking instructional designs to promote active learning 

during students’ independent study time (Mandernach, 2006). These results are important in 
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an era of overspecialisation, in which critical thinking is identified as one of the most desired 

yet most challenging educational outcomes for HE.  

This research also contributes evidence on the merits of VBL in fostering critical 

thinking (Carmichael et al., 2018). After a brief intervention, which consisted of only two 

learning episodes, all students, regardless of experimental groups showed improvements in 

fallacy identification demonstrated by their performance in the post-intervention assessment. 

With regards to frequency-building practice, the study shows that this type of practice that 

focuses on building fluency of skill is flexible enough to be used in teaching complex concepts 

such as critical thinking and could lead to desirable learning outcomes, specifically, on the 

application of skills in a novel setting. To the researcher’s knowledge, no research has 

integrated video learning technologies with PT to enhance university students' critical-thinking 

skills. These findings have clear implications for critical thinking instruction in HE and, more 

broadly, for developing similar interventions given the increased use of technology-enhanced 

approaches as a result of the recent transformation of the HE landscape following the COVID-

19 pandemic. 
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Chapter 7: Learning Critical Thinking with Online Bite-sized Videos: 

A Qualitative Account 

 

Tan, A. J. Y., Davies, J., Nicolson, R. I., & Karaminis, T. (in preparation). Learning critical 

thinking skills with online bite-sized videos: A qualitative account. 

 

Introduction 

As mentioned in the previous chapter, HE institutions identify critical thinking as a key 

learning outcome for their graduates (Hatcher, 2011) and highlight the building of critical 

thinking skills as one of the most important components of university education (DeAngelo et 

al., 2009). However, it is an area where students present profound difficulties. The complexity 

and varying conceptualisations of critical thinking across disciplines have presented significant 

challenges for educators in teaching this skill (Broadbear, 2003; Scriven & Paul, 2007). 

Challenges in the teaching and learning of critical thinking are discussed in greater detail in 

Chapter 1 and 6. 

There is extensive literature on educational interventions to promote critical-thinking 

skills (Bensley et al., 2010; Penningroth et al., 2007; Solon, 2007). There appears to be 

evidence that positive learning outcomes can be achieved when employing elements such as 

defining clear learning targets, providing examples and counter-examples of a concept, using 

exercises to train on learning targets, and providing immediate feedback (Bensley et al., 2010). 

However, crucially, it is challenging to implement these components within conventional 

lecturer-led instructional settings, in which the contact time between staff and students is 

limited (Mandernach, 2006; Peter, 2012).  

Recently, the shift of the HE sector to online or blended learning following the outbreak 

of COVID-19 (WHO, 2020) is an additional challenge to teaching critical thinking skills. As 
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discussed in the previous chapter, students’ unfamiliarity with the online learning environments 

creates barriers to their engagement in critical thinking tasks through online discussions, 

debates, and focus group meetings (MacKnight, 2000). Importantly, there is a scarcity of 

research on students’ learning experiences with online teaching approaches for critical thinking 

(Guiller et al., 2008; Richardson & Ice, 2010). 

The current study addressed this exact research gap. It employed qualitative methods 

to investigate the subjective experience, views, and perceptions of students who participated in 

a brief online video-based intervention for critical thinking discussed in Chapter 6. In this 

study, the questions asked aimed to gain insight into four key areas: 

1. The perceived usefulness of this intervention for critical thinking development; 

2. The presentation of learning materials; 

3. The factors impacting their learning engagement; and 

4. The potential of this approach to support mainstream provisions. 

While research on the educational uses of videos has focused chiefly on subject-

relevant knowledge and practical skills, the current study could inform the potentials of using 

technology-enhanced video learning design to enhance critical thinking skills, a subject area 

that many students find hard to grasp. Discussions around effective video design and 

presentation (e.g. lengths and presentation medium) could help to develop strategies to promote 

students’ engagement within an online learning environment (Carmichael et al., 2018), in 

which students' sense of self-discipline is critical (Conacher et al., 2004; Kay, 2012). 

Methodology 

Recruitment 

All participants received an invitation email from the primary researcher on the last day 

of the intervention. The email stated the researcher’s intention to interview them and collect 

data relating to their views and experiences using the technology-enhanced intervention for 
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critical thinking. Participants had the option to opt out if they did not wish to be interviewed. 

This study received ethical approval from the University's Psychology Department Research 

Ethics Committee.  

Participants 

Thirty university students (21 females, 8 males, 1 prefer not to say) with a mean age of 

25 years (SD = 3.11; range 19-38 years old) completed the interviews. Participants consisted 

of 15 undergraduate students, 8 master’s students, and 7 doctorate students. Table 7.1 contains 

details of the course titles that participants were enrolled in. 

Table 7.1 

Participants demographics. 

Course titles N 

Psychology 16 

Health & Social Care 5 

Humanities  3 

Business & Economics 2 

Engineering 1 

Law 1 

Unknown 2 

Procedure 

Interviews were held virtually through a video conferencing platform (i.e. Zoom) with 

the researcher at a mutually convenient time. Participants were briefed on the purpose of the 

interviews and asked to provide consent for the data to be audio recorded. Following this, open-

ended questions were asked to explore in greater detail the following areas: i) participants' 

experiences from their involvement in this study (e.g. "Did you enjoy taking part in this 

study?", "Which three words would you use to describe the study?"); ii) their perceived 
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effectiveness of the intervention on improving critical thinking (e.g. "What are the changes on 

your critical thinking skills after taking part in the study?"; iii) their views on the potential of 

this intervention to support academic work and daily life (e.g. "How relevant are the skills that 

you learnt from this study to your academic work and daily life?"); iv) their views towards 

VBL (e.g. "How do you feel about the materials that were presented in the videos?", "What do 

you think about the length of these videos?"); and v) their views towards the necessity of a 

video instructor (e.g. "Would you prefer information to be presented with or without an 

instructor in the future?"). Interviews lasted between 7 minutes and 48 seconds to 22 minutes 

and 5 seconds. The audio recordings of the interviews were transcribed in full for data analysis. 

See Appendix L for semi-structured interview questions. 

Analysis 

Qualitative data collected from the semi-structured interviews were analysed using the 

six stages of thematic analysis outlined by Braun and Clarke (2006). Each interview transcript 

was read repeatedly several times to aid familiarity with the data set. Following this, the 

researcher made notes of any salient comments and coded the entire dataset with initial themes 

to capture the key features of the dataset. Then, codes were examined to generate potential 

themes. Finally, the researcher refined the selected themes and reported these themes with 

supporting quotes within this current paper. This whole process led to the development of a 

thematic map below depicting the final three main themes, sub-themes, and the relationship 

between them.  

Figure 7.1 

Thematic map of the themes.  
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Results 

Theme 1: Positive learning experiences 

Overall, participants reported very positive experiences, especially in their descriptions 

of the study. In response to a question that asked about the three words that they would use to 

describe the study, more than half of the participants (57%, 17/30) used the word “interesting”. 

Other common words used were: “educational” (20%, 6/30), “informative” (17%, 5/30), 

“useful” (10%, 3/30), “clear” (10%), “engaging” (10%), and “easy” (10%).  

Participants attributed their positive experiences to two key factors: first, that the study 

introduced new learning, and second, that it improved perceptions towards critical thinking. 

Learning something new 

A majority of participants (80%, 24/30) indicated that the study has introduced them to new 

terminologies of informal logical fallacies after completing two bite-sized learning episodes.  

“I didn't know anything about fallacies before doing it. I now know some information 

about that. And, it (the intervention) broke it down in quite an easy way for me to learn 

it.” (P3009) 
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"A lot of the terms, I've never come across before. It (the intervention) helps like enrich 

my understanding towards the use of certain language and how to make arguments 

stronger." (P3019) 

“I haven't really thought about logical fallacies too much. And it was quite interesting 

to just learn something new and then apply it.” (P3021) 

 

Some participants (21%, 5/24) also perceived that there was an improvement in their ability to 

identify logical fallacies from the first to the second learning session of the study. For example, 

Participant P1020 linked their improvements to complete the post-test in less time than the pre-

test: 

“I understood a lot more, I think. And when I did the post-test, it took me a lot less time 

as well, because the first one, I didn't really have a clue. So I was reading things over 

and over again. Whereas the second time I did it in the post-test, I just kind of knew, I 

think that I improved.”  

 

Other participant suggested that they gained a better understanding of the relevant concepts: 

“At the beginning, I thought I was confused between the four categories. But then, the 

next day, I was a little bit aware of what everything meant. So I was like, yes, I actually 

was more confident answering them.” (P3011) 

 

Further to this, about a third of them (38%, 9/24) expressed that this skill could help to improve 

academic writing and was applicable to students from an undergraduate level as well as at a 

postgraduate PhD level.  

“Some of the things (times) is that if you don't know about these logical fallacies, and 

you're probably not, you're not gonna be looking for them. And you need to look for 
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them in order to diagnose. If you need to critically evaluate, this one I think it would be 

useful especially for the undergraduates.” (P2008) 

“So as a PhD student, critical thinking is like absolutely essential. Like it's, it's 100% 

expected in your thesis. And so I need to not only be able to think critically, and express 

my thoughts in my writing, but I also need to make sure that I'm avoiding these logical 

fallacies and that I'm identifying them in other sources so that I can be critical of the 

structure of their arguments where necessary.” (P2002) 

 

The participants also commented that the fallacies introduced in this intervention were 

applicable to their daily lives, especially when forming an argument or reading newspaper 

articles.  

“I would say, it's very helpful now that I know these terms, because it will help me 

recognize how certain arguments or certain points are not as strong or maybe not valid, 

and how not to use them as well, like how to avoid using like proposing arguments in 

a certain way as well.” (P3019)  

“I would say like, in real life, it's still really relevant. Because when you read newspaper 

articles, or when you watch TV, or when you see documentaries, I think, I mean, this 

(fallacies) can be valid anywhere, especially when you talk to people.” (P3023) 

 

Moving from critiques to critical thinking 

Apart from learning something new, half of the participants (50%, 15/30) stated that the 

intervention helped to change their perceptions towards critical thinking. This was particularly 

because the concepts of critical thinking were confusing to them before and there were 

misconceptions that critical thinking only emphasised critiques and limitations of a certain 

approach or theory.  
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“I think it will help me because I understand the basics like the four different logical 

fallacies. Because when I was doing critical thinking work in the past, I kind of I was 

just trying to critique everything, but I didn't really understand why I was doing it. 

Whereas I feel like this has helped me to actually understand a little bit more.” (P1020) 

“I think that it could be really useful for explaining critical thinking, because a lot of 

my colleagues and I, at the end of our assignments that like the feedback was, oh, you 

need more critical thinking. And we were wondering, like, what you mean, I think I 

used it already, you know. So I mean, even for the critical thinking itself, as it (the 

intervention) was like, exactly as it was, I mean, that would be really useful.” (P3024) 

 

Over a third of those who reported changes in their perceptions towards critical thinking (40%, 

6/15) suggested that they developed more awareness about critical thinking following the 

intervention. These participants suggested that they would be more conscious of inappropriate 

language use in arguments in the future to avoid committing a fallacy.  

“I think that I'll be more aware of critical thinking now that I've done the study, because 

when I'm looking at lectures now, I will remember to be more critical, especially like, 

when I'm writing my essays.” (P3002)  

“I'm aware of those fallacies and I feel more confident that I won't just because I'm 

quite naive, in general, so I feel like I'm more able now to you know, if someone says 

something, if I read something that will be similar to one of those fallacies, I will be 

able to spot it. Yeah, to spot them when I listen to someone or to just be careful to not 

make that mistake myself.” (P3020) 

 

Some of these participants (27%, 4/15) also indicated that the intervention had made them 

reassess their critical thinking abilities which they may have had overestimated.  
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“I thought I was quite comfortable. I realized that I wasn't as comfortable as I thought.” 

(P3004)  

“It helps, I guess, a little bit like so it makes me acknowledge where my critical thinking 

lies.” (P2020) 

 

On the other hand, some other participants (20%, 6/30) reported no improvements in their 

critical thinking abilities following the intervention or they were not sure whether their critical 

thinking skills had improved. For example, Participant P3019 commented that more practice 

would be necessary before an improvement could be observed. 

“I think, to be able to improve critical thinking, you still need some form of like, 

practice, like, it's just like how lawyers need to, you know, they have to have this 

constant practice to, to have to be able to have these, like critical thinking skills 

embedded into themselves.” (P3019) 

 

Overall, it seems that the intervention was perceived favourably by students, who suggested it 

improved their knowledge and their perceptions about critical thinking. Most participants 

acknowledged the effectiveness of this intervention in teaching a new skill of identifying 

fallacies. Participants suggested that this skill is highly relevant to their academic studies and 

their daily lives. These findings highlighted the potential of a brief video-based intervention to 

support the building of critical thinking skills at the HE level. 

Theme 2: Effective video design and presentation 

The second main theme found consisted of two sub-themes: “3 minutes is optimal!” 

and “Mixed opinions towards the need of an instructor”. 

Around three-quarters of the participants (73%, 22/30) expressed a strong preference 

towards VBL stating that they would prefer information to be presented in an engaging video, 
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rather than in text. These participants also suggested that videos made it easier for them to 

engage in learning as they reduced the number of texts presented.  

“I find it hard to read lots of text and take it all in. The videos are a lot better.” (P1020) 

“I definitely prefer the video. It was very attention-grabbing, you know, and very sort 

of informal, you know, very easy to just watch rather than being too texty. I'd prefer 

short read. So anything that's text like I wouldn't have been able to grasp as much.” 

(P3004) 

“I prefer video. I think it's kind of the information is easier to learn when it's presented 

in a nice and interesting way.” (P3007) 

While there was a strong general preference towards video instruction, an exploration 

of students’ preferences towards specific characteristics of the intervention revealed two 

themes with respect to the length of the video and the necessity of video instructors, which are 

relevant to designing an effective video learning session. These are discussed in the following 

sections. 

3 minutes is optimal! 

When participants were asked about their opinions towards the length of the videos presented, 

the majority of them (77%, 23/30) thought that the videos were of an optimal length of 3 

minutes. 

“I don't really like really long videos. But at the same time, I don't like videos that are 

really short too either. So that's the middle way. I think these videos were kind of in the 

middle. there not too short, not too long. There are three minutes I think they went into 

enough depth to understand the point to understand and but not too long that I would 

get bored.” (P3016) 
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“I thought it was a very good length. I mean, it was very, you know, short, but also 

informative, which meant that you had 100% of my concentration at all times, because 

it wasn't so long.” (P3008) 

 

Some participants went on to suggest preferences about specific design elements of the videos 

such as the time spend per concept. 

“I think the length is also fine. I think three minutes is not too small, not too large. And 

I think 45 seconds per concept is a good average. So I think that's fine.” (P3001) 

 

Nevertheless, a smaller number of participants (17%, 4/23) had specific suggestions for 

improving the learning material. These suggestions were related to the amount of information 

presented on screen and the pace of the video presentation. 

“I think the video worked really well, my reading speed for some of it because it is 

written in quite dense. Not that for the first bit but as it goes on, you end up with a lot 

of text being presented at the same time. On the video screen, I found it a little bit 

challenging, and I would have liked a little bit longer to read.” (P2004) 

"The video was okay. I did it struggled to read as fast. So the way that the time that it 

was coming on reading now, I wasn't, it was moving on to the next part before I'd 

finished reading the slides." (P3004) 

 

Mixed opinions towards the need of an instructor 

In response to a question about the potential presence of an instructor whether in the videos, a 

third of the participants (33%, 10/30) expressed that they were satisfied with the current design 

that did not include a video instructor. These participants further suggested that having a video 

instructor might be too distracting or affect negatively the versatility of the learning materials. 
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“It's nice and simple as it is. If you put somebody else in there, it's kind of takes away 

from it because now you pay attention to that person and not necessarily taking it all in 

because some people prefer to have pictures.” (P2009) 

“I like the whole thought of, I could pause it out, you know, when the frame would 

finish sort of telling me the information, I could always pause it and reread it. So I 

mean, I think in that regards, having an instructor would make it difficult because, you 

know, you wouldn't be able to, to pause it without having to then go back to find out 

what the instructor was saying beforehand.” (P3008) 

 

However, over one-third of the participants (37%, 11/30) reported they would prefer the 

involvement of an instructor within the videos. This group of participants appeared to believe 

that an instructor's voiceover might help make the learning videos more engaging and improve 

learners understanding and knowledge retention. Some of these accounts made a reference to 

the concept of a preferred learning method and the availability of a visual and an auditory 

channel in their learning: 

“I think personally yes for an instructor’s voiceover. For my learning method, I tend to 

like, you know, the visual aspect you've got it but like, I would do a lot better if there 

was like audio like a voice-over explaining either experience or just like, you know, 

repeating what was being written out. I think it registers a lot better for me.” (P2018) 

 

Another account suggested that the voiceover would be useful because it could give 

participants a pace in navigating through the learning content. 

“If there's a voiceover, then it might improve it further. Because even in the video, you 

are looking at the text. But if there's a voice-over then like, it will be a better change of 
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pace. And I think it'll prevent people from getting bored or zoning out. So I think yeah, 

I think like, a voiceover might be better in that aspect.” (P3001) 

 

Overall, participants held positive attitudes towards video-based instruction. They almost 

unanimously agreed that short videos of about three minutes were preferable, though the pace 

of these videos could be improved. With regards to instructors in the videos, their opinions 

were mixed. Those who wanted an instructor referred to the benefits of auditory-visual 

integration in video presentations. 

Theme 3: Value technology-enhanced learning model 

The third main theme, “Value of technology-enhanced learning model” included two 

sub-themes: “Many potential benefits of technology-enhanced learning” and “Diverse uses of 

bite-sized videos as supplementary teaching aids”. 

Many potential benefits of technology-enhanced learning 

More than two-thirds of the participants (67%, 20/30) suggested that technology-enhanced 

learning models including intertwined videos and online practice elements have the potential 

to support learning. Some participants commented that it makes learning more interactive when 

videos are intertwined with practice questions.   

“It was really good, like a really good learning thing and it was a lot more enjoyable 

than the other studies I've taken part in because I feel like although you're learning, it 

becomes more interactive, when you have to do watch a video and then do some test 

related to that video. So it becomes more interactive.” (P1020) 

“I enjoyed the video, you know, the video that was in the middle. Because that 

obviously, it gives you all the information, which then worked with the multiple-choice 

questions, so that element of it, I found really interested” (P2009) 
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Participant P2002 also highlighted that they believed the effectiveness of technology-enhanced 

learning could be comparable to in-person teaching: 

“I don't think that it would be any less helpful than a teacher in-person teaching these 

constructs, like, I think that the video is sufficient for educating me about these things. 

The video is in conjunction with the practice, of course.”  

 

Participant P2024 took the discussion further and indicated that technology-enhanced learning 

would be effective for those self-directed learners: 

“I think it's a pretty useful way of learning. I guess it assumes that the learner is self-

motivated and self-driven, and wants to learn about the topic. So I think it's a useful 

model if the person is someone who likes to learn, or has something specific in mind 

that they want to learn, and they can just search it up and have the course and just apply 

for the course.”  

 

Technology-enhanced learning was particularly relevant to the current climate in HE that is 

shifting towards blended or online learning environments following the COVID-19 crisis. 

Responses from the following participants captured these: 

“With the current situation and blended learning and everything. It obviously could 

potentially benefit students because they watch a video and they learn more. Like 

obviously, we have classes online classes, but I feel like videos could really benefit, 

especially these videos were like shortened to the point I thought it was really good. 

And then, you can practice like watch a video and then practice, like I did in the study.” 

(P2005) 

“Yeah. Especially I will say with COVID. And the fact that we're probably like, no 

one's going back to 100% face to face teaching at the moment or anytime foreseeable 
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future. I definitely like throughout the last year, the module that we just had videos, 

basically slideshows, and recorded without any speech over direct link type stuff. I think 

I probably did better in those than the ones where we have like actual, like online 

lectures, if that made any sense.” (P3022) 

 

Diverse uses of bite-sized videos as supplementary teaching aids 

During the interviews, students also shared ideas about the types of teaching areas where the 

use of VBL would be valuable. Some participants (43%, 13/30) acknowledged the potentials 

of video technologies in making the lessons more engaging in the conventional lecture settings 

as supplementary teaching tools.  

“I think having, you know, a video here and all that will actually sort of make the 

lectures a bit more interesting. Maybe even actually used at the end of the thing to sort 

of say, you know, to conclude what the entire PowerPoint is about maybe, you know, 

three to five minutes’ video would actually be perfect.” (P3008) 

“So if you teach some courses, maybe sometimes use like video illustrations, maybe 

from YouTube or something, it really makes the student really understand what 

everything means. It's easier than just telling them some information.” (P3011) 

 

A few of them (31%, 4/13) also commented that videos like this would be particularly helpful 

for revisions, especially for subjects that are perceived to be more challenging. 

“I think that would be good for like a revision video because it's quick. It's like, it gets 

to the points of everything.” (P3003) 

“I think for things like research methods and investigative psychology [first-year 

statistics module], I think that they could do with stuff like that a lot more because 
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they're a bit harder to wrap your head around. Whereas I think the videos make it more 

simplistic, and you know what you're doing a bit more” (P1020) 

 

Others (31%, 4/13) suggested that these VBL sessions would be useful to introduce new topics 

to novice learners as they presented information in a more engaging way. 

“I think it would be useful to have like a video like that, that's quite engaging and 

interesting to look at, at the beginning of it with like, explaining each concept and stuff, 

cuz I find myself paying more attention to it than if it's like, you know, somebody just 

spitting this information out.” (P2001) 

“I think there's a lot of potential with these sorts of video resources, because they help 

in disseminating information in a much friendlier way. To every person, it doesn't even 

have to be kind of within academia or anything like that, but just kind of any person. 

It's just, you know, it's proven to be a lot more easier to learn, if you're engaging with 

the content, and it's interesting for you.” (P3007) 

 

In general, participants acknowledged the potential of technology-enhanced learning to support 

in-person teaching and learning activities, especially post-COVID-19. Bite-sized video lessons 

could also be developed into supplementary teaching aids for introductory courses and revision 

purposes. 

Discussion and Conclusions 

The current study aimed to gain insight into students views towards a technology-

enhanced learning intervention for critical thinking skills among university students. 

Specifically, it examined students’ perceptions of the usefulness of this intervention and its 

potential to support mainstream provisions and their preferences regarding specific elements 

of the intervention, related to the presentation of learning materials. 
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Current findings suggested that overall, students enjoyed using this intervention, with 

many of them indicating that the intervention successfully taught them a new skill in 

identifying fallacies. Some students also reported improved awareness and attitudes towards 

critical thinking following their engagement with this intervention. Finally, students expressed 

that the intervention was helpful and highly applicable to their academic studies and daily life.  

Regarding the presentation of learning materials, around three-quarters of the students 

interviewed in this study had a strong preference for VBL. These students alluded to the 

benefits of video technologies in presenting information in a more engaging and simple way. 

Current results also reflected a student preference towards bite-sized videos of three minutes 

or less. This result was in line with past evidence suggesting that shorter videos could improve 

viewers' attention and reduce the possibility of cognitive overload (Brame, 2016; Carmichael 

et al., 2018; Khong & Kabilan, 2020). 

Regarding students’ views towards the potential involvement of a video instructor, their 

opinions were divided. Some students, who preferred the current design without a video 

instructor, commented that the presence of an instructor might divert their attention away and 

affect the versatility of the learning materials. This account presents similarities with the 

cognitive load theory, which suggests that additional stimuli may distract students’ attention 

away from content and hinder learning, especially when the content contains complex 

information (Carmichael et al., 2018; Wang et al., 2017). On the other hand, other students, 

who preferred the presence of an instructor, said that voiceover aids engagement and 

knowledge recall. This account presents similarities with the dual-processing theory, which 

posits that using both visual and auditory channels to present information enhances engagement 

(Mayer & Moreno, 1998).  

Regarding students’ opinions towards the potential of the technology-enhanced 

learning approach to support mainstream provision, more than two-thirds of students expressed 
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a positive view towards this possibility. These findings chime with previously-reported 

accounts suggesting that technology-enhanced learning offers effective teaching and learning 

experiences (FitzGerald et al., 2018). Students also shared some valuable and diverse examples 

of how video-based learning design could be used to complement learning. These examples 

demonstrate video-based education offers a versatile and flexible approach that supports 

individualised learning needs and preferences (Salina et al., 2012).  

This study is particularly relevant to recent changes in the HE landscape following the 

COVID-19 pandemic. Staff have limited contact time with students for teaching critical 

thinking. The current approach addresses this challenge by promoting the independent learning 

of critical thinking skills outside of formal teaching sessions (Mandernach, 2006) and based on 

bite-sized VBL in an online learning environment. This technology-enhanced model with VBL 

is a powerful and versatile approach, offering students the opportunity to pause, rewind, and 

revisit any part of the information whenever needed (Salina et al., 2012).  

In conclusion, this study provides insights into the experience of students (the key 

stakeholders) from using a technology-enhanced learning intervention to support the 

development of critical thinking skills. Overall, students expressed favourable experiences 

from an online intervention that involved bite-sized video learning elements. These findings 

have clear implications for future efforts of higher education institutions to foster critical 

thinking, one of the most valued skills in the labour market. There are also broader implications 

of these findings for the development of online learning interventions. For example, from a 

practical perspective, student preferences towards video design and presentation, such as the 

video length and instructor presence, may inform methods to engage students best and facilitate 

optimal learning (Carmichael et al., 2018). 
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Chapter 8: Discussion and Conclusion 

This chapter provides a broad overview of the thesis and summarises findings from the 

empirical research. It draws together the theoretical and practical implications, the limitations, 

and future research directions arising from this research. It also explores original contributions 

to knowledge and how these relate to the research questions of this thesis as a whole. 

Broad Overview 

HE institutions often enrich their curriculum with supplementary teaching resources to 

support students with different learning needs and diverse educational backgrounds. This PhD 

aimed to implement a technology-enhanced learning approach, which integrated Precision 

Teaching (PT) and peer-assisted learning (PAL) with video-based learning (VBL) to support 

HE students in learning statistics and critical thinking. Chapter 2 identified gaps within the 

existing literature to form research questions. Chapter 3 outlined the methodological approach 

adopted for the preceding empirical chapters. Chapter 4 to 7 focused on four iterations of the 

technology-enhanced intervention [based on four manuscripts submitted (Chapter 4 to 6) or 

prepared (Chapter 7) for publication]. The following sections summarise the research findings 

for each empirical chapter. 

Chapter 4 

This was the first iteration of technology-enhanced learning aimed to reinforce 

previously learnt statistics skills in HE students. The study developed micro-learning episodes 

that incorporated elements that have been proposed to promote active learning, such as the 

presence of an instructor in the form of PAL and the use of dual modalities (visual and auditory) 

in the presentation of learning videos. The study’s findings suggested that students showed 

uniformly high performance in the post-episode tests irrespective of how the learning content 

was presented and by whom. Students reported highly positive views towards the bite-sized 

video methodology, which they found helpful and with a clear learning structure. In the semi-
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structured interviews, three themes emerged: positive learning experiences, differential 

attitudes towards video-based learning, and differential preferences towards presenter status. 

While this study did not show academic gains related to PAL compared to lecturer-led 

learning, the qualitative analyses revealed that participants found video-based resources to be 

useful and they would use such complementary resources if these were available in the statistics 

curriculum. This research has highlighted the great potential of VBL strategies that can be used 

to support versatile learning platforms for statistics. The study also provides a framework for 

the development of an individualised VBL approach in the second iteration study when 

elements of PT were incorporated.   

Chapter 5 

In the second iteration of technology-enhanced learning, the study aimed to reinforce 

previously learnt statistics skills using a learning design that combined a VBL approach with 

frequency-building practice within a PT methodology. Specifically, the study compared the 

effects of frequency-building training on participants' engagement and statistics attainment at 

the end of each learning episode and post-test. Results indicated that the PT intervention group 

maintained significantly higher assessment scores than the self-directed learning control across 

all eight learning episodes. Post-test analysis revealed that both groups showed significant 

improvements compared to the pre-test; however, there was no between-group difference. 

Students perceived the learning intervention to be effective, high standard in content and 

design. 

This study showed the potential of the frequency-building method within the PT 

framework in improving students’ engagement and learning performance within the 

intervention for statistics, a subject that can be challenging for most students. The online 

learning design of frequency-building intervention is accommodative to each individual 

student, offering students the opportunity to practice on their individual mistakes following 
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each practice trial. A technology-enhanced model of frequency-building practice like this also 

allows a systematic presentation of stimuli and effective tracking of student engagement 

(Beverley et al., 2009). With these positive results from the combination of VBL and PT, the 

researcher decided to apply this integrated approach to the teaching of critical thinking, a 

subject area that has been identified as a major gap in the research and that requires more 

investigation.  

Chapter 6 

In the third application of technology-enhanced VBL, the study aimed to improve the 

critical thinking abilities of university students. The VBL approach combined PT with 

structured problem-based training, a pedagogical approach that promotes the application of 

learnt skills in new contexts. Learning performances were compared across three experimental 

groups: a PT intervention group (A), a PT plus problem-based training intervention group (B), 

and a self-directed learning control group (C). Students' fallacy identification abilities were 

compared on taught (post-episode tests) and unseen (post-intervention assessment) material, as 

well as their performance on a standardised fallacy-identification test. All groups showed 

statistically significant post-episode/intervention performance gains, with low-scoring 

participants benefitting more than low-scoring participants. The results on delayed recall a 

week later were also comparable between groups. Importantly, in the domain-general fallacy-

identification assessment (post-intervention), the two PT (A & B) groups showed higher 

improvements than the control group (C).  

These findings suggest that bite-sized video-based approaches can be used to improve 

critical thinking skills. PT, on its own or combined with problem-based training, can improve 

the ability to generalise learning to novel contexts. This finding shows some similarities with 

the results of Chapter 5 and suggests that PT can lead to desirable learning outcomes of 
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enhanced engagement (Chapter 5) and generalisation of learnt skills into a new context 

(Chapter 6) that the self-directed learning approach did not seem to offer.  

Chapter 7 

This chapter presents  qualitative data that complement quantitative findings in Chapter 

6. The study explored students' experiences and perceptions towards a technology-enhanced 

video-based intervention used to improve critical thinking skills. Semi-structured interviews 

were conducted with 30 participating students to gain insight into their experiences of 

participating in this intervention, the perceived usefulness of the intervention, and factors 

affecting their engagement. Using thematic analysis, three main themes were identified: 1) 

positive learning experiences, 2) effective video design and presentation, and 3) value 

technology-enhanced learning approach.  

The study demonstrated that participants were positive about their experiences of using 

this technology-enhanced learning approach for critical thinking. They uniformly agreed that 

bite-sized videos are more preferable to the longer ones, though their preferences towards the 

needs of an instructor presenter were divided. These findings provide strong evidence that the 

online bite-sized VBL approach can be developed into supplementary teaching tools for 

meeting the diverse needs of students. 

Implications and Contribution to Knowledge 

In the previous chapters (Chapter 4 to 7), the theoretical and practical implications of 

the individual iterations of our VBL intervention and their new contributions to knowledge 

were discussed. The following sections summarise each empirical chapter's context and 

implications for the broader application of such interventions within HE. 

PT 

 There is extensive literature on factors related to students' learning performance. 

However, there is less evidence on the application of PT within HE settings to effectively 
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monitor students' learning progress (Yin & Yuan, 2021). This PhD research extended the 

application of PT within HE to address the scarcity of studies on its effectiveness in enhancing 

statistical literacy and critical thinking skills. 

 Regarding statistics literacy, the results from Chapter 5 demonstrated that frequency-

building practice under the PT framework could lead to improved engagement and statistics 

attainment compared to the self-directed practice approach. However, this additional benefit 

did not transfer post-intervention. The combined results offer partial support to earlier studies 

showing benefits of precision teaching, such as Beverley et al. (2009), who reported low-

performing undergraduates achieved significant improvements at statistics post-test following 

frequency-building intervention on statistical concepts. The lack of group differences in post-

intervention performance suggested that building fluency on a subset of basic skills might not 

be sufficient for skill generalisation (Kubina & Yurich, 2012). Given students' mixed 

mathematics abilities (Conners et al., 1998), it is likely that more learning topics should be 

covered before we can see a noticeable improvement in statistics attainment of the PT group 

post-intervention.  

 Regarding critical thinking, the results from Chapter 6 showed that frequency-building 

practice on its own or when combined with problem-based training could offer desirable 

learning outcomes in applying learnt skills. In contrast, self-directed learning did not show the 

benefits of knowledge transfer into novel contexts. This result demonstrates additional merits 

of frequency building under the PT framework to foster skills in novel contexts (Kubina & 

Yurich, 2012). This result also adds to evidence suggesting that the use of PT extends to 

complex and high-level skills such as critical thinking (Cuzzocrea et al., 2011). 

 The combined results of Chapters 5 and 6 demonstrated that PT is not only effective in 

supporting the learning and teaching of quantitative skills, it can also support the learning of 

complex skills to identify fallacious arguments. The frequency-building practice used in these 
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PT interventions offered a more individualised learning strategy and allowed participants to 

monitor their learning progress and practice their mistakes before moving on to the next 

learning topic. This type of practice until mastery learning procedure does not usually happen 

in our conventional classroom or lecture settings but can encourage active responses from 

participants (Barbetta et al., 1993) and promote engagement or motivation to learn (Sundhu & 

Kittles, 2016).  

PAL 

It has long been recognised that PAL could bring additional benefits to improve 

academic attainment and retention (e.g. Paloyo et al., 2016; Peterfreund et al., 2007), in line 

with the theoretical framework of the cognitive (Lockspeiser et al., 2008) and social 

congruence theories (Bulte et al., 2007). However, most PAL interventions have focused on 

academic grades and retention rates as measurements of the intervention effectiveness (e.g. 

Dawson et al., 2014). This PhD research went beyond solely quantitative measures of academic 

performance to include qualitative approaches to provide a more holistic evaluation of its 

effectiveness. Tutees' feedback on PAL was also essential to understand how skills involved in 

PAL, such as the development of effective study strategies (Dawson et al., 2014), increased 

confidence around the subject, and other skills transferable to real-life settings.  

 Findings from Chapter 4 showed no substantial differences in statistics learning 

outcomes across the presenter status (lecturer vs. peer). It implied that having a peer tutor as 

the presenter in videos did not lead to other positive results in learning compared to having a 

lecturer, in contrast to the cognitive (Lockspeiser et al., 2008) and social congruence theory 

(Bulte et al., 2007) would predict. With regards to students' preferences towards PAL, their 

opinions were divided, with students who had higher preferences towards PAL alluded to the 

similarities in the learning experience and knowledge level between them and the peer tutor, 

consistent with the congruence theories (Bulte et al., 2007; Lockspeiser et al., 2008). The rest 
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who preferred a lecturer-led session alluded to the lecturer's experience in teaching and 

supporting learning.  

The study suggests that video-based PAL strategies share similar benefits to lecturer-

led learning, whilst being more congruent to the learners’ level of competence on the subject 

and  tailored to their preferred social contexts. This study adds to a growing body of evidence 

on students learning in online and blended-learning formats which have been widely used by 

universities and other education providers globally as a result of the COVID-19 pandemic. The 

current approach demonstrates the usefulness of PAL strategies (Power et al., 2010), especially 

in a period of social isolation and limited peer interaction (Andrews et al., 2020; Orben et al., 

2020). The changing patterns of social interaction during the pandemic has a negative impact 

on the mental well-being of students who experience high levels of stress, anxiety, and 

loneliness (Elmer et al., 2020). Embedding elements of peer interaction into the current online 

learning environment could be a starting point for creating a positive virtual learning 

environment in which students support each other both academically and psychologically.  

VBL 

 VBL has gained increasing popularity following the recent COVID-19 pandemic,  

which challenged many HE institutions to develop their teaching based on online and blended 

learning methodologies (Camilleri & Camilleri, 2021). This transition to online learning as a 

response to a crisis has highlighted the need to analyse factors relating to student performance 

and preferences within a VBL environment. This PhD research explored the experiences of 

university students with a VBL design that aimed to enhance statistical literacy and critical 

thinking skills. While research on the educational uses of videos has focused chiefly on subject-

relevant knowledge and practical skills, this PhD is novel in investigating the role of VBL in 

promoting critical thinking (Carmichael et al., 2018). Mixed-method approaches were used to 

evaluate the effectiveness of the VBL design and produce meaningful inferences regarding 
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students' user experience, their preferences towards an effective video design, and the impacts 

on their learning outcomes (Tashakkori & Creswell, 2007).  

 Chapter 4 and Chapter 5 used 'bite-sized' video learning episodes to reinforce 

previously learnt statistics skills. The findings suggested that students' accounts towards VBL 

were overall positive. Data from the user satisfaction questionnaire and the interviews with 

participants in Chapter 4 suggested high satisfaction rates relating to the usefulness and 

structure of the video learning episodes. Similarly, in the review of the learning materials 

questionnaire in Chapter 5, participants expressed positive perceptions towards the use of 'bite-

sized' videos. Students' favourable judgements are consistent with a large body of past research 

that shows that students perceive video-based technology as an effective educational tool (e.g. 

Hepp et al., 2004; Kay, 2012; Tan & Karaminis, 2020; Turan & Cetintas, 2020). 

 Chapter 6 and Chapter 7 illustrated a technology-enhanced intervention aiming to 

improve the critical thinking abilities of university students using two 'bite-sized' video-based 

learning episodes to introduce four informal logical fallacies. Quantitative data from Chapter 

6 demonstrated that technology-enhanced intervention comprising a VBL design could be 

developed into an effective supplementary teaching tool to promote critical thinking in online 

settings and is suitable for students with mixed abilities. This contributes evidence on the merits 

of VBL in fostering critical thinking (Carmichael et al., 2018).  

 Interview data with 30 participants in Chapter 7 provided further insights into students' 

perceived effectiveness of this intervention and their views on effective video design. 

Importantly, participants expressed overall positive opinions towards the technology-enhanced 

learning approach that intertwined VBL with learning tasks. Many of them were able to identify 

the progress they had made from their engagement in this intervention. Participants almost 

unanimously agreed that short videos of less than three minutes were preferable. However, 

their opinions towards instructor presence were mixed, with those who wanted an instructor 



TECHNOLOGY-ENHANCED INTERVENTION FOR HIGHER EDUCATION LEARNING 134 

 

referring to the benefits of auditory-visual integration in video presentations (Clark & Mayer, 

2016).  

 Overall, findings from these chapters demonstrated the potential of a bite-sized VBL 

design to improve the statistics and critical thinking skills of university students. From a 

practical perspective, the discussions around effective video design and presentation (i.e. video 

length and instructor involvement) could help us to develop strategies to promote students 

engagement within an online learning environment (Carmichael et al., 2018), in which students' 

sense of self-discipline is critical (Conacher et al., 2004; Kay, 2012).  

These results are relevant in many ways to the current climate in HE, in which 

institutions embrace fully online or blended-learning formats following the COVID-19 crisis. 

First, it shows that benefits associated with the use of VBL, such as improved engagement 

(Winterbottom, 2007), increased learning motivation (Hill & Nelson, 2011), and positive 

learning outcomes (Salina et al., 2012), generalise to statistics and critical thinking. Second, it 

demonstrates that online video-based approaches are highly acceptable among students. At the 

same time, the use of video technologies enables remote learning under a self-directed (Fill & 

Ottewill, 2006) and multimedia format (Clark & Mayer, 2016), which is beneficial for learning. 

Third, bite-sized learning sessions comprising a brief video followed by a practice session is 

versatile and can be easily accommodated to support ubiquitous learning. 

Limitations and Directions for Future Research 

The following sections highlight some limitations of the technology-enhanced 

interventions for enhancing statistics and critical thinking abilities of university students within 

Chapter 4, 5, 6, and 7. 

Chapter 4 

 One of the limitations of this study is the lack of data relating to students' statistics 

competency pre- and post-intervention. Participants completed the corresponding statistics 
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assessment following the presentation of each video and reported their previous statistics exam 

grades in the social validity questionnaire at the end of the study. Examining competency levels 

using pre- and post-test on statistics concepts would offer a more sensitive measure of the 

impact of video-based PAL on statistics attainment. An additional limitation is the use of a 

within-participant design. One could draw more robust conclusions using a between-

participant design while controlling for students' statistics ability pre-intervention.  

 Second, due to the constraints of time and resources, participants completed only three 

learning episodes in this study. Expanding the use of video-based PAL over a range of basic 

and advanced statistical concepts would create a more robust learning platform that addresses 

a broader range of learning needs in statistics. This expansion could allow the researcher to 

involve other factors relating to the presenters themselves, such as expertise levels, age, and 

gender, to assess the impact of this learning approach on students with mixed abilities.  

Third, the experiences and learning outcomes of the students involved in PAL as tutors 

were not addressed in this study (Lockie & van Lanen, 2008; Ten Cate & Durning, 2007). PAL 

is thought to offer a bi-directional learning modality, which benefits both peer tutors and tutees. 

For peer tutors, benefits do not arise only from the opportunity to revisit the subject but also 

from building new learning connections (Ten Cate & Durning, 2007). In line with this 

accounts, in the debriefing interview, the student peer tutor who was involved in this study 

reported that the experience of coaching others led her to further understand the course 

content, improved her presentation skills, and increased her self-confidence as she practised 

“explaining concepts that most students find challenging in a straightforward and easy to 

understand way”. The research design of this study could be extended to address the benefits 

of peer tutors in further detail. For example, it would be useful to examine potential outcomes 

from their involvement in peer teaching for students with different competence levels or 

different personality characteristics.  
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Chapter 5 

 In this study, participants in the intervention group were matched to participants in the 

control group based on their pre-test scores to determine if any improvement in post-test scores 

was due to frequency-building practice or the mere exposure to instructional materials. 

Although pairs of participants were of similar statistics abilities at pre-test, results did not 

account for individual variations in the mathematical background (Guàrdia et al., 2006), 

statistics attitudes and anxiety, and motivation to learn (Chiesi & Primi, 2010). This limitation 

could be addressed in future research using a within-participant design, whereby the same 

participants complete learning episodes with and without frequency-building practice. 

 Second, although participants were matched on the total time exposure during the 

practice phase, the study did not control the number of trials conducted in each practice phase. 

This implied that the role of repetition of trials during practice was not addressed in this study. 

As repetition is an essential determinant of learning and knowledge retention (Kang, 2016), 

future frequency-based studies should control the average number of practice items exposed to 

in each group. 

 Third, in this study, all eight learning units were completed across two days. There is 

evidence suggesting that distributing practice across different times of the day benefits the 

efficiency of frequency-building interventions (Schutte et al., 2015). Furthermore, research in 

PT is often conducted over several days, weeks, or even months to allow tracking of learning 

progress and measurements of fluency (e.g. Beverley et al., 2009; Stockwell & Eshleman, 

2010). As such, it may be that extending the length of this intervention would allow for a better 

evaluation of fluency, which would also incorporate other measurements, such as retention, 

endurance, stability, application (Binder, 1996; Kubina & Yurich, 2012). 

Chapter 6 
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 With regards to limitations of the technology-enhanced intervention for enhancing the 

critical thinking abilities of university students, in terms of scope, the intervention focused on 

fallacy identification. As critical thinking is a multifaceted construct, future studies should be 

inclusive of processes related to interpretation, analysis, evaluation, and inference, such as 

argument analysis, evaluation of the credibility of claims or sources, and identification of 

scientific versus pseudo-scientific procedures (McPeck, 1981). 

 In terms of research methodology, although participants in the three groups were 

exposed to a similar set of instructional materials and procedures, the study did not control for 

the time of exposure in the learning task. A more nuanced investigation of learning under PT 

will need to examine the engagement with the learning materials in more detail. This is 

important as it has been argued that frequency-building procedures can reduce the time required 

to master a targeted skill. 

 Finally, in this intervention, instructors were not involved in the learning videos to 

avoid potential distractions to students (see Sweller et al., 2011). However, contrasting 

evidence suggests that students find learning videos featuring a presenter to be more engaging 

(Guo et al., 2014; Pi et al., 2017). Future studies could examine the impact of the presence of 

instructors on students' engagement and learning. An appealing possibility is to consider peers 

as presenters as evidence suggested that perceived similarity between a peer and the learner 

could create a favourable learning environment that can benefit learning (Bulte et al., 2007; 

Lockspeiser et al., 2008). This would allow us to link the final iteration of the VBL design with 

the first iteration (Chapter 3).  

Chapter 7 

It is important to acknowledge that the validity of the interview process could be 

enhanced if an additional researcher was involved during the data collection and coding 

processes. However, this was not possible in this study conducted as part of a PhD studentship 
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due to the limitations in funding and resources. Another limitation is that the qualitative study 

focused  on the overall students' experiences and preferences towards the VBL approach of the 

intervention rather than the evaluation of individual components, such as the PT elements in 

this study. 

Broader directions for future research 

In the previous sections, limitations of the four empirical chapters were presented to 

provide a foundation for further work. This section will continue the discussion to summarise 

some potential future research directions for the PT, PAL, and VBL strategies. 

In relation to PT, this PhD opens the way for further exploration of individual 

differences related to the approach. If the potential of the PT approach can be demonstrated 

with university students without mathematical backgrounds (Chapters 4 and 5), then questions 

arise if there are similar benefits to learning for neurodiverse students, especially those who 

are diagnosed with Specific Learning Difficulties (SpLD). Other research questions associated 

with this include: 1) What are the learning supports that can be put in place to complement the 

PT approach?; 2) What are neurodiverse students’ perceptions towards the time-based 

frequency-building practice?; and 3) Are there any other benefits of this approach to support 

learning (e.g. effective study skills, time management, self-monitoring)?. 

With regards to PAL, the results in Chapter 4 suggest two directions for future work. 

The first relates to the functional relationship between students’ learning preferences and 

academic outcomes. Braaksma et al. (2002) suggested that students react differently to model 

with different competencies, whereby better students are likely to prefer competent (‘expert’) 

peers compared to the weaker students, possibly due to smaller cognitive gaps. Therefore, it is 

worth investigating if the same effect holds when PAL is implemented to teach academic and 

non-academic skills. The second direction for future research involves systematically 

examining the characteristics of the video instructor (e.g. age, gender, perceived expertise) to 
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improve students’ engagement and learning outcomes. This is important to allow a better 

understanding of the current results in the variabilities of students’ preferences toward the video 

instructor. It also could help to determine which instructors’ characteristics may impact student 

engagement and subsequently help to provide guidance for future iterations of video-based 

PAL sessions. 

Finally, research into the use of VBL should continue, perhaps by including an 

exploration of other individual factors that might correlate with students’ learning performance, 

such as learning motivation (Lin et al., 2003) and self-efficacy (Schneider & Preckel, 2017). 

For many decades, motivation to learn has been a research focus as it is closely related to school 

performance (Christiana, 2009; Tella, 2007). Some studies assert that students with higher 

intrinsic motivation are more likely to achieve higher grades (Clark et al., 2014; Lin et al., 

2003). Similarly, self-efficacy, as one’s own belief in their abilities to successfully perform a 

task, has also been found to have strong associations with academic achievement and retention 

in a meta-analysis (Robbins et al., 2004). It would be interesting to explore if these relationships 

persist in a VBL environment. 

Dissemination of Research 

Throughout this PhD, the researcher has worked towards disseminating the findings in 

each study through journal publications. The key results of each study were also shared with 

wider audiences through presentations during the internal SOLSTICE/CLT conferences and 

two national British Psychological Society Annual Conferences. 

 The resources developed as an outcome of this project have been used as supplementary 

teaching materials for statistics and critical thinking skills within the BSc and MSc Psychology 

curriculum at Edge Hill University's Department of Psychology. In particular, educational 

videos for statistical concepts and analysing skills developed in Chapter 4 have offered 
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additional support for psychology students who aim to enhance their statistics skills. Table 8.1 

below outlines the dissemination efforts. 

Table 8.1 

Dissemination Efforts 

Chapter Conference Presentations Publication Status 

3 ● - Presented at Pedagogic Value of Video for Learning and 

Lecture Recording NW Event, 9th January 2020 

Accepted 

4 ● - Presented at SOLSTICE e-learning and CLT Conference, 

2nd-3rd June 2021 

Under Review 

 ● - Presented at Division of Academics, Researchers, and 

Teachers in Psychology Annual Conference, 23th-24th June 

2021 

 

5 ● - Presented at the Psychology of Education Section Annual 

Conference, 8th-9th September 2021 

Under Review 

6 ● N/A In preparation 

 

Conclusion 

 As this PhD research unfolds, the COVID-19 pandemic has resulted in important 

changes in the HE landscape. With face-to-face teaching activities disrupted due to lockdown 

and social-distancing measures, many educational institutions were challenged to develop their 

teaching based exclusively on online or blended-learning methodologies. Educational 

institutions are preparing to respond more readily to a future crisis and therefore, educational 

research needs to consider online learning approaches in diverse educational contexts and in 

relation to a range of targeted subjects and learners. This enterprise will enable HE institutions 

to develop engaging online curricula and maximise students' learning outcomes.  
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 This PhD has developed three iterations of technology-enhanced learning interventions 

that have implications for supporting statistical literature and helping critical thinking. It has 

provided a systematic framework enabling educators to combine the behavioural approach of 

PT and pedagogical models of PAL and VBL to develop effective online interventions. More 

importantly, the current approach demonstrated the usefulness of PAL strategies within a 

video-based setting for creating a positive virtual learning environment (Power & Dunphy, 

2010), especially in changing patterns of social interaction during the pandemic which had a 

negative impact on the mental well-being of students (Elmer et al., 2020; Hemanth, 2020). It 

has also demonstrated PT-based practice could lead to enhanced engagement and attainment, 

with the effects shown in gains in statistics attainment within the intervention and transferrable 

to novel applications of critical thinking post-intervention. Finally, it has shown the potential 

of VBL approaches to improve learning engagement and performance for two subjects that are 

deemed challenging for HE learning and teaching – statistics and critical thinking. The 

combined results support the usefulness of a broader application of such interventions within 

HE and recommendations for good practice for this enterprise. The next steps of this work thus 

involve extensions of the current approach to other domains and the integration of methods.   
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Appendices 

Appendix A – Research Advertisement - Chapter 4 
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Appendix B – User-Satisfaction Questionnaire - Chapter 4 
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Appendix C – Open-Ended Questionnaire - Chapter 4 
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Appendix D – Semi-Structured Interview Questions - Chapter 4 

  
Tutees  

● Did you enjoy taking part in the study?  

● Was it useful? Do you feel that your statistics knowledge has improved your 

knowledge on the subject? In what ways?  

● Are there any other outcomes and skills you feel that these sessions have helped you 

achieve/develop?    

● How would you compare sessions in which the material was presented by lecturers to 

sessions in which the material has been presented by peers?  

● How would you use a resource based on the Panopto-based scheme in the future?  

● Do you think this scheme can be used in other modules too, or beyond university?  

● Would you be interested in participating as a tutor next year? How do you think this 

would be helpful to you.  
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Appendix E – Research Advertisement - Chapter 5 
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Appendix F – Video Topics & Learning Objectives - Chapter 5 

‘Concept’ Videos ‘Analysis’ Videos 

1. Experimental design (IV, DV, Between/Within-subject) 

LO1.1: Identify independent & dependent variables 

LO1.2: Understand what are confounding & extraneous variables 

LO1.3: Define between & within-subject designs 

 

2. Descriptive statistics (Mean, Variance, SD, Sum of square etc.) 

LO2.1: Define descriptive statistics 

LO2.2: Understand what is measures of central tendency and 3 

ways to measure it (mean, median, mode) 

LO2.3: Understand what is measures of dispersions and 3 ways 

to measure it (sum of squares, variance, SD) 

 

3. Inferential statistics (Normality, Probability, SE) 

LO3.1: Describe normal distribution curve, skewness, & kurtosis 

LO3.2: Define standard error & its relationship with sample mean 

& population mean 

LO3.3 Define confidence interval (i.e. 95%) 

 

5. Correlation study 

LO5.1: Describe correlation & 3 types of the correlation 

plot (+, -, no relation) 

LO5.2: Define direction & strength of correlation 

LO5.3: Correlation is not causation  

 

6. Assumption tests (Levene’s test etc.) 

LO6.1.: Define parametric & non-parametric tests 

LO6.2: List the assumptions for parametric tests 

LO6.3: Explain different tests that can be used to check 

these assumptions (Levene’s test, Mauchly’s test, K-S test) 

 

7. T-test - Independent 

LO7.1: Introduce T-test with several case studies 

LO7.2: Conduct a T-test on SPSS 

LO7.3: Interpret & explain the T-test results 

 

8. T-test - Dependent 
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4. Hypothesis testing 

LO4.1: Define null & alternative hypothesis 

LO4.2: Identify directional & non-directional hypothesis 

LO4.3: Explain statistics testing (i.e. p value< .05) 

 

LO8.1: Differentiate independent & dependent T-test with 

several case studies 

LO8.2: Conduct a T-test on SPSS 

LO8.3: Interpret & explain the T-test results 
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Appendix G – Video Recording Release Form - Chapter 5 

Video Recording Release Form 
 
This form is to be signed by the person who has been invited to participate as a 

presenter/speaker and has agreed to be video recorded as part of a PhD research 

project at the Department of Psychology at Edge Hill University.  

 

I, the undersigned, agree and grant the right and permission to be video recorded by 

Angel Tan and the media team for her PhD research project, with the title of ‘A 

Technology-enhanced Intervention for Higher Education Learning’. 

 

I understand that the video recordings will be used by Angel Tan for research only, 

but such recordings may be used by the Department of Psychology of Edge Hill 

University for the purposes of education in the future. Recordings may not be used 

outside the institution and be shared on websites without consent.  

 

I confirm that where material is included in the video recordings which is the 

intellectual property, including copyright, of Angel Tan, I have permission to include 

the materials in my lecture for educational purposes at the end of the research 

project. 

 

I, the undersigned, consent to the use of my biographical data (name, biographical 

information) in connection with all uses of the Recorded videos.  

 

NAME_______________________________________________  

EMAIL ADDRESS___________________________________________________ 

SIGNATURE_____________________________________________________ 

DATE___________________________________________________ 
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Appendix H – Research Advertisement - Chapter 6 
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Appendix I – Examples of Questions - Chapter 6 

1. “I know one of those psychics. They’ re all a bunch of phonics.” This statement is an 

example of which of the following fallacies? 

A. False Cause 

B. Hasty Generalisation 

C. Appeal to Ignorance 

D. Bandwagon  

E. Not a fallacy  

 

2. “There is no proof that the parapsychology experiments were fraudulent, so I’m sure they 

weren’t.” This statement is an example of which of the following fallacies? 

A. False Cause 

B. Hasty Generalisation 

C. Appeal to Ignorance 

D. Bandwagon  

E. Not a fallacy  

 

3. A hypothetical study shows a relationship between test anxiety scores and shyness scores, 

with a statistical r value (strength of correlation) of +.59. Therefore, it may be simply 

concluded that shyness, in some part, causally influences test anxiety. 

A. False Cause 
B. Hasty Generalisation 

C. Appeal to Ignorance 

D. Bandwagon  

E. Not a fallacy 
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Appendix J – Informal Fallacy Task (Neuman, 2003) - Chapter 6 

The false cause fallacy 

The computer situation: Is it necessary to teach young students computers in order to develop their 

intelligence?  

1. Jerry and Leonard are high school students.  

2. During a lesson they debate the question: “Is it necessary to teach young students computers in 

order to develop their intelligence?”  

3. Jerry argues that it is necessary to teach young students computers in order to develop their 

intelligence.  

4. Leonard argues that it is not necessary to teach young students computers in order to develop their 

intelligence.  

5. During the debate Jerry argues: “It is necessary to teach young students computers in order to 

develop their intelligence because it is known that most of the intelligent students in the university 

learned computers when they were young.” 

1. The identification question: “Do you think that there is a problem in the argument X [the 

protagonist] presented in line 5?” (yes or no). This question was aimed to assess students’ ability to 

identify the fallacy.  

2. The explanation question: “If you think that there is a problem in the argument presented by X, 

what is the problem?” It was aimed to assess students’ ability to explicitly express the difficulty they 

identified in the argument.  

3. The response question: “What is the best answer Y [the antagonist] can use in response to X’s 

argument?” It was aimed to assess students’ ability to resist the fallacy. 

4. The justification question: “Why is it [the answer provided for the response question] the best 

answer to Y?” It was designed to reflect students’ explanations of the answer they gave to the 

response question.  

5. The planning question: “After you have responded to Y, what is the next thing, in your opinion, 

that he might ask or argue?” It aimed to assess the students’ ability to anticipate a next possible move 

in the argumentative dialogue. 
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Appendix K – Critical Thinking Toolkit, CriTT (Stupple et al., 2017) - Chapter 6 

Please respond to each question. Check the box that best reflects your opinions and please remember 

there are no right or wrong answers.   

  10   

(Strongly 

agree)  

9

  

8

  

7

  

6

  

5

  

4

  

3

  

2

  

1  

(Strongly 

disagree)  

1. I can detect the use of inappropriate 

language in scientific arguments  

                    

2. I have a well-defined goal in mind 

when I am critical  

                    

3. I can identify the structure of 

arguments without being distracted 

by their content  

                    

4. Critically thinking is particularly 

important in psychology  

                    

5. Critical thinking is essential in 

higher education  

                    

6. When there is a very strong 

relationship between two variables 

we can claim that one causes the 

other  

                    

7. Critical thinking develops as you 

progress through your degree  

                    

8. I can express my critical thinking 

well in my written work  

                    

9. You cannot get a good degree 

without good critical thinking skills  

                    

10. I prefer to do things where there is a 

quick answer  

                    

11. I have a focused and systematic way 

of thinking  

                    

12. All relevant information should be 

presented in lecture slides  

                    

13. Generally I am a good critical 

thinker  
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14. I do well in assessments that ask for 

critical evaluation   

                    

15. I think critically while working on 

my assignments  

                    

16. All my lecturers expect me to think 

critically  

                    

17. I know how to approach complex 

issues in a variety of ways  

                    

18. I will get higher grades if I think 

critically  

                    

19. I have the ability to judge the value 

of new information or evidence 

presented to me  

                    

20. I can evaluate the arguments of 

others well  

                    

21. Critical thinking is when you 

describe what is wrong with 

something  

                    

22. I am good at weighing up both sides 

of an argument  

                    

23. I can identify analogies between 

theories  

                    

24. When designing experiments I can 

readily eliminate extraneous 

variables  

                    

25. I think critically while reading                      

27. I can rephrase the arguments of 

others in my own words easily  

                    

27. I think critically in lectures                      
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Appendix L – Semi-Structured Interview Questions - Chapter 7 

• Did you enjoy taking part in the study? 

• What are the three important concepts that you gain from the study? 

• How do you feel about your critical thinking skills now after taking part in the study?  

• What is the key component of the intervention that has contributed to this improvement in 

your critical thinking skill (if any)? 

• Are there any other outcomes and skills you feel that these sessions have helped you 

achieve/develop?   

• How do you feel about the material that was presented in the videos? 

• Would you prefer information to be presented without an instructor or with an instructor 

in the future? 

• How will you use a video-based resource like this in the future? 

• How do you feel about the practice sessions within the session?  

• Do you think this video-based learning scheme can be used in other modules too, or 

beyond university? 

• If you are designing a similar scheme, how will you do it? 

• Would you suggest any change or feature of the scheme? Is there anything that you will 

omit or add to the intervention? 
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Appendix M – Ethics Forms 

Study Title:  Statistics Support for Psychology Student (Chapter 4) 

You are being invited to take part in a research study. This information sheet explains why the 

research is being done and what it will involve. Please ask us if there is anything that is not 

clear or if you would like more information. 

 

What is the purpose of the study? 

This research project will pilot a novel intervention for higher education in learning statistics. 

The intervention targets to improve statistical skills by combining technology-enhanced 

learning, peer-assisted learning (i.e. learning from peers), and precision teaching (i.e. learning 

approach that aims to enhance fluency of a skill). In particular, we are conducting a pilot study 

to enhance skills in SPSS through a small number of bite-size online sessions. These online 

sessions will focus on three SPSS topics within the Year 2 Research Method module (i.e. one-

way ANOVA, repeated-measure ANOVA, and simple linear regression). You will be asked to 

answer some multiple-choice questions at the end of each session to enhance the mastery of 

skills. You will also be asked to provide some input from your experience of using these online 

sessions at the end of the research.  

 

Who is conducting the research? 

The research is conducted by Dr Themis Karaminis as the project leader in collaboration with 

Ms Angel Tan as part of her PhD research project at Edge Hill University. The research is 

under the supervision of Professor Rod Nicolson and Ms Jean Linda Davies. This research has 

received full ethical clearance from the Department of Psychology Research Ethics Committee 

and the Faculty of Education Research Ethics Committee. 

 

Do I have to take part? 

Participation for this research is entirely on a voluntary basis. Should you choose to take part 

in this research, you are entitled to withdraw at any time up to two weeks after your 

participation, and without giving a reason and without incurring any consequence. This may 

be done by contacting us using the details below with your participant code which will allow 

us to identify your data to remove it.  
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What will I be asked to do? 

This is a mixed-method design research that involves two parts: 1) an online-based study and 

2) an interview study.  

 

1) The online-based study involves three individual sessions that will be completed by you at 

your convenience within the timeframe given (i.e. you do not need to attend any session 

physically for this part). For each session, you will be asked to watch a video that involves 

either a lecturer or a 3rd-year student in explaining a skill in SPSS for approximately 10 minutes. 

You will then be asked to answer some multiple-choice questions and received a score on how 

fluent you are with the skill at the end. A session should take no more than 30 minutes to 

complete.  

 

2) The interview study will explore your experiences of using these online sessions and how 

useful the sessions may be for helping you to learn skills in SPSS. The interview should take 

no more than 30 minutes, and it will be recorded using a small audio recorder.  

 

What are the risks of taking part? 

There is no known risk involved in participating in this study beyond those of everyday life 

activities.  

 

What will I get for participating? 

Upon completion of the study, you will receive cash reimbursement at a rate determined by the 

Psychology Department (currently it is £4 for every 30 minutes of participation, and £1 for 

every subsequent 10 minutes), as indicated in the recruitment advert or informed by the 

researcher. You may benefit from improving your skills in SPSS through this research project 

and will also be contributing to the development of this online learning tool to enhance 

students’ statistical skills in the future.  

 

What are my rights as a participant? 

This research is being conducted in accordance with the British Psychological Society’s ethical 

guidelines, meaning you have a series of rights as a participant. All information you provide 

will be anonymised and treated with the strictest confidence. If you do decide to take part in 

this research, you have the right to withdraw your data at any time up to a period of two weeks 

after participating. This can be done without reason and will not be questioned. You can stop 
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the study at any time and can do this without penalty and without providing a reason. You will 

not be identifiable by name at any point, as you will be referred to by a pseudonym in data 

files. If you need to contact somebody independent of the study, please contact Edge Hill 

University’s Research Office on research@edgehill.ac.uk. 

 

If you wish to contact the researchers, the details are given below: 

Angel Tan  

Department of Psychology  

Edge Hill University  

St Helens Road 

Ormskirk L39 4QP 

Email: tana@edgehill.ac.uk 

 

Data will be stored on password-protected files for up to ten years in line in line with 

GDPR and EHU data policy. Data will be stored anonymously and will only be used for 

research purposes (e.g., conferences, publication).  

 

If you wish to take part in this research, please sign the following consent form.  
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Participant Consent Form 

Study Title:  Statistics Support for Psychology Student (Chapter 4) 

 

If you wish to take part in this study and agreed for your data to be included, please read and 

complete the consent form. Your data are anonymous and confidential, and you will not be 

identifiable at any time.  

 

Please tick all boxes and sign where indicated below: 

I confirm that I have read and understood the information sheet for the above study  

and understand what is expected of me 

 

I understand that I am free to stop the study at any time and I am free to 

withdraw my data from the study up until 2 weeks after I have participated 

 

I confirm that I have been given the opportunity to ask questions regarding the study  

and if asked, my questions were answered adequately and to my full satisfaction 

 

I understand that my interview will be audio recorded to be transcribed verbatim  

but I will not be identifiable in any written account of the data 

 

Data Protection Act/GDPR 

I understand that data collected about me during my participation in this study will be stored 

on computer for 10 years and that any files containing information about me will be made 

anonymous.  

I agree to Edge Hill University recording and processing this information about my experiences 

and that this information may be presented in other academic forums (e.g., academic journals, 

at conferences, or in teaching). I understand that information will be used only for these 

purposes and my consent is conditional upon the University complying with its duties and 

obligations under Data Protection policies. 

 

Your name (print)  ________________________ 

Your signature        ________________________                                         Date ____________ 

 

This is your participant code________ which you should use as a reference in instances of 

contacting the researcher to withdraw your data.  
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Participant Debrief Sheet  

Study Title:  Statistics Support for Psychology Student (Chapter 4) 

Thank you for taking part in this study. Your responses will be very useful for helping us better 

understand and develop a technology-enhanced learning support tool for statistics. Specifically, 

we are interested in how the use of fluency as measurement and learning from peers may be 

useful in enhancing students’ statistical skills and how this could be applied more widely to 

support students at university.  

Your responses will remain confidential and data will be anonymised and stored securely 

within a password protected computer and locked filing cabinet. This will be stored for 10 

years, in line with the data protection policies (GDPR) and EHU data policy. Should you 

choose to remove your responses from this study, you may do so within two weeks of taking 

part, by contacting us using the details below with your participant code. This will allow us to 

identify your data to remove it.  

If you require any further information or have any questions about this study, please do not 

hesitate to contact us, using the details below: 

Ms Angel Tan (tana@edgehill.ac.uk) 

Dr Themis Karaminis (themis.karaminis@edgehill.ac.uk) 

If you need to contact somebody independent of the study, please contact Edge Hill 

University’s Research Office on research@edgehill.ac.uk. If you experience any negative 

feelings as a result of completing this study, please remember that there are a lot of services to 

help, should you need someone to talk to. Some of these are: 

Mind 

Telephone: 0845 766 0163 

Website: mind.org.uk 

The Samaritans 

Telephone: 0845 790 9090 

Website: samaritans.org 

 

This is your participant code________ which you should use as a reference in instances of 

contacting the researcher to withdraw your data.  
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Study Title:  Statistics Support for Psychology Students based on Precision Teaching and 

Peer-assisted Learning (Chapter 5 - Ref: AT-DT/10-2019/078) 

 

You are being invited to take part in a research study. This information sheet explains why 

the research is being done and what it will involve. Please ask us if there is anything that is 

not clear or if you would like more information.  

 

What is the purpose of the study?  

This research project will implement and evaluate a novel intervention for higher education 

in learning statistics. The intervention targets to improve statistical skills by combining 

technology-enhanced learning, peer-assisted learning (i.e. learning from peers), and precision 

teaching (i.e. learning approach that aims to enhance fluency of a skill). In particular, 

we are conducting a study to enhance skills in statistics through a series of bite-size online 

sessions. These online sessions will be separated into two part: The first part that focuses on 

statistical concepts; and the second part that targets on SPSS analysis skills. You will be 

asked to answer some multiple-choice questions at the end of each session to enhance the 

mastery of skills. You will also be asked to provide some input from your experience of using 

these online sessions at the end of the research. 

 

Who is conducting the research?  

The research is conducted by Ms Angel Tan as part of her PhD research project at Edge Hill 

University. The research is under the supervision of Dr Themis Karaminis and Professor Rod 

Nicolson. This research has received full ethical clearance from the Department of 

Psychology Research Ethics Committee. 

 

Do I have to take part?  

Participation in this research is entirely on a voluntary basis. Should you choose to take 

part in this research, you are entitled to withdraw at any time up to two weeks after your 

participation, and without giving a reason and without incurring any consequence. Any 

decision on whether to participate and withdrawal from this study will not affect module 

grades in any way. This may be done by contacting us using the details below with your 

participant code which will allow us to identify your data to remove it. 
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What will I be asked to do?  

The study will be divided into two parts. During the first part of this study, you will be 

completing a multiple-choice test and some bite-sized learning sessions in the lab with the 

main researcher. For each learning session, you will be asked to watch a video that 

involves either a lecturer or a senior student in explaining a certain concept or SPSS analysis 

skills for approximately five minutes. You will then be asked to answer some multiple-choice 

questions.  

The second part of the study will be conducted at a week after the completion of the first part. 

You will be asked to complete another set of learning sessions. You will also be invited to 

provide your insight on how useful the sessions may be for helping you to learn skills in 

statistics through an interview. The interview will be recorded using a small audio recorder.  

 

What are the risks of taking part?  

There is no known risk involved in participating in this study beyond those of everyday life 

activities. However, we acknowledge that participation in this research may be stressful for 

some individual, who experience math anxiety and statistics anxiety. Participation for this 

research is entirely on a voluntary basis and you can choose not to take part or leave at any 

point during the research should you feel uncomfortable.    

 

What will I get for participating?  

Upon completion of the study, you will receive cash reimbursement or SONA credit at a rate 

determined by the Psychology Department, as indicated in the recruitment advert or informed 

by the researcher. You may benefit from improving your skills in SPSS through this research 

project and will also be contributing to the development of this online learning tool to 

enhance students’ statistical skills in the future.  

 

What are my rights as a participant?  

This research is being conducted in accordance with the British Psychological Society’s 

ethical guidelines, meaning you have a series of rights as a participant. All information you 

provide will be anonymised and treated with the strictest confidence. If you do decide to take 

part in this research, you have the right to withdraw your data at any time up to a period of 

two weeks after participating. This can be done without reason and will not be questioned. 

You can stop the study at any time and can do this without penalty and without providing a 

reason. You will not be identifiable by name at any point, as you will be referred to by a 
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pseudonym in data files. If you need to contact somebody independent of the study, please 

contact Edge Hill University’s Research Office on research@edgehill.ac.uk.  

 

If you wish to contact the researchers, the details are given below:  

Angel Tan  

Department of Psychology  

Edge Hill University  

St Helens Road 

Ormskirk L39 4QP 

Email: tana@edgehill.ac.uk 

 

Use and Storage of Data 

Data will be stored on password-protected files for up to 10 years in line in line with GDPR 

and EHU data policy. However, personal and identifiable data such as informed consent 

forms and student names will be disposed 4 weeks after the commencement of the study. 

Data will be stored anonymously and will only be used for research purposes only (e.g., 

conferences, publication). Although data for research may be stored for longer periods, it will 

not be stored for longer than necessary.  

 

If you wish to take part in this research, please sign the following consent form.   
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Participant Consent Form 

Study Title:  Statistics Support for Psychology Students based on Precision Teaching and 

Peer-assisted Learning (Chapter 5) 

 

If you wish to take part in this study and agreed for your data to be included, please read and 

complete the consent form. Your data are anonymous and confidential, and you will not be 

identifiable at any time. 

 

Please tick all boxes and sign where indicated below: 

I confirm that I have read and understood the information sheet for the above study  

and understand what is expected of me 

 

I understand that I am free to stop the study at any time and I am free to 

withdraw my data from the study up until 2 weeks after I have participated 

 

I confirm that I have been given the opportunity to ask questions regarding the study  

and if asked, my questions were answered adequately and to my full satisfaction 

 

I understand that my interview will be audio recorded to be transcribed verbatim  

but I will not be identifiable in any written account of the data 

 

Data Protection Act/GDPR 

I understand that data collected about me during my participation in this study will be stored 

on computer for 10 years and that any files containing information about me will be made 

anonymous.  

I agree to Edge Hill University recording and processing this information about my experiences 

and that this information may be presented in other academic forums (e.g., academic journals, 

at conferences, or in teaching). I understand that information will be used only for these 

purposes and my consent is conditional upon the University complying with its duties and 

obligations under Data Protection policies. 

 

Your name (print)  ________________________ 

Your signature        ________________________                                         Date ____________ 

 

This is your participant code________ which you should use as a reference in instances of 

contacting the researcher to withdraw your data.  
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Study Title:  Statistics Support for Psychology Students based on Precision Teaching and 

Peer-assisted Learning (Chapter 5) 

 

Thank you for taking part in this study. Your responses will be very useful for helping us better 

understand and develop a technology-enhanced learning support tool for statistics. Specifically, 

we are interested in how the use of fluency as measurement and learning from peers may be 

useful in enhancing students’ statistical skills and how this could be applied more widely to 

support students at university.  

Your responses will remain confidential and data will be anonymised and stored securely 

within a password protected computer and locked filing cabinet. This will be stored for 10 

years, in line with the data protection policies (GDPR) and EHU data policy, but personal and 

identifiable data such as informed consent forms and student names will be disposed 4 weeks 

after the commencement of the study. Should you choose to remove your responses from this 

study, you may do so within two weeks of taking part, by contacting us using the details below 

with your participant code. This will allow us to identify your data to remove it.  

If you require any further information or have any questions about this study, please do not 

hesitate to contact us, using the details below: 

Ms Angel Tan (tana@edgehill.ac.uk) 

Dr Themis Karaminis (themis.karaminis@edgehill.ac.uk) 

If you need to contact somebody independent of the study, please contact Edge Hill 

University’s Research Office on research@edgehill.ac.uk. If you experience any negative 

feelings as a result of completing this study, please remember that there are a lot of services to 

help, should you need someone to talk to. Some of these are: 

Mind 

Telephone: 0845 766 0163 

Website: mind.org.uk 

The Samaritans 

Telephone: 0845 790 9090 

Website: samaritans.org 

 

This is your participant code________ which you should use as a reference in instances of 

contacting the researcher to withdraw your data.  
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Study Title: Critical Thinking in Higher Education: What do students know about 

critical thinking? How can we enhance critical thinking? (Chapter 6 & 7 - Ref: ATa-

GTA/08/2020/105) 

 

You are being invited to take part in a research study. This information sheet explains why 

the research is being done and what it will involve. Please ask us if there is anything that is 

not clear or if you would like more information. 

 

What is the purpose of the study?  

This research project is aimed to evaluate a novel teaching intervention for higher education 

in enhancing critical thinking skills. The intervention targets to improve critical thinking 

skills by combining technology-enhanced learning and precision teaching (i.e. learning 

approach that aims to enhance fluency of a skill). In particular, we are conducting a study to 

enhance skills in critical thinking through two units of bite-size online learning sessions. The 

learning objectives of these units are: Unit 1: Identifying the definitions of logical fallacies; 

Unit 2: Identifying examples and non-examples of these fallacies. This study will also 

attempt to analyse students’ perceptions of critical thinking and factors that might influence 

these perceptions.  

 

Who is conducting the research?  

The research is conducted by Ms Angel Tan as part of her PhD research project at Edge Hill 

University. The research is under the supervision of Dr Themis Karaminis, Professor Rod 

Nicolson, and Ms Jean Linda Davies. This research has received full ethical clearance from 

the Department of Psychology Research Ethics Committee. 

  

Do I have to take part?  

Participation in this research is entirely on a voluntary basis. Should you choose to take 

part in this research, you are entitled to withdraw at any time up to two weeks after your 

participation, and without giving a reason and without incurring any consequence. Any 

decision on whether to participate and withdrawal from this study will not affect module 

grades in any way. This may be done by contacting us using the details below with your 

participant code which will allow us to identify your data to remove it.   

 

What will I be asked to do?  
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The study will be divided into two units. During the first unit of this study, you will be 

completing pre-tests that consist of multiple-choice and short-answer questions. Then, you 

will be asked to watch a video that involves either a lecturer or a senior student introducing 

you to four core logical fallacies by definitions for approximately five minutes. You will then 

be asked to complete an end-of-unit test to facilitate acquisition of knowledge following the 

videos. The second unit will commerce after the completion of first unit and focuses on 

providing real world applications/examples of these fallacies. In this study, you will also be 

asked to complete a questionnaire that attempts to understand your attitudes and beliefs 

towards critical thinking in higher education. 

 

What are the risks of taking part?  

There is no known risk involved in participating in this study beyond those of everyday life 

activities.   

 

What will I get for participating?  

Upon completion of the study, you will receive cash reimbursement or SONA credit at a rate 

determined by the Psychology Department, as indicated in the recruitment advert or informed 

by the researcher. You may benefit from improving your skills in critical thinking through 

this research project and will also be contributing to the development of this online learning 

tool to enhance students’ critical thinking skills in the future.  

 

What are my rights as a participant?  

This research is being conducted in accordance with the British Psychological Society’s 

ethical guidelines, meaning you have a series of rights as a participant. All information you 

provide will be anonymised and treated with the strictest confidence. If you do decide to take 

part in this research, you have the right to withdraw your data at any time up to a period of 

two weeks after participating. This can be done without reason and will not be questioned. 

You can stop the study at any time and can do this without penalty and without providing a 

reason. You will not be identifiable by name at any point, as you will be referred to by a 

pseudonym in data files. If you need to contact somebody independent of the study, please 

contact Edge Hill University’s Research Office on research@edgehill.ac.uk.  
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If you wish to contact the researchers, the details are given below:  

Angel Tan   

Department of Psychology   

Edge Hill University   

St Helens Road  

Ormskirk L39 4QP  

Email: tana@edgehill.ac.uk  

 

Use and Storage of Data 

Data will be stored on password-protected files for up to ten years in line in line with GDPR 

and EHU data policy. However, personal and identifiable data such as informed consent 

forms and student names will be disposed 4 weeks after the commencement of the study. 

Data will be stored anonymously and will only be used for research purposes (e.g., 

conferences, publication). Although data for research may be stored for longer periods, it will 

not be stored for longer than necessary.  

 

  

If you wish to take part in this research, please sign the following consent form.   
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Participant Consent Form 

Study Title: Critical Thinking in Higher Education: What do students know about 

critical thinking? How can we enhance critical thinking? (Chapter 6 & 7) 

 

If you wish to take part in this study and agreed for your data to be included, please read and 

complete the consent form. Your data are anonymous and confidential, and you will not be 

identifiable at any time.  

 

Please tick all boxes and sign where indicated below: 

I confirm that I have read and understood the information sheet for the above study  

and understand what is expected of me 

 

I understand that I am free to stop the study at any time and I am free to 

withdraw my data from the study up until 2 weeks after I have participated 

 

I confirm that I have been given the opportunity to ask questions regarding the study  

and if asked, my questions were answered adequately and to my full satisfaction 

 

I understand that my interview will be audio recorded to be transcribed verbatim  

but I will not be identifiable in any written account of the data 

 

Data Protection Act/GDPR 

I understand that data collected about me during my participation in this study will be stored 

on password-protected computer for 10 years. However, personal and identifiable data such as 

informed consent forms and student names will be disposed 4 weeks after the commencement 

of the study 

I agree to Edge Hill University recording and processing this information about my experiences 

and that this information may be presented in other academic forums (e.g., academic journals, 

at conferences, or in teaching). I understand that information will be used only for these 

purposes and my consent is conditional upon the University complying with its duties and 

obligations under Data Protection policies. 

Your name (print)  ________________________ 

Your signature        ________________________                                        Date ____________ 

 

This is your participant code________ which you should use as a reference in instances of 

contacting the researcher to withdraw your data.  
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Participant Debrief Sheet  

Study Title: Critical Thinking in Higher Education: What do students know about 

critical thinking? How can we enhance critical thinking? (Chapter 6 & 7) 

 

Thank you for taking part in this study. Your responses will be very useful for helping us better 

understand and develop a technology-enhanced learning support tool for critical thinking. 

Specifically, we are interested in how the use of fluency as measurement and explicit 

instruction to facilitate transfer of knowledge may be useful in enhancing students’ critical 

thinking skills and how this could be applied more widely to support students at university.  

Your responses will remain confidential and data will be anonymised and stored securely 

within a password protected computer and locked filing cabinet. This will be stored for 10 

years, in line with the data protection policies (GDPR) and EHU data policy, but personal and 

identifiable data such as informed consent forms and student names will be disposed 4 weeks 

after the commencement of the study. Should you choose to remove your responses from this 

study, you may do so within two weeks of taking part, by contacting us using the details below 

with your participant code. This will allow us to identify your data to remove it.  

If you require any further information or have any questions about this study, please do not 

hesitate to contact me, using the details below: 

Ms Angel Tan (tana@edgehill.ac.uk) 

If you need to contact somebody independent of the study, please contact Edge Hill 

University’s Research Office on research@edgehill.ac.uk. If you experience any negative 

feelings as a result of completing this study, please remember that there are a lot of services to 

help, should you need someone to talk to. Some of these are: 

Mind 

Telephone: 0845 766 0163 

Website: mind.org.uk 

The Samaritans 

Telephone: 0845 790 9090 

Website: samaritans.org 

 

This is your participant code________ which you should use as a reference in instances of 

contacting the researcher to withdraw your data.  
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