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ABSTRACT

Previous deception methods exploring the influence of competitors to hide
manipulations of feedback have found improvements in performance. They have
however nvestigated such effectgithout investigatinghe mechanisms arising from
competitor manipulations. The aim of this thesis teagvestigate the mechanistic
influence of deception and of competitor presence upon pace regulation, physiological
responses, and psychological emotions, during cycling timals (TT). Study one
confirmedthattheinfluence of competitor presence facilitated performance, enabling
athletes to improve TT performance gredtean their previous maximalt also
highlighted mechanistic understanding of such performance improvements,
illustrating that the presence of an opponent encouragexdcreased motivaticend

a reduced internahttentional focusStudy two demonstrated that the presence of
compettors surreptitiously manipulated to a greater intensitglso induced
performance improvementstespective of the magnitudd deceptive manipulatign

and the number of competitors. The magnitude of manipulation and the quantity of
competitors did howevegroduce alternative pacing and perceptual responses (ratings
of perceived exertion, affect and sefficacy). The final study provided insight into

the effect of performing a starting stratdggter or slower thananmal in response to

a c 0 mp e tce. titooutlined thata although no performance detriment or
improvement occurred when selecting an alternative starting speed, there was a
residual impact on the remaining duration pace, and perd¢e@sonsesThese
studies provide novel and importantnformation concerning the influences of
competitor presencand deception manipulations @acing and perceptual feeling
states. The findings provide practical implications for future training practices, and
offer mechanistic understanding of the provisibomponents, aiding the development

of optimal pace regulation during cycling competition.

KEY WORDS: Competitor presence, pacing, cycling time trials, motivation,
attentional focus, RPE, affect, selfficacy, starting strategy
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CHAPTER ONE

INTRODUCTION



1.1INTRODUCTION

Sport performance depends on #ibleté® ability to produce and then sustain high

levels of physical, technical, decistomaking and psychological skillshroughout
competition Knicker, Renshaw, Oldham et ,aR011). Moreover in endurance
exercise, maximizing speed or power output whilst limiting fatigue is the key
determinant of succesMéuger 2013. The theories and mechaniswisfatigue are

vast, welldocumerted and widely disputedhoweverit is more commonly accepted
thatitise x pressed physically as an al20l&)r at i on
Therefore specifically onedbés abiliidy to
fundanental to succesgMauger, 2013 Such regulation involvesstressg
physiologicalcapacity as close to its limit as possible, achieving optimal performance,
without critically compromising homeostasis or performarfidés management of

fatigue and regulation afork rate in order to maximissmpetitive performance is a

complxk s ki | lpat e nmé, QY. .Bamikgaessvoluntary redistribution of
effortinformed byafferentand efferent communication the brain to avoid excessive

fatigue sensations and ensure task completion (Edwards & P&0ES).

The regulation of effort during a task, in relation to specific goals, requires tactical
decisions to p- or downregulate pace from the outset and throughout (Mauger
2013. Pacing strategies and the decisions in which athletes regulate their pace
incorporates a multitude of factors including physiological and psychological
responses, knowledge of task atimn and intrinsic knowledge ofo n e dwa
capabilities Thompson 2015. Consequentlyit is apparent that pacing unable to

be investigated solely from a physiological perspective (EdwarBelman 2013)

as pacing decisions are procasshrough the integration and awareness of such



perceptions and sensations in relation to similar previous performaBeesn(
Moullan, Deruelle et al201]). Pacings a learnfrocess, with a variety of elements
such as conscious decisions, praympetitive experience and race simulations
perfamed in training, all contributingp developing a sense of pace that is appropriate
to optimise performanceFQster, Snyder, Thompson et, a8993; Micklewright,
Papadopoulou, Swart et,&010;Corbett,Barwood, Ouzounoglou et a22012. Prior

to task commencement knowledge of task demands and expepremesl
interpretation of these multifaceted internal and externak et an initial pace
(Gibson, Lamber, Rauch et ,a2006§. The selection of work ta is produced from
efferent neural commands regulating pace in a feedforward manner commonly known
as Ot el e oalmeril2ld. dletsuboonsdioug Hrkin takes into account the
projected ¢ Pfithe iaskdnd thecaffepent feedbaskdraime musclesto
regulate an appropriate pacing templd&aulkner, Parfitt & Eston2008. There is
suggestion that teleoanticipation has a greater influence on pace than physiological
feedback (Abertus, Tucker, Gibson et a2005), since athlesamaintin submaximal
levels of work for the majority of an eveahdthen suddenly increase effort toward

the end (Umer, 1986. However, inproongedduration events, there is a high degree

of uncertainty regarding changes in the environment and physiological status, which
may demand a more responsive approach to pacing than the executionfairenpce
anticipatory strategyRarry, Chinnasamy, Paggoulou et al.2011; RenfreeWest,

Corbedt et al, 2012).

During an eventuncertainty regarding chges to the environment can be ladan
opponenis regulation of work ratéAn understanding of pacing and its inclusion as
part of preparatiofior competitionis critical to being a successful competit®mce

the ability to be flexible, especially on the day of the competition when considerations

3



may <change, such as o p p 6reompsonp 200653Thep er f o r
experience gained from trang and simulatedcompetitve scenarios provides the

athlete with various pacing templategich canbe transferred and implemented in

future competition setting Sensory feedback from the body to the brain during
training guidesan athlete during compigion, and provides confidence knowing that

the projected effort is possible as it is within the realm of previous efldresefore
investigationsexploringt he i nfl uence of such reactiyv
regulation of pace and examining themechanistic understandingn such

environmentsareessatial to inform future practicand competition.



CHAPTER TWO

REVIEW OF LITERATURE

Parts of this chapter have been published in:

Williams et al., (2014). Deception Studies Manipulating Centrally Acting Performance
Modifiers: A ReviewMedicine and Science in Sport and Exercise Scieli{&): 14411451



2.1REVIEW OF LITERATURE

Whilst task expectations alter the feedforward control of pacing strategies in an
attempt to optimise performance, athletes also continuously compare expected
perceptions of exertion with how they actually feel during an event (Jak&pison,

Bath et al. 2008). During selpaced exercise the brain continually recalculates the
work rate it perceives as optimal (Renfreé¢ al, 2012) through continuous
subconscious evaluations of the perceptual cost of task demands, current physiological
state via affererfeedback, and the knowledge of remaining distance or duration to be
completed (Gibso& Noakes, 2004; de Koningposter, Bakkum et al2011;Cohen,

Reiner, Foster et al2013). Thebr ai nds centr al contr ol m o
expectations to produaptimal performance via certain internal amdernal stimuli

that goverrexercise regulation. In particular during extended duration events, a range
of physiological, psychological and tactical factors are integrated and processed by the
brain as a cerdt mechanism to deteine pacing strategies (Renfreeal, 2012).

There are a number of centraligting performance modifiers suggested to integrate
with the feedforward and feedbaokgulation contreloop (Noakes2011), each of

which have been preuvisly deceptively manipulated in an attempt to understand their
influence and consequential importance in pacing and performance regulation. Figure
2.1 illustrates the components that are suggested to be incorporate: netgulation

of exercise



Centrally acting performance modifiers

(v s e D @ N 3
z“m Intensity Time Placebos | | Self-belief
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( @ B £
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U1

Figure2.1 The possible interventions that can modify exercise performaaeeted
from a schematic summafiNoakes 2011), that have previously been deceptively
manipulated

There is still confusion regarding the true impact and influence of deceptive
manipulations as mamgxperimental dsigns have been employezhd tedate there

has been limited consolidated appraisal of what the findings of such studies mean. It
is suggested pacing is learnt and needs endpoint knowledge, prior experience
integrated with performance feedbaekd selfappraisals of sensory and perceptual
feedback. These suggestions have been separately investigated usingvalecepti
manipulations to asss the importance of such information and the individual

mechanisms in whichmodify pacing strategies and make pacing decisions.

In this review of literature, deception is highlighted as a useful methodological

approach, manipulating performance modffi¢o understand their individual and

7



combined i mportance in an athleteds exe
performance modifiers that are used during exercise regulation, and whether such
modifiers are more effective to performance as feedfahwafeedback processés.

summary of the previous deception methods and their implications on performance

and pacing is displayed in Table 2.1.

2.2 KNOWLEDGE OF A TASKENDPOINT OR DURATION

Previous deception i nvest i gatask @mgointh av e
knowl edge to examine the proposed theory
has on overall performance and pace regulation. Since optimal performance and
pacing strategies are suggested to besptaipon a judgement of the endppihthe

endpoint knowledge is unknown, incorrear unexpectedly changed, -iask

regulation using feedforward and feedback resources is affected.

2.2.1UNKNOWN DURATION

When an athlete is unaware of the absolute distance or duration of a taskdtioey re

their work rate and perform more economically in their use of physiological resources,

to maintain a reserve in anticipation of the endpoint (8i]lBishop, Schaeret al,

2001; Baden, McLean, Tucket al.,2005; Coquart & Garcir008; Mauger,Jones

& Williams, 2009). Once the endpoint is known and approaching, and the task is no
longer an opeitoop activity, caution subsidesd work rate increases (Tuck2009).
Performance is then actively regulated using a calculation ofntbmentary

sens#ons, and thamount of the event remaining (ening et al, 2011). It has been
proposed that t he empl oy oché&omtthe roduch of 6 Ha z a
momentaryratings of perceived exertionRPE with the fraction of distance

remaining, links pareptual experience to distance remaining (de Koning,&C4l1).

8



The closer the athlete gets to the known endpoint, the higher they will allow RPE to
rise, given that the risk in doing so is within a calculation of thecasdailure
equation (Tucke2009). This is clearly demonstrated when participants are only given
instruction of their endpoint in the last kilometre of #tekmbout Swart, Lamberts

& Lambert et al. 2009. When the endpoint is revealed, only wheminfed to
terminate the task, thiunderstandablydecreases the uncertaintg@onsequently
however,underperformances arseen (Faulkner, Arnold & Estp8011) due to the

lower initial work pace, and underutilisation of available resources.

Whilst no significant differences in power outploeart rate and pacing were identified
during unknown trials in previousvestigationgNikolopoulos, Arkinstall & Hawley
2001; Williams, Bailey & Mauger 2012), other researcherdave illustrated
subconsa@us attempts to conserve eneliggicated by significant reductions in heart
rate and perceived exertion (Est@tansfield, Westoby et ak012). This concurs
with the proposed principles of teleoanticipation, where knowledghiration has
been found to féect perceived exertionQoquart, Stevenson & Gargir2011) and
more specifically, the uncertainty of the endpoint influences a lower RP#id a
premature fatigue (TuckeR009). Participants have consistentigen found to
perceive the same exercise intensity to be lower, proglmiver RPE values, if they
were expecting the duration to be longer (Rejeski & Ribisl, 1980; Baden, tkarwi
evans & Lakomy2004; Baden et al2005). Moreover, when participants are unaware
of the task duration, they tend to have a greater dependeafier@nt feedbek from
the periphery (Billauetal., 2001). This is supported by repouf afferent feedback
having more of aremphasis as an exercise riegor (Mauger, Jones & Williams
2009). Conversely, false expectations of the distance or duraneaining, prevent

the appropriate interpretation of physiological afferents (AndRnhson, St Clair



Gibson et al.2004; Tucker, 2009), subsequently leading to wpéeformances. An
underperformanceccurs ashe product bincorrect peripherdieedbackcontrolling

the rate of increase in RPE. When the endpoint knowledge is omitted, it prevents
exercise regulatiofrom allowing peakRPE values to coincide with the endpoint of
exercise. Although these findings produce theoretical acknowledgetheytsare
limited in ecological validityand thereforgéhe practical implication®f their findings

are minimal.For instance, jpen loop exercises require simple behavioural decisions
to continue or stop influenced by motivation and perceived exertiorsI@rairmual
Dantas, Nakamura et aR013).Whereas losedloop tasks representative of most
sport competitiondemand more complex decision makitigat is influenced by
additional psychological perceptigrfsom greater official feedforward information

received

2.2.2 FALSE INFORMATION ABOUT TASK DURATION

Significant changes in RPE are also found during cksep activities, when the
expectation of exercise endpoint has been manipulBegdgki & Ribisl, 1980; Baden

et al.,2004; Baden et al2005).When participants are deceived about the duration of

a task, they tend to perform on the basis of expected rathexdtet distance (Ansley

et al, 2004; Paterson & Marin@004). Participants who are incorrectly informed in

this wayperform slower (Asley et al.2004). Sincel i sr upt i ons-RtP& dét, he O
set in anticipation of the falskiration (UImey1996),notthencorresponding with the
OacRbe&ED el icited dur,2009. THislsuppodse propositiane ( T u c
that perceived exgon is not only the product of combined internal afferent signals,

but also external and environmental cues (Parry, Chinnasamy & Mickleyaifii).
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When incorrect information regarding absolute duration is supplied, performance
times vary but there are limited effects on physiological measures such as heart rate
and power output (Nikopoulos, Arkinstall & Hawley2001). Participants completed
each time tria[TT) according to a preetermined intensity, which they perceived to

be optimalto perform the expected distance. This supports the notion that athletes
perform on the basis of the perceived rather than actual distance remaining
(Nikolopoulos, Arkinstall & Hawley 2001, Paterson & Marinp2004) This adds
further emphasis to the imgance of antipation of the expected endpoinsed

within the feedforward central control of pacing for optimal penfance (St Clair

Gibson & Noakes2004; Noakes, St Clair Gibson & Lamhe&t005).

2.2.3UNEXPECTED CHANGESN DURATION

Since it is suggestithatpacing is based on the anticipation of the expected endpoint,
when an alternative task duration is announced during perforpdisagption to the
pre-established template occurs. Methods of deception announcing an unexpected
modification to the dration during a performance, have previousy to under
performances (BadeWwarwick-evans & Lakomy2004; Baden et al2005; Eston et

al., 2012). Although these methods create usmgformances, the adopted pacing
strategy differs depending whetherigtan addition or a reduction in the duration.
When an unexpected stop in duration is presented to athletes an underutiliation o
resources is observed (Baden Warweslans & Lakomy2004; Tucker2009). This
would suggest that the employmentoh e 6 e is lthkeg, himdéeriag performance

and not fully exploiting the pacing template {s& in anticipation of the informed,
albeit incorrect, endpoint. Similarly, participants act with the expectation to complete

the incorrectly informed distancatilising all available resources to produce optimal

11



performance. Therefore an unexgetaddition of duration woulgroduce an early
termination or a disruption of homeostasis before the true ettieadxercise bout

(Baden et a).2005; Tucker2009).

The influence of this deceptiomethod on RPE was evidenced only at the
announcement of a change in duration (Bad&arwickevans & Lakomy2004;
Baden et a).2005). Whilst RPE was affected, physiological stress such as heart rate
(HR) was not, suggesij that these changes in RPE profiles could not be limited to
physiological mechanisms (St ClaBibson, Baden, Lambert et ,aR003; Rarry,
Chinnasamy & Micklewright2012). It has been proposed that RPE changes could
have been influenced by emotions a&sst®d with the change in esgation of
duration (Albertus et gl2005; St Clair Gibson et aR006), further supported in an
additional study where increases in anger and frustratiom l@en observed (Billaut

et al, 2001). It is important to note @h a previous investigation found expected
exercise length had little effect on RREoQuart, Stevenson & Garg¢ia011), which

is in disagreement with other literatuf@aden, Warwickevans & Lakomy2004;
Baden et a)2005; Eston et al2012). The maniglation within this investigation was,
however, slightly differento those previousldiscussegdas it involved shifting from

an unexpected change in duration to an unknown duration. The results then reflect
previous effects found on RPE when performirgreise with an uknown endpoint

(Billaut et al, 2001).

Whilst the methods used to deceive participants about task endpoint are not reflective
of what happens in real race situations, such investigations have provided important

insights about how knowledge and expectations of the endpoint are used to regulate

ef fort. When deceived of a tasko6s endpoin

due to the precautionargservation of resources, or timability to interpret afferent

12



feedback correctly. Furthermore, deception studies have established thdt antath 6 s
pacing regulation is prset in correspondence with the perceived, albeit manipulated,
endpoint.Consequentlythe pacing strategy adopted is inappropriate for the actual
duration performed. Additionallynfluences upon RPE were found to correspiond

line with the suggestion that perceived exertion is related to the proportion of time or
distarce remaining (Rejeski & Ribisill980; Nkolopoulos, Arkinstall & Hawley

2001, Baden et a).2005; Coquart & Garcirr008; Faulkner, Parfig Eston 2008;

Eston et al.2012).

2.3 DECEPTION OFPERFORMANCEFEEDBACK

Not only is endpoint knowledge and previous experience considered essential to
perform an optimal pacing strateggut also the interpretation of afferent and
environmental feedback will determirtee ®lection andadoption ofwork rate.
Previously mentioned deception studies modifying the eapentof task endpoint,

have provided manipulatedformation through feedforward and feedback methods,

and during both open and closed loop activities. Manipulations of information during
exercise have also been employed as feedback during an event to deceive participants
of their current time or perfarance intensity. The usef incorrectclock speed
(Morton, 2009, incorrect numerical displays of timAr{sley et al.2004; Thomas &

Renfreg 2010; Wilson, Lane & Beedieet al, 2012, and incorrect verbal splits
(Albertus et al.2005; Beedie, Lane & W8bn 2012 al t er at hl et eds
performance. Inaccurate time splitere observed toot affect performance (Albertus

et al, 2005; Beedie, Lane & WilsQr2012), whilst continuous false time conditions
influenced performance outcomes (Morta200). However, this influence was upon

time to exhaustionMorton, 2009); a measure of exercise capacity, rather than time
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trial performanceThese willnot only give rise to contrasting resultsut also will
produce findings which are unable @aocuratelyrepresentwhat will occur during

sportingevents.

Although no differencesnvere observedn performance times across the time
deception studies, the pacing stratdbgt athletes emipyed varied (Thomas &
Renfreg 2010; Mauger, Jones & Williasn2011; Wilsm et al, 2012). Similar to
having no knowledge of the endpoint prior to the activity commencing, when receiving
inaccurate or blind time feedback during an exercise bout, pacing strategies are
performed conservatively until better reference informaticavaslable and endpoint
proximity becomes more certain. Less exertion was performed aetfinning of the

bout (Morton 2009), and a greater endspurt was seen in a slowek cbndition
(Thomas & Renfree2010). Thesefindingsillustrate a reservatiorof paceuntil able

to allow the assoated risk of increased exertiapproach the upper boundaries of the

RPEtemplate.

Another approach ideception studies has been to misinform participants about the
intensity at which they are performing. Similar to -psk deceptions of duration,
physiological (HR andpsychological (RPE) variableand performance times were
not affected by manipulatns of pretask performance intensity (Hampson, St Clair
Gibson,Lambert et al. 2004; Pires &Hammond 2012). When participants were
informed their subsequent trial would be two RPE values below their previous trial
scores, it was found to have no influenen performance. Participants used actual
judgement of sense of effort rather than relying on previous experience and lgeowled
of feelings (Pires & Hammon@012),in contrast to when provided with incorrect
distance knowledgeThis actual judgement ofegulation during exercise is

inconsistent with teleoanticipation principl@Jimer, 1996; Nakes, St Clair Gibson
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& Lambert 2005) and templatBPE theories (Tucke2009).As a consequencerhen
deceived by intensityhe pre-setting of pacing strategy $&d upon expectation is not

evidenced.

Some studies have found improvements in performance when manipulating intensity
feedback during the event rather than providing intensity information prior to
commencement (Micklewriglgt al, 2010; Stoate, Wulf & ewthwaite 2012; Stone,
Thomas, Wilkinson et gl2012). These studies allowed no prior knowledge of, or any
influencing expectation of the intensity; the deception was simply employed by
manipulating the performance feedback oivpo output (Micklewrightet al, 2010)

or speed (Stone et aR012) received during the &ti Pacing (Micklewright et al.
2010; Stone et gl2012), peformanceand RPEStone et a).2012) were positively
influenced by deception of intensitigvidently, the differences in thpresentation of

the manipulation provide different outcomd®edback manipulation of intahs
during performance, haa greater facilitation on performance than feedforward
intensity manipulationsSimilarly more tangibldeedback ofspeed or poweoutput,
perhaps a familiar source offormation duringtraining and performingwas more

influential on performance than a perceptual measueh as RPE

2.4 INFLUENCE OF METHODSAND MODALITIES OF DECEPTION

Contrasting results previous deception studiese seerduring the employment of
different presentatiorstyles of feedback; splits or continuouStudies providing
accurate and inaccurate feedback splits, of distance or time, found no effect on
performance in trained (Albiis et al 2005 Beedie, Lane & Wilson2012) and
untraned participants (Eston et @2012).However others havebserved improved

performance witlcontinuous time or intensity feedbag¢klicklewright et al, 2010;
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Morton, 2010; Stone et gl2012). Ths disparity could also be due to differences in
the type of feedback given. An evaluation ofdss using time (Morton2010;
Thomas & Renfree2010; Beedie, Lane & Wilsqr2012; Wilson,et al, 2012) and
distance feedback (Albertus et,&005; Faulkner, Arnold & Estg2011), showd no
effect upon performance. @eersely studies that manipuladeintensity feedback
(Micklewright et al, 2010; Stone et al2012) observe performance alterations. This
could be interpreted as intensity inmfmation having a greater influence on
performance regulation than centratigntrolled modifiers such as duration or
distance knowledgeAdditionally, it could be due to the varying individual reliance
on different feedback variables, as trained athlethen offered, did not use heart rate
as a physiological external cue to regulate their pacdiigp(opoulos,Arkinstall &

Hawley, 2001).

A further explanation for the inconsistency in findings could be due to the magnitude
of deception used, regardlesstio¢ type of information give(e.g.distance, time or
intensity). Although deceptivanagnitudesof similar ranges have previously been
employed, dferences in results have been found. No effects upon performance times
have been seen when using deceptedback maghides of 5% (Micklewright et

al., 2010; Beedie, Lane & Wits, 2012; Wilson et a).2012) and 10% (Thomas &
Renfreg 2010), although all deceptions went undeteckeatontrast2% was found

to facilitate performance (Stone et al., 2012), amthera 12% deception appeared
too large a discrepancy to baebcons@usly undetected (Ansley et ak004)(Table

2.1). The difficulty in comparing the deception methods is compounded by both the
wide variety of methods used, as well as the magnitude of deception emlogied
the variable chosen tee manipulatée. Whilst confounding results are apparent within

studiedeciving specific performance characteristicgnipulatingask duration and
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intensity knowledgeit could be proposed the previous studies have limited clarity due

to the lack of psychological considerations for such expectancy effects.

2.5 SELFBELIEF AND PSYCHOLOGCAL INFLUENCES

At hl et esd expect asobeer sltered fviandtriceonst(lots&k & hav e

Sherwood2011), praise (Hutchgon, Sherman, Martinovic et @008) or enhanced

beliefs of a method (Lohse & Sherwagd®011). Qhanges in performance expectations

prior to the start, applied with motivational anecdotal statements towards biased

techniques, have elicited dee=ponse effects (Lohse & Sherwq@fd11). It has also
been suggested that the change in expectation daenoé the attentionécusan
athleteadoptsbefore and during exertioWulf, 2007 Lohse & Sherwood2011).
Previous manipulations have tried to limit the frequencyasdociative thoughts
directedtowards peripheral symptoms and high perceived exemiben fatigue

increases (Balagué, Htissski, Aragonés et al2012), so to improve performance.

Additionally, it has been suggested that

belief towards the benefits of dissociative attentional thoughts, galh a

supplementary advantage on periance (Lohse & Sherwop#011).

I't has been s ug g edfficacydbelieftdetermine theie mosvatiord s
and subsequent behaviour (Bandui®86; Hampsoret al, 2004) and that sel
efficacy determines both the actions people choose to puvdoreover it also
governstheir effort investmentTenenbaumHall, Calcagnini et aJ.2001). This is
specifically thought to be the case when performance is impeded by demiving
deceiving participants about performance or progress information (Hutchinson et al.
2008). Seltefficacy manipulations using positive false feedback after an event

increased performance on subsequent tasksqi#z, Jerome, McAuley et ,&002;
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Hutchinson et al.2008; McKay, Lewthwaite & Wulf2012) Positive seHefficacy
feedback, although inaccurate, lowered perceived effort and incredseabtagtion
(Lohse & Sherwood2011; Stoate, Wulf & Lewthwaite2012), reduced anxiety
(Marquez et a).2002) and heightenedfi@ctive responses to the exaei(McAuley,
Talbot & Martinez 1999; Hutchinsoet al, 2008). The opposite effect was found with
negative performance feedback, where -sffitacy and performare decreased
(Hutchinson et al]2008 Mauger, Jones & William&011). These results demonstrate
thatfeedback otechniqueefficiency, and oftaskresults enhancgerformance when
positive andare detrimentalvhen negativeA possible explanation is that theore
positive an effective respge is during exercise, the greater the desire to maintain or

increase exercise intensitgqron et al 2011).

An associated factor of sedfficacy is the confidence in being able to complete the
exercise task required (Bandud®97) without catastrophic failure before the end
(Foster, Hendrickson, Peyer et,&009).As Bandura(1997)predicts, onfidenceis
reinforced through repg¢ed performances or experiencéeTnemory of whicthas
furtherbeen proposed to be one of thegetminants of perceived exertion and effort
regulation during a subsequesimilar exercise task (St Clair Gibson et aD03).
Furthermoreemotions and emotieregulation are offered as possible mediators for
the performance or pacing modificatidiosindin deception ranipulating knowledge

of a previous performance. They are proposeditdorce false beliefs or sedffficacy
regarding previous or current performancapability (Micklewright et al. 2010;
Beedie, Lane &Vilson, 2012; Stone et al2012). The emotional influencesvolved

in such manipulationsiay be significantsince improvements in performance are not
apparent when only false physiological performance feedbacipdied (Albertus et

al., 2005, Faulkner, Parfitt & Estoi2008; Thoma & Renfree 2010; Wilson et a).
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2012). Although improvements have been observed in performances when increasing
expectancies of subsequent tasks, more investigation into the mechanisms of
expectancy manipulation and mibddy interactions are required inform future
practice(Baden et a) 2005; Lohse & Sherwoqd®011; Eston et gl2012; Pires &

Hammond2012; Stoate, Wulf & Lewthwaif€012).

2.6 PRIOREXPERIENCE

Where manipulation of feedforward processes such as the omission of exercise
durationnegates the rolef previous experience (Tuck&009), the use of feedback,
whether true or falsallows the perception of current performance to be referred to
pastperformances (Albertus et aR005; Mauger, Jones & William&009). This
allowance ofconscious interpretations of the performance feedback influences both
perceived exertion and pacing of the current performéiicklewright et al.2010).
Obscuring elapsed time prevents the adoption of a conscious pacing strategy, whilst
permitting an asessment of subconscious control to create a pacing strategy based on
prior experience Ansley et al. 2004) During exercise, sensations of exertion are
consciously interpited by drawing upon mental representations and beliefs that have
been constructed and reinforced through similar previous occurrences (Lambert, St
Clair Gibson&Noake2 005) . At hl et esdé6 performance be
their governance of effent musculacontrol (Micklewright et al. 2010). While
mechanisms for this are still speculative, it is proposed that accurate and objective
performance feedback strengthens the comparispaairg profiledbetween past and
present exercise boutSc¢hunk 1995;Mauger, Jones & Williams2009). Likewise

an assumption would be that false feedback could be used to alter the performance

template. Deceivingparticipants to believe they were performingaat increase
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ability level would challenge the peeptual component of the performance template
used for regulation within subsesnt bouts (Micklewright et 3l2010). This alteration

was seen in the feedforward manipulation of incorrect distance knowledge where
performance increased in the subsequeant after performing a longer than perceived

task (Paterson & Marin@004).

Themanipulation of feedback during the task was also effective, allowing perceptions

of a successful previous performance influetive adoptedoacing strategy in a
succeasive ut (Micklewright et al.2010). However, whilst improvements were seen

at the start of the successive trial, the
increased performance from what they perceived to have completed previously. The
researchersnterpreted that, although a mismatch betw@en r t i caffggeatn t s 0
sensations and their expected outcomes caused elevated RPE levels, they have a
conscious determination to persist based upon knowledge from previous experience
that they can achieve aesgfic level of performance. Participanused their prior
knowledge to begin the trial at their perceived previspsed although unable to
maintain it for the entire task duration. Whilst this supportedrtiportance ofrior
experience allowing better interpretation of information received from afferent
feedback, the mismatdbetweenhow they felt previoushand currentlywill have
encouraged a decision to dowagulate pace in order to complete the trial without
prematue homeostatic failure. Where decisions relating to the setting of appropriate
goals and the overall strategic approach for the task are made prior to commencement,
tactical decisions are made during the eviself (Renfree Martin, Micklewright et

al., 2014. Based on thafferent information they receivedthletes may have been
required to make a tactical change to the original, perceived optimal, strategy in order

to achieve thie goal of task completiorRenfreeet al, 2014).
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2.7PRESENCE OFECOMPETITORS

The majority of previous deception methods have manipulated performance within an

6al oned Thendietrimhm.al oned in this context

in direct competition or presence of competitors during the tasks. Theg wot be

fully alone as the experimenter will have been present, which could arise some social

facilitation effects that mu s t Whibsethisc o n s i

isolates the specific effects of the chosen deception mechanism upmmpece, the
replication of a sposspecific competitive setting is amportanly valid line of
research. The influence of a competitor encourages the performer to make decisions
they would not necessarily face if racing s@lacker, 2009; Tucker & Noake2009)

such as tactical decisions during a taBkese manipulations of the expectant task
demands and the use of simulated competitors resulted in observed behavioural
changes and performance improvements, which were associated with potential
changes n motivation (Corbettet al., 2012), altered psychological momentum
(Perreault & Vallerand1998; Biki, Hartigh, Markman et al.2013), and modified

pacing strategies (Stoeeal., 2012).

The visual-toheaddf ciompad i t i o nmofivationrwbichu ¢ e s
is thought to be a reason for the inconsistent results in previous deception studies
comparing performing alone and cpatitive trials (Corbett et a012).The presence

of competition and the motivational impetus provided by the geenature of the
competitive event may well determine the behakgochosen (St Clair Gibsoned
Koning, Thompsoret al, 2013) Motivation is an additional mediator of perceived
exertion (St Clair Gibson et ap03) where performances have been seen to increase

due to the motivation that feedback, such as competitor prograsgs Mauger,
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Jones & Williams,2009). Accordingly, it is anticipatedhat positive feedback
inducing aperceived greater ability thaawverage or a fellow competitocan have
permanent effects on motor learning;tiansfer test performanceand retention
(Stoate, Wulf & Lewthwaite2012. In contrast, extrinsic motivation of monetary
reward did not affect cycling time trials, suggestipgrformance is stable and
independent of motivation (Hullemangdoning, Hettinga et al., 2007). Furthermore
training status may influence motivational responsest &as been propodethat
highly trained athletes may be able to use physiologicalvesapacitiesmproving

performanceirrespective of competition grerforming alone (Corbett et a2012).

Alternativelyyt he vi sual dorhsepaldady coofmpfehedd on coul
external distraction which could improve performance by influencing attentional focus
(Corbett et al., 2012). It may act to occupy attentional capacity with salient external
feedback allwing less attention able to be focused upon internal, afferent sensations
of fatigue. Such dissociative attention improves performance by deterring thoughts of
perceived exertion, shown by reduced RPE (Lohse & Sherwood, 2011). In gontrast
RPE was not sigficantly altered and performance not increased when in the presence
of another runner (Bath, Turner, Bosch et al., 2012), however the creation of a
situational influence of running alongside another athlete, without instruction to
compete, could be congied indirect, subjective competition. As it has been
suggested, that it would depend on the goal motivation of the athlete (Wulj; 2007
proposed mechanism effecting the influence of deceptive methods (Beedie, Lane &

Wilson, 2012).The deception methodsd reslts are summarised in Tablel2
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Table2.1. Summary table of previous deception manipulations andlkeiormancemplications.

Author N Exercise Duration Outcomes Implications Performance
Mode
Unknown Duration
Billaut et al. (2011) 14 R 6s Lower work accumulated in Unknown endpoint has Z
unknown duration*** negative effects on
No difference in RPE performance
Mauger et al. (2009) 18 C 4 km Unknown and no feedback Difference reduced over z
slower than known**** successive trials garevious
experience more important
than external feedback
Swart et al. (2009) 18 C 100 km RPE changed in relation to the Knowledge of endpoint and %
knowledge of the endpoint anc prior experience influential
the distance remaining in pacing
Performance increased when
knew endpoint
Williams et al. (2012) 22* C 4 km No effect on time to completiol Distance feedback and —

or pacing strategy

previous experience had no
effect on performance

Incorrect Duration

Nikolopolous et al. (2001)

6 C 3440 km

No effect on pacing strategy

Athletes judge performance
based on perceived rather
than actual feedback
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Paterson & Marino (2004) 21

24-36 km

No difference in RPE
Time to completion and
pacing strategy affected in
successive trials

Pacingstrategy set based or
previous experience and

effort template

Unexpected change in

Duration

Baden et al. (2004) 18
Baden et al. (2005) 30
Coquart et al. (2011) 26*
Eston et al. (2012) 20*

8-10 mile

20 min

80% of

Time To

Exh

To Exh

RPE affected
Significantly higher RPE in
correct endpoint trial***

Speed, V©,, HR and stride
frequency were not different
RPE and affect affected***

RPE and estimated time limit:

did not differ across trials
RPE increased in relation to
exercise duration****

Increased RPE and affect

when announced unexpected

change

RPE was lower when
expected duration was
longer

RPE not just physical
measure of exertion as
affected at announcement ¢
unexpected change

RPE linked with anticipation
of expected endpoint

RPE lower in unknowin
conservation of reserve
capacity

Intensity Deception
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Hampson et al. (2004)

Micklewright et al. (2010)

Parry et al. (2012)

Pires et al. (2012)

Stone et al. (2012)

40

29

15

8*

C

1680 m

20 km

20 km

To Exh

4 km

No effect on RPE

Pacing strategy affected
No difference in time

Difference in pacing strategie
between slow trials no
differencefast

Lower average RPE in slow
than normal

Deception of intensity did not
affect RPE

Deception affected time to
completion and pacing
Deception trial was faster tha
controland accurate

Greater anaerobic contributio
in deception trial

Feedforward manipulation
has no effect on postial
measures of RPE

Interaction of feedback and
previous experience

Visual feedback offers as a
buffer and influences
performance

Deception of intensity via
RPE ineffective on
performance

Deceived feedback derived
from previous performances
enabled improved
performance

y****

Time Deception
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Albertus et al. (2005)

Ansley et al. (2004a)

Beedie et al. (2012)

Faulkner et al. (2011)

Mauger et al. (2011)

Morton (2009)

Thomas & Renfree (2010)

15

8*

13*

12*

C

20 km

30s

10 mile

6 km

4 km

To Exh

10 km

No effect on time to

completion or pacing strategy

No effect on pacing strategy

No differences in power
output or time to completion
between delayed/premature
feedback

No feedback affected time to

completion and pacing
strategy
RPE not affected

Faster performance with
correct feedback than
inaccurate feedback ***
Inaccurate feedback also
affects pacing strategy

Longer in time teexhaustion
in slow trial**

No difference in time to
exhaustion in fast trial

Clock manipulation affected

Pacing robust and unaffecte
by external feedback

Pacing preset on anticipatec
endpoint and previous
experience

False feedback influenced
emotions but not
performance outcomes

Inaccurate distance feedbac
did not affect pacing and
performance

Feedback is important for
pacing

Feedback influential on
performance

Support anticipatory RPE

pacing strategy but not time te modeli conscious RPE

completion

Z****
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compared to template RPE
during exercise

Wilson et al. (2012) 7 C 10 mile - No affect time to completion Pacing strategies affected kt —
but affected pacing strategy inaccurate and no feedback

Psychological Influences

Hutchinson et al. (2008) 27 'S To Exh - False positive feedback Self-efficacy is influential on %
increased time to exhaustion performance

Marquez (2002) 59 R 20 min - False positive feedback Self-efficacy manipulation /
decrease anxiety subsequent reduces state anxiety
bout, false negative reduced '€SPONSes
self-efficacy

McAuley (1999) 46* O 20 min - False positive seléfficacy Selfefficacy influence %
increased positive effect and affective responses to
decrease negative exercise

McKay (2012) 31 O 40throws - False positive seléfficacy Enhancing expectancies of g*xxkx
statements significantly performance influences
increased throwing accuracy Subsequent performance

Lohse et al. (2011) 60* S To Exh - Deception of expectation Enhancing expectancies ¥

affected time to exhaustion

improved performance
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Stoate et al. (2012) 20 R 10 min

Lower V0, greater movemen Enhancing expectancies g *

efficiency with false feedback improved performance
RPEwas affected *** possible motivation effects

Presence of Competitor

Bath et al. (2012) 8 R 5 km - No effect on pacing strategy, Pacing strategy is robust ar —

running speed, HR or RPE  unaltered by the presence o
competitor

Corbett et al. (2012) 14* C 2 km - Faster time in HH than alone Simulatedcompetition g *ox*

TT**+* affected time to completion
- Greater rate of anaerobic ~ and pacingstrategy

energy yield in final 1km

Stone et al. (2012) 9 C 4 km - Performance improwkduring Competition elicited g *ox*
competitionagainst previous performance improvement
best

*Denotes untrained participants, R = Running, C = Cycling, S = Strength Exfrasse, Ex h = t o exhausti on,

perceived exertion, V©2 = oxygen uptake] T = time trial

** Denotes significance p<0.01,

*** Denotes significance p<0.05,

**** Denotes significance p<0.001,

Z denotes a decline in
gydenotes an i mprovement
— denotes no effect on performance,

performance,
in performance,

/ denote an effect of performance dependent on the manipulation direction.

HR
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Successful intensity deception methods employed conditions in which visual
simulated competitors were provided during performance (Corbett et al., 2012; Stone

et al., 2012). This simulation of competitor behaviour improves the illusion of real

time feedback within a virtual environment (Wellner, Sigrist, Riener, 2010), not only
deceptively hiding performance intensibyt also allowing instantaneous exploratio

of the influences of direct competition during performance (Smits, Pepping &
Hettinga, 2014). In addition, the provision of false information regarding an
opponentdos ability has been given to ath
task expectary during examination of competitor presence (Corbett et al., 2012;

Stone et al., 2012).

Whilst the utilisation ofvisual competitas stimulations haveelicited improved
performancesthey have not wholly assessed the influential mechanisms which
determine such beneficial features. Whilst performance, physiological and few
perceptuaresponsespamely RPEhave been assessed, investigations in relation to
how the deceptive manipulati®remployed influence feedforward and feedback
mechanisms involved within the regulation of pace have not yet been exa8imezs.
decision making is considered an integral part of athletiopnance and competition
which is aimed at maximising performancapacity (Renfreet al, 2014), further
exploration is necessary as to how such deception methods influence the sensory

inputs and cognitive processes that are integrated into pacing de¢iSgure2.2).
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SENSORY INPUTS COGNITIVE PROCESSES

Afferent physiological Knowledge of all possible
feedback behavioural options

Performance feedback \ /
(relating to distance PACING

remaining, intermediate
split times, behaviour of
opposition)

I
) Assessment of rewards
Environmental factors offered by all potential
behaviours

Assignment of relative
weightings to risks
and rewards

|

| DECISION |

Assessment of risk of all
ALGORITHM <4———— potential behaviours

Figure 22 Model of processes which are integrated into the making of a decision
regarding muscular work rataken fromRenfree et al(2014).

2.8 RISK AND DECISION MAKING

Currently, little is knownabouthow decision making processes influence pacing or
the underlying psychological mechasmsinvolved (Renfree et gl2014). However
similar to theoretical understanding of motor behavi@ihletes encode external
environmental cues and internal afferent feedbddhrison 2006), togethemwith
interactions oflong and shofterm memory, botlprior to and during performance.
During performance there is also the interaction of continual comparison to previous
performance, prior behavioural intentions and-g@e goals. If any discrepancy
between the perceived@desired behaviour exists, it is suggested a calculation within
a centrally operating pacing algorithm adjusts work rate accordirighpugh
interpretations of relevant feedback and the desire for a partoutieome (Renfree

et al, 2014). Whilstwork rate is continually adjusted during effort to suit the specific
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task demands, information is not instantaneously gathered and processed; rather
information must accrue over time, and subsequent processing of this information
takes additional time (Joalon 2006). The information processing and accumulation
of information involves attention shifting to particular dimensions of task information.
This then requires affective evaluation of each option (Joh28@6) with the chosen
option the one whichrpsents a geger benefit than riskRenfree et al.2014). This
together with continual recalculations of work rate therefore creates periods of
certainty and uncertaintys{ Clair Gibson et al.2006; Renfree et al.2014). Time-

lags occur between infortion processing and decision making and also when there
is no knowledge of the outcométbe chosen decisions (Renfree et2012).Where

it could be considerethat decision makingn pacing to be a learnt processm
previous similar situationswithin a competitive situation this decision making
becomes more complex. Previous opporaidities may be relatively well known
prior to the task, but their tactics on the day are seemingly unknown until

commencement.

Whilst during a time trial, it islncommon to be in direct, accompanying competition

there are occasions in which some courses permit you to see the opponent in front and

in some cases the fastest riders start last (if the TT is part of a stage race), potentially
providing incentives to &r pace to catch them. Equally during competitive events,

other than time trials, the emphasis is to,windependent oplacing rather than, and

often at the expense of, performing a personaltibest (Thiel, Foster, Banzer et al.

2012. This resultsin changes of pace being modified by factors such as tactical
considerations and choices dependent on

(Smirmaul et al.2013;Roelands, de Koning, Foster et 2013). Additionally, pacing
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can be a powerful tool, alldng athletes to disrupt the performance of their

competitors and achieve victoryHeil et al, 2012 Thompson, 2015

Competition enforces decision making through the calculation of and the decisive
weightings ofall possible behavioural choices relgtito a change in pace, and their
associated benefits and riskRefifree et al.2012; 2014). A pacing algorithm is
described as an amalgamated decision regarding sensory inputs and cognitive
processes plus assignment of relative weightings to riskeamard (Renfreet al,

2014 (Figure2.2.Behavi ours such as changes in pa
pace would not initially be incorporated into the apttory-pacing template (Tucker

2009; Tucker & Noakes2009). Enhancements performance wheremploying
competitors to manipulate external feedback, provide evidence to suggest that the
anticipatory setting of such template is not entinglpust or fixed (Corbett et al.

2012. It would seemthat improvementscan be elicited if theathlete risks the

disruption of the template when responding to the actions of the competitor.

In accordance with the proposed psychobiological model of fatejue n di vi dual 0
willingness to exert effort is increed during competition (Smirmasett al, 2013).

This épotential motivati ond hneokeffdstaneé n f our
increase performand®larcora & Staianp2010) This could explain the reasons for
magnitudes of deception having different effects, where a 5% alteratioeriapy

great to maintain as a risk to task completion, or too high an escalation away from the
pacingtemplate boundary (Micklewright et a2010). Equally a smaller magnitude

of 2% could be established as being able to provide a positive influenceheon

balance of the willingness to exert maximum effort, against the negegiceptions

of fatigue and hometatic disruption (Brehm & Selt989; Noakes & St Clair Gibspn
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2004; Corbett et g12012). As suchthe variables incorporated into the decision
making processes are of interest to investigadeticularly sincehe control of these

has an encouraging potentitd improve performance (Maug&013.

Such a complex environment, and the integre#smision making necessary to regulate
pace and tactical strategibghlight current gaps in the literature in whigtevious
pacing models proposed do not fully account @rjustify, the extraneous factors
associated with more complex environments.iudirect competition more factors

are necessary to be incorporated into the decision making procedsrtiexample

the emphasis of previous models upon-paiht regulation(Noakes, St Clair Gibson

& Lambert, 2005)and perceived exertidifucker, 2009 Whilst these constructs and
task information are considered and found tpitb@revious investigationgssential

for accurate, optimal pacing and performance, they have been explored in absence of
additional external factors such as opponents. keessary to establish whether such
constructs and information are as prominent or less when incorporated into a
decisional judgement with otheonfounding factordiaving additional influences.

This is currently not acknowledge in the current literatungaaing and is essential to

be explored, not only to understand further the mechanisms of pacing during

competition but to also inform future training and practical applicability.

29 EXPECTATION AND GOALORIENTATION

Each deception method reviewembove act e d t o i nfl uence th
expectancies of performance. Whilst task expectation is a suggested mediator of
performance (St ClaitGibson et al. 2003) and the incongruity between the
information provided and what is expected has been foundltemnde performance,

the true impact however remains unclear. It has been suggested that when participants
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perceive they are performing poorly it would be expected for them to increase pow
output or modify RPE (Tucke2009). This hypothesised observatias seen in
previous investigations (Mortor2010; Pary, Chinnasamy & Micklewright2012;
Pires & Hammond2012; Stone et al2012) however in contrast, it has also been
found that negatively manipulated feedback did not influence changesompanie
times (Thomas & Renfre2010). Further an opposing belief is that when a goal is
perceived to be unachievable, because of poor performance, performaressekecr

(Mauger, Jones & Williams011).

Additional disparity in results are seen when participgetrceive performance to be
better than expected. It has been suggested that this would pose no threat to the
completion of the task, so physiological performance remains unchangey, (P
Chinnasamy & Micklewright2012). Others suggest that when recevpositive
feedback, although inaccurate, it induces significant alterations in physiological
variables. Oxygen consumption decreased compared to false nefgpmdizack
(Beedie, Lane & Wilson2012) and blind feedback trials (Wilson et al2012),
althowgh no significant difference in performance timesevieund (Beedie, Lane &
Wilson, 2012; Wilson et a). 2012). Conversely, when performing better than
expected, athletes are seen to increase performance because of the influence of the
successnotivation then optimising the setting and regulation of exercise sitlen

(Mauger, Jones & Williams011).

Althoughthe influences of positive or negative feedback are disputed, pacing is the
regulation of work rate in order to prevent fatigue sensations from impairing technique
and performanceln which, it is proposedpsychological aspects manodify such

symptoms Knicker, 2011). Whilst previous investigations have explored the
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influence of competitors, manipulated feedback and decision making during
endurance events, further research is warranted into the perceptual responses to such
manipulations and their influea on pacing and performance. Furthere,there is a

need to understand how athletic decision making is influenced by perceptions and
emotions and what can be modified to aid decision making (Micklewrigthtl,

2010.

Modifying expectations using thexformation given to athletes both prior to and

during performancean be produced jeceptive manipulations. Deception methods

act to al ter t he athleteods perceptions
performance. Practically, implications of such experimental methods could inform
coaches, and athletes themselves, #sginfluencesuch task belief have a overall
performanceCompetition experience is a prerequisite for correct pacing during races.
Well-construted training gifting thleteswith the knowledge of their capabilities

under various circumstances is extremely valu@bt®mpson, 2015)

2.10 SUMMARY

Successful methods afeceptionare thosemanipulathg continuous feedback of
current and previous performandetensity This feedbackis presentedduring
performance as a visuabmpetitor In addition the provision of false information
regarding an opponentds ability permits
to examining the influence of competitor presence on performance outcomes.
Currently unknown however, is how such feedback manipulatioiuse performance
improvements and behavioural changes. Although suggested to result from visual

feedback bffering physiological sensations, arkde useof a competitive setting to
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offer potential smulation through motivation, these construetere peviously

unexamined.

It is prescribed that the interaction between the environmental conditions, and any
accompanying psychological components determine behalioand outcome
variables Tenenbaum et al2001). Manipulating time trial performance permits
determination of underlying psychophysiological mechanisms related to the concepts
of regulatory pacing (Roelands et @013).Therefore virtual competitiveiraulation

during ecologically valid time trial perforancesandthe examination of perceptual
constructs are crucial to the understanding of pace regulatibipednavioural decision

making.
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2.11 AIMS OF THERESEARCH

The aim of this thesis was to investigate the mechanistic influence of deception and of
competitor presence upon pace regulation, physiological responses, and psychological

emotions, during cycling time trials.

Stuby 1 - THE INFLUENCE OF COMPETITOR PRESENCE ON PERFORMANCE,
PERCEIVED EXERTION AND ATTENTION DURING CYCLING TIME TRIALS

Aim: To investigate the msenceof a visual avatacompetitorduring cyclingtime
trials and examine the mechanisms by which the presence of competiflusnce

pacing and performance, apceviouslyunexplored perceptual responses.

STUDY 2 - ALTERED PSYCHOLOGICAL RESPONSES TODIFFERENT M AGNITUDES OF
DECEPTION DURING CYCLING

Aims: The primary aim wastinvestigate the effects of two magnitudes of deception
(102% and 105%), alone and simultaneously, on 16.1 Kapaeed cycling time trial
performance.A secondary aim was to explore the inflae of psychological
constructs such as affect and sedfficacy on decision making and performance

outcomes

STuDY 3- INFLUENCE OF MANIPULATING STARTING STRATEGIES ON
PERFORMANCE AND PERCEPTUAL RESPONSES DURINGCYCLING TIME TRIALS

Aim: To eploretheimpactof an enforcedtartingstrategyand the influence on the

remaining task duration.
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CHAPTER THREE

GENERAL METHODS
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3.1GENERAL PROJECT METHODS

3.1IDENTIFICATION OF RESEARCH PARTICIPANTS

Male competitivecyclists volunteered for each study. The inclusion criteria required
participants to have been training regularly for a minimumwaflve months be
completing at leastixshours of training per week and have experience of competitive
cycling, specifically 10 mile time trials (TT). All participants were classified as
Ot rai ned d0penkoand pakip@ne values according to recent guidelines

(De Pauw, Roelands and Cheug@13 (Table 3.1)

Table3 1 Participant s me ahathréeShBsis incektigatemc t er i

Study One Study Two Study Three

N =15 N=12 N =10
Age (yr) 33.1(7.9) 35.3 (5.0) 33.0 (6.7)
Height (cm) 177.5 (7.2) 179.4 (6.5) 180.1 (5.4)
Mass(kg) 78.8 (11.9) 84.3 (11.0) 81.9 (6.2)
V-peak(ml-kgt-min?) 58.0 (7.3) 58.7 (6.7) 54.0 (3.2)
RelativeV-©,peak(ml-kg*-min? 4.6 (0.5) 4.9 (0.6) 4.4 (0.2)
Peak Power (W) 351 (42) 383 (38) 390 (38)
Relative Peak Power (W.kg) 4.5 (0.6) 4.6 (0.5) 4.8 (0.4)

3.2 ETHICAL CONSIDERATIONS

Prior to data collection precreening health evaluations were completed to assess

suitability and potential risks. Participants were required to give written consent for
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their involvement in the studysée Appendicgs The informed consent and
informationsheet aimed to provide information to the participant, however to allow
exploration of the deception techniques employed, the true nature of the deception
involved was not disclosed prior to testing. The participants were fully debriefed
regarding the deption when all data colléon had been completed (Jones et al.
2013). Each study was granted ethical approved by the University ethics committee
prior to commencemenSPARECG20120010, SPARECG20130127, and SPA

REG-2014294)

3.3 EXPERIMENTAL DESIGN

All visits were performed in Edge Hill University laboratories maintained at a relative
constant environment of 24C°and 4060% humidity. A repeated measures
experimental design was employed for all studies as it is advantageous, requiring
fewer partici@nts to achieve the necessary statistical power due to less unsystematic
variation between groups (Fiel®005). The order of experimental trials was
counterbalana# in full where possible, and randomised in order. Two baseline trials
were conducted foeach studyto account for a familiarisation visit; however the
participants were not told they were familiarisation sessions in order to ensure
maximal performances were producetihe two baselines were analysed for
systematic bias to ensure no learnirfg@fwas apparent, and the faster of the two was
used for comparison to the experimental trials in the statistical analysistéistical
analysis section.31and individual chapter analy¥i€ach trial was performed at the
same time of day (= 2 hoyrso minimise any confounding effects frooircadian
variation, and & days apart to limit training adaptations (Drust, Waterhouse,

Atkinson et al., 2005)The testing environment was kept constant with only the
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participant and two researchers presennhdugach visit. This controlled for any social
environmental influences. No verbal encouragement was provided during the time

trials, only during the maximal incrementabtocol.

3.4 PRELABORATORY MEASUREMENTS

Anthropometric measurements of height waxeasured to the nearest 0.1 cm using a
wall-mounted stadiometer (Holtain, Harpenden HBIK UK). Participants were

asked to stand with their feet together and make contact with the back of the wall with
their scapulae and to look straight ahead. Once hleyinhaled deeply the sliding

scale was lowered to the top of the head and the measurement was recorded. Body
mass was assessed using electronic scales (Seca, Germany) to the nearest 0.1 kg,
which were calibrated to zero prior to each measurement. Thieifents were
weighed wearing their exercise clothing and without footwear. Participants were
required to maintain a controlled and similar diet throughout the testing period and
asked to document dietary intake in theh®tirs preceding the initial teseplicate

prior to each visiandwere confirmed before each tridtarticipants were also asked

to refrain from any strenuous exercise, alcohol and caffeine up-how@4 prior to

testing They were required to drifk00 ml of water a minimum of-Boursbefore

testing to achiee euhydration Hydration state was assessed using a portable
osmometer (Osmocheck, PADLSMO, Japanprior toeachtestingsessionin addition

the participants were asked to refrain from food consumption up to two hours before
eachtesting session. P#teial equivalence was assured through analysis and control of
the participantodés prior night sl eep dura

resting heart rate.

41



3.5 CARDIORESPIRATORYMEASUREMENTS

Ventilatory and pulmonary gaexchange values were obtained using a metabolic gas
analyser (Oxycon Pro, dger, GmbH Hoechburg, Germanyefore each testing
session the gas anal yser was <calibrated
Current room temperature (eC) asgatplehumi di
line was calibrated using a gas cylinder with certified gas concentratid@&®o Q,

and 4%CO,andNhb al ance (Manufacturesd detail s).
using t he Oxyconos aut omati c vol ume ca
calibrations weregepeated until the difference between consecwalibrations was

lessthan 26 (Foss & Hallén2005. This method of pulmonary ventilation and gas
exchange collection is ofirmed as a valid (Jeukendruf2002) and reliable
measurement tool demonstratiagtest retest difference ofCV = 1.2 % (Foss &

Hallén, 2005%.

Heart rate was recorded continuously using short range telemetry (Polar Team System,
Polar Electro, Kempele, Finland), in which participants wore a transmitter belt around
their chest. The dataere subsequently downloaded at a 5 s sampling rate for the
maximal aerobic capacity test, which has previously been established as a valid and
reliable method (Achten & d&endrup 2003). During each time trial heart rate was
downloaded at a rate of 34 Hz through the time trial software (Computrainer Pro,

RacermateSeattle, USA).

3.6 BLOOD METABOLITES

Capillary blood was sampled from the fingertip using a disposable automated lancet
device (AccuCheck Saf€é-Pro, Indianapolis, USA). A 5 ul capillary blood sample

filled the Lactate PrdLactate prafwo LT-1730, Arkray Japanyeagenstrip directly
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from the fingertip site. This device is a reliable measurement for the assessment of
whole blood lactatgPyne, BostonMartin et al.,2000), comparable with other
analysers (Lactate Plus) with greater reliability and acguthan others such as
Lactae Scout (Tanner, Fuller & Rgs2010). A 75 pl capillary blood sample was
collected and blood gas analysisvas completedusing Radiometer ABL 800
(Radiometer Copenhagen, Denmarh established reliable measurement device
(Van Blerk, CouckeChatelairet al.,2007). The blood acicbasevariablesof pH, O,

CO,, sQ, ctHb, K', cBase, and cHC{were collected prior to and upon immediate
completion of each trial. The pteal measurement vgataken from a prevarmed
hand(placed on a hot water bottle f2imin)to attainan arterialised capillary sample

(McNaughton, Backx, Palmet al.,1999.

3.7 MAXIMAL AEROBIC CAPACITY TEST

The initial data collection for each study included an incremental ramp protocol on a
cycle ergometer (Excalibur Sport, Lode, Netherlands) to deterrvi®gpeak.
Parti ci pant ons wagnup at @00/ and then began the protocol from

an initial resistance prescribed in accordance with thass(British Cycling 2003
(Table3.2). The protocol involved 20 Win increments until volitional exhaustion.
Breathby-breath pulmonaryentilation and gas exchangeremeasured throughout

the test using a metabolic gas analyser (Oxycon Pro, Jaeger, GmbH Hoechburg,
Germany); Respiratory gas analysis was collected in 5 s time bingéupdak was
classified as the highest®, measurement recorded over a 20 s period in line with
recommended guidelines (Dwye2006). Heart rate (Polar Team System, Polar
Electro, Kempele, Finland) was recorded continuously throughout the test and

downloaded at a 5 s sampling rate. Verbal encouragement was provided during the
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test. During the first experimental study for this thes different maximal protocol

was conducted to enabthe collection ofextra data for the participants. In this
instance a lactate threshold test was combined with a maximal exertion test, therefore
the ramp stages were 20 W every three minutes thdillactate turmpoint as
prescribedby Jones (2007)2-4mmoll. This was completed in order to provide
additional feedback. The lactate values are not therefore included in this thesis. Whilst
this protocol comprised of longer duration incremental stagese tlwas no

compromise to the assessmenVékpeak (Bishop, Jenkins & Mackinnpt998).

Table 3.2 British Cycling GuidelinegBritish Cycling, 2003)ramp protocol initial
power outputs

Mass(kg) Initial PO (W)
<50 120
50-59 140
60-69 160
70-70 180
80+ 200

3.8 COMPUTRAINER INSRUMENTATION

Experimental trials were performed upon an electronidaibked cycle ergometer
(Computrainer Pro, Racermate, Seattle, USA) interfagdd3D software, projected

onto a 230 cm screen positioned 130 cm away frantyhblists front wheel (Figure

3.1). This ergometer has previously been found to be a reliable measure of power
output (Davison, Corbett & Anslez006) and within our laboratomgvestigations has
produced a low coefficient of variatidor trial time during two repeatedl6.1 km

alone time trials (CV = 0.6%The3D software allows generation of an instantaneous
avatar on the screen illustrative of the cyclist or a competpponent. During the

time trials the participants were able to view the display of a flat road, 16.1 km time
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trial and the distance remaining (FiguB). Participants were blinded to alther
performance feedbadaturing the trials Participants performeeach time trial upon

their own bicycle, attached to the Computrainer rig. They were required to use the
same bike for each trial, with thgre set to 100 psi, the sep of the bikes geometry

was consistent throughout the testing period @t to each trial the badyre was
calibrated in accordance withthemaaif u r er 6 s i n s t3). Bafoteieawm s ( Fi
time trial the partipants completed a sgdiced 10nin warmup at 70% of maximum

heart rate, derived from th&®.peak performance test. Once the wammwas
completed the ergometer resistance against the back wheel was then calibrated to 2 Ibs
before each trial. Standing floor fa(Slarke CAM5002 Essex)placed in he same
position during each trial, were available to the subjects to minimize thermal stress
(JeukendrupHopkins, AragofvVargas et a).2008). There were threspeedsettings

up to a maximum air flow of 16@3/min. The speed setting for each participaas

the same during each trial.
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Figure3.2. Visual display the rider was presented during the time trials.
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Figure3 3. Set geomet ry atdchedtbthe Quraputtainer i pant 6 s
ergometer.

3.9 EXPERIMENTAL VARIABLES

Power output (PO),peedand heart ratevere recordeat a rate of 34 Hz throughout
each time triaby the Computrainer softwar@erformance dataerealso stored on

the software and abte be reselected as a visual, dynamic avatar to compete against.
Expired gases werepllected every 4 km for duration ofkin to allow participants to

consume watead libitumduring the trial.
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3.10 PSYCHOLOGICALMEASURES

3.10.1 TRAIT MEASUREMENTS

The sport motivation scale (SMZB) (Pelleter, Fortier, Vallerand et al1995) was
completed to specify participadtaternal and external motivation characteristics. The

28 item scale was assessed onpint Likert scale anchored with the end poitts

(does not correspond at all) and 7 (corresponds exactly). The scores evaluated the
seven subscales; Amotivation, external regulation, introjected regulation, identified
regulation, internal motivation to know, internal motivation to accomplish and atern
motivation of stimulation. This motivation scale has previously beemlestad as

reliable (Pelletier et g11995).

The personality trait of risk attitude was assessed using the Dapedific Risk
Taking (DOPERT) scaléBfais & Weber2006. Partigpants were assessed as to their
perceptions of risk and their likelibd of risk taking mentalitie®oth riskperception
and risktaking were measured on separatat8 scales quantified using apdint
Likert scale.The sale compromised of anchoregsponses for risherception from

1 (not at all risky) to 7 (extremely risky), and for rAking from 1 (extremely

unlikely) to 7 (extremely likely).

3.10.2 STATEMEASUREMENTS
3.10.2.1PRE-TRIAL MEASURES
Current physiological and psychological ssaeere assessed immediately prior to
each trial during all experiméad testing sessionf.ar t i ci pant 6s wi | | i
physical and mental effort were assessed separately, each on a visual analogue scale,
with verbal anchors from 0 (netilling) to 10 (willing). Pretask state motivation was

assessed, prior to the trial, once informed of the specific trial condition, using scales
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adapted from those used in previous rese@ietthews, Campbell & Falcong2001;

Marcora, Staiano & Mannin@009). Pretask motivation was assessed using four

N

guestions,; Al am eager to do well o,
di sappointed if | fail to do well i n t
on t his t as k-oinhé&ertsealet=dnotatrell) o 4 E&xtremely). The
total scores for these motivation scales ranged between 0 and 28.

Affective feeling states were measured prior to time trial performamsiag the
Feeling Scale (Hardy & Rejeski989) asingleitem 1Epoint measws of affective
valence (pleasure/ displeasure) ranging from +5 (very goo® {@ery bad), with
verbal anchors at all odd integers and at the zero peietask seklefficacy was
recorded as to how confident the participants were to perform thentaaiioderate

to fast pace, from -000%. The scale was adopted asvmpusly recommended
(Bandura 1997), with the questions constructed specific to the task due to perform.
Pre-task competitive state anxiety was assessed using the Competitive State Anxiety
Inventory2 (CSAI-2) (Martens, Burton, Vealey et al1990) (Chapter five
Participants were asked to describe their present feelings to questions assessing
cognitive anxiety, somatic anxiety and setinfidence on a-point Likert scale 1 (not

at all) b 4 (very much so).

3.10.2.2DURING-TASK MEASURES
At distance quartileduring the trial, perceptual measures of attentional focus, ratings
of perceived exertion (RPE), affect and sadficacywere recordedittentional focus
was measted using a 16point Likert scale(Tenenbaum & Connolly2008), with
participantsasked to indicate where their attention had been focused over the last
kilometre in relation to externaind internal thoughts (Chapters f@mdsix). Lower

values represented attention towaedternal thoughts, for example environment, or
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distance covered. Higher values represented internal attention, focusing towards how

the body felt and breathing techniguearticipants were also asked for their RPE

during the trial, as toverall feelingsf subjective sensation of effort accompanying

the task. This was measuredingthe B o r g-B0sscale (Borgl1970). Affective

valence as to the emotion or feeling related to the, t@sét ask selefficacy was

measured identifying how confident the pagants were to continue their current

pace for the remaining trial distan&elf-efficacy was assessed usisgales adopted

from guidelines previously developed and m@eently constructed (Bandyt997;

Welch, Hulkey & Beaucham®010). The participat indicated a percentage {00%)
representing their confidence | evel at [
confident are you to continue cycling at
timing of the measurement during the trials were rangioalibcated to limit the

regular cognitive focus regarding the questions asked, and to reduce the chance of
detection of deceptive manipulations. Similarly the timings were constructed in
accordance to other psychological assessment scales, in order dommbmise

limited attentional capacity further during task executand to allow the participant

minimal disruption and deviation away from a normaliniry or competitive

experience

3.10.2.3POST-TASK MEASURES
Attentional focus was measuresgtrospectively, as a maintenance checice the trial
was completedChapterdour andsix). This was recorded as a percentage of attention
that was focused on internal thoughts during different distance time points (whole trial,
0-4 km, 48 km, 812 kmand 1216.1 km). Taskmotivation was also measured
retrospectively (Chaptdpur) using questions such &%;l wanted to succ:é¢

~

tasko and Al Wwa s odordme rnrge dasxarbdood aHpoird s | CC
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Likert scale (G= not at all, 1= a little bit, 2= somewhat, & very much, 4= extremely).

Total scores for these motivation scalesreforerangel between 0 and 28.

3.11 DATA ANALYSES

Statistical analyssand the variables that were to be included were ded®tbri.
Descriptive samplstatistics wereeported as means asthndardleviations (mean +

SD) for normally distributed datand medians and interquartile ranges for-non
normally distributed rangesnferential analyses eve performed using mixed linear
modelling for repeated measuregarious plausible covariance structures were
assumed and the one that miniAGCswlde t he
was chosen as the main selection criterion for the final fitted madgladratic term

for distarce quartile was entered into the model where appropriate and removed where
no significance value was observé&tindom effects for intercept and slope were
included if minimised AICC further.Post hoc pairwise comparisons, with Skdak
adjustedp values, werperformed where significant main effects or interaction effects
were observedStatistical significance was accepted at p < 0.05. 86%6idence
intervals were used as a measure as a level of certainty in the parameter estimates.
Statistical assumptionsese checked using standard graphical meth@iafén&

Hails, 2002)for all measures including the psychological measures of performance. If
assumptions were not met rparametric equivalents were performed and are detailed

in each corresponding experimental chapter. Statistical @asaigseconducted using

PASW 22.0 sitistical software (SFSInc, Chicago, USA).
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CHAPTER FOUR

STUDY ONE

THE INFLUENCE OFCOMPETITORPRESENCE
ON PERFORMANCE PERCEIVED EXERTION
AND ATTENTION DURING CYCLING TIME
TRIALS

Parts of this chapter have been published in:

Williams et al., (2014). Competitor presence reduces internal attentional focus and improves
16.1 km cycling time trial performancelournal of Science and Medicine in Sport
doi:101016/j.jsams.2014.07.003
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4.1 INTRODUCTION

It has previously been acknowledged that the presence of a competitovesipro
performance (Tripleftt898; Corbett et g12012), often on the basis of psychological
and emotional responses associated wothpettive situations (Brehm & SelfL989;
Lazarus 2000; Beedie, Lane & Wilsg2012). Improvements in performance during
simulated competitiolave been suggested to deesut of increase in motivation
(Corbett et al.2012), positively influencinghie balance of willingness to exert the
required effort against the negative factors of fatigue and risk of homeostatic
disruption (Brehm & SeJf1989; Noakes & St. Clair Gibspr2004). Similarly
motivation may improve unconscious control ofpiologicalhomeostasis (Noakes
2004; Noakes et aR005), suchihat athletesccept more severe discomfort regarding
changes to internal milieu if the motivation level is sufficient to overcongative
sensations (Baron et al2011). Work examining the motivati@h influence of
competitors has used untrained participants naive to competitiliagcgduations
(Corbett et al, 2012). However, trained performers demonstrate monensit
motivation, which may alter pacing against a competitor, due to differentatiotial
goals (Corbett et al2012) such as possible personal motivation from internal sources
rather than be influenced from extdreaurces (Hulleman et aR007 Corbettet al,

2012).

It is also suggested that exercise toleeamt highly motivated subjects limited by
perception of effortas postulated by the psychobiological moaéiich isbased on
motivational intensity theory (Brehm and Sdlf89; Marcora2008; Wright, 2008
Marcora, Staiano & Mannin@009. It has been proposédatfuture research should

investigate this model furtheparticularly the psychological constructs such as
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motivation and perceived exertion (Marcora &taiang 2010). In addition to
motivation, important psychological constructs during competitive performance, that

affect emotions are the close attention to what is occurring, and the actions and
competitive strategies neededdefeat an opponent (Lazay@800) At hl et es o6 | i
attention capacity during competitive exercise is likely to process conflicting thoughts
relating to self, and competit@rs p e r f sgRejeski & Rileis| 1985;Schunk 1995;

Hutchinson & Tenenbaun®?007). Performance improvement dgriheadto-head
competition,could be considered esultof ani ncr eased focus on a
performance, directing attention away from internal sémssiof fatigue (Corbett et

al., 2012).Research indirectly supporting this proposal has investigaeedffects of

visual oclusion (Razon, Basevitch, Laedl al.,2009), visual or auditory cueKiiel,

Hampson, Lambert et al2007; Razon et al.2009), and disassociation coping
strategies (Connolly & Jane]l2003; Stanley, Pargman & Tenenbau®®07; Lohse

& Sherwood 2011), upon attentional focus and performance.

Previous research has investigated the use of visual manipulation upon the attention
shift during exertionAuthors employe@xternal displays to reduce the occurrence of
attention shifting fom dissociative to associative thoughts as workload increases
(Hutchinson & Tenenbauy@007; Tenenbaum & Connoll008; Mestre, Dagonneau

& Mercier, 2011), where external sensory inputs in the field of vision have been
proposed to reduce the intensity infernal sensory inputCQorbett et al. 2012).
External focus reduces the amount of internal, associative attentional thoughts during
exertion, correspondingly decreasing perceptions of exertitenephbaum &
Connolly, 2008; Lohse & Sherwoq@01]). Similaty, research examining the effects

of visual occlusion suggests, when deprived of vision, other sensory cues are

magnified therefore increasing the attendance to the sensations of exertiongared fati
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(Razon et al.2009). Since such amgrease in thamount of internal, associative

thoughts during exertion would be detrimental to performance; by increasing
perceived exertion, methods designed to reduce such thoughts are of priority. The
manipulation of visual cues has been found to positively affemttainal focus and

RPE (Razon et gl.2009) and a method of increasing external focus using a
motivationalcompetitor stnulus may act to enhance theffeds further. A previous

model of attention proposes that processes such as interoceptive feedivack f
changing physiology will dominate attention at higher levels of fatigue, even when
dissociative sategies are employed (Ekkekgkis0 0 3) . Th-spé pbotesme
are suggested to have astrergt t ent i on al opdmofwnwe o e ctelsasre s
as seHperceptionf the exercise, attributions and goals. Since these two processes
interact to determine affective responses to exercise, a manipulation that increases the
top-down process of the meaning and social context of the exercise, inducing a
motivation elemenmay deter attention away from the dominant sensations of fatigue.
However the influences of visual competitor presence on attentional focus, which

could stimulate motivation, ka yet to be investigated.

Performing alone requires deiciss to be made prevent to optimally plan for goal
achievement. However, direct competition encourages tactical denisikimg

t hroughout an event in response to the coc
additional goals, such as to finishead of their rivalsNoakes 2004; Corbett et al.

2012). Forms of motivation such as the presence ofleigdl competitors are known

to influence pcing strategies (Baron et ,al2011), where performance time
improvements evidenced during competitionvédnabeen due to alteredacing

strategies (Lazary2000; St Clair Gibsgn2006). Whilst the consistency of pacing

strategies, when performing alone, in time trials (TT) is robust (Noreen, Mato&
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Clair, 2010; Stone, Thomas, Wilkinson et,&011), findings show athletes increase
their finishing speed to beat a competitor (Laga2000; St Clair Gibson et aR006).
Changes to a pacing strategy, regardless of its time of occurrence, reflect a& reactiv
decision to employ a strategyifferent from originally thought optimal (St Clair

Gibson et al 2006).

Whilst benefits upon performance have been found during simulations of competitive
TTs using visual avatars as pag@tereen, Yamamoto & Clgi2010; Corbetet al,

2012; Stone et al2012), the influence of direct competition on behavioural responses
has not been elucidated. Previous methods restricted the isolation of specific
competitor influences, as they provided additional performance feedback, offered
rewards encouraging external tiwation, and provided pacing cues in using a
previous performance as the opponent (Noreen, Yamamoto & Z0ai). Similarly,

a faster performance time found when employing a deceptive manipulation to a
previous performance (Stone et,aR012) leaves #h true effects of competitor
presence uncleamhe aim of the present study was to investigate the influence of
direct competition on performane@ad pacingn trained, competitive cyclists. This
was investigated in 16.1 km TT, a commonly competed roadingydistance.
Additionally, motivational influence, attentional focus, and the impact upon perceived
exertion during performance against a competitor was compared to a TT with no
competitor, and to one with limited visual feedbaltkwas hypothesised thdhe
influence of a competitor would improve performance, and that this visual feedback

would reduce internal attentional thoughts more than performing with no feedback.

4.2 METHOD

4.2.1 PARTICIPANTS
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Fifteen competitive male cyclists with the followimgedian (IQR) characteristics;
age, 34 (13) ¥s; body mass, 73.8 (12.3) kg; height, 177.8 (7.6) cm\éygbeak, 56.8
(8.8) ml-kg!-min? participated in this study. Participants also ledeast 2 yrs
competitive cycling experience and current training volumes wéra.wk®. The
institutional ethis committee approved the sty@ynd all participants gave informed

consent before completing health screeriiygpendix 9.1)
4.2.2 EXPERIMENTALDESIGN

A within-subjects, repeated measures, randomised and counterbalance experimental
designwas used in whichapticipants visited the laboratory on five separate occasions
Onthe initial visit participants performed a maximal aerobic capdvi@-peak test

and lactate threshold test comhdnas outlinel in Chaptethree During thefollowing

four visits participants undertoak 16.1 km cycling (TT)Participants were informed
thatthe study was examining the influence of different feedback during cycling TT
and to prevent any pmaeditated influence on preparation or-preercise state, the
specific feedback presented on each trial was only revealed immediately before each

trial.
4.2.3 PROCEDURE

Each time trial wagperformed on their own bike, mounted on a cycle ergometer
(Computrainer Pro, Racermate, Seattle, USA). This was interfaced with 3D visual
software projected onto a40n screen and <calibrated ac:«
instructionsPrior to eab TT participants completed angin warmup at 70% HRax

determined from the maximal test, followed by two minutes Tést.initial time trial

familiarised participants with equipment and procedures, during which participants

performed with the feedback of a visual avatar representing their performance and
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distance covered feedback presented throughout, as if performing on a fldtaseald

161 km TT course. All pre, during and pdstl measures @re recorded during this
sessionand participants were instructed to complete each TT in the fastest time
possible. The second visit replicated the familiarisation (SELF) @ially the faster

of the two BL BL) was included in the inferential analysis. Nine participants
performed their fastest baseline in their first baseline trial andetihainingsix in

their second baselirmuggestingio learning effectoccurred Further visits included

TT with different visual feedback which were randomised and counterbalanced in
order. One was performed with only distance covered displayed on the screen (DO),
while the other was performed with a visual avatar representing current performance,
together with amvatar representing a competitor (COMP). Distance covered and
distance of the lead avatar was also displayed. Whilst the participants were informed
thatthe competitive avatar was a replication of a previous performance completed by
a cyclist of a simila@ability, the avatar was actually a visual representation of their

fastest previous performance from the first two trials (Familiarisation or SELF).

4.2.4 EXPERIMENTAL MEASURES

Performance variablgpower, speed and completion time)spiratory gases, heart

rate, angre- and postloodmetabolitesveremeasured as described in Chaplteee.

Prior to each trial, willingness to invest physical and mental effort was assessed on a
visual analogue scale ranging from 0 ¢motling) to 10 (willing). Pretask state
motivation was measured once participants had been informed of the nature df the tria
and immediately podtial as a retrospective measuparticipants were asked to rate
their perceived exertion (RRBorg1970) every kilometer and theittentional focus

every 4km. Attentional focus was also measured retrospectively, as a maintéenanc
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check, once the trial was completed. For specifiasueemenprocedures seéhapter

three

4.2.5 STATISTICAL ANALYSIS

The effect of condition (SELF, DO and COMP) ahstance quartilé0-4 km, 48 km,

8-12 km and 1216.1 km) on completion time, poweutput, speed, heart rate, RPE,
motivation and attentional focus was analysed using mixed procedure for repeated
measuregPeugh & Ender005). For specific inferential tatistical methods see

Chapter tiree.

4.3 RESULTS

Paired ttests wergerformed to analyse the presence of any systematic bias between
the familiarisation and SELF trialThe two baseline trials showed no significant
differences irtime (t(14) =-0.79; p = 0.44)power outputt(14) = 1.1p = 0.29), speed
(t(14) = 1.1;p =0.29) There was, however a significant difference in heart t&18)(

= 3.92;p = 0.002) however this was greater in trial one (FAM = 163 £+ 12 bpm and
SELF = 158 + 12 bpm), and can be explained by first laboratory test apprehension

(Pickering, Gerin &chwartz2002).

A significant difference in performance time was evident between the #ial$1.4,

p = 0.001)Table 4.1) Post hoc analysis indicated that performance times during the
COMP trial were significantly faster than the SELF condition (man difference:

MD = 0.6 min, 95% CL = 0.2 to 0.9, p= 0.001). Average poweoutput was
significantly different across the different feedback conditidhs (L1.5 p = 0.001)
(Figure4.1), with significantly greater power outputs foundCOMP thann SELF

trial (MD = 12.4W, 95% CL=5.1to 19.8p=0.001). Average speeds acrdsstime
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trials were significantly different (F = 11.1, p = 0.002). Post hoc tests illustrated a
significant difference between the SELF and COMP trials @/ID7 km/h, 95% CL

=0.3t0 1.2, p= 0.002).
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Table 4.1. Mean £ SD of performance and perceptual variables and post hoc analysis.

SELF vs DO SELF vs COMP DO vs COMP
Mean + SD MD 95% Cl p MD 95% Cl p MD 95% Cl p

Completion Time (min)
SELF 28.7 £ 1.9
DO 284 + 2.3 0.02 -0.5,0.4 0.999 0.6 0.2,0.9 0.001 0.6 -0.04,14 0.07
COMP 27.8 £ 2.0a
Power Output (W)
SELF 219 + 37
DO 220 * 43 -1 -11, 8 0.97 -12 -20,-5 0.001 -11 -24, 2 0.096
COMP 231 + 38
Speed (km/h)
SELF 342 £ 22
DO 342 + 2.6 -0.04 -0.6, 0.5 0.996 -0.7 -1.2,-0.3 0.002  -0.69 -1.5,0.8 0.08
COMP 349 + 2.3
Heart Rate (bpm)
SELF 158 + 12
DO 159 + 10 -1 -4.5,3.3 0.97 -4 -8,-0.5 0.03 4 -8,0.2 0.06
COMP 163 + 16
RPE (AU)
SELF 156 +1.8
DO 156 £ 1.9 0.03 -0.5,0.6 0.998 -04 -1, 0.08 0.11 -0.47 -1,0.05 0.08
COMP 16.1 + 1.8

Main effect for condition: competition time @& 11.4, p = 0.001); power output €-11.5, p = 0.001); speed €-11.1,p = 0.002); heart rate (E 11.4, p =

0.001); RPE (= 3.4, p =0.05). Competitor trial (COMP); Distance only trial (DO); visual of self as avatar trial (SELF); standard deviation (SD); Mea
Difference (MD); 95% confidence intervals (95% CI); significance value (p); Ratings of Perceived Exertiort §RjpHExantly dfferent to SELF jp < 0.05.

Any differences between the values given for t-tel Mhn odamd et Wei ed it fof e oama
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Figure4.1. Power output expresseddistancequartile and whole trisdverages for
each experimental condition. Error bars illustrate SEM. * denotes fourth quartile
significantly different to all quartiles (p < 0.05). # denotes COMP significantly
different to DO and SELF (p < 0.05).

4.3.1 PHYSIOLOGICALRESPONSES

Heart ratevas found to be significantly different across feedback conditiorsA(7,

p = 0.02. Heart rate was significantly higher in COMP thathe SELF trial (MD =
4.3bpm, 95% CL= 0.5 to 82, p = 0.025). It was also higher in COMP than in the DO
trial however not sttistically so (MD = 37 bpm, 95% CL= -7.6 to 1.2,p = 0.06),

There were no differences between trials for whole trial average RPE (SELF = 15.6 +
1.9bpm DO = 15.8 + 1.Hpnt COMP = 16.3 + 1.8pm, p = 0.05).

There was a significant mainfe€t for time for blood lactate and blood pH= 248.8,

p < 0.001 and- = 129.3,p < 0.00] respectively), however, there were no significant
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main effects for conditionH= 1.4,p = 0.27 and~ = 0.06,p = 0.94, respectively) and
no interaction effectg(= 0.06andp = 0.56).

Significant condition effects were evident 66, (F = 4.1,p = 0.030) and/€0> (F
=5.2,p=0.0). BothV©, andV€0; values were significantly greater in COMP than
in SELF ©, MD = 245.7ml.min 95% CL= 23.9 to 467.4p = 0.027 andv-€O>

MD = 2937 ml.min? 95% CL= 62.2 to 525.1p = 0.01).

4.3.2 PSYCHOLOGICALRESPONSES

There was no maigffect for condition for preand postrial motivation (p= 0.25).
However there was a main effect fone on motivdional scores (MD =0.2; 95% CL
=-3.3,-0.003; p= 0.047) where participants gave greater motivational values after
the trial than befiee. There were no significant differences across the trials for whole
trial duringtask attentional focus scores £p0.32); however, whot&rial posttask
attentional focus scores were significantly different (@.002). Significantly greater
focus towads internal sources was apparent duringDfetrial than in COMP (MD

= 18%; 95% @ = 6, 31; p= 0.004) and during the SELF trials than in COMP (MD =
15%; 95% CL=0.1, 30; p= 0.049). There was no significant difference found between
SELF and DO for podrial attentional focus (MD =3%; 95% CL=-12, 5; p = 0.69)

(Figure 4.2c)

63


http://en.wikipedia.org/wiki/VO2max
http://en.wikipedia.org/wiki/VO2max
http://en.wikipedia.org/wiki/VO2max
http://en.wikipedia.org/wiki/VO2max
http://en.wikipedia.org/wiki/VO2max
http://en.wikipedia.org/wiki/VO2max

485 <FSELF  -O-DO  =A-COMP

1754
1654
1554

145+

Heart Rate (b.min'1)

135+
oJ

20+ *
18+ *

16+ *

14+
124
104

6+
J
0

100+

O Ratings of Perceived Exertion (AU) T

904

80+

Internal Attentional Focus (%)

Distance (km)

Figure4.2a.Heart rate (bpm) expressed as quartile averages across SELF, DO and COMP
conditions with error bars illustrating SEM; * quartile significantly different to all other
quartiles (p < 0.05), # significant main effect across conditions, COMP significarfiéyedhf

to DO and SELF (p < 0.001®, Ratings of perceived exertion (RPE) * quartile significantly
different to all other quartiles (p < 0.05); c. Internal attentional focus (%) # significant main
effect across conditions, COMP significantly different ©© Bnd SELF (p < 0.05).
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4.3.3 PACING STRATEGY

Pacing strategies were assessed by comparisons of TT quartiesver and speed
Significant main effects of condition §0.001) andlistance quartil¢p< 0.001) were
evident for PO. No significanhteraction effect for condition x time was found=p
0.59). There were significant differences between SELF and COMP (hifeaaence
(MD) =-13 W; 95% CL=-20,-6; p< 0.001) and betweddO and COMP (MD =

11 W; 95% CL=-18,-4; p= 0.001), but not beveen SELF and DO (MD =3; 95%

CL =-10, 4; p =0.72). Differences in pacing strategy were seen with the fourtheguart
having a significantly greater power output than each of the other three quardiles (p
0.001), whereaall other quartilesvere not gynificantly different(p > 0.32) (Figure
4.1). Significant main effects for condition ¢ 0.001) anddistance quartildp =
0.001) were found for speed, libere waso interaction effect (p = 0.73). SELF was
significantly slower han COMP (MD =0.8 knth; 95% CL=-1.2,-0.3;p < 0.001),

as was DO (MD =0.6 km/h;95% CL=-1.2,-0.05; p < 0.02), however there was no
significance difference between SEand DO (MD =0.1 km/h; 95% Cl=-0.7, 0.4;

p = 0.88). Significant differences were apparent betwkerfourth quartile and all
other quartiles (p < 0.01put no significant differences were apparent between all
other quartiles (p > 0.83). Heart rate had significant main effects across condition (p
< 0.001) and fodistance quartil¢p < 0.001), howevethere was no interaction effect
for condition x time (p= 0.27). Participants had significantly greater heart rate values
during the COMP tal than SELF (MD = 4 bpm; 95% Ct 1, 8; p< 0.01) and DO
(MD =5 bpm; 95% CL= 2, 7; p< 0.001). SELF and DO hdamate values were not
significantly different (MD = 0.4 bpm; 95%LC= -2, 3;p = 0.98). Heart rate was
significantly different between the first quétand all other quaites (p < 0.001) and

significantly different between the fourth qukertand allother quaites (p < 0.001).
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The second and third quiéetwere not significantly different (p = 0.2) (Figu4e2a).
Significant main effects of condition §0.037) andlistance quartil¢p < 0.001) were
evident for RPEbut no significant interaction fetct for condition x time was found
(p=0.16).Whilst all quartiles were significantly different from each other (p < 0.003)
(Figure4.2b), post hoc analysis however found no significant differences between any

conditions p >0.07)

4.4 DISCUSSION

The findings of this study add further understanding to the physiological and
psychological influences of competitor presence. The present study used trained,
experiencedgcompetitive cyclists over an ecologicallid distance. Utilisation of a
deceptivemanipulation as to who the opponent was, reduced the provision of
influential pacing cues, and the impact of different goal and motivational effects. In
addition the psychological influences of direct competition were able to be explored
through simultaneus psychological measurements. This was in contrast to previous
research utilimg competitors (Corbett et a012;Stone et a).2012), which omitted
psychological measurements such as RPE, motivation and attentional focus. Previous
investigations ofhis nature inhibit the understanding of how direct competition can
elicit performance changes and established improvements. Furthetheoreirrent

study examines the effects of competitor presence compared wibes®ifmance

visual feedback and limitevisual feedback, to gain insight into the influence of visual
feedback on both performance, and the unexplored psychological mechanisms during

time-trial cycling.

Competitive cyclists performed significantly faster during a 16.1 km competitive TT

than when performingvithout a competitarThe findings are consistent with previous
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research and recent performance mofhigeen Yamamao & Clair, 2010; Cabett

et al, 2012; Stone et al2012). The magnitudes of improvemeait2.8% in power
output and 1.% in performance times are also comparable with performance time
improvements in the presence of competitors, ofl1706 during Zm and 4km TTs

in trained cyclists (Corbett et al2012; Stone et gl.2012). Moreover, the
improvements are greater than #stimated worthwhile meaningful change of ~0.6%

for elite cyclists (Pato& Hopkins, 2006).

Whilst there were improvements in physical performance (power output and speed)
and concurrent increases in heart re#®, and\V-€0O,, during the competitor trial, RPE

was unchanged. Though aaasting withprevious significant findings between aéon

and competitor TTEStone et a).2012), during the present study whtlial RPE was
averaged from multiple measurements throughout the trial, rather than a single post
trial measure. Furthermore, this study offers possible mechanisms likely for the
increase in performance without increases in perceptions of exertion. Participants
reported a reduced internal attentional focus whilst performing against a competitor,
supporting that with an increased focus on external environnueresess attentional
cgpacity was available to process afferent sensory feedBapski & Ribis| 1985;
Hutchinson & TenebaupR007; Razon et al2009). The results correspond with
models of behaviour linked to competitive endurance events, in which athletes are
likely to settheir work rate based on the behaviour of a competitor, limiting their
attention to afferent information relating to their own physiological s{&esfree et

al,, 2014. Similarly, RPE is a suggested psychophysiological construct, with the
psychological components of RPE proposed to be partly regulated by attentional focus
(Baden, Warwickevans & Lakomy2004).Equally an alternative propositianay be

that external cues such as twmnpetitor alters the way internal cues are interpreted
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and perceivedqarry, Chinnasamy & Micklewrigh2012. Both reasons for the results
provide practical i mplications and highl:i
on perceptions of exertiofurther investigations are necessary to fully explain such

i mplications on oneds perceived exertion.

The observation that there were no differences in RPE between conditions supports
the premise that RPE was not the main regulator of performdmee.contant
alteration of work rate in response to the changing extemmalonmentcreates a
mismatch between the original pacing strategy;gmticipated based on previous
experience, and the current strategy necessary for oggarfarmancéNoakes& St

Clair Gibson 2004; Tucker2009). Cognitive processes independent of RPE, such as
affect, have been suggested to regulate the effort chosen to exert and the physiological
capacity that is available during an exercise chall¢8gme et a).2012;Renfreeet

al., 2014). Previousinvestigations have acknowledhd®&PE may be influenced by
affect since there were changes elicited in absence of any alteration in physiological
milieu or exercise intensity (Baden et al., 2005). Since perceptions of risks afitsbene
motivate the choice tchange behavio{Renfreeet al, 2014), theaffective responses
associated with such changes during complex deeig@king, such as competitive

exercise, warrant further investigation.

The willingness to invest effort to be#ite competitor, odbalancing negative
sensations of fatigue and pgaitre;nss bppdrhte
(Brehm & Self 1989), could be a plausible explanation regarding the influences of

direct competition within the present study. Allrjpgipants were highly motivated

during all conditions, and although no significant differences were observed between
conditions, the competitor trial elicited greater motivation scores. Whilst a limitation

with the scale was the absence of differentiatb@tween intrinsic and extrinsic
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motivation, anecdotally, all participants expressed a wish to beat the competition, and
thirteen participants were able to improve performance successfully beating the
opponent. The two participants that were unable toparbetter than the competitor

(their previous fastest performance) only reduced performance by 4.2 s and 6.8 s.

In agreement with previous investigatiq@orbett et al.2012; Stone et gl2012)

faster performance times during competitor TTs were gelidy an altered pacing
strategy. Whilst no interaction effectsere evidenced in the analysisgtie 4.1
illustrates an altered pacing strategy during the competitor trial where not only was a
greater power output maint&d throughout the trial, there was also an evidential
changed pacing strategy throughout the trial. Increases in power were seen during the
second quaite of the COMP trial; however this was not evidenced in the SELF and
DO trials. This occurrence of a clggnin pace could be indicative of the decisions
required to be made regarding current pace, current physiological and psychological
state and theiopponents performance (Lazar@900). The responsive control of
performance can cabdseaenpgerfiumcerofai dcedt avi
strategy emplged (St Clair Gibson et al2006). These periods continuously cycle
throughout an exercise bout and in the presence of direct competition could be
proposed to have laigher occurrence, due to the in@ged information processing

required within the more complex environmeReffree et al2014).

Participants performed with a greater epuairt under the influence of competition

within the present study and ingwous research (Corbett et,&012; Stoe et al.

2012) . This 1 s al so s up pecredsingsdghe éntpeintt heor
approachegSt Clair Gibson et g312006). Whilst the previous study was unable to

indicate potential psychological mechanisms responsible for an increas¢ainotic
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reserve at the end of the time trial; increased motivation and increased external
attention, deterring focus away from perceptions of exertion within the present study,
illustrate beneficial influences of direct competition. These psychologiadianesms
enabled access to a similar reserve capacity that was exerted in the alone conditions,
regardless of any preceding increased power output. Future research is necessary to
specifically investigate decisions athletes make with respect to opponenigare

regulation of pace is most susceptible to changes in behaviour.

It would have been anticipated that due to a greater amount of visual information
available during the SELF compared to DO trial, an increase in external attentional
focus and reduckperceptions of exertion would be evident. However, there was no
difference in focus across the two conditions both trials were performed with a greater
internal focus than the competitor triaDne explanation could be that the visual
information provide in the SELF trial represented feedback of current performance
(e. g., avatar responded to cyclistds mov
inadvertently directed attention towards the movements and sensations associated with
the task, encouragingnsilar internal attentional focus as performing with no external
feedback. Another possibility is that despite the addition of visual stimuli in the SELF
trial, the feedback did not allow knowledge of results in relation to their performance
goal (performmng the TT in the fastest time possible). Unlike the provision of feedback
regarding results towards a performance goal of beating the competitor, the visual
feedback during SELF was perhaps not sufficient to draw attentional focus externally.
This findingsuggests that merely providing external visual stimulus may not always
be sufficient tofully occupy attentioral capacity Intrinsic value in the information

being presented to the observer may be desirable; such as knowledge of results or the

provision ofan opponent to beat.
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A potenti al l' i mi tation of the present st
focus should be noted, as whilst illustrative of attention direction, it was unable to
highlight the specific visual information athletes engaged witlproessed when
performing. Fture research is necessary to develop a sensitive measure of attention
and to directly assess cognitive processing and attentional allocation in an
environmental scenfMestre, Dagonneau & MercieR011). Equally it could be
offered that by asking where their attention is focused could influéhdeection.
However this would have been the case during each condition as the ensasur
techniques were the same. In additidespitedirectly askingparticipants to rate their
perceived exertion which could further encourage an internal focus of attention
(Wrisberg, Franks, Birdwell et al., 1988)ere was still an apparent difference and
reducednternal focusluring COMP A final consideration ighe limitation associated
with retrospective measur ement JFhe@ssusses si n ¢
regarding time elapsed to recall was attempted to be minimised by measurements
being taken upon immediate completion, although granted the diapsed was
greater for the first segment compared to last, and could potentially had greater
memory erosion. Similarly whilst an effective additional measure to the diashkg
collection it may have been affected by mood and result of the competitieg ra
although 10 out of the 12 participants won so to minimise this limitation. Nevertheless
it could be likely that participants switched between periods of association and
dissociation so, in making percentage time estimates could be difficult, howeasr it

a method mirroring that completed during the task so to not create further
complications. Whilst this study aimed to minimise potential limitations, the
associated problems with attentional focus are noteworthy and further exploration is

necessary.
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Furthemore, participangoal motivation could be considered to have been altered
from trying to achieve the fastest time possible during the SELF and DO trial, to an
additional goal of also attempting to beat the competitor in the COMP trial. It could
be swggested if the participants knew they were against their own baseline
performance rather than against an opponent, their goal motivation would have been
the same across all conditions to perform in the fastest time possible. Conflicting
findings in previos research investigating presence of competition could be
considered to be resultant of who the participants believed their opponent to be.
Although the use of opponents replicatingpeevious performances is considered
advantageous in providing motivatido ensuremaximal performance (Noreen,
Yamamoto& Clair, 2010),the pacing cues associated with a previous performance
could encouragéactical decisions to only stay ahead of padetlowing the same
optimal paceThis sincepacing can be influendeoy a wide range of variables and

due tocompetitive eventsften beingdefined byplacing;race tactics wildepend on

the opponentRoelands et §l2013). To encourage relifie simulaion, pacers known

to the participants as external opponents however actually representing their own
previous performance, permitted examination into whether pacing strategies,
considered optimal, were altered or participants kept same pattern just staying
fraction ahead in order to win. Since this is the first study to examine the psychological
influences of the presence of a competitor, future research would be needed to
investigate this suggestion further, and possible into the influence of knowinip&ho

competitor is.

4.5 CONCLUSION
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I n summary, the presence of competition
TT and produced differences in their adopted pacing strategies. Where exercise
tolerance is limited by perception of effort, despitehhmgotivation(Beedie, Lane &

Wilson, 2012), a competitor increases external attentional focus, reducing attention to
perceived effort. This reduction in internal attentional focus was associated with
increased fatigue tolerance, resulting in an unchanged RPE and an increased

performance.
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CHAPTER FIVE

STUDY TWO

ALTERED PSYCHOLOGICALRESPONSES TO
DIFFERENT MAGNITUDESOF DECEPTION
DURING CYCLING
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5.1 INTRODUCTION

Teleoanticipatory setting of a pacing strategy for an athletic event is based upo
expected task demands (Smitalet2014). A confounding issue, however, is that the
tactics, pacing strategies, and abilities of opponents are relatively unknown, and
somewhat surreptitious peompetition. Consequently, during a task, anticipatory
pacing strategies require continuajwstment in an attempt to match gaoaiven

targes and in reaction to competiorperformances (Robert & Hockeyl997;
Lambert, Gibson & Noake®005; Thielet al, 2012;Gibson, & Koning, Thompson

et al., 2013. Competitionenforces decision making through tlalculation of
potential benefit and perceptions of risk, relating to a change in pace dwiegetht
(Renfreeet al, 2014). The associated actions and affective responses of these
decisions then motivate behavioural choices and steer the amount of effort one is
willing to exert (Renfreest al, 2012 Stoneet al, 2012). Little is currently known

about the decision malgnprocesses that influence pacing, or the underlying
psychological mechanisms involvéBenfreeet al, 2014). This is despite evidence
suggesting that the presence of competitors, who are striving to achieve the same
out come, I nt er f echolbgical disposhionssiudy loree;teeMed, p sy
Dorel, Baupet al, 2012; Cohert al, 2013; Renfree & Gibsqr2013; Paugeux2014).

In particular, affect and goal achievement are pertinent to the selection of a pacing
strategy (Renfreet al, 2012). It istherefore important to gain further understanding

of the effect of direct competition on these constructs, the physiological and

psychological influences, and the resultant changes in behaviour and performance.

Visual simulated competitors have beemployed in the laboratory setting to

investigate the influence of direct competitor presencecyxiing performance
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(ZzavowskyMurias, Gowet al, 2007; Noreen, Yamamoto & Clai2010; Corbetet

al., 2012; Stoneet al, 2012; Study ong. This simulation b competitor behaviour
improves the illusion of redlme feedback within a virtual envinment (Wellner,

Sigrist, Riener2010) and enables instantaneous exploration of direct competition
influences during performance (Smétsal, 2014). In addition, t& provision of false

i nformation regarding an opponentods abi |l |
examining the influence of competitor presence on performance outcomes (€brbett
al., 2012; Study ong. Specifically participants were informed tii@vere competing
against opponentsf similar abilitiesto themselvesbut in reality, were competing
against their previous best performance. Others have, in contrast, deceived participants
into believing that an eecreen avatar represented their fastest previous performance,
but actually represented a performance corredipgnto 2% greater (Stonet al,

2012). These manipulations of the expectant task demands and the use of simulated
competitors resulted in observed behavioural changes and performance
improvements, associated with changes in motivation (Coebedt, 2012; Study

one, attentional focusStudy ong, and pacing strategies (Stoeteal, 2012).

Furthermorea false manipulation ofisual performace feedback of 5% greater than

the previous best has been shown to modulate pacing strategy, but had negligible
impact on performance (Micklewriglet al, 2010). The magnitude of the deception
was seemingly too large to be maintained when attempted in agudrg trial
performed with accurate feedback. Micklewrigtit al. (2010) did not, however,
include a competitor in their deception, where the additional influences associated
with the presence of competition (Corbettal, 2012; Study onemay have redted

in improved performancedMoreover, studies utilising mgulationsof previous

performancesmployedmagnitudes of deception applied to a whinial average, i.e.
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102% or 105% of average trial power output or speed (Mickleweigddt 2010; Stone

et al, 2012). This provides an unrealistic performance to compete against, or be used

as a training tool, as a fixed pace for the task duration is both unrepresent#tize of
previous performance being simul asgared and
to capture the temporal aspects of pacing decision making, researchers should consider
using more sensitive manipulations that better replicate the dynamic pacing profile of

the previous trial. Avatars can provide accurate visual representationsvaiysty

performed pacing variations, whilst concealing any deceptive manipulation applied to

subsequent trials.

Research into the magnitude of deception that elicits performance improvements is in
its infancy (Stoneet al, 2012). Furthermore, deceptioas§102% (Stoneet al, 2012)

and 105% (Micklewrighet al, 2010) of a previous performance have been performed
using different methods (with and without competitive simulations) and distances (4
km and 20 km). This issue is notabnce the effect of fflerent magnitudes of
deception may be dependent on the duration of the task with respect to whether the
deception remains undetected, and whether successfully competing against the
simulated competitor appears achievallensequently, the different disizes used

by previous deception studies confound the interpretation of findings with respect to
the influence of magnitude of the deception on performance outcomes. Investigations
into the influence of different magnitudes of deception during the saraackstvents

are warranted. Equally adopting a distance that is commonly performed during time

trials would increase ecological validity.

Theprimaryaim of the present study was to investigate the effects of two magnitudes

of deception (102% and 105%), alone and simultaneously, on 16.1 kmpasel
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cycling time trial (TT) performance. To address the limitations of exjstesearch,

this study compad the two magnitudes across the same commonly performed
distanceltalso@mhances ecol ogi cal validity empl o
profile rather thapan even pace representates previously employedrurther the

inclusion of a novekondition allowed expbration into the influence omultiple
competitor presence on performaniesecondary aim was to explore the inflge of
psychological constructs oéffect and selefficacy, on decision making and
performance outcomel.was hypothesisetthat the 102% competitor would facilitate
performance, whilst 105% would be too large an increase in intensity to maintain.
Furthermore, it would also be hypothesised that the trial against two competitors
would then have equal benefit and detriment fromet t wo opponentso
therefore producinga performance change halhy between the two single

competitor trial effects.
5.2 METHOD
5.2.1 PARTICIPANTS

Twelve trained competitive ate cyclistyMean + SDaged35.2 + 5.0 ys; body mass

84.3 +11.0 kg; height 179.4 + B.cm; and V©2pesk 58.7 N 6.7 ml-kgt-min'?
participated in this study. Each had oZeyr competitive cycling experience, race
experience in 16.1 km TTs and typical training volumes equating to > 8*h.wk
VO2pesk valuesobtained on the first visit categoris
levelas Ot rai ned cyc RGLY.(Tkednsti{utiveal ethiasucommdtee a |
approved the study and all participants gave informed coiidependix 9.2 and

completed health screegibefore participation.

5.2.2 EXPERIMENTAL DESIGN
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A within-subject, repeated measures, randomised dntly counterbalanced
experimental design was used in which participants in whacticgpants visited the
laboratory on six occasions performing a maximal oxygataketestand five 16.1

km TT.See Chpter thredor pretrial restrictions. Participants were informed that the
study was examining the influence of visual feedback duhegltl and were fully
debriefed regarding the true nature of the study upampéetion of all trials (Jonest

al., 2013). To prevent any praeditated influence on preparation or-psercise state,

the specific feedback presented was only revealed imtegdibefore each trial.
Participants were instructed to complete each TT in the fastest time possible and to

prepare for each session as if it were a genuine competitive event.

5.2.3 PROCEDURE

During their initial visit participants performedann cr e ment a l max i mal
(VO2peak) on a cycle ergometer (Excalibur Sport Lode, Gramndletherlands).

Following a 5min warmup at 100 W, participants began the protocol at a prescribed
resistance in accordance with adegpguidelines (BritisiCycling,2 0 0 3 ) , and 20
i ncrements were applied until participan:
VOypeak. Continuous respiratory gas analysis (Oxycon Pro, Jaeger, GmbH
Hoechburg, Germany) and heart rate (Polar Electro OY, Kempele, Finkard)

measured during the trial (Chapter three

During each of thdive furthervisits, participants performed a 16.1 km cycling TT on
their own bike, mounted on a cycle ergometer (Computrainer Pro, Racermate ONE,
Seattle, USA). The ergometer was intee@avith 3D visual software and projected
onto a 230 cm screen positioned 130 cm away from the cyclists front wheel and

cali brated according to manufacturerés i |
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Prior to each TT participants completed a 1thin warmup at 70% HRrax,
determinedrom the aerobic capacitest, followed by two minutes rest. The first TT
familiarised participants with the equipment and procedures, during which participants
performed with a virtual visual display of an outdoor environment and total distance
coveredtiroughout, as if performing on a flat, readsed 16.1 km course. Participants
were not informed that the initial visit was a familiarisation session to avoid a change
in performance. The second visit replicated the familiarisation trial and pdaeetbt
were performed to analyse the presence of any systematic bias between the two
baseline trials (BL). Only the faster of the two BEBL) was included in the
inferential analysis. Six participants performed their fastest baseline in their first
baseline tal and the six in their second baselisgggestingno learning effect

occurred

During the three subsequentsits participants were informed they would be
competing against simulated avatars proj
represented pormances produced by cyclists of a similar ability. Each competitive

TT had different simulated avatars as opponents. One was performed with an avatar
actually representing a performance 2% greater than their fastest baselise)(TT

one representing &% greater manipulation (kdsy and one performed with
simultaneous 2% and 5% avatars {d2¥%10s%). Distance covered and distance of the

lead avatar(s) were displayed throughout.

5.2.4 EXPERIMENTAL MEASURES

Performance variables (power, speed aanhpletion time respiratory gases, heart
rate, and preand post blood metabolites were rasured as described in Chapter

three.Prior to each trial, willingness to invest physical and mental effort were each
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assessed on a visual analogue scale rangwng @ (notwilling) to 10 (willing). Pre
trial self-efficacy andpre-trial affect were also recorded. These-pral equivalence
measures were employed to determine consistency efriprestates across the

conditions.

At each 4 km of th@ T participantsvere asked to rate théRPE and their affective
feeling state¢Chapter three Additionally, at every 4 km sekfficacy to continue at

the current pace (9, and their selefficacy to compete with the competitor(s) for

the remaining distance of tiwal during the competitor trials (Sézp), was recorded.
Posttrial interviews were completed and qualitatively analysed using QSR NVivo 10
software (NVivo 10, QSR International Ltd, Cheshire, UKjormationwas collected

using semistructuredinterviews, concernindiow participants felt, their thoughts
towards their pace, their thoughts towards the competitor(s) and what their strategy
was during each 4 km of the trillata were collated into a thematic analysis followed

by a process of desptive frequenciesf the most common nodes

5.2.5 STATISTICAL ANALYSIS

The effect of conditionKBL, TT1020 TT105% T T102%,1059) and distance quartile {0

km, 48 km, 812 km and 1216.1 km), were analysed for completion time, power

output, heart rateRPE, affect and seHfficacy variables using the mixed procedure

for repeated measures (Peugh & End@@5). For specific inferential tatistical

methods see Chaptdirée.In addition, bivariate relationships between pacing and
psychol ogi cal responses were analysed usi
Statistical significance was accepted as p < 0.05 (IBM Statistics 22.0; SPSS Inc.,

Chicago, IL). In addition, the mshdlest worthwhile change in performance was
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calculated and expressed as a percentage change tosen@applicability and

practicalityto athletes andaaches (Hopkins, Hawley & Burk&999).

5.3 RESULTS

5.3.1 PERFORMANCE

The two baseline trials showed smnificant differences itime (t(11)-0.747; p =

0.47) power outputt(11) =-0.538;p = 0.60),speed (t(11) = 0.575; p =0.58)eart

rate ¢(11) = 0.978p = 0.35), RPEt(11) = 0.15;p = 0.88), affectt(11) =-1.56;p =

0.15) or selefficacy ¢(11) =-0.57;p = 0.58). Results also identified no significant
differences between all trials across resting values of willingness to invest physical
effort (t((11) = 0.32;p = 0.11), willingness to invest mental effaifl) = 1.73;p =

0.75), hydratiorstatus ((11) = 1.46; p = 0.17).

There was no significant main effect for condition observed for time trial time (F= 1.2,
p = 0.34).However, ach of the competitor conditions elicited time improvements
greater than the previously reported smallest wdntlenmprovement, 0.6%deugh

and Enders, 200band greater than the present stu
variation (CV = 0.6%). Tdo20 improved by 1.4%, Tios% improved by 1.3% and
TTi02%105%improved performance by 1.7%urthermore, there was no significant
main effect for condition observed for power output (E.& p = 0.19). There was a
significant overall decrease in power output across distance quartile (F = 24.8. p <
0.001), however a significant quadratic ternowhd that the change across distance
quartile was not constant batrrvilinear (Figure5.1). There was also a significant
random effect for intercept (p = 0.021) and for quartile (p = 0.033) included in the
model analysis. There was no significant diffeenn pacing strategy between

condition as there was no condition x distance quariikeraction (F = 0.174, p =
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0.91). There was however a significant negative correlation for percentage of mean

speedperformed in the initiafjuartle and percentage ofeanspeedoerformed in the

third quartle during TTio20,105%(r =-0.848, p < 0.001).

Table 51. Mean £ SD completion time and whole TT average power output, speed,
and heart rate for the three experimental conditions

Condition FBL TT102% TT105% TT102%,105%
Completion Time (min) 27.2+2.1 26.8+1.6 26.8+1.6 26.7+x19
Power Output (W) 252 +45 259+ 38 258 + 37 260 + 44
Speed (km/h) 358+2.6 362+20 36.2+28 36.3+2.4
Heart Rate (bpm) 159+ 14 162 +11 159+11 159 +12
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Figure5.1. Percentagof average speed duriegch time trial. Error bars are omitted
for clarity.

5.3.2 PHYSIOLOGICALRESPONSES

No significant main effects for condition (F = 2.3, p = 0.11) or an interaction between
condition and distancguartile (F = 0.1, p = 0.99) were identified for HR, however a
main effect for distance quartile was observed with heart rate significantly increasing
over time (F = 24.5, p < 0.001). Heart rate was significantly greater in the three final
quartiescompad t o the first (p O 0.001), and &
quartile than the second (MD = 5p95% CL = 0.3, 10.5; p = 0.p3There was no
main effect for condition fov®- (F = 1.1, p = 0.95), but a significant main effect was
evident for distance quartile (F = 6.2, p < 0.001), with the final quartile significantly
higher than the second (MD = Inm-kgt-min?, 95% CL = 0.1, 3.34; p = 0.04) and
third quartile (MD = 2.0ml-kg*-min?, 95% CL = 0.7, 3.2; p < 0.001). No condition

x distance quartile interaction was observed (F = 0.2, p = 0.99). No significant
condition effect was observed for RER (F = 1.3, p = 0.27), but a main effect for
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