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ABSTRACT 

 

The execution of skilled performance under the pressure of competition is the 

ultimate challenge of sports performers. The attentional focus adopted when performing 

under pressure can be a key factor in success. Additionally, the skill level of the athlete 

may be a mediating factor in the optimal focus of attention. Research on skill 

acquisition suggests that elite athletes are likely to be operating at an automatic level of 

execution, whereas novice athletes are more likely to require cognitive resources during 

performance. Previous research in endurance sports has indicated that athletes will 

benefit during competition from an association focus, although this may be a 

combination of internal and external cues. Cycling is one endurance sport that has 

received considerable attention from research disciplines such as physiology and 

biomechanics, but very little in the way of psychology. Just like other sports, the focus 

of attention that cyclists adopt when riding may have a significant impact on their 

performance. This thesis therefore aimed to investigate the optimal focus of attention of 

cyclists of all abilities, and particularly for elite athletes under the pressure of 

competition. 

Experiment 1 and 2 studied the attentional focus of novice (n = 16), experienced 

(n = 16), and elite (n = 15) cyclists. The first experiment used a dual-task paradigm to 

examine the nature of the attentional processes required to perform a cycling task. 

Cyclists were asked to complete the primary task (cycling), while also giving attention 

to a word-monitoring task in which they listened to and made a speed response to words 

that were internally relevant, externally relevant, or irrelevant to cycling. In the second 

experiment, attentional focus was overtly manipulated by the administration of explicit 

instructions to focus on process, performance, or outcome goals, or to use a trust 

strategy. In both experiments, a 5-minute maximal intensity cycling task on a cycling 

ergometer was used. Measures of cycling performance (average power output), heart 
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rate, heart rate variability, respiration frequency, rating of perceived exertion, and self-

report were taken. The results from Experiment 1 showed that all groups suffered a 

decrement in secondary task performance thus suggesting that the endurance cycling 

task required some cognitive resources at all skill levels. Reaction times were fastest in 

the internal condition, suggesting that an internal focus was adopted by the participants. 

In Experiment 2, the best cycling performance was seen in the trials where participants 

were able to divide attention between internal self-regulation and external pacing cues 

(i.e. performance and outcome instructions).  

The results from Experiment 1 and 2 were used to inform an attentional focus 

training routine that participants were to use in the intervention study. The purpose of 

the intervention study was to train elite endurance cyclists to adopt a recommended 

focus of attention and assess the effects of this training on cycling performance under 

pressure and no pressure conditions. The attentional focus training was individualised 

for each cyclist based on the outcomes of Experiment 1 and 2. The routine required 

cyclists to progress through four steps (assess, analyse, prepare, and act) based on the 

four dimensions of attention proposed by Nideffer (1992). Cyclists were tested before 

and after the training and in pressure (created with a monetary reward and evaluative 

video monitoring) and no pressure trials. The effect of the attentional focus training was 

assessed through comparison of the average power output generated in a 6-minute 

maximal effort cycling trial before and after the training. The results showed that 

cyclists generated more power output in the pressure trials than the no pressure trials 

both before and after the attentional focus training. Although the self-report responses 

indicated that the attentional focus routine was useful, no significant change in cycling 

performance was seen after the intervention. 

The results of the research suggest that cyclists of all abilities may benefit from 

a focus of attention that allows for a combination of self-regulation and relevant 
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external cues when cycling in a controlled environment. Future studies should 

investigate the effectiveness of the attentional focus training routine over an extended 

period of time (e.g., a cycling season) and in the field. 
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CHAPTER 1 

Introduction 

 

Achieving the best performance possible under the pressure associated with 

competition is one of the biggest challenges an athlete faces. The ability of the athlete to 

meet this challenge can be facilitated by the development of mental skills (Hardy, Jones, 

& Gould, 1996). As athletes become more proficient and approach elite status, the 

contribution of mental skills to successful performance can be as much as 90% (Krane 

& Williams, 2006). Furthermore, research on the mental skills of Olympic athletes have 

identified that these competitors adopt various goal setting and concentration practices 

(Durand-Bush & Salmela, 2002; Gould, Dieffenbach, & Moffett, 2002; Orlick & 

Partington, 1988; Weinberg, Burton, Yukelson, & Weigand, 2000). It seems that elite 

athletes commonly use an attentional focus routine that minimises distractions not 

beneficial to performance and keeps the focus on task demands (Kress & Statler, 2007).  

Sport psychologists provide training in the skills that are seen to be beneficial to 

performance. However, recent research is beginning to suggest that the traditional 

advice given to athletes with regard to the optimal attentional focus, particularly in 

competition, may be flawed (for a review, see Beilock & Gray, 2007). The best focus to 

adopt during competition may vary depending on the sport (e.g., skill-based versus 

endurance-based), the proficiency of the athlete, and situational demands like the 

pressure to perform. The problem with adopting the wrong focus of attention under 

pressure, is that it may lead to choking (Beilock & Carr, 2001). Choking is a 

phenomenon that occurs when skilled performers produce uncharacteristic sub-optimal 

performances when placed under pressure (Baumeister & Showers, 1986). 

Performance and attention under pressure have been investigated extensively in 

sports that predominantly involve self-paced motor skills, such as golf (Beilock, 
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Afremon, Rabe, & Carr, 2001; Beilock & Carr, 2001, Bright & Freedman, 1998; Crews 

& Landers, 1993; Wulf, McNevin, Fuchs, Ritter, & Toole, 2000), or externally paced 

motor skills such as baseball (Castaneda & Gray, 2007). However, the literature on 

performance and pressure during endurance sports is substantially less extensive. Most 

of the research in this area has examined associative and dissociative attentional focus 

strategies during a non-pressure situation. Much of the early research studied marathon 

running (Masters & Ogles, 1998; Schomer, 1986; Silva & Applebaum, 1989; Stevinson 

& Biddle, 1998). Recently, consideration has been given to other endurance sports such 

as rowing (Connolly & Janelle, 2003), and cycling (Hutchinson & Tenenbaum, 2007). 

The recent body of work is beginning to suggest that the relationship between 

attentional focus and performance may be mediated by task intensity, and thus may be 

governed by different principles compared to skill-based sports for which task intensity 

is less important.  

Cycling is a sport that is enjoyed by many athletes at both a recreational and 

competitive level. The consequences of failing under pressure can be catastrophic, not 

just in terms of the competition (i.e., doing well), but also in terms of injury caused as a 

consequence of bad decisions or an inappropriate focus. The physiological, 

biomechanical, aerodynamic, and mechanical aspects of cycling have all received 

considerable research attention in the past. However, there is a paucity of research 

exploring the psychological aspects of cycling performance. Most disciplines of cycling 

rely largely on endurance systems where events may last from 2 minutes (in a track 

event), up to in excess of 6 hours (in a multi-stage road race). During the event, the 

cyclist must learn to deal with the physical and psychological pain of intense riding, 

while also paying attention to the race as it unfolds (Kress & Statler, 2007). The most 

appropriate focus of attention for cyclists, particularly under pressure, is not clear, and 

potentially influenced by many variables.  
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One such variable is the goals that are set by the cyclist. The goals cyclists set 

can influence their focus of attention and alter their perceptions of physical discomfort 

and effort. Sport psychologists have traditionally advised athletes when performing 

under pressure to focus on process and performance goals by concentrating on factors 

under their control (Bond, 1986). This advice was based on an early study of collegiate 

swimmers (Burton, 1989). However, Kyllo and Landers (1995) have noted that Burton 

did not directly compare performance goals to outcome goals, thus the relative benefits 

of each could not be determined from this study. 

Theoretical models of performance argue that the setting of goals can influence 

performance in different ways. According to Eysenck and Calvo’s (1992) processing 

efficiency theory, outcome goals can become problematic when anxiety levels rise as a 

consequence of factors outside the athlete’s control (e.g., performance of other athletes, 

weather conditions, officials). This anxiety competes for attentional resources, and 

limits resources available for the performance of the task, thus causing a detriment in 

performance. On the other hand, Baumeister (1984) has suggested the conscious 

processing hypothesis. This hypothesis suggests that pressure causes an athlete to pay 

more attention to internal cues, and in elite athletes this disturbs the automaticity of 

well-learned skills. As process goals commonly direct attention to aspects of technique 

(i.e. internal cues), the adoption of these goals could have adverse consequences, 

particularly in elite performers. Masters’ (1992) reinvestment of controlled processes 

theory and Beilock and Carr’s (2001) explicit monitoring of automatic processes theory 

are adaptations of the conscious processing hypothesis. To date, the weight of evidence 

supports the conscious processing hypothesis in skill-based activities, but it is yet to be 

investigated in endurance-based sports.  

In contrast to the use of goal setting strategies, other investigators have studied 

performance effects when attention is directed to aspects of the task that are internally 
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or externally relevant (e.g. Wulf, 2007). The benefits of an external versus an internal 

focus of attention have been demonstrated in novice and elite performers in skill-based 

activities (e.g., Wulf & Prinz, 2001). In this research, many studies have applied the 

dual-task paradigm to investigate the cognitive processes underlying skilled 

performance of athletes at varying levels of ability (Beilock & Carr, 2001; Beilock, 

Carr, MacMahon, & Starkes, 2002; Beilock, Wierenga, & Carr, 2002; Castaneda & 

Gray, 2007). These studies demonstrate that elite performers benefit from a focus on the 

perceptual effect of the action (i.e., external focus), whilst novices perform best when 

focused on the step-by-step execution of the skill. However evidence is equivocal in 

endurance tasks (e.g., Clingman & Hilliard, 1990; Gill & Strom, 1985). 

Sport psychologists play a pivotal role in assisting athletes to use mental skills 

during performance to optimise performance. It is important that the research informing 

the practice of sport psychologists is accurate. Moreover, when the advice of sport 

psychologists is directed at enhancing performance in elite athletes, the issue of 

performing under pressure assumes great importance. The present dissertation thus 

investigated the optimal focus of attention in cyclists at different levels of skill 

development, particularly when elite athletes are placed under the pressure of 

competition. It employed multi-method research procedures in two initial studies to test 

theoretical models that relate attentional focus to performance outcomes in novice, 

experienced, and elite cyclists. The findings from these studies were subsequently used 

to inform a third intervention study in which elite cyclists were trained in the optimal 

focus of attention and tested under simulated pressure conditions.  

This dissertation begins with a comprehensive review of the relevant literature. 

Topics covered in this review include the theoretical foundations of skill acquisition, 

attention, and goal setting. An overview of the physiological and psychological 

demands of cycling is also presented. Particular attention is given to relevant 
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psychophysiological measures of performance and how these can be used to inform 

attentional focus research. The three research studies are presented in self-contained, but 

related, chapters. Each chapter begins with a review of the literature and is followed by 

a description of the methods, presentation of the results, and their discussion. A general 

discussion follows these chapters, in which the three studies are considered together to 

explore and resolve the research questions. After consideration of the study limitations, 

conclusions are drawn, their theoretical and practical implications are discussed, and 

future research directions are identified. 
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2.1 Introduction 

This review covers five broad areas of the literature. First, an overview of skill 

acquisition and the stages of skill development are covered. Next, relevant areas of 

the nature of attention are explored. This section includes a discussion of the dual-task 

paradigm and the effect of exertion pain on attentional focus. The use of 

psychophysiological measures (heart rate variability and respiration) in attention 

research is also discussed. Following this, the concept of choking under pressure is 

introduced, including theories explaining why this phenomenon occurs. The effect of 

goals on the focus of attention is next described, with a particular focus on whether 

goals have different effects on attentional focus in novice and expert performers. The 

cognitive demands and optimal focus of attention for skill-based activities are then 

compared to effort-based, or endurance, activities. Included in this section is a 

specific discussion of the attentional requirements of cycling. This section concludes 

with identification of the gaps in the current body of research. 

 

2.2 Skill Acquisition 

Before investigating the processes involved in skill acquisition, it is necessary 

to define what is meant by a “skill”. An early comprehensive definition described a 

skill as a behaviour which is organised with a purpose and involves an organised 

sequence of activities that includes both spatial and temporal factors (Fitts & Posner, 

1967). According to this definition, the proficiency of a skill may be judged by two 

components involved in its execution: accuracy and uniformity. Schmidt (1991) 

provided an alternative definition of a skill by suggesting that a skill is an act that may 

be classified in three ways. Task organisation describes a skill as either discrete (a 

brief action in which the beginning and end is well defined), serial (several discrete 
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actions performed in sequence), or continuous (a rhythmic and repetitious action with 

no discrete beginning or end). Skills may further be classified according to whether 

they are motor or cognitive skills. Motor skills are those which involve learning a 

series of movements that are combined to produce an action (Williams & Hodges, 

2004). Cognitive skills, on the other hand, are those which require learning of mental 

operations such as rules, procedures, or strategies to facilitate task performance 

(Ouellet, Beauchamp, Owen, & Doyon, 2004). For example, the act of cycling is a 

motor skill whereas controlling anxiety levels during the race is a cognitive skill. 

Finally, the environmental factors must be considered in determining whether the skill 

is open or closed. A closed skill is internally paced and not influenced by other 

players or conditions (e.g., golf, archery). On the other hand, an open skill refers to 

sports such as a football tackle or tennis return of serve, whereby the actions of the 

individual can be externally paced, and as such are determined to some degree by 

other players (Singer, 2000). It is important to remember that any particular skill can 

be open or closed depending on the specific context, or may even be a combination of 

both. 

Therefore, in accordance with this classification scheme, the skill of cycling 

may be described as continuous, with a combination of motor (physical act) and 

cognitive (planning) skills required. Cycling requires a combination of closed and 

open skills, and the relative proportion of each will change depending on the 

discipline of competitive cycling. Closed cycling skills are those that are controlled by 

the athlete, such as cadence and breathing. On the other hand, cycling becomes an 

open skill when, for example, athletes are required to respond to other competitors, or 

changes in the course due to the weather. Thus, road racing typically requires more 

open skills than track racing or cycling on an ergometer in a closed environment. 
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Within a road race, the proportion of closed and open skills required will change 

depending on the topography (hills or flat), and the position of the cyclist relative to 

the peloton. 

2.2.1 Stages of Skill Acquisition 

Fitts and Posner (1967) provided an early account of the stages of motor 

learning that consisted of three phases. In the first phase they proposed that when 

initially learning a skill, the novice adopts a cognitive approach to learning. That is, 

the actions are made in a cognitively effortful way, often resulting in movements with 

many errors. Individuals in this stage of learning are required to pay attention to 

important perceptual cues and feedback in order to come to an understanding of the 

task and what it entails. Following a period of time in the cognitive phase (the extent 

of which will vary according to the learner and the task), the individual moves to the 

second phase of learning, the associative stage. This phase is characterised by a move 

towards a more relaxed, accurate and confident manner of performance. In this phase, 

individual components of a movement begin to be chunked together to form one 

movement. Some learners may never progress from this phase, but those who do will 

advance to the final autonomous stage. Learners in this phase are often regarded as 

experts and can perform the task or movement with little mental effort (or attention to 

their movements). There appear to be few, if any, errors and if they occur these are 

recognized immediately. The movement is performed accurately, consistently, and 

fluidly time and time again. As the movement itself is not stored in working memory, 

individuals performing in this stage cannot give a step-by-step account of the 

movement, even though they may know the theory behind the movement quite 

intimately.  
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When evaluating theories of skill acquisition, it is essential to understand the 

distinction between learning and performance. This is because the actual learning and 

subsequent changes in cognitive and automatic processing are internal and 

unobservable, therefore motor learning is most readily assessed through motor 

performance (Coker, Fischman, & Oxendine, 2006). Schmidt (1991) reported that 

skilled motor performance should be characterised by a certainty that the goal will be 

reached, in addition to minimum movement time and energy expenditure. The 

successful performance of a motor skill in this manner should be stable in order to 

indicate that motor learning has occurred (Coker et al., 2006). 

Other authors have since confirmed Fitts and Posner’s (1967) description (or 

similar) of the development of motor skill (Coker et al., 2006; Schneider & Fisk, 

1983). Coker et al. (2006) described the cognitive phase as involving the development 

of a basic movement pattern, which then led to the associative phase in which skill 

refinement occurred. The method of skill refinement depends on the type of skill 

being learned. A closed skill will be refined through processes of fixation, whereby 

the performer develops through repeated practice of the same action (e.g., a floor 

routine in gymnastics). In contrast, an open skill will progress through the associative 

phase with diversification, enabling performers to attend to cues other than those 

related directly to successful execution of the skill (e.g., becoming aware of other 

players when passing in football). According to Coker et al. (2006), the final 

autonomous phase is characterised by skill mastery and is common in elite 

performance. Similarly, Schneider and Fisk (1983) described automatic processing as 

an effortless, fast and accurate process, whereas cognitive processing is essentially the 

opposite. 
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2.2.2 Cognitive Process Underpinning Skill Acquisition  

The cognitive processes involved in the development of a motor skill are 

crucial. The notion that skills progress from a cognitive stage through to an automatic 

phase of execution at the highest level of performance is well established (Coker et 

al., 2006; Ericcson & Charness, 1994; Fitts & Posner, 1967). However, less is known 

about the underlying shift in brain activity and functioning that allows this change to 

occur. The brain can process information in order to develop a skill in two ways. The 

first is slower, but often more accurate – cognitive processing. It is this process that is 

used in the cognitive stage of learning. This level of processing requires attention, is 

temporary, and operates through activation of a sequence of nodes in the working 

memory. As the activated nodes reside in working memory, retention of the activation 

is poor, thus suggesting why cognitively processed skills are slower and more prone 

to inconsistency or error. In addition, because the individual is required to pay 

attention to this process, only one sequence (or one component of the sequence) may 

be activated at any given time (Schneider & Shiffrin, 1977). Although limited by the 

capacity of working memory, cognitively processed skills are easily created and 

refined as the situation demands. However, working memory is temporary, active, and 

requires conscious effort to maintain, otherwise the memory will be lost. Cognitively 

processed skills that are practised for a long period of time may develop categories. A 

category consists of two or more components of a skill in working memory and serves 

to improve the execution of a cognitive skill and possibly aid the acquisition of 

automatic processing (Shiffrin & Schneider, 1977).  

The second method of performing a skill is through automatic processing. This 

differs from cognitive processing in that it relies on the long term memory stores to 

activate and execute the skill. Long term memory is permanent, passive, and does not 
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require active attention to maintain it (Schneider & Shiffrin, 1977). After an extensive 

review of the literature, Moors and DeHouwer (2006) identified several features that 

distinguish automatic from conscious processing that closely match those associated 

with the autonomous stage of learning such as unconscious, efficient, and fast.  

The method by which the automatic or conscious processing is activated in the 

brain has been the subject of much debate. Schneider and Shiffrin (1977) described a 

sequence of nodes responding to an input and becoming active, thus executing the 

skill. Alternative views suggest the activation of larger or more efficient areas of the 

brain, or an activation sequence with greater efficiency (for a review, see Posner, 

DiGirolamo, & Fernandez-Duque, 1997). According to Schneider and Shiffrin’s 

(1977) model, when activated, the information associated with the sequence enters the 

working memory store. However, this activation is not under conscious control, nor 

does it require active attention (Moors & DeHouwer, 2006). Therefore, several 

automatic processes may be activated at the same time, and they are not capacity 

limited. The acquisition of automatic processing requires a lengthy training period and 

is difficult to alter once acquired due to the permanent nature of the learning in the 

long term memory store (Shiffrin & Schneider, 1977).  

The question must be asked, how does information specific to the skill being 

executed transfer from working memory to long term memory? Following the above 

explanation of cognitive and automatic processing, this transfer is necessary for the 

learning of a skill to approach the automatic stage of execution. A transfer of 

information from working memory to the long term store indicates that new 

information is being introduced into long term memory that was not already present. 

This information transfer is in the form of developing new associations (or 
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strengthening existing associations) between nodes or pieces of information in the 

long term memory store (Shiffrin & Schneider, 1977).  

Logan (1988, 1992) developed a similar theory to Shiffrin and Schneider’s 

(1977) work, describing the development of the progression to single-step memory 

retrieval from multi-step memory retrieval. In contrast to Shiffrin and Schneider’s 

work, this theory dictates that attention is necessary in automatic skill execution. The 

difference here is that a shift in attention is required from lower to higher levels of 

neural organisation to allow single-step retrieval. That is, Logan (1988, 1992) 

suggests that attention is required to execute automatic skill, but it exists at a level of 

organisation that allows the movement to be performed with greater speed and 

efficiency. Other authors (e.g., Anderson, 1992; Rosenbloom & Newell, 1986) have 

described similar theories, in that automaticity involves the same series of skills or 

processes, as conscious processing, but that automatic skill is executed at a higher 

level of organization such that the speed and efficiency of execution are superior. 

Shiffrin and Schneider (1977) argued that: 

Controlled processing, and hence attention limitations, will be involved during 

the acquisition of automatic processing…It should not be overlooked that the 

initial learning of automatic processing may require a variety of control 

processes and hence will be subject to various limitations that may disappear 

when learning has progressed to a high level. (p. 158)  

It may be that this intermediate phase represents the associative phase 

identified by Fitts and Posner (1967). 

2.2.3 Explicit versus Implicit Instruction 

Motor skills can be learnt in two ways and each has implications for the 

attentional focus of the learner. Implicit learning refers to the process by which the 
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learner develops a skill through repeated performance (i.e., practice) but without 

developing an awareness of the rules that govern the correct execution of the task 

(Poolton, Masters, & Maxwell, 2005; Schmidt, 1991). As learners are not aware of the 

rules, which have subconsciously been created, they are unable to articulate this 

knowledge (Bright & Freedman, 1998; Masters, 1992). On the other hand, explicit 

motor learning occurs when learners are given instructions, or rules, regarding the 

best technique for performance of the action. It results in the learner developing 

explicit facts and rules of which they are aware and able to articulate (Bright & 

Freedman, 1998; Masters, 1992).  

Much of the sport-related investigation of the most effective method to learn a 

skill such that it is robust in the presence of pressure has centred on golf. Masters 

(1992) assigned novice golfers to one of five conditions in a putting task: implicit 

learning, explicit learning, implicit learning control, stressed control, and non-stressed 

control. In the explicit learning condition, participants were given specific instructions 

on golf putting. Implicit learning was produced through a dual-task paradigm in 

which participants were required to complete a random alphabet generation task 

whilst putting. The implicit learning control group was not required to perform whilst 

under pressure. The results showed that the attentional overload that this extra task 

introduced prevented explicit rules from forming. The stressed and non-stressed 

control groups were given no instructions regarding putting and performed with or 

without pressure respectively, in a single task environment. Following a learning 

phase, a test phase under pressure showed that the skills learned implicitly were 

performed better under stress than the skills learned explicitly.  

The results of the Masters (1992) study have been questioned (Bright & 

Freedman, 1998; Hardy, Mullen, & Jones, 1996) on the basis that the improvement 
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under stress was merely due to release from the overload created by the dual-task 

paradigm. A replication of the study introduced an additional condition which 

required an implicit learning group to perform the random alphabet task under 

pressure (Hardy, Mullen et al., 1996). The results from this study showed support for 

Masters’ (1992) hypothesis as the ‘new’ group continued to improve under pressure 

despite performing under dual-task conditions. Bright and Freedman (1998) 

performed a similar study. However, the additional group did not improve 

performance under pressure, thus failing to confirm Masters’ (1992) hypothesis. 

Maxwell, Masters, and Eves (2000) also tested novice golfers in a putting task with 

similar experimental groups (implicit, implicit control, and explicit). However, in this 

study, no significant differences between implicit and explicit learning were found in 

a retention test. It was suggested that the secondary task introduced to the implicit 

group (tone counting) was not difficult enough to prevent explicit rules from forming, 

thus confounding the results.  

The effects of fatigue on implicit and explicit learning have been examined in 

rugby passing (Poolton et al., 2005). Novice rugby players showed evidence that 

implicitly learnt passing skills were performed better under conditions of fatigue than 

explicitly learnt passing skills. The results suggest that better performance of 

implicitly learnt skills would become important in the latter stages of a demanding 

game.  

Often what is seen in experiments on learning is that the explicit learners 

display better levels of performance when compared to the implicit learner (Maxwell 

et al., 2000; Poolton et al., 2005). This may be because the explicit learners are given 

a head start – they are told what the rules are and the best way in which to perform the 

movement. The implicit learners do not have this advantage and they must spend time 
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discovering the best method of performance for themselves. For implicit learning, the 

disadvantage of a poorer level of performance in the early stages of learning may be 

offset by the advantage of better performance when the learners are required to 

perform the learned skill under pressure conditions. However, the evidence at this 

stage is equivocal.  

It should be noted that these experiments were conducted on skills requiring a 

high level of motor coordination and limited endurance (i.e., discrete and closed 

skills). Cycling presents a considerably different task in that it requires a combination 

of motor and cognitive skills, and the effects of implicit or explicit learning on cycling 

or similar skills are yet to be investigated. Cyclists may learn through a combination 

of explicit (e.g., specific instructions regarding the most aerodynamic position to 

adopt in a time trial) and implicit (e.g., learning the best pacing strategy through trial 

and error) information. Additionally, performance is not only affected by the 

successful execution of the specific motor skill, but the cognitive skill of utilising 

appropriate motivational strategies to cope with the pain of an endurance event (Faria, 

Parker, & Faria, 2005b; Lucia, Hoyos, & Chicharro, 2001).   

2.2.4 Acquisition of Expert Performance 

For athletes, the acquisition of expert performance is evidenced by smooth and 

errorless performance. A number of studies have shown that novices can progress to 

the autonomous phase of learning through a variety of methods. In squash 

(Abernethy, Wood, & Parks, 1999) and tennis (Farrow & Abernethy, 2002), it has 

been demonstrated that novices can be taught the automatic anticipatory skills of 

expert players through video simulation and a training program. Subsequent research 

has examined whether these skills are robust when transferred to a real game 

situation. Badminton players were given perceptual training in either a laboratory, or a 
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field setting. Both groups showed similar improvements in performance (compared to 

a placebo group) following the training period and in a retention test (Hagemann & 

Memmert, 2006). 

Moore and Stevenson (1991, 1994) also suggested that trust is an important 

aspect involved in expert performance. Trust is conceptualised as the process of 

letting go of expectations and conscious activity and allowing the action to happen. It 

was hypothesised that a performer must trust in the automatic motor program to 

execute the movement without conscious control. The ability to trust is specific to 

individual skills, but is stable in that it is enduring across different situations and 

times (Moore & Stevenson, 1991). In order to develop a level of trust, specific skills 

are needed including concentration, confidence, and composure.  

Singer, Lidor, and Cauraugh (1993) tested the concept of trust using the self-

paced motor skill of throwing a ball towards a target. Students were assigned to one of 

four groups: an awareness, non-awareness, five-step approach, or control group. The 

awareness group was instructed to be aware of the technique of throwing the ball and 

to pay attention to specific cues. The non-awareness group was instructed to “preplan 

the movement, to focus on one situational cue…to ignore movement information and 

other contextual cues” (p. 23). The five-step approach students were told to use the 

steps “readying, imaging, focusing, executing, and evaluating” (p. 23) to perform the 

movement. The control group was given no specific instructions. In practice 

conditions, all groups performed better than the control. However, when tested under 

dual-task conditions, the five-step approach and the non-awareness group performed 

better than the awareness or the control group. These two former strategies were also 

advocated by Singer (2002), following an extensive review of the literature in the 

area. 
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Finally, the role of deliberate practice in the acquisition of expert performance 

has been examined in great detail by Ericsson and colleagues (Ericsson & Charness, 

1994; Ericsson, Krampe, & Tesch-Romer, 1993). It is contended that an individual 

requires a period of deliberate practice for a minimum of 10 years before expert 

performance may be obtained. This theory has found empirical support in such areas 

as chess, music, and mathematics. However, support in the sporting arena is equivocal 

due to the difficulty in making the distinction between the quality and quantity of 

practice hours (Williams & Ericsson, 2005). Additionally, the contention is made that 

a higher level of expertise may be developed through extended periods of deliberate 

practice, the degree of which many ‘expert’ performers do not reach (Ericsson & 

Charness, 1994). In contrast, a study in the complex motor skill of juggling showed 

that some novices had progressed to automatic execution after a period of just 6 

weeks of training and practice (Bebko, Demark, Osborn, Majumder, Ricciuti, & Rhee, 

2003). This study appears to show that automaticity can be obtained in significantly 

less than 10 years, although further research in other sport skills is required before this 

conclusion can be made.  

The stage of skill acquisition of the athlete is important when considering the 

best attentional focus to adopt. As discussed above, conscious processing of skills 

requires more attentional resources than skills performed automatically. This has 

implications for the optimal focus of attention for performance.   
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2.3 Attention 

2.3.1 Theories of Attention 

Attention, or more specifically, the optimal focus of attention, is considered to 

be fundamental to skilled motor performance (Abernethy, 2001). Many investigators 

in the area of attention are familiar with the famous quote by William James (1890): 

Everyone knows what attention is. It is the taking possession of the mind, in 

clear and vivid form, one out of what seem several simultaneously possible 

objects or trains of thought. Focalization, concentration, of consciousness are 

of its essence. It implies withdrawal from some things in order to deal 

effectively with others, and is a condition which has a real opposite in the 

confused, dazed, scatterbrained state. (p. 403-404) 

However, James (1890) only identified one type of attention – that of 

concentrating on a specific cue or event, implementing what Nideffer (1981) may 

have termed a narrow focus of attention. Recent research has identified three possibly 

independent attentional networks (Fernandez-Duque & Posner, 2001; Posner, et al., 

1997). These include orienting to sensory stimuli, maintaining the alert state, and 

executive control (i.e., target detection and response selection). These three networks 

involve different anatomical areas of the brain, which operate independently to each 

other in some situations (Fan, McCandliss, Sommer, Raz, & Posner, 2002). 

Additionally, it would appear that, while everyone may know what attention is, the 

question of how attention comes about is considerably more complex. In fact, the 

capacity of the attentional system and the mechanisms by which information is 

processed have been the subject of considerable research. These theories fall into two 

broad categories: single channel theory and limited capacity theories.  
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Welford (1978, 1967) and Broadbent (1958) suggested that the human 

performer possesses a single channel by which to process information. This indicates 

that it would be difficult for an individual to perform several tasks simultaneously. 

Recent research in this area has provided some evidence to suggest that single channel 

models may hold true (Pashler, Johnston, & Ruthruff, 2001). This is particularly the 

case when two or more discrete actions must be performed in sequence and use the 

same cognitive process of response selection. 

However, several researchers (Deutsch & Deutsch, 1963; Kahneman, 1973; 

Moray, 1967; Navon & Gopher, 1979; Norman, 1965; Wickens, 1980) have 

suggested limited capacity theories as alternative to single channel theories of 

attentional capacity. Each task is thought to require a specified amount of resources 

for its performance. According to this notion, it is possible for an individual to 

perform more than one task at the same time, so long as the sum of these tasks does 

not exceed the capacity limits of the system. If these limits are exceeded, decrements 

in performance on one or all of the tasks may be observed (Abernethy, 2001; Eysenck 

& Calvo, 1992; Magill, 1993). In athletic performance, this implies that a successful 

performer will have the skills necessary to pay attention to the appropriate cues and 

ignore the irrelevant information in such a way that the attentional capacity is not 

exceeded (Schmidt, 1991). It has been observed that practice results in less attention 

being devoted to the execution of a motor skill as it approaches the automatic stage 

(Magill, 1993). This observation has been empirically confirmed in golf and soccer 

tasks (Beilock, Carr et al., 2002; Beilock, Wierenga et al., 2002).  

The limitation in the capacity of the attentional system can be viewed from 

three different perspectives: information processing, social psychology, and 

psychophysiology (Boutcher, 1992). The information processing perspective includes 



- 21 - 
 

factors already discussed such as cognitive and automatic processing, and selective 

attention. Social psychology suggests that there exist individual and environmental 

differences in preferred attentional style and attentional capacity. Additionally, 

distraction and changes in self-focus may affect the attention of the performer (as 

discussed below). Finally, the psychophysiological perspective attempts to understand 

both how cortical and cardiac activity affect attention, and conversely, how 

psychological states (e.g., arousal, attention) affect human physiology (Boutcher, 

1992). 

2.3.2 Dual-Task Paradigm 

The dual-task paradigm is commonly used to determine the attentional 

requirements in a given task. Many researchers have also used this technique to 

determine the cognitive processing differences between novice and expert performers. 

The dual-task paradigm requires participants to perform two tasks simultaneously – a 

primary task and a secondary task (Abernethy, 1988). The introduction of a secondary 

task requires performers to attempt to maintain performance in the primary task whilst 

devoting attention to the secondary task. If the primary task is automatic, no detriment 

in performance will be observed because the secondary task uses working memory 

and does not affect automatic processes. However, if the primary task is utilising 

cognitive processing resources, performance is likely to be compromised by the 

introduction of a secondary task. In this case, both the primary and secondary tasks 

employ working memory and thus may overwhelm the attentional capacity of the 

individual (Abernethy, 1988; Beilock et al., 2001).  

The key to understanding dual-task results lies in the instructions given to the 

performer. If the instructions are to maintain performance on the primary task while 

completing the secondary task, no change in primary task performance would be 
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expected. Evidence of any increase in processing demands will be reflected in the 

secondary task. Conversely, if a participant is permitted to switch attention between 

the primary and secondary tasks, it is often difficult to determine the attentional 

requirements of each. One interpretation that is possible when performance 

decrements are seen in one task, is that the attentional demands of the second task 

were exceeded (Abernethy, 1998). 

Much of the research employing the dual-task paradigm in sport has examined 

the complex motor skill of golf putting in various conditions. It has been 

demonstrated (Beilock et al., 2001) that experienced golfers performed better when 

performing a dual-task condition of word monitoring than novices. Word monitoring 

is a useful secondary task as it is discrete, and the errors are specific, which allows for 

clearer results (Abernethy, 1988). Beilock and associates’ (2001) results suggest that 

experienced golfers had automated the skill of putting to such an extent that it was not 

disrupted by an attentional focus on a secondary task. On the other hand, novice 

golfers require significant attentional resources to complete a successful golf putt, 

thus the introduction of a secondary task overloads their attentional capacity and 

disrupts performance (Abernethy, 1988). The same researchers (Beilock, Carr et al., 

2002) replicated these effects in the task of soccer dribbling. Additionally, expert 

players using the non-dominant foot demonstrated similar results as novices – thus 

illustrating the specificity of skill acquisition. A subsequent study has yielded similar 

results with the skill of juggling (Bebko et al., 2003). 

Lewis and Linder (1997) examined the effect of induced self-consciousness on 

performance in dual-task situations in novice golfers. The results of this study showed 

that, under situations of high pressure with no self-awareness training, putting 

performance was better in a dual-task paradigm. Conversely, in the low pressure 
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manipulation with no self-awareness training, putting performance was worse in the 

dual-task than the single-task condition. The researchers suggest that the dual task 

distracted participants from focusing attention on an already automated task, thus 

reducing the detrimental effects of pressure. 

2.3.3 Psychophysiological Measures of Attention 

An increasing number of researchers have become interested in 

psychophysiological measures to quantify and interpret attentional focus and 

psychological state when performing motor tasks. Electroencephalogram (EEG) 

recordings have been successfully used to monitor attentional focus (Davis & Sime, 

2005), differentiate between novice and expert shooters (Deeny, Hillman, Janelle, & 

Hatfield, 2003), and determine the brain waves related to successful performance 

during golf (Crews & Landers, 1993). However, EEG analysis may not be appropriate 

at this time to assess the subtle changes in brain activity produced by altering of 

attentional focus in cycling. The small changes produced by different attentional foci 

may be overridden by the gross changes in brain activity elicited by the physical 

movement required during cycling (i.e., excessive ‘noise’ in the recordings).  Those 

difficulties do not apply to other psychophysiological measures. Heart rate data 

derived from the electrocardiogram (ECG) have been shown to be sensitive to 

psychological changes in still and exercising subjects (Furedy, Szabo, & Peronnet, 

1996) and thus show some potential for successful application during the sport of 

cycling.  

2.3.3.1 Tonic heart rate measures. 

Measures of cardiac activity through the monitoring of the ECG have been 

used in many studies of general attention. Such application follows from an 



- 24 - 
 

understanding that the heart is neurally controlled by both the sympathetic and vagus 

nerves and therefore changes in heart rate can provide a sensitive indication of central 

nervous system functions, such as attention (Porges & Byrne, 1992). Both phasic and 

tonic heart rate can be measured. Phasic heart rate is typically measured at the 

occurrence of a discrete event (such as a golf putt), and as such is not useful in a 

continuous endurance task such as that used in the present research. Tonic heart rate 

can be measured by continuous recording across a period of time, or analysis of heart 

rate variability. Continuous recordings of heart rate are common in assessment of 

physiological variables, but less common in detecting attentional changes.  

Furedy and colleagues (1996) demonstrated that the attentional and physical 

demands of activity can be separately determined through ECG recordings. Subjects 

completed a series of tasks involving both exercise (cycling) and mental arithmetic 

tasks in different combinations while heart activity was monitored through a 3-lead 

ECG. Participants were required to complete a protocol that included five steps: 

anticipation, mental arithmetic for 1 minute, cycling at low intensity and mental 

arithmetic for 1 min, mental arithmetic for 1 minute, and cool down (no task). The 

second experiment compared similar variables at a higher intensity and duration.  

Measures taken from the ECG included heart rate, T-wave amplitude, and pulse 

transit time at each stage during the protocol. The results indicated that heart rate 

increased in response to both the physiological challenge (cycling), and the 

psychological task (mental arithmetic). 

Fenz and Epstein (1967) demonstrated in parachutists that continuous heart 

rate can indicate the level of mental demand required by the task and thus give a 

suggestion as to the automaticity of the action. Moreover, novice and experienced 

parachutists showed a different pattern of heart rate over time. The heart rate of 
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experienced parachutists tended to increase until in the aircraft, then stabilised before 

decreasing slightly leading up to the jump. On the other hand, the heart rate of the 

novice participants continued to increase throughout the recording period until the 

time of jumping. While it is not clear whether the observed differences were due to 

attentional focus and / or affective influences (such as fear), it does suggest that 

continuous heart rate measures may be taken to give an indication of heart rate 

variability (thus mental demand) during a physically demanding task.  

Heart rate variability can be quantified using a variety of different processes 

including time and frequency based linear methods, and non-linear methods. Linear 

methods of analysis are more common and are generally accepted as more reliable 

than non-linear methods, although this may change as technology advances 

(Taskforce of the European Society of Cardiology and the North American Society of 

Pacing and Electrophysiology, 1996). A large number of time domain measures have 

been found to be accurate measures of HRV, such as the standard deviation of all NN 

intervals and the triangular index. Spectral analysis is a frequency based method of 

analysis and involves analysis of the R-R intervals in an ECG recording (Berntson et 

al., 1997; Taskforce, 1996). In short-term to medium-term recordings (2 – 5 minutes 

in length), three components are typically detected. The low frequency (LF) 

component lies in the band width 0.04 – 0.15 Hz, and is thought to be affected by 

blood pressure regulation. Respiratory fluctuations are reflected in the high frequency 

component (HF), which corresponds to the 0.15 – 0.4 Hz bandwidth (Rompelman, 

Van Kampen, Backer, & Offerhaus, 1980; Veltman & Gaillard, 1998). The validity of 

interpreting the very low frequency (VLF) component in recordings of less than 5 

minutes has been questioned (Task Force, 1996), but VLF is thought to reflect 

thermoregulatory functions in longer recordings (Rompelman et al., 1980). 
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Heart rate variability is often used in investigations of attention as it reflects 

the feedback between the brain and the heart, thus demonstrating the capacity of the 

individual to maintain homeostatic function. When attention is focused successfully, 

all irrelevant information is suppressed, which temporarily suspends the homeostasis 

of the individual. Due to their effects on the vagal tone of the heart, periods of 

sustained attention, responses to stress (i.e., pressure), and tasks requiring mental 

effort are known to decrease heart rate variability (Porges 1972; Porges & Byrne, 

1992; Porges & Raskin, 1969). This decrease is most typically seen in the low 

frequency component (Aasman, Mulder, & Lambertus, 1987).  

A recent study attempted to determine if heart rate variability was influenced 

by the fitness level of the individual. Spalding, Jeffers, Porges and Hatfield (2000) 

took a number of psychophysiological measures including cardiac vagal tone and 

phasic heart period responses during both an exercise test and recovery period. When 

compared to the untrained group, the trained group demonstrated a lower heart rate at 

both stages of the experiment, but no differences in phasic heart period responses 

were demonstrated. The results suggest that heart rate variability is not affected by the 

fitness level of the individual. Recently, Neumann and Thomas (2009) used measures 

of HRV in a golf putting task in novice, experienced, and elite golfers. It was found 

that novices showed less variability in the LF and HF components than the 

experienced, but not the elite group of golfers. The authors suggested that this may be 

because the novice golfers required more attentional resources to complete the putting 

task, as it was performed using cognitive processing. Thus, HRV may be used to 

assess the mental load of a task.  

Collecting psychophysiological measures in a cycling task may present some 

challenges not found in less vigorous sports such as golf. Due to the impact of gross 



- 27 - 
 

motor movements on the physiological recordings, heart rate and respiration 

recordings are most appropriate, rather than smaller biosignals such as EEG. 

However, there is potential that attentional focus effects may not be found even with 

the relatively robust heart rate recordings. Nevertheless, previous research 

demonstrates that psychophysiological measures may be useful in a cycling task with 

diligent data collection and controlled screening procedures. 

2.3.3.2 Respiration frequency. 

Respiration rate is another psychophysiological measure that has shown some 

indication that it is influenced by the psychological demands of a task. Wientjes 

(1992), in a review of respiratory measures, reported that an increase in respiration 

rate and the respiratory minute volume (the product of tidal volume and respiration 

rate) is associated with effortful or stressful mental task performance. A decrease in 

tidal volume (normal volume of air displaced in one breath without effort) and the 

respiration variability is also associated with mental effort or stress. This effect was 

also demonstrated by Fairclough, Venables and Tattersall (2005). The higher demand 

tasks elicited an increased respiration rate compared to the tasks of lower demand. 

Similar results in reaction time tasks have been found (Walter & Porges, 1992). 

Studies involving the effect of attentional demands on the respiration rate of 

exercising subjects have not been documented. 

2.3.4 Internal versus External Focus of Attention 

Just as motor skills can be learnt in different ways (implicit and explicit), the 

focus of attention during performance can be varied according to two parameters: 

width and direction (Nideffer, 1981). Width refers to whether the performer adopts a 

broad or a narrow focus of attention. Direction refers to whether the performer adopts 
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an internal or external focus of attention. An internal focus of attention refers to when 

the individual concentrates on body movements. Individuals who are externally 

focused monitor the effects of the body movements on the environment or equipment 

(Wulf, 2007). 

The instructions given to the participants have been shown to influence the 

focus of attention invoked. In golf, an external attention focus typically involves 

instructions to focus on the head of the golf club, whereas internal instructions direct 

attention to the hands on the club. Wulf, Lauterbach, and Toole (1999) tested the 

effects of these two types of instructions in novice golfers and found that an external 

focus of attention produced better performance and faster skill acquisition than the 

internal attentional focus. A similar experiment attempted to relate internal and 

external focus to the accumulation of implicit and explicit knowledge (Poolton, 

Maxwell, Masters, & Raab, 2006). Novice golfers tested in two conditions (internal 

and external) in this study did not show any significant difference in learning between 

the two conditions. However, the internal group showed a decrement in performance 

when required to complete a secondary task concurrent to putting. The Poolton et al. 

(2006) study suggests that the advantages of an external focus are only apparent when 

cognitive resources are taxed (i.e., dual-task situations).  

An external focus of attention has also proved to elicit better performance than 

an internal focus of attention in stabilometer balance tasks (Wulf, McNevin, & Shea, 

2001; Wulf, Shea, & Park, 2001). Additionally, it has been found that performance 

improves as the point of focus of external attention moves away from the performer 

(Bell & Hardy, 2009; Wulf, McNevin, et al., 2001; Wulf, Shea, et al., 2001). Wulf, 

Shea et al. (2001) demonstrated that, when given a choice, learners prefer an external 

focus of attention over an internal focus of attention. It was suggested that these 
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results supported the constrained action hypothesis, which posits that attempts to 

consciously control movements will interfere with automatic processes, whereas a 

focus on the effects of the movement will produce beneficial results as the automatic 

processing is free to perform its role. In a study of postural sway, it was recently 

suggested that participants are more likely to attempt to intervene in automatic 

process when errors are perceived to be large. It is in these situations that an external 

focus of attention becomes beneficial as it appears to reduce the tendency to interfere. 

When errors are small, internal and external focus each give equivalent results (Wulf, 

Töllner, & Shea, 2007).  

Recently, Castaneda and Gray (2007) investigated the effect of an internal and 

external focus on baseball batting performance. The researchers further delineated 

attention into four categories: internal and skill focused (hand movement), external 

and skill focused (bat movement), external and environment focused (ball leaving the 

bat), and external and irrelevant (auditory tones). It was found that expert and novice 

players both performed best in the external and environment focused condition. 

Additionally, experts performed better in the external skill focused condition than the 

internal skill focused condition, whereas novice players showed no difference in 

performance between these two conditions. A similar benefit of an external focus has 

been found in basketball free throwing and darts (Radlo, Steinberg, Singer, Barba, & 

Melinkov, 2002; Weiss, Reber, & Owen, 2008). To date, internal and external 

attentional focus has been manipulated by administering instructional cues. It may be 

useful to investigate the effects of an internal or external focus using a dual-task 

paradigm. Such an experiment would allow for the assessment of the effects of covert 

attentional probes and thus minimise the effects of individual preconceived notions on 

whether a particular focus of attention is beneficial. 
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Attentional focus can also be classed as associative or dissociative, both of 

which may be internal or external (Stevinson & Biddle, 1998). Associative attention is 

that which is relevant to the task at hand – in a cycling race this may be the position of 

other cyclists or monitoring the fatigue in the legs. Conversely, dissociative attention 

is not relevant to the task and may include distraction strategies to manage pain in 

endurance events (Spink, 1988; Tenenbaum et al., 1999). It has long been known that 

qualifying elite gymnasts at the US Olympic trials reported focusing on the technical 

aspects of performance (associative-internal) less than those gymnasts who did not 

qualify (Mahoney & Avener, 1977).  

More recently, Ford, Hodges, and Williams (2005) examined the interaction of 

internal / external focus and association / dissociation on novice and expert soccer 

dribblers. Players were instructed to focus on either the arm (internal dissociation), the 

feet (internal association), or verbally presented words (external dissociation). The 

results showed differential effects for novice and expert performers, according to the 

amount of automatic processing present. Experts performed best in the external 

dissociation condition as they allowed the automatic processes to take place whilst 

monitoring the words. Additionally, novices performed worst when required to focus 

on the arm (internal dissociative), and best when focusing externally. Further 

discussion of the effects of internal and external association and dissociation on 

endurance performance is presented in Section 2.6. 

2.3.5 Pain and Attention 

Dealing with the pain associated with intense physical exertion is a large part 

of performance in endurance activities. In an interview (Jones, Hanton, & 

Connaughton, 2002), one elite athlete commented: 
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In my sport you have to deal with the physical pain from fatigue, dehydration, 

and tiredness...you are depleting your body of so many different things. It is a 

question of pushing yourself...it’s mind over matter, just trying to hold your 

technique and perform while under this distress and go beyond your limits. (p. 

212) 

Understanding how pain influences the focus of attention and affects the 

attentional capacity of the individual may help explain the mechanisms of successful 

endurance performance under pressure. Kress and Statler (2007) describe the injury-

free pain associated with intense and prolonged effort. This pain comes about as a 

result of one or more factors including elevated heart rate, build up of lactate, 

glycolysis, glycogen depletion, respiratory muscle fatigue, and dehydration. 

It has been suggested that the perception of pain is a cognitive process, thus 

occupies some attentional capacity (McCaul & Malott, 1984). Since motor 

performance requires some attentional capacity also (as discussed at the beginning of 

this review), it follows that reduced attentional resources may be available for high 

intensity (i.e., painful) motor performance (Brewer, Van Raalte, & Linder, 1990). 

Rejeski (1985) modelled the effects of pain on performance in light of limited 

capacity theories of attention. The main methods used were to manipulate associative 

and dissociative strategies in endurance tasks and measure the rating of perceived 

exertion (RPE). It is thought that, by occupying some of the available attentional 

capacity with the demands of a dissociative focus, the perceived pain (measured by 

the RPE) could be reduced, thus providing opportunity for a better performance 

(Rejeski & Kenney, 1987). A more recent study involving a cycling task for 10 

minutes at 75% of VO2max, demonstrated that RPE was significantly higher with 

associative thoughts compared to the dissociative condition (Stanley, Pargman, & 
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Tenenbaum, 2007). This effect has also been found in treadmill running (Baden, 

Warwick-Evans, & Lakomy, 2004). It seems that while association is commonly 

linked with better endurance performance (Masters & Ogles, 1998), it also elicits 

higher ratings of perceived exertion. Therefore, the optimal focus of attention, in 

terms of association / dissociation, may vary according to the situation. In a race 

situation, speed is more important than enjoyment, thus association may be more 

appropriate. However, in training or recreational runs, enjoyment may be more 

important, thus dissociation would facilitate this. Indeed, associative strategies have 

been found to be more common in races, and dissociative strategies more common in 

training in recreational and elite runners (Masters & Ogles, 1998). 

Further, athletes tend to have a higher level of pain tolerance than non-

athletes, as demonstrated in swimming (Scott & Gijsbers, 1981), and treadmill 

running (Tenenbaum, Hall, Calcagnini, Lange, Freeman, & Lloyd, 2001) studies. 

Interestingly, individual-event athletes (e.g., runners and cyclists) tolerated exertion 

for longer periods than team sport athletes (Tenenbaum et al., 2001). Both research 

groups (Scott & Gijsbers, 1981; Tenenbaum et al., 2001) proposed that the superior 

pain tolerance of athletes may be attributed to conditioning as a result of repeated and 

extended periods of pain during training. It may be that athletes accustomed to 

exertion pain have developed coping strategies to deal effectively with it whilst 

maintaining performance. Interviews with former Olympic cyclists have shown that 

elite endurance cyclists change their attentional focus according to situational needs, 

and have developed strategies to ‘block’ the pain and instead focus on relevant 

situational cues (Kress & Statler, 2007). 

The conclusions reached in research on attentional focus and pain tolerance 

are similar to research in self-regulation (Kanfer & Ackerman, 1989), which suggests 
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that attention to self-regulatory information (an internal focus) could be beneficial to 

performance. Self-regulatory activities were defined as those which monitor, evaluate, 

and react to external or internal information received by the individual when 

performing a task. Applied to a sport-specific situation, this indicates that it may be 

beneficial to monitor the goal of performance and evaluate whether it is being 

reached. If it is not, then the individual can apply techniques (increased effort, change 

of strategy) to rectify the situation. This hypothesis is congruent with research into the 

optimal focus of attention in endurance athletes (O’Connor, 1992; Schomer, 1986; 

Silva & Appelbaum, 1989; Stevinson & Biddle, 1998). However, evidence has been 

found to suggest that self-focused attention may lead to a decrement in performance 

under pressure, known as choking (e.g., Lewis & Linder, 1997).  

 

2.4 Choking 

2.4.1 Theories of Choking 

Choking is a phenomenon that occurs when skilled performers produce 

uncharacteristic sub-optimal performances when placed under pressure (Baumeister & 

Showers, 1986). Pressure is conceptualised as the “presence of situational incentives 

for optimal, maximal, or superior performance” (Baumeister & Showers, 1986, p. 

362). Examples of such pressure could be expectations (of the athlete and/or the 

audience), consequences of performance (either good or bad), or the presence of an 

evaluator(s).  

To date, the theories put forward to explain this debilitating phenomenon lie in 

the areas of attention and drive. The drive theory (Hull, 1943) stipulates that human 

behaviour is dependent on habit strength (i.e., previous learning), as well as drive (i.e., 

anxiety). Hull proposed that performance will be a function of habit strength (amount 
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of learning) multiplied by level of drive (or anxiety). According to this theory, when 

drive levels are high, the best learned response will dominate. In proficient 

performers, this will be the correct response, thus experts will perform well under 

anxious conditions (pressure). However, in novice performers, the dominant response 

will not always be the correct one, as the skill is still being learned, thus performance 

of novice individuals under anxious conditions may deteriorate. Although research 

found initial support for the theory in simple tasks, empirical evidence to suggest that 

it holds in sporting situations has not been documented (Marchant & Morris, 2004). 

The cusp catastrophe model is also a drive theory in that it predicts that 

performance is a function, at least in part, of arousal. It suggests that performance will 

increase with arousal to a certain point. After this point, large and often irreversible 

decrements in performance are seen (Hardy, 1996). The cusp catastrophe model 

proposes that the decrement in performance is due to a combination of cognitive 

anxiety and physiological arousal. When both physiological arousal and cognitive 

anxiety are high, performance decrements are seen. Further, the model suggests that 

cognitive anxiety may actually be beneficial to performance when physiological 

arousal symptoms are given a positive interpretation. This theory may also shed some 

light on why some athletes choke under pressure, in that there comes a point when 

performance shows a considerable decrement, and recovering from that decrement is 

difficult (Hardy, 1996). However, this theory has been criticised on the basis that it is 

complicated and difficult to test (Tenenbaum & Becker, 2005).  

The attention theories fall in two broad categories: distraction and self-

awareness. The distraction theories propose that performers have an attentional 

threshold, and can only cope with a certain amount of information before attentional 

overload is reached, thus resulting in a decrement in performance. It is thought that, 
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when performing under pressure, athletes either use more attentional resources than 

would normally be used (due to an inability to filter the important information) or 

performers are distracted and attend to task irrelevant cues (Marchant & Morris, 

2004). Either mechanism may cause a loss of focus on performance and thus the 

athlete falls short of the optimal performance level (Wine, 1971). It is this theory that 

leads many sport psychologists to instruct athletes to adopt performance and process 

goals to ‘control the controllables’ (Bond, 1986). The distraction theory is also similar 

to the processing efficiency theory proposed by Eysenck and Calvo (1992) in that an 

attentional threshold is also assumed. The processing efficiency theory stipulates that 

anxiety and worry caused by pressure in performance reduce the attentional resources 

available, resulting in a performance decrement. 

Conversely, Baumeister’s (1984) self-awareness theory proposed that the 

pressure to do well causes the performer to focus on the self and thus consciously 

process automatic actions. Conscious processing is slower and less accurate than 

automatic processing, which results in less than optimal performance. The central 

concepts in the self-awareness theory have also been conceptualised as the explicit 

monitoring theory (Beilock & Carr, 2001), and forms the basis for Masters’ (1992) 

cognitive reinvestment hypothesis. 

Masters (1992) proposed the reinvestment hypothesis to explain the results of 

his study on golf putting. Masters found that novice golfers who acquired the skill of 

putting implicitly performed better under pressure conditions than those golfers who 

acquired the skill explicitly. Experts performing a well learned skill usually perform it 

automatically, without any conscious thought regarding how the skill should be 

executed (Schneider & Shiffrin, 1977). This occurs regardless of whether the skill was 

learned implicitly or explicitly. However, when placed under pressure, the explicit 
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learner reverts to conscious processing (rules) to execute the skill, thus reinvesting 

cognitive processes in a movement that could be performed automatically (Masters, 

Polman & Hammond, 1993). Unfortunately for the explicit learner, conscious 

processing is slower and less fluid than automatic processing, thus explaining the 

reduction in performance. Implicit learners never learn any rules and thus cannot 

revert to these when placed under pressure, and consequently do not reinvest 

cognitive processing. The reinvestment hypothesis is not unlike the explicit 

monitoring theory suggested by Beilock and Carr (2001) and the self-focus theory 

developed by Baumeister (1984). It has been demonstrated that high reinvestors (as 

measured by a questionnaire) perform significantly worse under pressure than low 

reinvestors (Jackson, Ashford, & Norsworthy, 2006; Masters et al., 1993).  

It is important to determine the mechanism underlying the choking 

phenomenon because it has implications for the advice given by sport psychologists to 

athletes. Psychologists subscribing to the distraction theory would advise athletes to 

focus on task-relevant cues during performance. Often, these task-relevant cues are 

internal, such as a focus on execution of technique. However according to the self-

awareness theory, a focus on internal cues can be the cause of choking because it 

promotes attention to the self (Marchant & Morris, 2004). Although these theories 

appear to be conflicting, overlap is apparent and they should not be considered 

mutually exclusive. Beilock, Kulp, Holt and Carr (2004) suggested that both theories 

may be valid, depending on the cognitive and sensorimotor demands of a specific 

performance. They suggest that, under pressure, the level of worry and anxiety 

increases, thus reducing working memory capacity (distraction theory). Concurrently, 

pressure also causes the performer to attempt to control the execution of the skill 

(explicit monitoring), thereby further taxing working memory capacity. Consequently, 
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the combination of these two factors causes a detriment in performance. Factors 

including the nature of the task, skill level of the athlete, and attentional demands of 

the task, should all be considered when analysing choking research. For example, as a 

novice is still operating through conscious processing, it would be difficult to prevent 

reinvestment in a pressure situation. Likewise, an expert athlete asked to perform an 

unfamiliar task in a pressure situation is likely to react as a novice would, due to the 

uncharacteristic nature of the activity. 

The addition of a pressure manipulation in dual-task paradigms can indicate 

how an individual will perform in a competition situation. Jackson and colleagues 

(2006) investigated experienced soccer and hockey players and the effects of differing 

attentional focuses on performance under pressure. The first experiment used 

experienced hockey players in a dribbling task in either single, dual-task, or skill-

focused conditions. These conditions were performed in both low and high pressure 

(created through evaluation and video monitoring) scenarios. The second experiment 

used similar methodology with experienced soccer players in either single, skill-

focused, or process goal oriented conditions, again under conditions of low and high 

pressure. The process goal condition required participants to focus on the movement 

executed and was thus similar to the skill-focused condition. The results demonstrated 

that, under both low and high pressure, the best performance was elicited during the 

dual-task condition, and performance was detrimentally affected by both the skill-

focused and process goal oriented conditions. The results provide support for the self-

awareness theories of choking as participants who were prevented from explicitly 

monitoring their actions under pressure through a dual task, achieved superior results 

compared to those who were encouraged to monitor their actions through a skill or 

process goal focus.  
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Beilock and Carr (2001) hypothesised that, by increasing the inherent amount 

of self-consciousness in an individual during training, the chance of choking under 

pressure during competition could be decreased. Novice golf putters were well trained 

in order to reach automaticity in either a dual-task paradigm, or a self-consciousness 

(training sessions were videoed) condition. Training in conditions inducing 

heightened self-consciousness was considered to prepare the individual for 

performing under pressure, where self-awareness may be raised. The results supported 

this hypothesis, with only the putters trained under self-consciousness conditions 

improving, or maintaining performance, under pressure. The researchers then went on 

to test these same conditions both early and late in learning. Early in learning, no 

differences were seen between the distraction and the self-awareness group both in 

conditions of low pressure and high pressure. However, after an extended period of 

practice, the golfers were again tested in a pressure situation with no induced 

distraction or self-awareness. The results indicated a performance improvement in the 

self-awareness group but not in the distraction group. These results suggest that the 

self-awareness hypothesis provides the most plausible explanation for performance 

decrements under pressure as the group who were accustomed to situations with 

heightened self-awareness (i.e., pressure) achieved the best results.  

A number of studies in golf have reached the same conclusion (Gucciardi & 

Dimmock, 2008; Lewis & Linder, 1997), and other support for this theory comes 

from baseball batting experiments (Gray, 2004), and interviews with elite athletes 

(Edwards, Kingston, Hardy, & Gould, 2002). Several researchers have hypothesised 

that those high in trait self-consciousness will perform better under conditions of 

pressure because it invokes the same mechanism as training under raised self-

consciousness (Dandy, Brewer, & Tottman, 2001; Wang, Marchant, Morris, & Gibbs, 
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2004). A recent study attempted to improve the performance of tenpin bowlers under 

pressure by training athletes to use a preperformance routine (Mesagno, Marchant, & 

Morris, 2008). The athletes in this study reported an increase in self-awareness under 

pressure conditions before the intervention. Furthermore, this heightened self-

awareness led to either distracting thoughts or conscious processing. These results 

provide support for both theories of choking. 

2.4.2 Coping 

The methods of coping employed by athletes and their relation to choking 

should also be considered. Coping style is defined as the “process of adaptation to 

perceived threat” (Wang, Marchant & Morris, 2004, p. 77), and as such will affect the 

athlete’s actions and attentional focus. Anshel and Weinberg (1999) identified two 

different coping styles. Approach coping causes the individual to analyse the threat 

presented and attempt to minimise it through action, whereas avoidance coping 

indicates that the individual manages the threat essentially by ignoring its existence. 

Preliminary research relating approach and avoidance coping to incidence of choking 

under pressure indicates that approach coping is more likely to cause choking than 

avoidance coping, particularly if it causes the performer to attempt to control 

automatic movements (Wang, Marchant, & Morris, 2004). Other types of coping 

include problem-focused and emotion-focused coping. Problem-focused coping 

typically addresses problems using cognitive and behavioural methods, whereas 

emotion-focused coping tends to attempt to decrease emotional distress or arousal, 

rather than change the situation (Lazarus & Folkman, 1984). In a survey of elite 

middle distance runners, it was found that most reported using problem-focused 

coping when dealing with a slump in performance (Madden, Kirkby, & McDonald, 

2007). The researchers hypothesised that this problem-focused coping allowed 
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runners to focus their attention on executing the race plan, and excluding any 

distractions to performance. 

Mental toughness in athletes has been defined as “having a natural or 

developed psychological edge that enables mentally tough performers to cope better 

in general than their opponents with the demands and related pressures that occur at 

the highest level in sport.” (Connaughton, Wadey, Hanton, & Jones, 2008, p.83). 

Research in the area of mental toughness has found evidence that athletes who are 

mentally tough are better able to handle the pressure of competition (Jones, et al., 

2002). Interviews with elite and experienced athletes and coaches have consistently 

found that the ability to maintain focus and avoid potential distractions under pressure 

is one of the hallmarks of a mentally tough athlete (Crust & Azadi, 2010; Gucciardi, 

Gordon, & Dimmock, 2008; Hollander & Acevedo, 2000; Jones et al., 2002; Jones, 

Hanton, & Connaughton, 2007). 

 

2.5 Goal Setting 

Much of the research in goal setting lies in the field of organisational 

psychology. It is thought that goals can affect performance by directing attention to 

goal-relevant activity, motivating individuals to invest more effort and increasing 

persistence on a task (Locke & Latham, 2002). The types of goals that are set by the 

athlete are important as this will influence the direction of attention before, during, 

and after performance (Locke, Shaw, Saari, & Latham, 1981). This can ultimately 

influence the outcome (Burton & Naylor, 2002). Gould (2006) defined three different 

types of goals. Performance goals are those that aim for a specific level of 

performance, independent of other competitors (e.g., a certain distance or time). 

Process goals are similar in that they do not rely on other competitors, but rather, 
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focus on processes essential for improvement of performance (e.g., holding hands in 

the correct position whilst executing a movement). The final type of goal focuses on 

the outcome of the performance relative to other competitors. An example of this type 

of goal would be winning the gold medal or beating another competitor.  

Traditional views on the best type of goal to adopt have changed and 

developed over time. One early study found that performance goals elicited the best 

results in athletes (Burton, 1989). However, in this study the goal setting training 

intervention was administered to a small sample of college level swimmers and there 

were extensive amounts of control group data missing, preventing adequate 

comparisons from being made. Furthermore, as Kyllo and Landers (1995) pointed out, 

performance goals were not directly compared to outcome goals. Nevertheless, the 

results of this study influenced the advice generally given to athletes by sport 

psychologists, as it encouraged athletes to ‘control the controllables’ and leave the 

outcome to take care of itself, thus reducing competitive state anxiety (Bond, 1986). 

However, following a meta-analysis of goal-setting research, Kyllo and Landers 

(1995) concluded that outcome goals may be associated with the greatest quantitative 

improvements, and performance goals may result in feelings of success and personal 

satisfaction. 

The ‘goal effectiveness paradox’ refers to the observation that, although the 

weight of evidence supports the benefits of goal setting on performance, coaches and 

athletes repeatedly experience difficulties setting goals and making them work 

(Burton, Weinberg, Yukelson, & Weigand, 1998). Recent research in sport generally 

supports the setting of process and performance, as well as outcome goals in novice 

participants (Filby, Maynard, & Graydon, 1999; Zimmerman & Kitsantas, 1997), 

collegiate athletes (Burton et al., 1998), and Olympic athletes (Durand-Bush & 



- 42 - 
 

Salmela, 2002; Greenleaf, Gould, & Dieffenbach, 2001; Weinberg et al., 2000).  As 

processes and performances generally lead to an outcome, this is not surprising. What 

is considered the crucial factor is the emphasis that athletes place on the respective 

goals (Weinberg et al., 2000). Several researchers have established the advantage of 

using difficult and specific goals rather than vague ‘do your best’ goals (Capa, 

Audiffren, & Ragot, 2008; Lerner & Locke, 1995). The use of immediate feedback so 

the performer can assess the progress in relation to the goal has also been suggested to 

improve performance (Bandura & Cervone, 1983; Lerner & Locke, 1995). 

2.5.1 Effective Goal Setting for Novice and Expert Performers 

The effect of goals on the attentional focus of the athlete and their relation to 

the theories of choking must be determined. Additionally, the optimal focus for 

novice and elite athletes should also be considered. According to the self-awareness 

theory, attention to the self invokes conscious processing, which may lead to 

decrements in performance under pressure for elite athletes, but improvement for 

novices. According to this theory, elite athletes adopting process, and possibly 

performance, goals are likely to increase attention to the self in order to execute the 

process and achieve the goal. On the other hand, outcome goals may result in 

distraction due to focusing on other competitors and factors irrelevant to the 

individual performance. 

Kingston and Hardy (1997) suggest that elite performers may use process 

goals as holistic conceptual cues for a desired action or behaviour. In this way, 

process goals will not necessarily disrupt the automatic control processes. Olympic 

athletes have reported using a combination of outcome and performance goals 

(Weinberg et al., 2000), elite golfers have reported using process, performance and 

outcome goals (Kingston & Hardy, 2001), whilst expert basketballers reportedly used 
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predominantly technique oriented goals (i.e., process goals) (Cleary & Zimmerman, 

2001). It is possible that novices may benefit from setting predominantly process and 

performance goals, and avoiding excessive use of outcome goals (Kingston & Hardy, 

2001). Novice athletes are still in the cognitive stage of skill acquisition and may 

benefit from focusing on technique oriented cues (process goals) and their desired 

performance level in a given situation (performance goals).  

Additionally, avoiding outcome focused goals by novices will help prevent 

motivation loss due to poor performance in the early stages of competing. The 

literature provides some support for this theory, with novice athletes in golf (Kingston 

& Hardy, 2001), tennis (Singer, Symonds Downs, Bouchard, & de la Pena, 2001), and 

dart throwing (Zimmerman & Kitsantas, 1997) showing performance benefits from 

process and performance goals in the early stages of learning. However, the literature 

regarding this issue is far from conclusive. 

As process goals direct an athlete’s attention to the successful execution of the 

skill, it may be beneficial for elite athletes to adopt a process focus if attempting to 

modify or improve technique (Locke & Latham, 1985). This would enable the elite 

athlete to revert to cognitive processing for the purposes of technique modification. 

Once the desired technique has been achieved, the athlete could again adopt a focus 

that is more likely to facilitate the automatic execution of the skill (e.g., a 

performance or outcome goal). However, caution should be used when adopting 

process goals as they may induce an internal focus of attention by causing the athlete 

to focus specific aspects of a movement that were previously performed automatically 

(Hardy et al., 1996). The problems with such an internal focus of attention have 

previously been discussed in light of the cognitive reinvestment hypothesis (Masters, 

1992), and the self-awareness theory (Baumeister, 1984). Studies that have found an 
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improvement in performance when process goals are adopted tended to use holistic 

cues rather than direct attention to specific movement (Filby et al., 1999). It has been 

proposed that process goals of this holistic nature do not induce an internal focus, and 

thus may be beneficial to performance (Kingston & Hardy, 1997; Zimmerman & 

Kitsantas, 1996). 

2.5.2 Goals and Self-Talk 

Self-talk can influence performance by directing the attention of the athlete to 

specific aspects of the task (Weinberg & Gould, 2007). Of particular interest is how 

different types of self-talk used by the athlete during competition will affect the 

performance. Self-talk can be classified as positive, negative or instructional 

(Weinberg & Gould, 2007). Positive and negative self-talk often relate to the athletes’ 

emotions and may not contain any task relevant cues. Research examining dart 

throwing performance has shown that positive self-talk can enhance performance 

when compared to negative self-talk (Van Raalte, Brewer, Lewis, Linder, Wildmand, 

& Kozimor, 1995). Instructional self-talk is closely related to process goal setting in 

that it encourages the athlete to focus on task relevant cues during performance. In a 

comparison across several different tasks, it was shown that fine motor tasks (such as 

a soccer accuracy drill or serving in badminton) benefit from the implementation of 

instructional self-talk compared to motivational or no self-talk (Theodorakis, 

Weinberg, Natsis, Douma, & Kazakas, 2000). Additionally, this same study showed 

that tasks involving a combination of strength and endurance (such as sit ups and knee 

extension) displayed enhanced performance when a combination of instructional and 

motivational self-talk was used compared to no self-talk. The benefits of instructional 

self-talk have also been found in basketball (Perkos, Theodorakis, & Chronis, 2002). 
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2.6 Effort and Endurance Activities 

Extensive research has attempted to determine which combination of 

attentional strategies is most conducive to optimal performance in different sporting 

situations. To date, much of the literature is situated in two different sporting areas: 

precision and skill activities such as golf or balance tasks, and effort-based activities 

such as marathon running. The incidence of choking in precision and skill activities 

has received considerable attention in the literature, much of which has been 

discussed in the above sections. However, attentional requirements of successful 

performance of an effort-focused, or endurance, task may differ substantially from 

skill-based activities.  

It has been suggested that exertion levels are consciously monitored in effort 

tasks, such that the athlete makes a deliberate decision to try harder, and the result is 

an improvement in performance (Baumeister, Hutton, & Cairns, 1990). Baumeister 

and colleagues argued that effort tasks will not display the typical learning curve seen 

in skill-based activities. That is, learners will not progress from conscious processing 

to autonomic performance, but from less fit to more fit. Rather, performance is 

dictated by motivation and a conscious decision on how hard to try. Further, effort 

tasks may benefit from an internal focus (and subsequent increase in self-awareness), 

because this may increase control over exertion and levels of self-comparison, thus 

increasing motivation. Research into the most effective focus of attention to adopt 

when performing and competing in endurance activities has focused mainly on 

marathon running. The successful performance in endurance events is often largely 

governed by the individual’s capacity to cope with high levels of pain (O’Connor, 

1992). In fact, exploration into the effects of an analgesic suggestion on a leg holding 

task has shown that analgesic strategies can increase endurance (Spink, 1988). 
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Additionally, Tenenbaum and associates (1999) found that competitive runners feel 

the pain of psychological symptoms more than physical symptoms. 

Competitors in the London marathon reported on the incidence, onset and 

duration of the ‘wall’ in a marathon (Stevinson & Biddle, 1998). The ‘wall’ in 

marathon racing is commonly considered to be the point at which glycogen stores are 

depleted and extreme pain is encountered. The results of this study indicated that an 

internal associative strategy was the most common in marathon runners. However this 

strategy was also related to an earlier onset and longer duration of the ‘wall’. In 

contrast, those runners who adopted an internal dissociative strategy encountered the 

wall more often than other runners (Stevinson & Biddle, 1998). Other authors have 

also advocated an internal associative strategy in running (Beaudoin, Crews, & 

Morgan, 1998; Takai, 1998; Underleiger, Golding, Porter & Foster, 1989), and 

rowing (Connolly & Janelle, 2003; Scott, Scott, Bedic & Dowd, 1999). 

Clingman and Hilliard (1990) found that, for an associative strategy to elicit 

improved performance, it is necessary to focus on the appropriate cues. Race walkers 

were found to walk faster when focusing on stride cadence, rather than stride length 

or when adopting an external focus. This finding may explain why novice endurance 

athletes are often observed to benefit from dissociation as “one cannot focus on what 

is required to perform well if one does not know what is required to perform well in a 

given competitive situation” (Madden et  al., 1989, p. 291). The findings of 

Okwumbua, Meyers, Schlesser and Cooke (1983) provided further support for this 

notion as it was observed that novice runners adopted an increasing associative 

strategy over a 5-week training period. However, it is not clear if this increase in 

associative thoughts was due to improved fitness, knowledge about the activity, or 

other factors. Only one study on the focus of attention in a cycling task has been 
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performed. Hutchinson (2004) found that the attention of the cyclist will switch from 

dissociation to association as the intensity of effort increases. However, this 

conclusion was based on observational methods and no data on the effects of the 

focus on performance were reported.  

Recently, Tenenbaum and Connolly (2008) found that the attention of rowers 

shifted from dissociation to association as the workload increased from 30% to 75% 

on a rowing ergometer. The researchers interpreted these results in light of Rejeski’s 

(1985) model of pain processing. Rejeski suggested that, although sensory and 

emotional information can be processed in parallel (Leventhal & Everhart, 1979), in 

situations of high physical or cognitive demand attention moves to the most dominant 

source. In terms of an intense rowing task, feelings of exertion (e.g., breathing, 

muscle fatigue) become dominant and attention cannot be voluntarily shifted or 

controlled, thus remains internal and narrow (i.e., associative). Further, these 

researchers found the same pattern of association in high intensity conditions in both 

novice and experienced rowers. 

The adoption of an adaptable strategy in which there is a flexible switching 

between an internal associative strategy (which allows the monitoring of body 

symptoms and ensures an appropriate pace is maintained) and external association 

and dissociation (which allows for inherent enjoyment and attention to external 

factors relevant to the task) may elicit the best results. This proposal has been 

supported by the findings of researchers in the field of running (O’Connor, 1992; 

Schomer, 1986; Silva & Appelbaum, 1989; Stevinson & Biddle, 1998). A review of 

marathon running studies by Masters and Ogles (1998) also supported this conclusion. 
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2.6.1 Cycling Performance and Attention 

As the review has demonstrated, extensive research has investigated the 

development of skilled performance in different sports and situations. Most of the 

sports studies have been closed-skill and self-paced sports with some sports being 

continuous or endurance sports like running and rowing. However, there is a paucity 

of information addressing the development of the cycling skill in terms of the 

cognitive and attentional processes involved. Recently, Hutchinson and Tenenbaum 

(2007) found that cyclists tended to have associative thoughts as cycling intensity 

increased, however cycling performance was not measured. An early study found that 

verbal reaction time slowed as exercise intensity increased in a cycling task (Salmela 

& Ndoye, 1986). However, the effect of intensity on attentional resources required for 

cycling was investigated in a dual-task paradigm in another study (Audiffren, 

Brisswalter, Brandet, & Bosquet, 1998). The researchers found that the intensity of 

the cycling task had no effect on the attentional requirements as evidenced by no 

change in performance of the secondary task at different intensities. Two research 

groups explored the relationship between association, dissociation, and RPE (Russell 

& Weeks, 1994; Stanley et al., 2007). The first study found RPE to be higher in the 

dissociative condition, whereas the second study found higher RPE in the associative 

condition. However, the studies used different methods of manipulating attention, 

different trial duration (60 minutes versus 10 minutes), and different samples (the first 

were trained males, and the second females experienced in spin classes), therefore it is 

difficult to directly compare the results. It has also been found that extrinsic 

motivation does not improve performance on a 1500 m cycling time trial (Hulleman, 

DeKoning, Hettinga, & Foster, 2007). Finally, Wierda and Brookhuis (1991) 

developed three conceptual ‘levels’ of knowledge required in a cyclist, including 
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strategic, manoeuvring, and control. However, this model is based on the behaviour of 

cyclists in traffic and sheds little light on the cognitive processes involved in road 

racing. While providing valuable information, these studies only address individual 

aspects of attentional focus and cycling performance in one skill level. To gain a 

complete understanding, it is necessary to assess results across all skill levels, and as 

many dimensions of attention as possible.  

Faria and others (2005b) identified a number of key components that must be 

addressed to maximise performance in cycling. These included aerodynamics, 

drafting, rolling resistance, gear ratios, peak power output, pedalling cadence, cycling 

economy and intensity, muscle recruitment, and appropriate pacing strategy. It may be 

argued that the optimal performance of these components will depend on an 

appropriate attentional strategy during the race (e.g., maintenance of cadence and 

intensity, and correct muscle recruitment when fatigue sets in). Additionally, cycling 

performance demands both aerobic and anaerobic power (Faria, Parker, & Faria, 

2005a) and is predominantly an endurance sport (Atkinson, Davison, Jeukendrup, & 

Passfield, 2003; Patrick & Hrycaiko, 1998). Physiological factors important for 

cycling performance are maximal aerobic power (VO2max), muscle fibre type, 

efficiency, and lactate threshold. Elite cyclists typically have a VO2max of 70-

85mL.kg
-1

.min
-1

 and a lactate threshold of 78-90% of this level (Atkinson et al., 

2003). All of these factors are important for successful performance.  

Cycling has a number of disciplines, each of these have unique attentional 

demands. The topography (hilly vs. flat) and type of race (road race vs. time trial) will 

determine which factors demand extra attention. Flat races are typically more 

technical, where the rider is most concerned with avoiding crashes and preserving 

energy for the final sprint. On the other hand, hilly races are more demanding 
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physiologically, requiring moderate to high intensity cycling for extended periods of 

time. In these races, cyclists are typically concerned with appropriate pacing so that 

they can complete the race, and responding to and instigating attacks. Time trials are 

generally shorter than road races and require the cyclist to achieve a highly 

aerodynamic position and work at a high intensity for up to an hour. In time trials, 

cyclists are primarily required monitor physiological cues to maintain the high work 

rate required (Lucia et al., 2001).  

Assessing cycling performance in the laboratory can be done in a number of 

ways. Several researchers have argued that the peak power produced and maintained 

at VO2max will be the best predictor of success in a cycling road race (Atkinson et al., 

2003; Bosquet, Léger, & Legros, 2002, Faria et al., 2005b; Lucia et al., 2001). In 

addition, it appears that the test will produce more reliable results if the end point of 

the test is known beforehand. That is, time trial performance (constant work) is more 

reliable than constant duration or constant power tests (Bosquet et al., 2002). Time 

trial performance (50 km) was found to be the best predictor of Tour de France results 

(Lucia, Hoyos, Perez, Santalla, Earnest, & Chicharro, 2004), and 40 km road time 

trial performance was correlated closely with average absolute power output during a 

1-hour test (Coyle et al., 1991). Maximal power produced in incremental protocols 

has been found to predict 20 km time trial performance. However, the length of the 

‘stages’ within the protocol can affect maximal values (Atkinson et al., 2003). The 

development of regression equations to predict time to exhaustion has also been 

attempted, with mixed results (Sassi, Marcora, Rampinini, Mognoni, & Impellizzeri, 

2006). These protocols require the collection of lactate data, which may be difficult 

without disrupting the attentional focus.  
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2.7 Research Questions 

The current literature concerning skill acquisition, attention, choking under 

pressure, goal setting, and cycling identifies several areas requiring investigation. 

Most of the literature has considered precision skills (such as golf), not skills such as 

cycling, which require a combination of motor, cognitive, and endurance expertise. 

The research conducted with marathon runners indicates that the optimal attentional 

focus adopted in endurance events may differ significantly from sports such as golf or 

cricket. The differences between elite and novice athletes must also be considered. 

Additionally, the evidence available with regard to performance under pressure 

includes two, possibly conflicting, theories (distraction and self-awareness). These 

theories resulted in conflicting advice given to athletes when goal setting. The 

uniqueness of cycling and the extent to which psychological factors are crucial to 

successful performance indicate that research investigating the optimal focus of 

attention in cyclists will provide valuable evidence to this body of literature and 

important advice to psychologists, athletes, and coaches. The two experiments and 

intervention study in this research were guided by a number of research questions, 

each designed to address some of the gaps in the current body of research in this area. 

The research questions were addressed using a 5 or 6-minute maximal effort 

trial on a cycling ergometer in an indoor laboratory. Trials using a similar duration for 

cycling tasks have shown that the aerobic system is the primary source of energy 

during performance, thus stressing the endurance systems of the body (Aisbett, 

Rossignol, & Sparrow, 2003; Berg, Kauftman, Katsavelis, Ratliff, & Simet, 2008). 

The task was therefore an intense aerobic endurance task, similar to that used in 

studies of attention in rowing (e.g., Tenenbaum & Connolly, 2008). Experiment 1 

used a dual-task paradigm to investigate the amount of attentional resources required 
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to complete a cycling task. Experiment 1 aimed to answer the questions: How much 

attentional capacity is required by novice, experienced, and elite cyclists when 

performing a 5-minute cycling ergometer task under laboratory conditions? How is 

cycling performance related to the direction of attentional focus when conceptualised 

along the external–internal dimension? Does the skill level of the individual impact 

upon this relationship? 

Experiment 2 examined the impact of different types of goal instructions and a 

strategy based on trust on cycling performance. This experiment was guided by the 

questions: What is the best goal to adopt when performing a 5-minute cycling task? Is 

this goal different for novice, experienced, and elite cyclists? 

Finally, the intervention study used the results of Experiment 1 and 

Experiment 2 to develop an attentional focus training routine. This routine was 

administered to elite cyclists in normal conditions and simulated pressure conditions 

in a multiple baseline design. The objective of the intervention was to answer the 

following questions: How does elite cycling performance change under pressure? Can 

elite cycling performance under pressure be improved with training in an 

individualised attentional focus routine? 
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3.1 Introduction 

Complex motor skills are thought to develop from a conscious level of 

processing to an automatic level as skills improve (Fitts & Posner, 1967). However, 

this progression is less clear in a continuous endurance task such as cycling, and has 

not been directly tested. It is possible that cycling requires a certain amount of 

conscious attention to engage in self-regulation, even at an elite level, and thus may 

not reach full automaticity. An understanding of the cognitive resources required to 

complete a cycling task will contribute to the determination of the best focus of 

attention during performance.   

The dual-task paradigm is commonly used to determine the attentional 

requirements in a given task. It requires participants to perform two tasks 

simultaneously – a primary task and a secondary task (Abernethy, 1988). Many 

researchers have employed this technique to determine the cognitive processing 

differences between novice and expert performers. The instructions given in this 

experiment required participants to maintain performance on the primary task 

(cycling) whilst attempting to complete the secondary task (word monitoring). No 

difference in performance should be seen in the primary task because participants 

were instructed to prioritise attention. However, if the primary task is automatic, no 

detriment in secondary task performance should be observed because the secondary 

task requires working memory and would not affect automatic processes. Conversely, 

if the primary task demands cognitive processing (i.e., was not automatic), 

performance is likely to be compromised by the introduction of a secondary task. In 

this case, both the primary and secondary tasks employed working memory and thus 

may have overwhelmed the attentional capacity of the individual (Abernethy, 1988; 

Beilock et al., 2001).  
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The secondary task in the present experiment was a variation of the word 

monitoring task. Participants were presented with a list of different words presented at 

random intervals and told to listen for a target word. On hearing the target word, 

participants were required to respond as quickly as possible via a manual button press. 

Therefore, performance on the secondary task was measured by the reaction time to 

the target word in each condition. Word monitoring was chosen as the secondary task 

in the present experiment because it is discrete, and the errors are specific, which 

allows for clearer results (Abernethy, 1988). To date, a form of word monitoring 

(word shadowing) task has been included in dual-task studies as an irrelevant, or 

distraction condition (e.g., Ford et al., 2005). However, there remains potential for the 

words in a word monitoring task to direct the attention of the participant (e.g. internal 

or external). The effectiveness of such priming and its impact on performance has not 

yet been investigated. 

Therefore, this experiment implemented the dual-task paradigm to assess the 

automaticity of cycling in three skill groups (novice, experienced, and elite cyclists). 

The primary task was a cycling task, and a word-monitoring task was introduced as 

the secondary task. Also of interest was the effect of different types of words on the 

attention and performance of the cyclists, therefore the word-monitoring task had 

three conditions, each with a different focus. Words were allocated to the three 

conditions depending on whether they were internally or externally relevant to 

cycling, or irrelevant to cycling. The purpose of the inclusion of different word lists in 

this experiment was to covertly manipulate the focus of attention to internally or 

externally relevant, or irrelevant cues. The secondary task was assessed through 

examination of the reaction time to the target word in each task and by the number of 

errors (i.e., missed target words). It was therefore hypothesised that attention would 
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be predominantly internally focused (as assessed by participant self-report) in the 

dual-internal condition, externally focused in the dual-external condition, and 

distracted in the dual-irrelevant condition. If this change in focus did occur, then the 

effects of each focus of attention would be seen in the secondary task performance of 

each group. 

Performance on the cycling task was assessed in a number of ways. The main 

measure was the average power output generated in the 5-minute trial. Research has 

shown that cycling test results are more reliable if the end point is known beforehand 

(Bosquet et al., 2002). It is recognised that cycling races can vary from a few minutes 

(in the case of track sprinters), to several hours (in a road race). For this experiment, it 

was important to select a duration that was achievable for all skill groups, and able to 

be repeated several times in the same session while still providing a measure of 

endurance. Repeated cycling trials of between 5 and 6 minutes have been used with 

success in previous studies (e.g., Aisbett et al., 2003; Hettinga, DeKoning, Broerson, 

Van Geffen, & Foster, 2006). It has also been shown that the oxygen carrying 

capacity (VO2) will reach near maximal levels during a 5-minute maximal cycling 

trial (Berg et al., 2008). This is an indication that endurance systems are heavily relied 

upon during a 5-minute cycling trial. 

Psychophysiological measures were also collected including tonic heart rate, 

heart rate variability, and respiration frequency. Following each experiment, 

participants gave self-reported accounts of their attentional focus during the trial, how 

effective the focus of attention was, and how they felt they performed in the cycling 

task. The RPE was recorded immediately following completion of each trial. 
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3.2 Hypotheses 

 By definition, the novices were unskilled cyclists, therefore it was 

hypothesised that the novice participants would generate less power output than the 

elite and experienced groups in all conditions, and would also possibly report higher 

levels of exertion (RPE). The secondary task performance of each group was 

theorised to be dependent on the level of automaticity of the primary task. If the elite 

cyclists performed the primary task using automatic resources, then their secondary 

task performance should be similar in single and dual tasks. However if, as 

Baumeister and colleagues (1990) suggest, the cycling task was not automatic for elite 

cyclists due to the attention required to regulate effort, then a detriment in secondary 

task performance would be seen. It was anticipated that the novice cyclists would 

demonstrate faster reaction time in single task compared to dual-task conditions, as 

the cycling task required their cognitive resources. Also, it was considered likely that 

that the experienced cyclists would show some detriment in reaction time 

performance in the dual tasks, but this would not be as marked as for the novices.  

It was anticipated that, if the primary task was automatic, the dual-external and 

possibly the dual-irrelevant conditions would display faster reaction times than the 

dual-internal condition. This follows from research supporting the explicit monitoring 

theory (Beilock & Carr, 2001) that shows that performance of automatic tasks 

improves with an external or irrelevant focus. Adoption of an internal focus in this 

case would disrupt the automatic processes (Wulf, 2007). However, if the primary 

task was performed using cognitive processing, then faster reaction times would be 

demonstrated in the dual-internal condition. This is because there would be match 

between the cognitive processes allocated to internal monitoring and the internally 

relevant words in the secondary task. In contrast, the external and irrelevant words in 
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the dual task would be associated with an increased cognitive load to switch attention 

from internal cues and result in a slower reaction time. 

It was also expected that the elite participants would display more HRV than 

novices due to the decreased attentional demands presuming that elite cyclists were 

using automatic resources to complete the cycling task. The purpose of the inclusion 

of experienced cyclists in this experiment was to observe an intermediate group to 

explore the changes at different stages of learning, therefore this group was expected 

to fall between the elite and novice groups. It was anticipated that novices may 

display a different pattern of respiration frequency than the other two groups due to 

the differences in fitness. Little evidence exists on the effect of attentional 

manipulations on respiration frequency in exercising subjects, therefore it was 

included as an exploratory variable in this experiment. 

 

3.3 Methods 

3.3.1 Participants 

Novice, experienced, and elite cyclists participated. Due to difficulties in 

recruiting an adequate number of elite and experienced cyclists, some triathletes were 

also recruited. Triathletes spend a considerable proportion of their training hours on 

the bike, and were considered suitable to be included in this cycling study as elite and 

experienced cyclists. Table 3.1 shows the demographic characteristics of the 

participants.  
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Table 3.1: Demographic Characteristics of the Participants in Experiment 1.  

 Group 

 Novice 

(n = 16) 

Experienced 

(n = 16) 

Elite 

(n = 15) 

Male:Female ratio 15:1 14:2 12:3 

Cyclist:Triathlete ratio - 8:8 8:8 

Age (years) 27.88 (8.0) 

range: 19 – 43 

33.63 (7.8) 

range: 20 – 45 

33.33 (8.8) 

range: 22 - 45 

Body Mass Index (kg.m
-2

) 25.12 (3.76) 

range: 19.04 – 32.03 

24.34 (2.87) 

range: 20.57 – 21.12 

23.91 (2.14) 

range: 20.30 – 27.74  

Total time spent participating 
in physical activity / week 
(hrs) 

6.78 (5.67) 

range: 0.5 – 23.5 

10.53 (4.58) 

range: 4.17 – 18.5 

18.64 (20.12) 

range: 1 – 85 

Total time spent participating 
in vigorous physical activity / 
week (hrs) 

3.94 (2.96) 

range: 0 – 9 

8.32 (3.93) 

range: 3.25 – 15 

14.26 (20.12) 

range: 0 – 65 

Frequency of physical activity 
episodes / week 

7.75 (3.11) 

range: 1 – 13 

12.00 (5.43) 

range: 7 – 26 

12.53 (5.90) 

range: 3 – 22 

Frequency of vigorous 
physical activity episodes / 
week 

3.69 (2.21) 

range: 0 – 8 

7.19 (3.21) 

range: 2 – 12 

7.07 (4.43) 

range: 0 - 17 

Years of competition 
0 

4.19 (4.58) 

range: 1 – 16 

8.00 (6.04) 

range: 3 – 25 

Grade 

- 

A grade (n = 1) 

B grade (n = 4) 

C grade (n = 3) 

A grade (n = 8) 

Level of competition 
- 

Club (n = 12) 

State (n = 3) 

National (n = 9) 

International (n = 7) 

Number of training sessions 
in the week prior to testing 

- 
7.44 (3.14) 

range: 3 – 16 

5.80 (2.48) 

range: 0 - 10 

Time spent training in the 
week prior to testing (hrs) 

- 
8.00 (3.66) 

range: 2.83 – 17.08 

10.19 (5.47) 

range: 0 – 20 

Average intensity of training in 
the week prior to testing 
(Rating of Perceived Exertion 
scale 6 – 20) 

- 
13.57 (1.50) 

range: 12.00 – 17.50 

13.13 (1.39) 

range: 10.58 – 15.33 

Note. Grade given is for cyclists only, triathletes are not graded for competition. Mean shown with 

standard deviation in parentheses. 

  

Novice cyclists had never competed in a cycling or triathlon competition. 

They also did not ride regularly as defined by no more than 5 hours total in the 

preceding year. These cyclists were recruited in the first instance from first-year 

psychology students at Griffith University (n = 5). However, to ensure an adequate 

matching across groups on physical characteristics, additional novices were sourced 
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through personal contacts, local sporting clubs, and community groups. Experienced 

cyclists were cyclists or triathletes who had competed at club or state level at least 

once, but not at national or international level. Experienced cyclists had also trained 

for at least the three years prior to testing. This group was sourced through local 

cycling clubs and associated contacts. Elite cyclists were cyclists or triathletes who 

had competed at national or international level in the preceding three years, and were 

currently training and racing. Total time and frequency of vigorous and normal 

physical activity was examined for each group to establish any potential differences in 

fitness level. 

Cyclists in each of the groups were matched on relevant physical variables. 

Separate oneway ANOVAs revealed no significant group differences in age, F(2, 46) 

= 2.47, p = 0.1, or Body Mass Index (BMI), F(2, 46) = .65, p = .53. Pearson’s chi-

square test was used to assess whether the male:female ratio differed among groups. 

The chi-square test was not significant, χ
2
 (2, N = 47) = 1.32, p = .52. Analysis of the 

physical activities variables with a oneway ANOVA showed that a significant main 

effect of group was present for the total time spent participating in physical activity, 

F(2, 44) = 3.85, p = .03, ηp
2
 = .15, the total time spent participating in vigorous 

physical activity, F(2, 44) = 4.68, p = .014, ηp
2
 = .18, frequency of physical activity, 

F(2, 44) = 4.44, p = .02, ηp
2
 = .17, and frequency of vigorous physical activity, F(2, 

44) = 5.47, p = .008, ηp
2
 = .20. Post hoc analysis showed that novices reported 

significantly less time participating in physical activity than the elite group, t(29) = 

2.27, p = .03, and also significantly less time participating in vigorous physical 

activity than the elite group, t(14.91) = 2.48, p = .01. Novices also reported a 

significantly lower frequency of physical activity compared to the elite group, 

t(20.91) = 2.80, p = .03, and a significantly lower frequency of vigorous physical 
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activity compared to the elite, t(29) = 2.71, p = .024, and experienced groups, t(30) = 

3.59, p = .016. Although elite participants reported more years of competition than 

experienced participants, an independent samples t test showed no significant 

difference between the two groups, t(29) = 1.99, p = .06. Likewise, independent 

samples t tests found no significant differences between the numbers of session per 

week, t(29) = 1.61, p = .12, ηp
2
 = .08, total training time per week, t(29) = 1.32, p = 

.20, ηp
2
 = .06, or average intensity of training per week, t(29) = 0.83, p = .42, ηp

2
 = 

.02, between the experienced and elite cycling groups. 

This study received ethical clearance from the Griffith University Human 

Research Ethics Committee (CTL/07/05/HREC). Each participant received $10 to 

reimburse for travel expenses associated with the research. Novices involved in a 

first-year psychology subject at Griffith University also received partial course credit 

for participation. Before participation, all participants completed a medical screening 

form (adapted from Sports Medicine Australia (SMA) Pre-Exercise Screening 

System) to determine their ability to safely participate (Appendix A). All participants 

were provided with information forms and gave informed consent before participation 

in the study (Appendix B and C). 

3.3.2 Apparatus and Instruments 

A Schoberer Rad Meβtechnik (SRM) High Performance Cycle Ergometer was 

used, which allowed cyclists to self-select cadence and workload, thus minimising 

interference with the attentional manipulation. For the trials, the ergometer was 

operated in isokinetic mode. That is, the cadence was controlled by the computer and 

the load increased as the cadence increased, resulting in the cyclist generating more 

power. Cyclists selected the cadence that was programmed into the ergometer 

software program based on their usual cycling cadence. ‘Usual cycling cadence’ for 
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novices was determined during the warm up period. The experimenter explained what 

cadence was and how the SRM software would use it during the trial. The cadence 

was initially set at 80 rpm, and the novice adjusted this higher or lower throughout the 

warm up period, until satisfied with the setting. This process was also used for 

experienced and elite cyclists who were unsure of their usual cycling cadence. 

Cycling data (power output, speed and cadence) were recorded every 0.5 seconds 

using the SRM customised software program attached to the ergometer. The 

ergometer was adjusted to replicate the usual riding position of the cyclists, and 

cyclists were permitted to see performance data (time and current power output) on a 

monitor positioned approximately 80 cm from the handlebars throughout the time 

trial. Participants used runners and flat pedals with toe cages attached, or provided 

their own pedals and cycling shoes for the trials. 

Psychophysiological measures were taken via a PowerLab (ADInstruments, 

Sydney) model 4/20 data acquisition system (see Neumann & Waters, 2006) and 

displayed and recorded with a Dell Latitude D830 laptop computer. The ECG 

recording was obtained using disposable Ambu
®
 Blue Sensor T electrodes placed on 

three sites over the chest (manubrium, xyphoid process, and sixth rib (ground)) and 

connected to an ADInstruments Model ML132 Bio Amp. Measures calculated from 

the ECG recordings were tonic heart rate and heart rate variability (HRV). Respiration 

was monitored using an ADInstruments Model MLT1132 Piezo Respiratory Belt 

Transducer placed around the abdomen of the cyclist. 

Mass (kg), and standing height (m) of the participants were recorded prior to 

testing using digital scales and vertical measures in the Queensland Academy of Sport 

(QAS) laboratory to allow for calculations of BMI (mass (kg) / height (m)
2
). 
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Participants responded to the target word through the use of a manual button 

press and word lists were administered using the DMDX computer program (Forster 

& Forster, 2003). The manual button press was created through modification of a 

bicycle bell and a traditional video game control pad. Cyclists held the button in the 

preferred hand in whichever manner was most comfortable for the duration of each 

trial. The DMDX program recorded the participant’s button press reaction time in 

response to acoustically presented target words. 

At the completion of each condition in each experiment, cyclists were asked to 

respond to a series of questions regarding the attentional focus just implemented. This 

form of microanalytic analysis has been successfully used by Kitsantas and 

Zimmerman (2002) and served as a check that the attentional focus manipulations 

were successful. As used by Kitsantas and Zimmerman (2002), simple open or closed-

ended questions were administered to the participants in order to minimize disruption 

to the task and maximise understanding. The first question was open-ended and asked, 

What did you focus your attention on while you were performing the cycling task? 

This was followed by two closed questions that required cyclists to rate themselves on 

a scale of 1 to 7. The questions asked were, How effective were you in focusing your 

attention on the cycling task? and, How would you rate your performance on the 

cycling task?. The rating scale was as follows: 1 – incompetent, 2 – very poor, 3 – 

poor, 4 – average, 5 – good, 6 – very good, 7 – excellent. Finally, cyclists were asked, 

How would you rate the overall intensity of the cycling task? and responded to this 

question using the Borg scale of Rating of Perceived Exertion (RPE; Borg, 1998). 

This scale is a continuum from 6 to 20, where 6 represents no exertion at all, and 20 

represents maximal exertion. Cyclists responded to this questionnaire immediately 

following completion of the trial, to minimise the impact of incomplete recollection.    
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Additionally, elite and experienced cyclists were asked to report the amount 

and intensity of training completed in the seven days prior to testing. For each day in 

the week prior to testing, cyclists reported the number of training sessions completed, 

type of session (e.g., ride or run), total time of session, and overall intensity of the 

session using the RPE scale. This self-report measure was included to check that there 

were no possible training effects of fatigue on the testing conditions. 

Finally, all participants responded to the following questions adapted from the 

SMA pre-screening questionnaire, so as to gauge their normal levels of physical 

activity. 

1. In the last week, how many times have you walked continuously for at least 

10 minutes, for recreation, exercise, or to get to / from places? 

2. What do you estimate was the total time that you spent walking in this way 

in the last week? 

3. In the last week, how many times did you do any vigorous gardening or 

heavy work around the yard, which made you breathe harder or puff and 

pant? 

4. What do you estimate was the total time that you spent doing vigorous 

gardening or heavy work around the yard in the last week? 

The following questions exclude household chores, gardening, and yard work: 

5. In the last week, how many times did you do any vigorous physical activity 

which made you breathe harder or puff and pant? (e.g., jogging, aerobics, 

competitive tennis) 

6. What do you estimate was the total time that you spent doing this vigorous 

physical activity in the past week? 
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7. In the last week, how many times did you do any other physical activity 

that you have not already mentioned? (e.g., gentle swimming, social 

tennis, golf) 

8. What do you estimate was the total time that you spent doing these 

activities in the last week? 

9. How much physical activity would you say you did this week compared to 

last week? 

1 – Much more physical activity this week compared to last week 

2 – More physical activity this week compared to last week 

3 – About the same physical activity this week and last week 

4 – Less physical activity this week compared to last week 

5 – Much less physical activity this week compared to last week 

From this questionnaire, four measures of physical activity were extracted. 

Frequency of physical activity was the sum of Questions 1, 3, 5 and 7. Likewise, 

amount of time spent doing physical activity was the sum of Questions 2, 4, 6, and 8. 

The frequency of vigorous physical activity was the sum of Questions 3 and 5, and the 

amount of time spent doing vigorous physical activity was the sum of Questions 4 and 

6. Question 9 was used to check that the physical activity levels reported were typical 

of usual activities. The responses from each group to Question 9 were considered to 

be interval level data and the frequency for each response is shown in Figure 3.1. The 

responses to this question approximated a normal distribution (standardised skewness 

= 1.02, standardised kurtosis = 0.30), therefore the data from the physical activity 

questionnaire are considered to be largely a true representation of the usual activities 

of the study cohort. 
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Figure 3.1: Responses of the novice, experienced, and elite participants to the question “How much 

physical activity would you say you did this week compared to last week?”  

 

3.3.3 Procedure 

This experiment examined the attentional focus of the cyclists through the use 

of a secondary task similar to that used in other attention research (e.g., Beilock, Carr, 

et al., 2002; Beilock, Wierenga, et al., 2002). However, this study differed to previous 

research in the instructions given to the cyclists to maintain performance and attention 

on the primary task, and through the introduction of relevant and irrelevant words in 

the secondary task. The secondary task used a target word and distracter words that 

were irrelevant to cycling, internally relevant, or externally relevant. The study 

employed a 3 x 4 Group (Novice vs. Experienced vs. Elite) x Condition (Single Task 

vs. Dual-Irrelevant vs. Dual-External vs. Dual-Internal) design. The conditions were 

counterbalanced across participants to control for practice and/or fatigue effects.  

Participants completed four conditions that differed in the presence and/or 

nature of the words presented during the secondary task: Single task (cycling with no 

words), Internal-Relevant (e.g., words such as fight, alert), External-Relevant (e.g., 
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words such as corner, hill), and Irrelevant (e.g., words such as door, tennis) (the full 

list of words used is available in Appendix D). Words with double or ambiguous 

meanings were excluded. The selected words were either one or two syllables and 

were selected from a popular cycling autobiography penned by the seven times Tour 

de France winner Lance Armstrong (Armstrong, 2002). This maintained consistency 

in language and ensured appropriate cycling-relevant words were selected. The words 

were checked for consistency and appropriateness to a condition by two independent 

reviewers before use in the experiment. Words were presented via standard computer 

speakers. The volume of the speakers was kept constant for all participants.  

Cyclists were required to press a handheld button as quickly as possible upon 

hearing a target word, whilst maintaining performance in the cycling task to the best 

of their ability. The target word for the single-task reaction time trial was cab, for the 

dual-irrelevant task was ball, for the dual-external task was gap, and for the dual-

internal task was feel. The instructions given to participants before each cycling trial 

were as follows: 

“In this condition, I’d like you to cycle for 5 minutes as hard as you can. Your task is 

to pace yourself so that you can complete the 5-minute effort at maximum intensity. 

[Dual-Task Only… “While you’re cycling, you will also be listening to a string of 

words through these speakers. For this trial, the target word is (feel / gap / ball). As 

soon as you hear the target word, press this button firmly and as quickly as possible. 

Remember, your primary task is to cycle as hard as you can for 5 minutes.”] 

“At the end of the condition you will be asked to complete a brief self-report about 

this condition.” 

 The words were presented at random intervals (between 50 and 1000 ms) and 

the target word appeared at an average rate of 6 presentations per minute (once every 
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10 seconds). Due to the rate of presentation of the target word, each condition had a 

total of 32 target words presented in 5 minutes. During each condition, physiological 

(ECG and respiration) and performance (power output and reaction time) measures 

were recorded. 

The cycling protocol was designed such that it satisfied three criteria: (a) the 

duration and intensity were such that it provided a valid and reliable measure of 

endurance; (b) the duration and intensity were such that cyclists of all levels were able 

to recover in a short period of time and perform to the same physical level in all 

conditions; and (c) the protocol did not require the cyclist to attend to any aspect of 

performance other than that which was being manipulated (e.g., maintenance of a 

selected cadence or work rate were avoided due to the possibility of interference with 

the focus of the cyclist). Faria and colleagues (2005a) suggest that, to maximise 

reliability and validity in cycling tests of performance, protocols with a known end 

point (either distance or time) should be used. Consultation with QAS cycling coaches 

suggested that elite cyclists could maintain a maximum level of exertion for periods 

of up to 10 minutes. However, it was expected that novice cyclists would only 

manage periods of up to 5 minutes. Additionally, it was suggested by coaches that a 

rest period of at least 15 minutes would be necessary between exercise bouts if the 

performance level were to be maintained. To satisfy these conditions, the protocol 

employed a 5-minute time trial with a 15-minute rest period between the trials.  

The experiments were conducted in a sports science indoor laboratory 

environment where temperature (M = 20.3 °C, SD = 0.98) and relative humidity (M = 

54.5 %, SD = 5.9; M = 1003.2 hPa, SD = 4.3) were controlled. Due to possible 

variations in performance as a result of circadian rhythms, the time of day that 
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participants were tested was standardised between Experiment 1 and 2 where 

possible. A comparison of the trial schedule is given in Chapter 4.  

On presentation to the physiology laboratory, participants were given an 

information sheet and consent form to read and sign. Following this, they were asked 

to complete a training diary for the seven days prior to testing, a sheet detailing their 

racing experience, and a physical activity questionnaire. Medical screening forms 

were completed prior to the testing session. 

Next, the mass (without shoes) and standing height of the participant were 

recorded. The ergometer was adjusted to replicate the usual riding position of the 

cyclists, and the appropriate pedals connected. The electrodes for the physiological 

recordings were attached, and participants were instructed to cycle slowly while the 

equipment was checked to ensure all was functioning properly. Cyclists were next 

familiarised with the button press, and told that in some trials they would be required 

to press the button whilst cycling. 

The participants were next given a 5-minute warm-up period in which the 

cadence was adjusted to the preferred level, and a practice word-monitoring task was 

administered (with irrelevant words) while cycling. Following the warm-up period, 

cyclists sat on the bike until heart rate returned to the levels observed prior to the 

warm-up. The single-task reaction time trial was then administered. Cyclists were 

required to remain stationary on the bike and respond to the target word (‘cab’) 

whenever it was heard. After the successful completion of the single-task reaction 

time trial, four different 5-minute maximal cycling trials (Single Task, Irrelevant 

Dual-Task, External Dual-Task, and Internal Dual-Task) were administered in a 

counterbalanced order. Immediately following each condition, cyclists were required 

to complete the self-report questionnaire before moving off the bike. During the 15-
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minute rest between trials, cyclists were permitted to move around the lab as needed, 

but were seated on the bike for the last three minutes of each rest period. Following 

completion of the four trials, cyclists warmed down for 5 to 10 minutes, were 

debriefed, and thanked for their participation.  

3.3.4 Data Analysis 

Due to the possibility of gender differences in the results, it was important to 

establish the validity of including both genders in the analysis. Differences between 

male and female participants were explored through a series of 2 x 4 (Gender x 

Condition) repeated measures ANOVA for each dependent variable. No significant 

differences were found for any variable (all Fs < 3.56, p > .07, ηp
2
 < .07). Power 

estimates were .46 for the gender effect and .26 for the interaction. Although the 

power of the experiment to detect gender effects was relatively low due to the small 

sample sizes, the effect size indicates that only a small proportion of variance was 

attributable to the gender of the participant (Cohen, 1973). Therefore both male and 

female participants were included in the analysis. As will be seen in Chapter 4, in 

Experiment 2 a significant difference between the male and female participants was 

found and the female participants were excluded from the analysis. To allow for a 

comparison of results between the two experiments for the male participants only, the 

statistical analyses for the male participants in Experiment 1 can be found in 

Appendix E. 

For all statistical analyses, significance was set at the .05 level. Data were 

screened for normality with boxplots and standardised kurtosis and skewness. Post 

hoc comparisons were made with dependent or independent samples t tests as 

appropriate, and Sidak’s adjustment was applied in the case of multiple comparisons. 

Where Mauchly’s test indicated that a violation of the assumption of sphericity had 
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occurred, the Greenhouse-Geisser adjusted degrees of freedom was used. Levene’s 

test of homogeneity was applied to all between-subjects factors. Analyses of simple 

effects of interactions were completed with one-way or repeated measures ANOVA 

as appropriate. Effect size was assessed through the calculation of partial eta squared.  

3.3.4.1 Cycling performance. 

The primary measure of cycling performance was power output. Power was 

sampled every 0.5 s during the trial and stored as a text file for analysis. The average 

power output for each 10 s interval within the 5-minute trial was then extracted and 

used for all analysis. Mean power generated in 5 minutes, and mean power in each 

minute of the 5-minute trial was used for assessment of cycling performance. No 

outliers were identified for the power output data, and plots were approximately 

normal. Power output was analysed using a 3 x 4 x 5 (Group x Condition x Minute) 

mixed models ANOVA with repeated measures on the condition and minute within-

subjects factors. Group was a between-subjects factor. Relative power was determined 

for each minute by dividing the mean score for each minute by the mean for all 

minutes, and converting to a percentage. These scores were analysed with a 3 x 4 x 5 

(Group x Condition x Minute%) mixed models ANOVA with repeated measures on 

the condition and minute% within-subjects factors. 

Rating of Perceived Exertion data were obtained from the self-report 

questionnaires completed after every trial. After being screened for normality the data 

were analysed with a 3 x 4 (Group x Condition) mixed models ANOVA with repeated 

measures on the within-subjects factor of condition. 
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3.3.4.2 Secondary task performance. 

Reaction time to the target word was recorded by the DMDX program and 

stored for analysis. Participants were given 2500 ms to respond to the target word. If 

the response button was not pressed in this period, a missed response was recorded.  

A process of winsorization was used to remove outliers from the data 

(Ruppert, 2006). All outliers were long responses, and rather than simply deleting 

these responses, it was considered important to recognise that these long responses 

contained information and should be retained, but without skewing the data 

significantly. Therefore values that were 2.5 standard deviations from the mean or 

more were replaced with the mean plus 2.5 standard deviations. Following this 

process, boxplots and standardised measures of skewness and kurtosis showed that 

normality was improved. The number of responses replaced through winsorization in 

each condition was as follows (number of responses replaced, total number of words): 

Single (3, 0.53%), Dual-Irrelevant (26, 1.73%), Dual-External (31, 2.06%), and Dual-

Internal (31, 2.06%).  

Two measures of secondary task performance were calculated, mean reaction 

time, and reaction time in each minute of the 5-minute trial. In order to assess the 

change in reaction time throughout the trial, response times were collapsed into five 

blocks (each representing approximately one minute) as follows: Minute 1 (responses 

2 – 7), Minute 2 (responses 8 – 13), Minute 3 (responses 14 – 19), Minute 4 

(responses 20 – 25), and Minute 5 (responses 26 – 31). The first response in Minute 1 

and last response in Minute 5 were excluded from this analysis to allow an equal 

number of responses to be included in each minute block. Only dual-task data were 

analysed to investigate change in reaction time throughout the trial because the single-

task reaction time condition was considerably shorter than the dual-task conditions. 
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To determine performance on the secondary task, mean reaction time to the 

target word in the dual-task conditions was compared to the baseline single-task 

reaction time condition through a 3 x 4 (Group x Condition) ANOVA with repeated 

measures on the within-subjects condition variable. Additionally, a 3 x 4 (Group x 

Condition) ANOVA was used to compare the number of times the cyclist failed to 

respond to a target word in baseline and dual-task conditions. Finally, a 3 x 3 x 5 

(Group x Dual-Task Condition x Minute) mixed models ANOVA with repeated 

measure on the dual-task condition variable was conducted to assess differences in 

reaction time across the trial. 

3.3.4.3 Heart rate measures. 

Heart rate was derived from the ECG signal recorded for the length of the 5-

minute trial. Chart5 for Windows (ADInstruments, Sydney) software was used to 

record and process the ECG signal. Each R-peak in the 5-minute trial was identified 

and interbeat intervals were screened for artefacts. Manual adjustments to identified 

R-peaks were made where necessary. Interbeat intervals for each trial were exported 

to a text file, which was then processed to gain a mean RR interval for each 10-second 

time period. The RR interval for each 10-second period was then converted to a heart 

rate (beats per minute) and stored for analysis. 

A small number of ECG recordings were unusable for analysis of heart rate or 

HRV due to poor contact of the electrodes or excessive sweating. One participant 

from the experienced group had two conditions that were unusable. Two novice 

participants were missing one and two conditions respectively. The missing data were 

replaced with the mean score from the available conditions for each participant. 

Additionally, only part of the data from one condition of an experienced participant 

was usable (1.3 – 5 min). The available data were extrapolated to give a mean score 
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for 5 minutes. Finally, no data were available for one of the elite participants due to a 

malfunction of the equipment. This participant was excluded from the heart rate, 

HRV, and respiration analyses. 

Mean heart rate and mean heart rate seen in each minute of the 5-minute trials 

were used for analysis. Data were screened for normality with boxplots. No outliers 

were identified, and no data were missing other than what has been stated above. 

Heart rate was assessed with a 3 x 4 x 5 (Group x Condition x Minute) mixed models 

ANOVA with repeated measures on the within-subjects factors of condition and 

minute. Relative heart rate was determined by dividing the heart rate seen in each 

minute by the mean heart rate of all minutes and converting to a percentage. These 

data were then analysed with a 3 x 4 x 5 (Group x Condition x Minute%) mixed 

models ANOVA with repeated measures on the condition and minute% within-

subjects variables. 

Heart rate variability was calculated using spectral analysis of the ECG signal 

recorded during each trial. The fast Fourier method was used, and frequencies 

calculated from the sum of the power within each of the boundaries on the spectral 

plot. HRV components included total power, very low frequency (VLF; < 0.04 Hz), 

low frequency (LF; 0.04 – 0.15 Hz), high frequency (HF; 0.15 – 0.4 Hz), and the ratio 

between low and high frequency (LF:HF). It is recognised that the validity of the 

interpretation of the VLF component in recordings of less than 5 minutes has been 

questioned (Taskforce, 1996). Whilst the analysis of VLF has been included in this 

study, the results should be interpreted with caution. 

Data were stored as a text file, and extracted for input to statistics analysis 

software. After screening for normality with boxplots, it was evident that all 

components displayed a large positive skew. Absolute values of HRV were therefore 
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transformed by Log10 prior to statistical analysis to achieve an approximately normal 

distribution. Separate 3 x 4 (Group x Condition) mixed models ANOVA were 

performed for each HRV component, with repeated measures on the within-subjects 

condition factor. 

3.3.4.4 Respiration. 

Frequency of respiration was calculated using the cyclic measurements 

function within the Chart5 for Windows (ADInstruments, Sydney) software. 

Minimum peak height was set at 0.9 standard deviations, and standard settings for the 

respiration belt. Average frequency in each 10 s time period was stored for analysis. 

No respiration data were missing. Data were assessed for normality with boxplots, 

and no outliers were identified. 

Mean respiration frequency, and mean frequency in each minute of the 5-

minute trial was used for analysis. A 3 x 4 x 5 (Group x Condition x Minute) mixed 

models ANOVA with repeated measures on the within-subjects factors of condition 

and minute was performed. Relative respiration was calculated by dividing the mean 

frequency of respiration in each minute of the trial by the mean respiration for the 

entire trial. A 3 x 4 x 5 (Group x Condition x Minute%) mixed models ANOVA with 

repeated measures on the condition and minute% within-subjects factors was then 

applied.  

3.3.4.5 Self-report. 

Quantitative self-report data were examined with 3 x 4 (Group x Condition) 

ANOVAs. Qualitative self-report data were gathered from responses to the question, 

“What did you focus your attention on while you were performing the cycling task?”, 

which was administered immediately following each trial. After reviewing the 
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responses, 31 common themes were identified and then classified into 7 higher order 

categories, as shown in Table 3.2.  

 

Table 3.2: Themes Identified for the Coding of the Self-Report Data. 

Internal 

Pain  

Pedalling  

Effort  

Breathing  

Posture  

Pace  

Legs / Feet  

Technique / Form  

Relax  

Rhythm / Tempo  

Hunger / Thirst  

External 

Power Output  

Time  

Planning  

Cadence  

Speed  

Distance  

Equipment  

Trust 
Black dot relevant only to Exp. 2 

Clear mind  

Performance 

Improve by 5% relevant only to Exp. 2 

Do my best trial  

Stay above target power output  

Outcome 

Win  

Beat the best average power  

Beat others  

Word Monitoring  relevant only to Exp. 1 

Other 

Visualization  

Cycling  

Consistency  

Other  
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Two independent raters used this classification scheme to classify the 

participant’s responses. The raters were blind to the condition to which the participant 

was referring in their response, to minimise any chance of bias. Cohen’s kappa was 

used to calculate inter-rater agreement. The value of kappa was initially substantial (k 

= .80) (Landis & Koch, 1977), and reached almost complete agreement after 

discussion (k = .99). The frequency of responses in each category for the novice, 

experienced, and elite cyclists was calculated. 

 

3.4 Results 

3.4.1 Cycling Performance 

Cycling performance was quantified through examination of the mean power 

output (watts) of each cyclist across the 5-minute trial. Figure 3.2 suggests that 

participants performed to a similar level across conditions and that novices generated 

less power output than the experienced and elite cyclists.  

 

Figure 3.2: Average power output of novice, experienced, and elite participants in each of the four 

conditions. (Error bars represent standard error of the mean) 
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To investigate cycling performance throughout the 5-minute task and how the 

secondary task may have affected the pacing strategy of the cyclists, average power 

was also calculated for each minute of the 5-minute task. Figure 3.3 suggests that a 

similar pacing strategy was used in each of the conditions. Participants tended to 

generate the most power in the first and last minutes of the trial, but showed decreased 

power output in the second, third, and fourth minutes.  

 

Figure 3.3: Average power output for each minute of the 5-minute trial in each condition. (Error bars 

represent standard error of the mean). 

 

A 3 x 4 x 5 (Group x Condition x Minute) mixed models ANOVA confirmed 

the observations from the figures with a significant main effect of group, F(2, 44) = 

26.13, p < .001, ηp
2
 = .54, and a non-significant main effect of condition, F(3, 132) = 

2.15, p = .10, ηp
2
 = .05. Post hoc analysis of the group main effect showed that 

novices (M = 182.04 W, SD = 38.67) achieved significantly less power than 

experienced (M = 293.44 W, SD = 57.02, t(30) = -6.47, p < .001), and elite (M = 

322.83 W, SD = 73.14, t(29) = -6.77, p < .001) participants. However, the absence of 
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a significant Group x Condition interaction, F(6, 132) = 0.42, p = .87, ηp
2
 = .02, 

suggests that the word-monitoring conditions had a similar lack of an effect on all 

groups. A significant main effect of minute was seen, F(1.48, 65.16) = 16.33, p < 

.001, ηp
2
 = .27, confirming that power output did change significantly over time. A 

series of pairwise comparisons showed that Minute 1 (M = 284.34 W, SD = 80.15) 

and Minute 5 (M = 272.38 W, SD = 94.05) had significantly higher power output than 

Minute 2 (M = 259.94 W, SD = 82.68), Minute 3 (M = 253.58 W, SD = 85.00), and 

Minute 4 (M = 253.97 W, SD = 86.83), t(46) > 2.94, p < .04, for all significant 

comparisons. Additionally, Minute 2 power was significantly higher than Minute 3, 

t(46) = 2.97, p = .04. No significant Group x Minute, F(2.96, 65.16) = 2.59, p = .06, 

ηp
2
 = .11, Condition x Minute, F(4.45, 195.96) = .51, p = .75, ηp

2
 = .01, or Group x 

Condition x Minute, F(8.91, 195.96) = .51, p = .86, ηp
2
 = .02, interactions were found. 

A secondary analysis was conducted, eliminating the main effect of group by 

conversion of the absolute power output to relative power. Figure 3.4 shows the 

relative power output achieved in each minute of the trial for each of the participant 

groups. The figure suggests that novices had a different pattern of power output across 

the trial compared to the other two groups, as they appear to have started with a 

higher relative power output and consequently faded faster throughout the trial.  
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Figure 3.4: Relative power output in each minute of the 5-minute trial for novice, experienced, and 

elite participants. (Error bars represent standard error of the mean). 

 

A 3 x 4 x 5 (Group x Condition x Minute%) mixed models ANOVA did 

reveal a significant main effect of minute%, F(1.55, 68.17) = 17.84, p < .001, ηp
2
 = 

.29, and a significant Group x Minute% interaction, F(3.10, 69.17) = 3.43, p = .02, ηp
2
 

= .14. This interaction was explored further with separate repeated measures ANOVA 

for each group. An effect of minute% was found for the novice, F(1.84, 27.66) = 

21.88, p < .001, ηp
2
 = .59, and experienced groups, F(1.41, 21.09) = 5.06, p = .03, ηp

2
 

= .25, but not the elite group, F(1.27, 17.80) = 1.82, p = .20, ηp
2
 = .12. For the novice 

group, the relative power generated in the first minute (M = 115.71 %, SD = 13.38) 

was significantly more than that seen in Minute% 2 (M = 99.69 %, SD = 5.01), 

Minute% 3 (M = 92.63 %, SD = 5.78), Minute% 4 (M = 91.73 %, SD = 5.98), and 

Minute% 5 (M = 100.25 %, SD = 8.58), t(15) > 3.41, p < .007, for all significant 

comparisons. Minute% 2 also had significantly more relative power than Minute% 3 

and Minute% 4, t(15) > 4.28, p < .005. Finally, Minute% 5 was significantly higher 

than Minute% 4, t(15) = 3.32, p = .03. In the experienced group, relative power 

generated in the last minute (M = 104.03 %, SD = 10.34) was significantly more than 
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that generated in Minute% 3 (M = 95.31 %, SD = 4.50), and Minute% 4 (M = 96.03 

%, SD = 5.99), t(15) > .368, p < .02. No significant Condition x Minute%, F(4.44, 

195.34) = 0.60, p = .68, ηp
2
 = .01, or Group x Condition x Minute%, F(8.88, 195.34) 

= 0.50, p = .88, ηp
2
 = .02, interactions were found. The main effect of group, and 

Group x Condition interaction are not presented as all groups had 100% power output 

in all conditions. This is the case for all relative comparisons. 

3.4.2 Rating of Perceived Exertion 

The rating of perceived exertion (RPE) scale was used to assess the subjective 

workload of the participants. Figure 3.5 shows the reported RPE of each of the groups 

in each of the conditions. It appears that the novices reported the lowest level of 

exertion and that all conditions were rated at similar levels of exertion.  

 

Figure 3.5: Rating of perceived exertion in each of the four conditions for novice, experienced, and 

elite participants. (Error bars represent standard error of the mean). 
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A mean RPE of 15.9 (SD = 1.3) for all conditions indicates that participants 

found the exertion hard to very hard (Borg, 1998). There was a significant main effect 

of group, F(2, 44) = 3.83, p = .03, ηp
2
 = .15. Specifically, novices (M = 15.28, SD = 

1.03) reported significantly lower levels of exertion compared to the elite participants 

(M = 16.48, SD = 1.49), t(29) = 2.62, p = .03. No significant main effect of condition 

was seen, F(2.27, 99.70) = .24, p = .87, ηp
2
 = .01, indicating that the participants 

experienced similar levels of exertion for all conditions. No significant Group x 

Condition interaction was found, F(4.53, 99.70) = 0.80, p = .54, ηp
2
 = .04. 

3.4.3 Secondary Task Performance 

Secondary task performance was established through examination of reaction 

time speed (response time) and accuracy (missed words). No target words were 

missed in the single-task reaction time condition. The number of target words missed 

(from a total of 1504 words presented across all participants) in each of the dual-tasks 

was as follows: Dual-Irrelevant (n = 5), Dual-External (n = 10), and Dual-Internal (n 

= 6). The frequencies of missed words in each of the dual-task conditions were 

analysed with a 3 x 3 (Group x Condition) mixed models ANOVA. No significant 

main effect of condition, F(2, 88) = 1.28, p = .28, ηp
2
 = .03, or group, F(2, 44) = 0.62, 

p = .54, ηp
2
 = .03, was found. The Group x Condition interaction, F(4, 88) = 0.36, p = 

.83, ηp
2
 = .02, was also not significant. 

Reaction time was assessed as the mean response time to the target word from 

32 presentations in the dual-task conditions, and 12 presentations in the single-task 

condition. Figure 3.6 shows the mean reaction time for each of the groups in each 

condition. All groups performed to a similar level in each condition, and reaction 

times were fastest in the single-task condition. Additionally, the dual-internal task 

appears to show a faster reaction time than the other two dual-task conditions.  
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Figure 3.6: Average reaction time to presentation of the target word for novice, experienced and elite 

participants in each of the four conditions. (Error bars represent standard error of the mean). 

 

A 3 x 4 (Group x Condition) mixed models ANOVA revealed no significant 

main effect of group, F(2, 44) = 0.57, p = .57, ηp
2
 = .03. A significant main effect of 

condition, F(2.40, 105.57) = 92.43, p < .001, ηp
2
 = .68, was seen. Specifically, single-

task reaction time (M = 443.85 ms, SD = 69.98) was significantly faster than all dual-

task reaction times (dual-irrelevant, M = 571.43 ms, SD = 83.13; dual-external, M = 

593.47 ms, SD = 67.36; dual-internal, M = 499.35 ms, SD = 72.45), all t(46) > 4.55, p 

< .001. Additionally, initial observations were confirmed as the dual-internal task was 

found to be significantly faster than both the dual-external and the dual-irrelevant 

tasks, t(46) > 7.95, p < .001. No significant Group x Condition interaction, F(4.80, 

105.57) = 0.27, p = .92, ηp
2
 = .01, was seen. 

Reaction time in each of the dual-task conditions was assessed across the 

course of the 5-minute trial and is shown in Figure 3.7. Apart from the gross 

differences between conditions, it appears that the dual-external and dual-irrelevant 

trials showed a similar pattern from Minute 2 to Minute 5, but a faster reaction is seen 
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in the first minute of the dual-irrelevant trial. The dual-internal trial shows a different 

pattern, displaying a linear trend of lengthening reaction time from Minute 2 onwards. 

 

Figure 3.7: Average reaction time to presentation of the target word in each minute of the three dual-

task conditions. (Error bars represent standard error of the mean). 

 

The recoded response times were analysed using a 3 x 3 x 5 (Group x 

Condition x Minute) mixed models ANOVA. A significant main effect of minute was 

found, F(2.91, 128.21) = 7.86, p < .001, ηp
2
 = .15, and a significant Condition x 

Minute interaction, F(5.16, 227.09) = 10.01, p  < .001, ηp
2
 = .19, was found. This 

interaction was further explored with separate repeated measures ANOVA for each 

dual task. A significant effect of minute was found for the dual-irrelevant, F(3.07, 

141.06) = 9.07, p < .001, ηp
2
 = .17, and dual-internal, F(3.11, 142.94) = 15.13, p < 

.001, ηp
2
 = .25, conditions, but not dual-external. In the dual-irrelevant condition, 

reaction times were significantly faster in Minute 1 (M = 527.35 ms, SD = 75.46), 

compared to Minute 2 (M = 592.54 ms, SD = 116.26), Minute 3 (M = 567.27 ms, SD 

= 101.20), Minute 4 (M = 585.26 ms, SD = 94.12), and Minute 5 (M = 579.13 ms, SD 

= 108.42), t(46) > 3.50, p < .01. In the dual-internal condition, the reaction time was 
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significantly slower in Minute 5 (M = 532.73 ms, SD = 77.40) compared to Minute 1 

(M = 489.00 ms, SD = 74.62), Minute 2 (M = 474.29 ms, SD = 87.54), and Minute 3 

(M = 489.78 ms, SD = 79.34), t(46) > 3.91, p < .001. Minute 4 (M = 505.01 ms, SD = 

90.36) was also significantly slower than Minute 2 for this condition, t(46) > -4.06, p 

= .002. No significant Group x Minute, F(5.83, 128.21) = 0.63, p = .70, ηp
2
 = .03, or 

Group x Condition x Minute, F(10.32, 227.09) = 1.06, p = .39, ηp
2
 = .05, interactions 

were seen. 

The relative reaction time responses were calculated using the same method as 

for power output. A 3 x 3 x 5 (Group x Condition x Minute%) mixed models 

ANOVA revealed a significant main effect of minute%, F(3.11, 136.87) = 8.32, p < 

.001, ηp
2
 = .16, and a significant Condition x Minute% interaction, F(5.70, 250.58) = 

12.25, p < .001, ηp
2
 = .22. The simple effects of this interaction were examined with 

separate repeated measures ANOVA for each dual-task condition. A significant effect 

of minute% was found for dual-irrelevant, F(3.16, 145.38) = 9.47, p < .001, ηp
2
 = .17, 

and dual-internal, F(3.11, 143.02) = 16.92, p < .001, ηp
2
 = .27, but not dual-external. 

Further investigation of the dual-irrelevant condition showed that the relative reaction 

time in Minute% 1 (M = 92.89 %, SD = 7.79), was significantly faster than that seen 

in Minute% 2 (M = 103.67 %, SD = 10.47), Minute% 3 (M = 99.34 %, SD = 7.93), 

Minute% 4 (M = 102.66 %, SD = 6.33), and Minute% 5 (M = 101.44 %, SD = 9.63), 

t(46) > 3.37, p < .015. In the dual-internal condition, the relative reaction time seen in 

Minute% 5 (M = 107.32 %, SD = 9.11) was significantly slower than that of Minute% 

1 (M = 98.29 %, SD = 5.93), Minute% 2 (M = 94.93 %, SD = 5.49), Minute% 3 (M = 

98.24 %, SD = 5.74), and Minute% 4 (M = 101.22 %, SD = 7.74), t(46) > 2.96, p < 

.05. Additionally, Minute% 4 was significantly slower than Minute% 2 for this 

condition, t(46) = 4.13, p = .001. No significant Group x Minute%, F(6.22, 136.87) = 
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0.65, p = .70, ηp
2
 = .03, or Group x Condition x Minute%, F(11.39, 250.58) = 1.02, p 

= .43, ηp
2
 = .04, interactions were seen. These results were essentially the same as for 

the absolute values of power output. 

3.4.4 Heart Rate 

Mean heart rate in each minute of the 5-minute trial was calculated using the 

same method as for power output. It can be seen in Figure 3.8 that heart rate increased 

throughout the trial, with the largest rate of change between the first and second 

minutes.  

 

Figure 3.8: Average heart rate in each minute of the 5-minute trial in each condition. (Error bars 

represent standard error of the mean). 

 

A 3 x 4 x 5 (Group x Condition x Minute) mixed models ANOVA revealed no 

significant main effect of group, F(2, 43) = 1.20, p = .31, ηp
2
 = .05. A significant main 

effect of condition, F(2.44, 104.96) = 3.16, p = .04, ηp
2
 = .07, was found. Specifically, 

participants had a significantly higher heart rate in the single task condition (M = 

160.71 bpm, SD = 10.74) compared to the dual-irrelevant condition (M = 158.23 bpm, 
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SD = 11.99), t(45) = 2.88, p = .044. No significant Group x Condition interaction was 

seen, F(4.87, 104.73) = 0.81, p = .54, ηp
2
 = .03. A significant main effect for minute 

was found, F(1.60, 68.76) = 733.77, p < .001, ηp
2
 = .95. Post hoc analysis revealed 

that heart rate increased as a function of time, and all minutes were significantly 

different to one another. That is, Minute 1 (M = 141.11 bpm, SD = 12.32) was less 

than Minute 2 (M = 160.07 bpm, SD = 11.34), was less than Minute 3 (M = 164.64 

bpm, SD = 11.25), was less than Minute 4 (M = 167.24 bpm, SD = 11.02), was less 

than Minute 5 (M = 170.41 bpm, SD = 10.89), and for all minutes t(45) > 9.73, p < 

.001. No Group x Minute, F(3.20, 68.76) = 1.58, p = .20, ηp
2
 = .07, Condition x 

Minute, F(4.86, 209.05) = 0.83, p = .53, ηp
2
 = .02, or Group x Condition x Minute, 

F(9.72, 209.05) = 0.59, p = .82, ηp
2
 = .02, interactions were significant. 

Absolute heart rate scores were converted to relative scores using the approach 

described in the power output section. A 3 x 4 x 5 (Group x Condition x Minute%) 

mixed models ANOVA revealed a significant main effect of minute%, F(1.51, 64.91) 

= 634.03, p < .001, ηp
2
 = .94. Post hoc analysis revealed the same pattern as for the 

absolute scores – heart rate increased as a function of time and all minutes were 

significantly different to one another. That is, Minute% 1 (M = 87.72 %, SD = 2.82), 

was less than Minute% 2 (M = 99.59 %, SD = 1.10), was less than Minute% 3 (M = 

102.46 %, SD = 0.92), was less than Minute% 4 (M = 104.11 %, SD = 1.34), was less 

than Minute% 5 (M = 106.11 %, SD = 1.70), and for all minutes t(45) > 9.39, p < 

.001. The Group x Minute%, F(3.02, 64.91) = 0.78, p = .51, ηp
2
 = .03, Condition x 

Minute%, F(4.66, 200.35) = 0.89, p = .49, ηp
2
 = .02, and Group x Condition x 

Minute%, F(9.32, 200.35) = 0.60, p = .80, ηp
2
 = .02, interactions were not significant. 
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3.4.5 Heart Rate Variability 

A number of heart rate variability measures were taken. The mean and 

standard deviation for each of these variables are seen in Table 3.3. 

 

Table 3.3: Average Heart Rate, Heart Rate Variability Components, and Respiration Frequency for 

each of the Four Conditions. 

Variable Group 

Condition 

Single Task Dual-Irrelevant Dual-External Dual-Internal 

Heart rate 
(bpm) 

All 160.71 (10.74) 158.23 (11.99) 160.14 (11.16) 160.49 (13.10) 

Novice 162.78 (9.09) 159.87 (12.15) 162.17 (9.33) 162.62 (12.91) 

Exp. 156.49 (10.76) 154.36 (12.73) 157.33 (12.56) 158.28 (13.57) 

Elite 163.16 (11.69) 160.77 (10.59) 161.02 (11.54) 160.92 (13.09) 

Respiration 
(Hz) 

All 1.05 (0.81) 0.96 (0.54) 0.97 (0.60) 0.97 (0.61) 

Novice 1.29 (1.16) 1.14 (0.77) 1.07 (0.93) 1.15 (0.89) 

Exp. 0.78 (0.30) 0.83 (0.39) 0.78 (0.20) 0.73 (0.24) 

Elite 1.09 (0.69) 0.92 (0.32) 1.07 (0.36) 1.05 (0.44) 

Total 
Power 
(ms

2
) 

All 363.81 (237.64) 

2.48 (0.27) 

402.73 (275.66) 

2.52 (0.27) 

374.67 (243.26) 

2.48 (0.32) 

361.53 (262.66) 

2.46 (0.30) 

Novice 409.77 (198.20) 

2.56 (0.23) 

459.39 (251.80) 

2.61 (0.22) 

425.43 (264.83) 

2.52 (0.37) 

386.28 (196.74) 

2.53 (0.26) 

Exp. 335.09 (149.41) 

2.48 (0.23) 

342.31 (273.96) 

2.43 (0.30) 

303.11 (179.26) 

2.41 (0.26) 

318.15 (193.92) 

2.41 (0.30) 

Elite 344.12 (346.93) 

2.40 (0.35) 

407.02 (307.93) 

2.52 (0.28) 

398.44 (277.05) 

2.50 (0.32) 

382.82 (383.67) 

2.45 (0.34) 

VLF (ms
2
) All 322.38 (185.92) 

2.42 (0.31) 

354.04 (245.06) 

2.45 (0.31) 

339.59 (221.17) 

2.42 (0.34) 

315.14 (202.69) 

2.39 (0.34) 

Novice 387.23 (198.73) 

2.53 (0.26) 

434.71 (251.44) 

2.58 (0.24) 

406.97 (263.90) 

2.49 (0.39) 

348.91 (181.21) 

2.48 (0.25) 

Exp. 309.44 (151.56) 

2.43 (0.27) 

322.07 (278.68) 

2.38 (0.36) 

288.06 (184.07) 

2.37 (0.30) 

293.24 (206.74) 

2.32 (0.43) 

Elite 263.05 (195.98) 

2.30 (0.37) 

298.38 (180.88) 

2.39 (0.29) 

321.48 (201.65) 

2.40 (0.35) 

301.56 (229.81) 

2.37 (0.33) 

Note. Mean shown with standard deviation in parentheses, Log10 of the value in italics where 

appropriate. Table continued on next page. 
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Table 3.3: (continued) 

Variable Group 

Condition 

Single Task Dual-Irrelevant Dual-External Dual-Internal 

LF (ms
2
) All 0.95 (1.00) 

-0.18 (0.37) 

1.94 (5.31) 

-0.08 (0.46) 

1.39 (2.67) 

-0.14 (0.43) 

1.04 (0.92) 

-0.14 (0.38) 

Novice 1.65 (1.39) 

0.08 (0.37) 

3.63 (8.51) 

0.19 (0.46) 

1.79 (1.96) 

0.08 (0.41) 

1.75 (1.23) 

0.14 (0.32) 

Exp. 0.59 (0.31) 

-0.29 (0.26) 

0.65 (0.44) 

-0.30 (0.35) 

0.49 (0.26) 

-0.37 (0.26) 

0.57 (0.34) 

-0.33 (0.30) 

Elite 0.56 (0.39) 

-0.35 (0.32) 

1.47 (2.81) 

-0.15 (0.46) 

1.97 (4.31) 

-0.10 (0.50) 

0.77 (0.63) 

-0.24 (0.35) 

HF (ms
2
) All 1.40 (2.82) 

-0.26 (0.55) 

2.05 (4.41) 

-0.16 (0.57) 

1.79 (5.59) 

-0.32 (0.56) 

0.96 (1.64) 

-0.33 (0.49) 

Novice 0.93 (0.87) 

-0.20 (0.39) 

1.73 (3.07) 

-0.11 (0.54) 

0.80 (0.97) 

-0.30 (0.42) 

0.70 (0.54) 

-0.32 (0.42) 

Exp. 1.59 (2.52) 

-0.20 (0.60) 

0.95 (1.24) 

-0.24 (0.42) 

0.57 (0.69) 

-0.46 (0.42) 

0.83 (1.28) 

-0.35 (0.43) 

Elite 1.72 (4.35) 

-0.39 (0.66) 

3.67 (7.08) 

-0.12 (0.76) 

4.32 (9.83) 

-0.17 (0.79) 

1.41 (2.59) 

-0.33 (0.64) 

LF:HF All 2.34 (3.00) 

0.08 (0.54) 

2.47 (4.44) 

0.08 (0.52) 

2.75 (3.21) 

0.19 (0.49) 

2.66 (3.15) 

0.19 (0.51) 

Novice 3.02 (3.04) 

0.28 (0.45) 

4.25 (6.94) 

0.31 (0.53) 

4.33 (4.58) 

0.37 (0.55) 

4.28 (4.52) 

0.48 (0.38) 

Exp. 1.75 (2.02) 

-0.07 (0.58) 

1.43 (1.67) 

-0.05 (0.45) 

1.87 (1.74) 

0.11 (0.40) 

1.53 (1.23) 

-0.02 (0.51) 

Elite 2.26 (3.83) 

0.03 (0.54) 

1.63 (1.91) 

-0.03 (0.53) 

1.95 (1.80) 

0.07 (0.50) 

2.10 (1.99) 

0.09 (0.52) 

Note. Mean shown with standard deviation in parentheses, Log10 of the value in italics where 

appropriate 

 

Each variable was analysed using separate 3 x 4 (Group x Condition) mixed 

models ANOVAs. A significant main effect of group was found in the LF and the 

LF:HF components of HRV (LF: F(2, 43) = 9.25, p < .001, ηp
2
 = .30, LF:HF: F(2, 43) 

= 3.93, p = .03, ηp
2
 = .16). Novice participants (M = 0.12 log10ms

2
, SD = 0.31) had a 

significantly higher LF component compared to experienced (M = -0.32 log10ms
2
, SD 

= 0.26, t(30) = 4.38, p < .001) and elite (M = -0.21 log10ms
2
, SD = 0.34, t(28) = 2.81, 
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p = .013) participants. This contributed to a significantly higher LF:HF ratio in 

novices (M = 0.36, SD = 0.40) compared to experienced (M = -0.01, SD = 0.39) 

participants, t(30) = 2.60, p = .04. No significant main effect of group was found for 

total power, F(2, 43) = 0.98, p = .39, ηp
2
 = .04, VLF, F(2, 43) = 1.56, p = .22, ηp

2
 = 

.07, or HF, F(2, 43) = 0.10, p = .90, ηp
2
 = .01. No significant main effect of condition 

was found for any HRV variable (total power: F(2.53, 108.92) = 0.94, p = .41, ηp
2
 = 

.02, VLF: F(2.49, 106.95) = 0.68, p = .54, ηp
2
 = .02, LF: F(3, 129) = 1.35, p = .26, ηp

2
 

= .03, HF: F(2.46, 105.83) = 2.10, p = .12, ηp
2
 = .05, LF:HF: F(3, 129) = 1.47, p = 

.23, ηp
2
 = .03). No significant Group x Condition interaction was found for total 

power, F(5.07, 108.92) = 0.96, p = .45, ηp
2
 = .04, VLF, F(4.98, 106.95) = 0.84, p = 

.53, ηp
2
 = .04, LF, F(6, 129) = 1.42, p = .22, ηp

2
 = .06, HF, F(4.92, 105.83) = 1.41, p = 

.23, ηp
2
 = .06, or LF:HF, F(6, 129) = 0.41, p = .86, ηp

2
 = .02.  

3.4.6 Respiration 

Respiration frequency (Hz) was examined to assess any differences in 

breathing patterns during the trials. Figure 3.9 demonstrates that the novices tended to 

start the trial with a higher breathing frequency and then maintain a consistent rate. 

On the other hand, the elite and experienced cyclists tended to start slower and 

gradually increased their breathing frequency throughout the trial. 
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Figure 3.9: Average respiration frequency in each minute of the 5-minute trial for novice, experienced, 

and elite participants. (Error bars represent standard error of the mean). 

 

A 3 x 4 x 5 (Group x Condition x Minute) mixed models ANOVA revealed no 

significant main effect of condition, F(2.33, 100.05) = 0.54, p = .61, ηp
2
 = .01, or 

group, F(2, 43) = 2.03, p = .14, ηp
2
 = .09. A significant main effect of minute, F(2.30, 

98.84) = 5.89, p = .003, ηp
2
 = .12, and a significant Group x Minute interaction, 

F(4.60, 98.84) = 3.34, p = .01, ηp
2
 = .13, were found. The simple effects of this 

interaction were explored with separate repeated measures ANOVA for each group. A 

significant effect of minute was found for the experienced, F(1.86, 27.85) = 8.77, p = 

.001, ηp
2
 = .37, and elite, F(1.78, 23.16) = 6.34, p = .008, ηp

2
 = .33, but not the novice 

groups, F(1.85, 27.78) = 0.94, p = .40, ηp
2
 = .06, groups. For the experienced group, 

the frequency of respiration in the first minute (M = 0.66 Hz, SD = 0.27), was 

significantly less than that in Minute 4 (M = 0.83 Hz, SD = 0.20), and Minute 5 (M = 

0.87 Hz, SD = 0.28), t(15) > 3.36, p < .03. Analysis of the elite group revealed that the 

respiration frequency in Minute 1 (M = 0.92 Hz, SD = 0.32), was significantly less 

than Minute 3 (M = 1.05 Hz, SD = 0.36), t(13) = 3.87, p = .03. No significant Group x 
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Condition, F(4.65, 100.05) = 0.59, p = .70, ηp
2
 = .03, Condition x Minute, F(4.79, 

206.01) = 1.37, p = .24, ηp
2
 = .03, or Group x Condition x Minute, F(9.58, 206.01) = 

1.83, p = .06, ηp
2
 = .08, interactions were seen.  

The relative values of respiration frequency were calculated as described in 

the power output section. Figure 3.10 shows the relative respiration frequency of each 

of the groups across the 5-minute trial. While the novice participants tended to stay 

close to 100% for the trial, the experienced and elite participants show a different 

pattern. Elite cyclists were more consistent than the experienced, starting at a higher 

relative frequency and reaching a plateau at about the third minute. However, the 

experienced cyclists appear to have started at a low level and continue increasing 

respiration frequency for the duration of the trial.  

 

Figure 3.10: Relative respiration frequency in each minute of the 5-minute trial for novice, 

experienced, and elite participants. (Error bars represent standard error of the mean). 

 

Figure 3.11 shows the pattern of respiration frequency for each of the groups 

in each of the four cycling conditions. The experienced group tended to show a 
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similar pattern of respiration in every condition, but the novice and elite groups 

demonstrate considerably more variation, particularly in the first and last minutes. 

A 3 x 4 x 5 (Group x Condition x Minute%) repeated measures ANOVA 

confirmed initial observations, demonstrating a significant main effect of minute%, 

F(2.23, 95.95) = 12.73, p < .001, ηp
2
 = .23, and a significant Group x Minute% 

interaction, F(4.46, 95.95) = 3.16, p = .01, ηp
2
 = .13. This interaction was explored 

with separate repeated measures ANOVA for each group. A significant effect of 

minute% was found for the experienced, F(1.81, 27.20) = 10.49, p = .001, ηp
2
 = .41, 

and elite, F(2.47, 32.06) = 6.92, p = .002, ηp
2
 = .35, but not the novice groups, F(2.03, 

30.48) = 0.70, p = .51, ηp
2
 = .04. For the experienced group, the relative frequency of 

respiration in the first minute (M = 83.24 %, SD = 16.62), was significantly less than 

that found in Minute% 3 (M = 101.29 %, SD = 7.64), Minute% 4 (M = 106.95 %, SD 

= 8.81), and Minute% 5 (M = 112.19 %, SD = 16.42), t(15) > 3.68, p < .02. Analysis 

of the elite group showed that the relative frequency of respiration in the first minute 

(M = 89.83 %, SD = 11.03), was significantly less than that in Minute% 4 (M = 

104.42 %, SD = 6.38), and Minute% 5 (M = 106.26 %, SD = 9.78), t(13) > 3.45, p < 

.04. No significant Condition x Minute% interaction was found, F(6.89, 296.09) = 

1.70, p = .11, ηp
2
 = .04. A significant Group x Condition x Minute% interaction was 

observed, F(13.72, 296.09) = 2.14, p = .01, ηp
2
 = .09. To analyse this interaction, 

separate repeated measures ANOVA were conducted for each condition and minute% 

within each group. Due to the large number of significant interactions, this analysis is 

summarised in Table 3.4. The experienced group shows the most difference across 

time, mainly in the dual-irrelevant and dual-external conditions. 
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Figure 3.11: Relative respiration frequency in each minute of each condition for novice, experienced, 

and elite participants. (Error bars represent standard error of the mean). 
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Table 3.4: Significant Comparisons within the Group x Condition x Minute% interaction for 

Respiration Frequency.  

Condition 

(mean %, SD in 

parentheses) 

df F p ηp
2
 

Significant Pairwise 

Comparisons (p < .05) 

S
in

g
le

 

Novice 

Min1: 115.70 (32.76) 

Min2: 100.88 (11.85) 

Min3: 98.44 (12.97) 

Min4: 86.99 (24.40) 

Min5: 99.12 (27.92) 

1.88, 28.17 3.06 .065 .17  

Experienced 

Min1: 86.17 (19.05) 

Min2: 97.04 (11.49) 

Min3: 103.18 (7.48) 

Min4: 104.90 (10.68) 

Min5: 108.71 (21.70) 

1.95, 29.26 4.37 .023 .23 Min1 < Min3, t(15) = 3.278, p = .050 

Elite 

Min1: 90.41 (21.59) 

Min2: 96.33 (13.01) 

Min3: 97.69 (13.41) 

Min4: 108.10 (12.28) 

Min5: 107.46 (11.18) 

4.00, 52.00 2.98 .027 .19 no significant pairwise comparisons 

D
u

a
l-

Ir
re

le
v
a

n
t 

Novice 

Min1: 99.12 (27.92) 

Min2: 94.13 (12.47) 

Min3: 96.27 (15.64) 

Min4: 104.97 (10.79) 

Min5: 105.51 (19.27) 

2.36, 35.38 1.00 .390 .06  

Experienced 

Min1: 81.44 (16.78) 

Min2: 94.89 (12.59) 

Min3: 95.81 (24.31) 

Min4: 109.99 (16.91) 

Min5: 117.86 (26.42) 

1.98, 29.75 6.41 .005 .30 Min1 < Min4, t(15) = 3.706, p = .021 

Min1 < Min5, t(15) = 3.863, p = .015 

Elite 

Min1: 88.40 (17.45) 

Min2: 96.55 (7.67) 

Min3: 102.05 (13.45) 

Min4: 103.77 (9.27) 

Min5: 109.23 (8.79) 

2.22, 28.84 4.95 .012 .28 Min1 < Min5, t(13) = 3.450, p = .042 

Note. Statistics shown are the results of separate repeated measures ANOVA (Sidak post hoc 

corrections) for each condition within each group. Table continued on next page. 
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Table 3.4: (Continued)  

Condition 

(mean %, SD in 

parentheses) 

df F p ηp
2
 

Significant Pairwise 

Comparisons (p < .05) 

D
u

a
l-

E
x
te

rn
a

l 

Novice 

Min1: 85.01 (20.20) 

Min2: 94.87 (11.39) 

Min3: 100.49 (10.16) 

Min4: 107.40 (8.89) 

Min5: 112.22 (18.00) 

1.79, 26.87 6.98 .005 .32 Min1 < Min4, t(15) = 3.484, p = .033 

Experienced 

Min1: 79.88 (22.16) 

Min2: 95.56 (17.90) 

Min3: 104.15 (10.64) 

Min4: 107.88 (14.76) 

Min5: 112.54 (19.90) 

2.02, 30.29 6.87 .003 .31 Min1 < Min2, t(15) = 2.810, p = .038 

Min1 < Min3, t(15) = 3.409, p = .047 

Min1 < Min4, t(15) = 3.301, p = .044 

Elite 

Min1: 98.84 (25.55) 

Min2: 100.11 (15.82) 

Min3: 103.93 (17.98) 

Min4: 102.35 (15.15) 

Min5: 94.77 (20.57) 

2.29, 29.70 0.37 .721 .03  

D
u

a
l-

In
te

rn
a

l 

Novice 

Min1: 102.54 (24.76) 

Min2: 97.05 (100.83) 

Min3: 97.72 (12.65) 

Min4: 97.43 (11.97) 

Min5: 105.26 (14.46) 

2.14, 32.03 0.70 .512 .05  

Experienced 

Min1: 85.46 (29.83) 

Min2: 97.86 (17.21) 

Min3: 102.01 (12.28) 

Min4: 105.03 (17.19) 

Min5: 109.64 (18.87) 

2.22, 33.22 2.77 .072 .16  

Elite 

Min1: 81.69 (28.63) 

Min2: 94.92 (11.10) 

Min3: 106.37 (11.76) 

Min4: 103.45 (14.74) 

Min5: 113.57 (17.02) 

1.92, 24.91 5.27 .013 .29 Min2 < Min3, t(13) = 3.590, p = .032 

Note. Statistics shown are the results of separate repeated measures ANOVA (Sidak post hoc 

corrections) for each condition within each group. 
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3.4.7 Self-Report 

Quantitative self-report data were obtained in response to two questions, 

“How effective were you in focusing your attention on the cycling task?” (effective 

focus), and “How would you rate your performance on the cycling task?” (cycling 

performance). A mean score of 4.90 (SD = 0.68) for effective focus, and 4.44 (SD = 

0.72) for cycling performance, indicated that participants generally felt they were 

average to good at focusing their attention on the cycling task, and they produced an 

average to good cycling performance. These two variables were analysed with 

separate 3 x 4 (Group x Condition) mixed models ANOVA. For the effective focus 

variable, no significant main effect of group, F(2, 44) = 2.67, p = .08, ηp
2
 = .11, or 

condition, F(2.55, 112.10) = 0.08, p = .96, ηp
2
 = .002, was found. Additionally, no 

significant Group x Condition interaction was found, F(5.10, 112.10) = 0.40, p = .85, 

ηp
2
 = .02. For the cycling performance variable, no significant main effect of group, 

F(2, 44) = 2.48, p = .10, ηp
2
 = .10, or condition, F(3, 132) = 0.15, p = .93, ηp

2
 = .003, 

was found. Also, no significant Group x Condition interaction was evident, F(2, 44) = 

0.54, p = .78, ηp
2
 = .02. These data indicate that although the absolute levels of 

performance differed significantly between groups, all groups reported similar levels 

of effective focus and perceived cycling performance in all conditions. 

The qualitative responses are summarised in Table 3.5. In the single-task 

cycling condition, elite and experienced cyclists split their attention between an 

internal and an external focus. In contrast, the novice group demonstrated a large 

trend toward internal thoughts, with external thoughts representing a minimal 

proportion of the attentional focus. The dual-irrelevant and dual-external conditions 

had little impact on the attentional focus of the elite group, other than reducing the 

total number of internal and external thoughts reported. However, in the experienced 
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group, both of these conditions increased the amount of external focus and decreased 

the internal focus, in contrast to the single-task cycling. Novices in the dual-irrelevant 

and dual-external conditions showed a reduction in the number of internal thoughts, 

such that an equivalent amount of attention was given to internal and external cues, 

and the secondary task. The elite group showed no shift to an internal focus in the 

dual-internal condition, but the experienced group increased the number of internal 

thoughts in comparison to all other conditions. The number of external thoughts for 

this group was also less than in other conditions, and slightly more focus on the 

secondary task than the other dual tasks was reported. The novices reported more 

internal than external focus in the dual-internal task, although the internal focus was 

equivalent to that reported in the dual-irrelevant task, and less than the single task. 

 

Table 3.5: Qualitative Self-Report Responses in Experiment 1. 

  
Frequency of response 

  

Internal External Performance Outcome Trust 
Word 

Monitoring 
Other 

Single Task 

Elite 16 16 0 0 0 1 7 

Experienced 16 17 0 0 0 1 5 

Novice 23 8 0 0 0 0 3 

ALL 55 41 0 0 0 2 15 

Dual-

Irrelevant 

Elite 10 12 0 0 0 8 6 

Experienced 13 25 0 0 0 10 3 

Novice 12 10 0 0 0 11 2 

ALL 35 47 0 0 0 29 11 

Dual-External 

Elite 14 11 0 0 0 11 2 

Experienced 11 22 0 0 0 9 2 

Novice 8 10 0 0 0 12 2 

ALL 33 43 0 0 0 32 6 

Dual-Internal 

Elite 12 12 0 0 0 10 3 

Experienced 21 14 0 0 0 12 1 

Novice 12 7 0 0 0 10 2 

ALL 45 33 0 0 0 32 6 

 



- 99 - 
 

3.4.8 Order / Fatigue Effect 

3.4.8.1 Cycling performance. 

Although the conditions were counterbalanced to control for fatigue and order 

effects, it was considered important to determine the nature and extent of these effects 

to inform other stages of the project. Therefore, cycling performance (average power) 

in each trial was recoded into the order in which it was performed (first, second, third 

and fourth), and subjected to the same analysis as for the condition effect on power 

output. Figure 3.12 demonstrates the difference in power output in the first trial 

compared to the last three trials, particularly in the first minute. The figure also 

suggests that the mean power generated in the first trial was more than that generated 

in the other trials. 

 

Figure 3.12: Average power output in each minute of the 5-minute trial for the first, second, third, and 

fourth trial. (Error bars represent standard error of the mean). 

 

A 3 x 4 x 5 (Group x Order x Minute) mixed models ANOVA showed a 

significant main effect of order, F(2.20, 96.94) = 11.17, p < .001, ηp
2 

 = .20, and a 

main effect of group ( the differences were the same as that presented in the power 
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analysis section). Further pairwise analysis for the main effect of order showed that 

performance in the first trial (M = 275.10 W, SD = 87.86) was significantly better 

than in the second (M = 264.90 W, SD = 83.29), third (M = 259.04 W, SD = 81.92), 

and fourth (M = 260.55 W, SD = 84.04), t(46) > 3.22, p < .014. No other significant 

comparisons were found (p > .05). Additionally, a significant Order x Minute 

interaction was seen, F(4.20, 184.85) = 12.19, p < .001, ηp
2
 = .22. Further exploration 

of this interaction was conducted with separated repeated measures ANOVA for each 

order. Due to the large number of significant differences, a summary of the results of 

the analysis is shown in Table 3.6. The second, third, and fourth trials all show an 

increase of power output in the last minute, and the first and fourth trials also show an 

increase in the first minute. No significant Group x Order, F(4.41, 96.94) = 1.25, p = 

.29, ηp
2
 = .05, or Group x Order x Minute, F(8.40, 184.85) = 0.61, p = .78, ηp

2
 = .03, 

interactions were found.  
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Table 3.6: Significant Comparisons within the Order x Minute Interaction for Power Output.  

Condition 

(mean watts, SD in 

parentheses) 

df F p ηp
2
 

Significant Pairwise 

Comparisons (p < .05) 

First 

Min1: 319.84 (98.97) 

Min2: 267.82 (86.43) 

Min3: 259.99 (89.22) 

Min4: 260.49 (91.24) 

Min5: 267.11 (96.93) 

1.37, 62.96 27.98 < .001 .38 Min1 > Min2, t(46) = 6.12, p < .001 

Min1 > Min3, t(46) = 6.24, p < .001 

Min1 > Min4, t(46) = 5.82, p < .001 

Min1 > Min5, t(46) = 4.84, p < .001 

Second 

Min1: 276.58 (85.28) 

Min2: 259.99 (85.73) 

Min3: 256.18 (83.50) 

Min4: 256.83 (86.08) 

Min5: 274.84 (93.27) 

1.71, 78.70 6.26 .005 .12 Min5 > Min3, t(46) = 4.14, p = .001 

Min5 > Min4, t(46) = 4.22, p = .001 

Third 

Min1: 266.76 (76.21) 

Min2: 256.03 (81.94) 

Min3: 249.13 (84.79) 

Min4: 251.13 (87.49) 

Min5: 272.38 (95.03) 

1.66, 76.40 6.81 .003 .13 Min5 > Min2, t(46) = 3.44, p = .012 

Min5 > Min3, t(46) = 6.07, p < .001 

Min5 > Min4, t(46) = 6.47, p < .001 

Fourth 

Min1: 274.95 (85.90) 

Min2: 255.90 (82.98) 

Min3: 249.01 (85.93) 

Min4: 247.45 (86.02) 

Min5: 275.49 (97.33) 

1.72, 79.03 11.12 < .001 .20 Min1 > Min2, t(46) = 3.23, p = .023 

Min1 > Min3, t(46) = 3.56, p = .009 

Min1 > Min4, t(46) = 3.44, p = .012 

Min5 > Min2, t(46) = 3.38, p = .015 

Min5 > Min3, t(46) = 6.01, p < .001 

Min5 > Min4, t(46) = 6.31, p < .001 

Note. Statistics shown are the results of separate repeated measures ANOVA (Sidak post hoc 

corrections) for each condition. 

 

The relative power outputs for each participant were calculated using the same 

method as for the condition effect. Figure 3.13 shows the relative power output 

generated in each minute of each trial. The first trial appears to show a different 

pattern to the other trials, particularly in the first and last minutes.  
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Figure 3.13: Relative power output in each minute of the 5-minute trial for the first, second, third, and 

fourth trial. (Error bars represent standard error of the mean). 

 

A 3 x 4 x 5 (Group x Order x Minute%) mixed models ANOVA confirmed 

this observation with a significant Order x Minute% interaction, F(4.47, 196.59) = 

8.82, p < .001, ηp
2
 = .17. The simple effects of this interaction were investigated with 

separate repeated measures ANOVA for each order. Due to the large number of 

significant findings, results of the analysis are summarised in Table 3.7. These results 

are similar to those of the absolute analysis. The second, third, and particularly fourth, 

trials show an increase in relative power output in the last minute. The first and fourth 

trials also show an increase in relative power output in the first minute. 
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Table 3.7: Significant Comparisons within the Order x Minute% Interaction for Power Output.  

Condition 

(mean watts, SD in 

parentheses) 

df F p ηp
2
 

Significant Pairwise 

Comparisons (p < .05) 

First 

Min1: 118.08 (22.15) 

Min2: 97.57 (6.13) 

Min3: 93.98 (6.67) 

Min4: 94.04 (7.83) 

Min5: 96.33 (10.58) 

1.31, 60.30 26.34 < .001 .36 Min1 > Min2, t(46) = 5.85, p < .001 

Min1 > Min3, t(46) = 5.90, p < .001 

Min1 > Min4, t(46) = 5.68, p < .001 

Min1 > Min5, t(46) = 4.72, p < .001  

Min2 > Min3, t(46) = 2.95, p = .049 

Second 

Min1: 105.29 (17.65) 

Min2: 97.80 (5.21) 

Min3: 96.57 (6.06) 

Min4: 96.72 (8.24) 

Min5: 103.62 (12.27) 

1.77, 81.53 5.42 .008 .11 Min5 > Min3, t(46) = 3.36, p = .016 

Min5 > Min4, t(46) = 3.35, p = .016 

Third 

Min1: 104.92 (16.66) 

Min2: 98.96 (6.04) 

Min3: 95.75 (7.27) 

Min4: 96.21 (7.29) 

Min5: 104.16 (9.28) 

1.68, 77.11 6.96 .003 .13 Min5 > Min2, t(46) = 5.21, p < .001 

Min5 > Min3, t(46) = 5.87, p < .001 

Fourth 

Min1: 106.80 (16.15) 

Min2: 98.35 (6.09) 

Min3: 94.99 (5.75) 

Min4: 94.48 (7.84) 

Min5: 105.38 (11.78) 

1.92, 88.15 11.82 < .001 .20 Min1 > Min2, t(46) = 3.40, p = .014 

Min1 > Min3, t(46) = 3.97, p = .002 

Min1 > Min4, t(46) = 3.81, p = .004 

Min5 > Min2, t(46) = 3.08, p = .034 

Min5 > Min3, t(46) = 5.66, p < .001 

Min5 > Min4, t(46) = 5.52, p < .001 

Note. Statistics shown are the results of separate repeated measures ANOVA (Sidak post hoc 

corrections) for each condition. 

 

The Group x Order x Minute% interaction, F(8.94, 196.59) = 0.83, p = .59, ηp
2
 

= .04, was not significant. Other main effects and interactions not affected by the 

order of trials have been presented elsewhere. 
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3.4.8.2 Rating of perceived exertion. 

The RPE in each trial was recoded to calculate the order effect. Figure 3.14 

shows the RPE reported at the completion of each of the trials. It seems that, in 

general, participants tended to rate the last trial higher than the others, although this 

effect is more pronounced in the novice and elite groups than the experienced cyclists.  

 

Figure 3.14: Rating of perceived exertion for novice, experienced, and elite participants in the first, 

second, third and fourth trials. (Error bars represent standard error of the mean). 

 

A 3 x 4 (Group x Order) mixed models ANOVA with repeated measures on 

the order variable was conducted. Initial observations were confirmed with a 

significant main effect of order, F(2.34, 102.84) = 9.66, p < .001, ηp
2
 = .18, but no 

significant Group x Order interaction, F(4.67, 102.84) = 1.82, p = .12, ηp
2
 = .08. Post 

hoc analysis showed that the fourth trial (M = 16.50, SD = 1.62) had a higher rating of 

perceived exertion than the first (M = 15.42, SD = 1.66), second (M = 15.86, SD = 

1.49), and third (M = 15.99, SD = 1.58) trials, t(46) > 2.99, p < .03. 
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3.4.8.3 Secondary task performance. 

The order / fatigue effect on the reaction time of the participants is shown in 

Figure 3.15. Only data from the dual-tasks are shown due to the fact that the single 

reaction time task was not completed whilst cycling. The figure suggests that the 

reaction time to the target word was similar in all trials, except the last trial which 

shows a more progressive increase across time. However, a 3 x 4 x 5 (Group x Order 

x Minute) mixed models ANOVA showed no main effect of order, F(3, 96) = 0.64, p 

= .59, ηp
2
 = .02. Also, the Group x Order, F(6, 96) = 0.40, p = .88, ηp

2
 = .02, Order x 

Minute, F(7.59, 242.76) = 0.45, p = .88, ηp
2
 = .01, and Group x Order x Minute, 

F(15.17, 242.76) = 0.83, p = .64, ηp
2
 = .05, interactions were not significant. 

 

Figure 3.15: Average reaction time in each minute of the 5-minute dual-task trials for the first, second, 

third, and fourth trial. (Error bars represent standard error of the mean). 

 

Analysis of the relative reaction time was conducted with a 3 x 4 x 5 (Group x 

Order x Minute%) mixed models ANOVA. Similar to the absolute reaction time data, 
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no significant Order x Minute%, F(7.71, 246.56) = 0.54, p = .82, ηp
2
 = .02, or Group x 

Order x Minute%, F(15.41, 246.56) = 0.80, p = .68, ηp
2
 = .05, interactions were seen. 

3.4.8.4 Heart rate. 

The order / fatigue effect for heart rate was also calculated. Table 3.8 shows 

the heart rate of the participants in each condition across the trial. There appears to 

have been little difference in the heart rate of the participants between each condition. 

A 3 x 4 x 5 (Group x Order x Minute) mixed models ANOVA found no significant 

main effect of order, F(1.74, 74.99) = 0.56, p = .55, ηp
2
 = .01. The Group x Order, 

F(3.49, 74.99) = 0.94, p = .44, ηp
2
 = .04, Order x Minute, F(3.98, 171.20) = 0.80, p = 

.53, ηp
2
 = .02, and Group x Order x Minute, F(7.96, 171.20) = 0.72, p = .68, ηp

2
 = .03, 

interactions were not significant. 

The order effect on relative heart rate was also calculated. Figure 3.16 shows 

that there was little difference in relative heart rate among the conditions. A 3 x 4 x 5 

(Group x Order x Minute%) mixed models ANOVA showed no significant Order x 

Minute%, F(3.83, 164.65) = 0.70, p = .59, ηp
2
 = .02, or Group x Order x Minute%, 

F(7.66, 164.65) = 0.62, p = .75, ηp
2
 = .03, interactions. 

Figure 3.16: Relative heart rate in each minute of the 5-minute trial for the first, second, third, and 

fourth trial. (Error bars represent standard error of the mean). 
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Table 3.8: Average Heart Rate, Heart Rate Variability Components, and Respiration Frequency for 

each of the Four Conditions in Order. 

Variable Group 

Condition 

First Second Third Fourth 

Heart rate 
(bpm) 

All 161.08 (11.07) 161.08 (11.07) 160.58 (11.88) 161.01 (12.15) 

Novice 161.62 (12.23) 163.33 (9.11) 163.12 (11.74) 163.03 (10.75) 

Exp. 158.32 (12.07) 156.97 (11.99) 156.16 (12.07) 157.88 (13.45) 

Elite 160.42 (11.07) 163.20 (11.44) 162.71 (11.14) 162.63 (12.12) 

Respiration 
(Hz) 

All 0.86 (0.64) 

-0.14 (0.22) 

0.90 (0.54) 

-0.11 (0.21) 

1.09 (0.65) 

-0.03 (0.21) 

1.12 (0.73) 

-0.03 (0.24) 

Novice 1.11 (0.99) 

-0.07 (0.30) 

0.96 (0.77) 

-0.12 (0.28) 

1.33 (0.95) 

0.03 (0.29) 

1.27 (1.02) 

-0.02 (0.32) 

Exp. 0.65 (0.21) 

-0.23 (0.17) 

0.72 (0.22) 

-0.17 (0.14) 

0.86 (0.34) 

-0.10 (0.15) 

0.88 (0.32) 

-0.10 (0.17) 

Elite 0.82 (0.28) 

-0.11 (0.13) 

1.02 (0.45) 

-0.03 (0.17) 

1.06 (0.37) 

0.00 (0.13) 

1.23 (0.64) 

0.04 (0.20) 

Total 
Power 
(ms

2
) 

All 366.03 (254.36) 

2.47 (0.30) 

413.27 (310.61) 

2.52 (0.29) 

374.91 (236.27) 

2.49 (0.29) 

348.53 (205.97) 

2.46 (0.28) 

Novice 409.77 (231.72) 

2.55 (0.25) 

475.32 (295.42) 

2.60 (0.26) 

391.30 (195.75) 

2.50 (0.35) 

404.49 (175.34) 

2.56 (0.23) 

Exp. 311.16 (210.75) 

2.39 (0.32) 

360.17 (248.96) 

2.48 (0.26) 

332.19 (174.31) 

2.47 (0.23) 

295.13 (169.68) 

2.40 (0.27) 

Elite 378.76 (323.31) 

2.46 (0.33) 

403.05 (391.71) 

2.46 (0.35) 

405.00 (332.27) 

2.51 (0.29) 

345.59 (266.06) 

2.43 (0.33) 

VLF (ms
2
) All 319.86 (216.36) 

2.38 (0.36) 

375.99 (269.39) 

2.47 (0.33) 

329.84 (178.08) 

0.44 (0.29) 

305.46 (177.80) 

2.39 (0.31) 

Novice 387.39 (229.48) 

2.51 (0.28) 

455.89 (296.34) 

2.58 (0.28) 

353.74 (177.83) 

2.46 (0.35) 

380.80 (176.67) 

2.53 (0.24) 

Exp. 282.94 (216.15) 

2.28 (0.45) 

343.32 (255.24) 

2.44 (0.31) 

313.89 (178.47) 

2.43 (0.25) 

272.65 (176.18) 

2.34 (0.32) 

Elite 284.88 (196.86) 

2.35 (0.33) 

322.01 (249.81) 

2.37 (0.38) 

320.75 (188.22) 

2.43 (0.28) 

256.84 (163.54) 

2.30 (0.34) 

Note. Mean shown with standard deviation in parentheses, Log10 of the value in italics where 

appropriate. Table continued on next page. 
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Table 3.8: (Continued) 

Variable Group 

Condition 

First Second Third Fourth 

LF (ms
2
) All 1.80 (5.16) 

-0.08 (0.42) 

0.98 (0.88) 

-0.18 (0.39) 

0.99 (1.25) 

-0.17 (0.36) 

1.56 (2.89) 

-0.11 (0.47) 

Novice 3.83 (8.53) 

0.17 (0.53) 

1.66 (1.06) 

0.11 (0.35) 

1.66 (1.86) 

0.08 (0.33) 

1.68 (1.22) 

0.12 (0.32) 

Exp. 0.64 (0.37) 

-0.27 (0.28) 

0.59 (0.37) 

-0.32 (0.30) 

0.56 (0.34) 

-0.32 (0.27) 

0.52 (0.31) 

-0.38 (0.32) 

Elite 0.80 (0.49) 

-0.16 (0.25) 

0.64 (0.59) 

-0.34 (0.37) 

0.72 (0.64) 

-0.27 (0.34) 

2.60 (4.95) 

-0.07 (0.60) 

HF (ms
2
) All 1.75 (3.57) 

-0.27 (0.62) 

0.96 (1.56) 

-0.33 (0.51) 

1.30 (3.08) 

-0.31 (0.52) 

2.22 (6.03) 

-0.14 (0.53) 

Novice 1.67 (3.12) 

-0.16 (0.54) 

1.01 (0.94) 

-0.20 (0.47) 

0.66 (0.47) 

-0.32 (0.40) 

0.81 (0.82) 

-0.25 (0.36) 

Exp. 1.54 (2.55) 

-0.25 (0.62) 

0.71 (0.93) 

-0.40 (0.44) 

0.73 (1.17) 

-0.37 (0.40) 

1.07 (1.20) 

-0.19 (0.45) 

Elite 2.07 (5.02) 

-0.42 (0.72) 

1.21 (2.51) 

-0.39 (0.61) 

2.70 (5.29) 

-0.24 (0.74) 

5.15 (10.50) 

0.03 (0.74) 

LF:HF All 2.94 (3.13) 

0.19 (0.58) 

2.69 (4.56) 

0.16 (0.46) 

2.42 (2.82) 

0.15 (0.49) 

2.18 (3.19) 

0.05 (0.51) 

Novice 3.58 (3.17) 

0.33 (0.52) 

4.23 (7.22) 

0.31 (0.48) 

3.86 (3.93) 

0.40 (0.43) 

4.21 (4.69) 

0.39 (0.51) 

Exp. 1.91 (2.25) 

-0.02 (0.58) 

1.95 (1.70) 

0.11 (0.45) 

1.58 (1.42) 

0.04 (0.42) 

1.12 (1.08) 

-0.16 (0.48) 

Elite 3.38 (3.80) 

0.25 (0.62) 

1.78 (1.99) 

0.04 (0.44) 

1.72 (1.89) 

-0.03 (0.54) 

1.06 (0.81) 

-0.10 (0.36) 

Note. Mean shown with standard deviation in parentheses, Log10 of the value in italics where 

appropriate. 

 

3.4.8.5 Heart rate variability. 

A summary of all HRV components recoded for the order effect is given in 

Table 3.8. Separate 3 x 4 (Group x Order) mixed models ANOVA were used to 
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analyse each HRV component. As the group main effect is the same as that reported 

in the condition analysis, it will not be reported here.  

Analysis of total power showed no significant main effect of order, F(2.48, 

106.65) = 0.97, p = .40, ηp
2
 = .02, and no significant Group x Order interaction, 

F(4.96, 106.65) = 0.76, p = .58, ηp
2
 = .03. The VLF component also revealed no 

significant main effect of order, F(2.34, 100.56) = 1.86, p = .15, ηp
2
 = .04. The Group 

x Order interaction, F(4.68, 100.56) = 1.23, p = .30, ηp
2
 = .05, was not significant. 

Likewise, no significant main effect of order, F(2.47, 106.07) = 1.72, p = .18, ηp
2
 = 

.04, was found for the LF component. The Group x Order interaction, F(4.93, 106.07) 

= 1.39, p = .24, ηp
2
 = .06, was not significant. The analysis of LF:HF showed no 

significant main effect of order, F(1.97, 84.90) = 1.68, p = .19, ηp
2
 = .04, and no 

significant Group x Order interaction, F(3.95, 84.90) = 1.94, p = .11, ηp
2
 = .08. 

A significant main effect of order, F(2.06, 88.70) = 3.21, p = .04, ηp
2
 = .07, 

was found for the HF component. Post hoc analysis showed that the power in the 

fourth trial was significantly higher than that in the second, and third trials, t(45) > 

2.89, p < .03. The Group x Order interaction, F(4.13, 88.70) = 2.24, p = .07, ηp
2
 = .10, 

was not significant.  

3.4.8.6 Respiration. 

Calculation of the order / fatigue effect for the respiration frequency was also 

completed. The mean respiration frequency of each group in each condition can be 

seen in Table 3.8. Initial analysis of the data showed a violation of the assumption of 

normality, therefore log10 of the data was used for ANOVA calculations.  

A 3 x 4 x 5 (Group x Order x Minute) mixed models ANOVA showed a 

significant main effect of order, F(2.56, 110.04) = 8.99, p < .001, ηp
2
 = .17. Post hoc 

analysis showed that the frequency of respiration in the first trial was significantly 
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less than that in the third and fourth trials, t(45) > 3.55, p < .005. The respiration 

frequency in the second trial was also significantly less than that in the third trial, 

t(45) = 3.44, p = .008. The Group x Order, F(5.12, 110.04) = 0.98, p = .43, ηp
2
 = .04, 

Order x Minute, F(6.21, 267.16) = 0.80, p = .57, ηp
2
 = .02, and Group x Order x 

Minute, F(12.43, 267.16) = 0.56, p = .88, ηp
2
 = .03, interactions were not significant. 

Relative respiration frequency was also analysed for an order / fatigue effect. 

Figure 3.17 suggests that the first trial shows a slightly different pattern compared to 

the other three trials.  

 

Figure 3.17: Relative respiration in each minute of the 5-minute trial for the first, second, third, and 

fourth trial. (Error bars represent standard error of the mean). 

 

A 3 x 4 x 5 (Group x Order x Minute%) mixed models ANOVA found  no 

significant Order x Minute%, F(6.21, 267.16) = 0.80, p = .57, ηp
2
 = .02, or Group x 

Order x Minute%, F(12.43, 267.16) = 0.56, p = .88, ηp
2
 = .03, interaction. Other main 

effects and interactions have been reported elsewhere.  
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3.4.8.7 Self-report. 

The order / fatigue effect on self-reported ratings of effective focus and 

cycling performance are given in Figure 3.18. The first trial appears to have been 

rated slightly lower than the other trials on both variables. 

 

Figure 3.18: Quantitative self-report responses for effective focus and cycling performance in each of 

the four trials (Error bars represent standard error of the mean). 

 

Separate 3 x 4 (Group x Order) mixed models ANOVAs were used for each of 

the variables. Analysis of the effective focus variable showed no significant main 

effect of order, F(3, 132) = 1.12, p = .34, ηp
2
 = .03, and no significant Group x Order 

interaction, F(6, 132) = 1.69, p = .13, ηp
2
 = .07. The rating of cycling performance did 

show a significant main effect of order, F(3, 132) = 4.05, p = .01, ηp
2
 = .08. Post hoc 

analysis found that the first trial (M = 4.34, SD = 0.78) was given a significantly lower 

rating of cycling performance than the second (M = 4.76, SD = 0.79) and fourth (M = 

4.73, SD = 0.83) trials, t(46) > 3.12, p < .02. The Group x Order interaction for 

cycling performance, F(6, 132) = 0.16, p = .99, ηp
2
 = .01, was not significant. 
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3.5 Discussion 

Experiment 1 examined cycling performance under dual-task conditions of 

making a speeded response to a target word. The performance of all groups on the 

primary task of cycling in this experiment remained relatively unchanged in all 

conditions. This supports the hypothesis that the primary task would show no 

condition effects, and reflects the instructions given to the participants, which stated 

‘your primary task is to cycle as hard as you can for five minutes’. As Abernethy 

(1988) suggested, these instructions encouraged participants to devote the same 

amount of attention to the primary task in all conditions, leaving any remaining 

attention resources to perform the secondary task. Participants in this study achieved 

similar power output in the single task compared to the dual tasks, so it does appear 

that similar attention was given to the primary task in all conditions. Any condition 

effect should therefore be evident in performance of the secondary task. 

It was considered likely that the skill groups would show differences in 

secondary task performance in Experiment 1. Specifically, it was predicted that elite 

cyclists would have more cognitive resources available to attend to the secondary task 

due to the (assumed) automaticity of the primary task. This would manifest itself in 

faster reaction times to the target word. However, contrary to what was predicted, 

there were no significant differences in secondary task performance among the 

novice, experienced, and elite participants. There are several possibilities for this 

result. It may be interpreted as indicating that the novices placed less importance on 

the primary task of cycling and devoted relatively more attention to the secondary 

task in comparison to the other two groups. However, the novices achieved a similar 

power output in the single and dual-task conditions, so this explanation is unlikely. 

Alternatively, the primary task may have required conscious processing resources in 
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all skill groups. This is possible, considering the nature of the primary task. Cycling at 

close to maximum intensity for five minutes requires a considerable amount of not 

only physical, but also mental resources. Research (Rejeski, 1985, Tenenbaum et al., 

2001, Tenenbaum & Connolly, 2008) has suggested that, to maintain the intense work 

rate required in such tasks, a certain amount of conscious processing and thus internal 

attention is required to monitor physiological cues. If all skill groups were executing 

the primary task with some level of conscious processing, a decrement in secondary 

task performance would be expected for all groups, as the attentional capacity became 

loaded. The results also showed consistently faster reaction time in the dual-internal 

condition compared to both the dual-external and dual-irrelevant conditions. The 

argument supports this finding, as an internal focus has been found to benefit novice 

performance because it allows attention to be given to the execution of the task 

(Beilock, Bertenthal, McCoy, & Carr, 2004). 

Olympic level road cyclists have reported mainly cycling-relevant internal 

focus strategies to cope with the exertion pain associated with performance. 

Specifically, the most common cues that riders used during periods of high exertion 

included pedalling technique, body position, race strategy, and breathing (Kress & 

Statler, 2007). The pain of exertion in an aerobic endurance task can stem from a 

number of physiological factors including increased heart rate, increased lactate, 

decreased muscle glycogen, respiratory fatigue and dehydration (Kress & Statler, 

2007). All of these effects are possible during repeated 5-minute trials at high 

intensity (Wilmore & Costill, 1998) such as those used in the present experiments. 

Consistent with the findings of Kress and Statler (2007), the participants in the present 

study rarely reported focusing on pain during performance. Rather, the participants 

tended to report focusing on other internal cues such as breathing, pedalling, and 
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aspects of technique. Thus, it appears that when experiencing high levels of exertion 

and the associated pain, all groups of participants in this study tended to focus on 

internally relevant cues in the absence of other instructions or manipulations.  

The internally relevant cues used in this study were indicative of internal 

association, as discussed by Stevinson and Biddle (1998). Internal association 

involves attention on factors such as fatigue, muscle soreness, and breathing, and is 

often observed and discussed in the marathon running context. It has been found that 

elite marathon runners cope with the pain and discomfort of ‘hitting the wall’ through 

association with bodily sensations (Brewer & Buman, 2006; Buman, Omli, Giacobbi, 

& Brewer, 2008; Weinberg, Jackson, & Gould, 1984). On the other hand, there is 

some evidence to suggest that novice, or recreational, runners may tend to cope with 

exertion through dissociation (for a review, see Masters & Ogles, 1998), although 

Buman and colleagues (2008) comment that, during periods of intense exertion, 

recreational runners may find it difficult to maintain specific associative or 

dissociative thoughts. Cycling (Hutchinson & Tenenbaum, 2007), and rowing 

(Tenenbaum & Connolly, 2008) studies have recently demonstrated that the tendency 

to associate increases as the intensity of the task increases. Rejeski (1985) proposed a 

parallel-processing model of the effect of pain on attention. It was suggested that once 

exercise intensity reaches a high level, sensory cues become so strong that they cannot 

be ignored regardless of other psychological factors. In a study of cross country 

versus treadmill running, Pennebaker and Lightner (1980) demonstrated that internal 

cues (such as respiration) do compete with external cues (such as the track) for 

attention. Extending this parallel-processing theory to Experiment 1, it may be that the 

internal sensory cues of the intense cycling task (e.g., leg pain, breathing, heart rate) 
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may have dominated the attentional resources available, thus leaving little capacity to 

attend to the secondary task.  

Additionally, if the participants already had an internal focus due to the 

dominance of the sensory cues, less attentional capacity may have been needed for 

processing the internal words in the dual task. Research with a dynamic balance task 

found that performance was not only better with an external focus than an internal 

focus, but probe reaction times were also faster in the external condition (Wulf, 

McNevin et al., 2001). The authors concluded that this was because the task was 

completed with higher levels of automaticity in the external condition, thus leaving 

more attentional capacity to attend to the reaction time task. Applying these findings 

to the current experiment may shed some light on the condition differences in reaction 

time. The self-report data following the single cycling task suggest that the 

predominant focus of attention when cycling was internal. It may be that attending to 

the dual-internal task required minimal extra attentional resources, as participants 

were not required to change their usual focus of attention, causing a faster reaction 

time to the internal words. On the other hand, reaction time to the external and 

irrelevant words may have been slower than to the internal words as participants were 

required to switch from the internal focus that was already present as a result of the 

intensity of the primary task. The concept of crosstalk proposed by Allport, Antonis, 

and Reynolds (1972) may help to explain this. This concept suggests that two tasks 

may be performed simultaneously when using different channels (e.g., verbal and 

auditory), however if the channels are the same, or similar, then crosstalk occurs. If 

the participants were already focused on internal cues, and were then probed with 

internal words, the strain on the attentional capacity was not as large as when 

irrelevant or external words were presented. Further, it has been shown that reaction 
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times will slow when task switching is required (Meiran, Chorev, & Sapir, 2000). 

Further investigation in this area is warranted, perhaps using explicit instructions to 

focus attention in one direction whilst using probes that attempt to switch attention in 

another direction. 

The reaction time to the target word in Experiment 1 showed different effects 

across time depending on the condition. Response times in the external condition 

remained relatively stable, as did the responses in the irrelevant condition after the 

first minute. However, reaction times in the internal condition tended to slow as the 

trial progressed. The reaction time to the internal target word in Minute 5 was still 

faster than the reaction time to either the irrelevant or the external target word. This 

pattern of results may be interpreted as due to the participants starting with an internal 

focus of attention, regardless of the task, causing the response to the irrelevant and 

external words to be slower due to the need to switch attention. In the internal 

condition, participants were initially very fast at responding to the internal words, as it 

did not require a switch in attentional focus. However, as fatigue became a factor later 

in the trial, the overwhelming physiological cues dominated attentional resources, 

causing a slowing of response time to the internally-relevant words. 

The psychophysiological measures showed minimal condition effects, which 

reflects the power output and RPE data. The mean heart rate in Experiment 1 was 

slightly lower in the dual-irrelevant condition than in the single cycling task. 

Although not significant, the power output generated in the dual-irrelevant task was 

less than in the single cycling task, particularly in the experienced and novice groups. 

This may have been enough to elicit a significant difference in the heart rate data. 

Group differences in the psychophysiological measures will be discussed in the 

general discussion (Chapter 6). 
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This experiment showed that novice, experienced and elite cyclists require a 

similar degree of skill-focused attention to complete a stationary cycling task at near-

maximal intensity. The secondary task probe and self-report data suggest that cyclists 

may have a tendency to adopt an internal focus of attention coupled with switching to 

monitor relevant external cues during cycling. The effect of actively manipulating the 

focus of attention on cycling performance was investigated in Experiment 2. 
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4.1 Introduction 

In an endurance cycling task, there is ample time available to think about 

different aspects of performance. The direction and content of these thoughts has a 

direct impact on the focus of attention, and consequently, cycling performance. 

Athletes’ thoughts are often determined by the goals that they have set for the task 

(Locke et al., 1981). Given the impact that different types of goals can have on 

performance and attention, it was considered important to determine these effects in 

novice, experienced, and elite participants.  

Goals are commonly set by athletes to facilitate performance (Hardy et al., 

1996). It has been suggested that goals have a mechanistic action that directs the 

attention of the athlete to certain aspects of the task (Locke et al., 1981). For example, 

a process goal will direct attention to certain aspects of technique or the execution of 

the skill, whilst a performance goal will shift attention to beating of a personal 

standard, which requires monitoring of a performance measure (Gould, 2006). In this 

experiment, the effect of adopting short-term process, performance, and outcome 

goals was assessed. The use of performance and process goals is often advocated in 

competition, where the perceived ability to ‘control the controllables’ is thought to 

help ease anxiety (Bond, 1986). On the other hand, outcome goals are commonly used 

effectively by elite performers (Weinberg et al., 1993). Additionally, the effect of 

using a trust strategy (Moore & Stevenson, 1994) was investigated, because this 

strategy has been shown to be beneficial in sport skills such as ball throwing (Singer 

et al., 1993), but has not been tested in an endurance task.  

There appears to be much debate over the most appropriate goals to adopt in 

performance of an endurance task. Further, the results of Experiment 1 suggest that 

there may be little difference between skill groups with regard to the cognitive 
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resources required to complete a cycling task, but the effect of this on the most 

effective goal setting strategies is as yet unknown. Therefore, the intention of this 

study was to investigate the effect of attentional focus instructions on cycling 

performance at different skill levels. Specifically, instructions to direct attention 

towards process, performance, or outcome goals, or a trust strategy were investigated. 

 

4.2 Hypotheses  

It was hypothesised that novice participants would generate less power than 

the elite and experienced groups in all conditions. There is evidence to suggest that 

performance and outcome goals would benefit performance in an endurance task 

because they help to mobilize and prolong effort (Locke et al., 1981). Therefore, it 

was expected that elite and experienced participants would perform best with 

performance and outcome instructions. The process goal instructions could be 

beneficial to the novice participants if a focus on the execution of the cycling skill 

was important. However, research (e.g., Wulf et al., 2007) provides evidence that 

novice and elite performers both benefit from an external focus. If this is the case, 

novice participants may cycle best in the performance or outcome conditions as they 

encourage an external focus (in the case of this experiment, this would be the power 

output that is generated when cycling). It was also hypothesised that the trust 

condition would not be of benefit to any skill group. Evidence gleaned from marathon 

running (Masters & Ogles, 1998) and Experiment 1 suggests that novice and elite 

endurance athletes need to devote some degree of attention to self-regulation of 

exertion to allow for appropriate pacing throughout the trial. The trust condition 

would not allow this, as participants were told to clear their mind and trust that the 

body can perform the task automatically. Finally, it was expected that less HRV 
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would be seen in the experimental conditions (compared to baseline) as more 

attentional resources may be required to attend to the instructions. For this reason, 

novices may also show less HRV than elite participants.  

 

4.3 Methods 

4.3.1 Participants 

All but two participants who completed Experiment 1 also took part in 

Experiment 2. Two of the novice participants from Experiment 1 were unable to 

return for this experiment, necessitating the recruitment of two replacement novice 

participants. Table 4.1 gives details of the male and female participants in Experiment 

2. 

It should be noted that there may be some discrepancy between the training 

and the physical activity levels of the experienced and elite participants due to the 

methods used to collect this information. The physical activity report was completed 

prior to Experiment 1, to gain an overall understanding of how active each participant 

was. The training diary data were collected prior to each experiment, as the main 

concern was to control for the possible fatigue effects of training in the week prior to 

testing. 
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Table 4.1: Demographic Characteristics of the Participants in Experiment 2. 

 Group 

 Novice 

Male (n = 14) 

Female (n = 2) 

Experienced 

Male (n = 14) 

Female (n = 2) 

Elite 

Male (n = 12) 

Female (n = 3) 

Cyclist:Triathlete ratio Male - 8:6 7:5 

Female - 0:2 1:2 

Age (years) Male 26.64 (8.6) 

range: 19 – 43 

33.79 (7.8) 

range: 20 – 45 

32.08 (8.8) 

range: 22 – 45 

Female 31.0 (15.6) 

range: 20 – 42 

32.5 (10.6) 

range: 25 – 40 

38.3 (8.2) 

range: 29 – 44 

Body Mass Index (kg.m
-2

) Male 25.49 (3.80) 

range: 19.0 – 32.0 

24.67 (2.92) 

range: 20.6 – 31.1 

24.42 (1.80) 

range: 21.8 – 27.7 

Female 26.29 (0.60) 

range: 25.9 – 26.7 

22.00 (0.25) 

range: 21.8 – 22.2 

21.87 (2.54) 

range: 20.3 – 24.8 

Total time spent 
participating in physical 
activity / week (hr) 

Male 6.49 (4.91) 

range: 0.5 – 18 

10.54 (4.92) 

range: 4.17 – 18.5 

18.40 (21.83) 

range: 1 – 85 

Female 21.25 (3.18) 

range: 19.0 – 23.5 

10.50 (0.71) 

range: 10.0 – 11.0 

19.64 (14.55) 

range: 3.0 – 30.0 

Total time spent 
participating in vigorous 
physical activity / week (hr) 

Male 4.08 (3.15) 

range: 0 – 9 

8.22 (4.21) 

range: 3.25 – 15 

14.92 (16.90) 

range: 0 – 65 

Female 5.75 (4.60) 

range: 2.5 – 9.0 

9.00 (0.00) 

range: 9.0 – 9.0 

11.64 (13.45) 

range: 2 – 27 

Frequency of physical 
activity episodes / week 

Male 11.43 (13.21) 

range: 1 – 56 

12.50 (5.61) 

range: 7 – 26 

11.92 (5.98) 

range: 3 – 22 

Female 23.50 (20.51) 

range: 9 – 38 

8.50 (2.12) 

range: 7 – 10 

8.33 (3.79) 

range: 4 - 11 

Frequency of vigorous 
physical activity episodes / 
week 

Male 3.93 (2.40) 

range: 0 – 8 

7.29 (3.38) 

range: 2 – 12 

6.75 (4.67) 

range: 0 - 17 

Female 5.00 (4.24) 

range: 2 – 8 

6.50 (2.12) 

range: 5 – 8 

15.00 (6.00) 

range: 9 - 21 

Years of competition Male 0 

 

4.36 (4.88) 

range: 1 – 16 

6.50 (3.73) 

range: 3 - 16 

Female 0 3.00 (1.41) 

range: 2 – 4 

14.00 (10.54) 

range: 4 - 25 

Grade
a
 Male - 

 

A grade (n = 1) 

B grade (n = 4) 

C grade (n = 3) 

A grade (n = 7) 

Female - - A grade (n = 1) 

Level of competition Male - 

 

Club (n = 11) 

State (n = 3) 

National (n = 8) 

International (n = 4) 

Female - Club (n = 1) 

State (n = 1) 

International (n = 3) 

Note. 
a
Grade is for cyclists only, triathletes are not graded for competition. Mean shown with standard 

deviation in parentheses. Table continued on next page. 
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Table 4.1: (Continued) 

 Group 

 Novice 

Male (n = 14) 

Female (n = 2) 

Experienced 

Male (n = 14) 

Female (n = 2) 

Elite 

Male (n = 12) 

Female (n = 3) 

Number of training 
sessions / week 

Male - 

 

6.15 (3.44) 

range: 1 – 11 

5.58 (2.54) 

range: 3 – 12 

Female - 5.33 (1.53) 

range: 4 – 7 

9.67 (1.16) 

range: 9 - 11 

Time spent training / week 
(hr) 

Male - 

 

8.06 (5.47) 

range: 0.7 – 18.8 

12.01 (5.09) 

range: 6.0 – 23.0 

Female - 7.11 (1.84) 

range: 5.3 – 9.0 

15.96 (4.44) 

range: 12.6 – 21.0 

Average intensity of 
training / week (Rating of 
Perceive Exertion scale 6 – 
20) 

Male - 

 

13.31 (1.83) 

range: 8 – 15.4 

14.28 (1.52) 

range: 12.0 – 16.7 

Female - 12.52 (2.66) 

range: 10.2 – 15.4 

12.69 (0.52) 

range: 12.4 – 13.3 

Note. Mean shown with standard deviation in parentheses. 

 

Because there were significant gender differences in performance (see 4.3.4), 

only the male participants were included the analysis of Experiment 2. A comparison 

across groups for the demographic and activity variables was thus completed only for 

the male participants. A one-way ANOVA revealed no significant differences 

between the groups in age, F(2, 39) = 0.86, p = .43, or BMI, F(2, 39) = 0.47, p = .63. 

Despite the elite males reporting more years of competition than the experienced 

males, there was no significant difference between the two cycling groups, t(24) = 

1.24, p = .23, d = .51. Group differences in frequency and time spent in physical 

activity and vigorous activity during the week prior to testing were also examined 

using a one-way ANOVA. No differences between groups were found in the total 

amount of time, F(2, 39) = 2.94, p = .07, ηp
2
 = .14, or total frequency of physical 

activity, F(2, 39) = 0.05, p = .95, ηp
2
 = .003, of physical activity. However, when 

vigorous physical activity was examined, significant differences were found in both 

time, F(2, 39) = 4.05, p = .03, ηp
2
 = .18, and frequency, F(2, 39) = 3.58, p = .04, ηp

2
 = 

.16. Specifically, Sidak post hoc analysis showed that novices spent significantly less 
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time participating in vigorous physical activity than elite participants, t(24) = 2.36, p 

= .02, and the frequency of participation was significantly less for novices than for 

experienced participants, t(26) = 3.03, p = .05. Independent samples t-tests were used 

to compare the training schedule of the elite and experienced cyclists in the week 

prior to testing. No significant differences were found in frequency, intensity, or 

volume of training, all t(23) < 1.87, p > .08. 

The screening and reimbursement procedures were identical to those used in 

Experiment 1. 

4.3.2 Apparatus and Instruments 

Participants performed the cycling trials on the same SRM ergometer used in 

Experiment 1 (for details see 3.3.2). Psychophysiological measures were recorded 

using PowerLab equipment as described previously in Experiment 1. Self-report 

questionnaires and training diaries were also completed as explained previously. 

4.3.3 Procedure 

In this experiment, the attentional focus of the participants was overtly 

manipulated and the changes in performance observed. The experiment employed a 3 

x 5 Group (novice vs. experienced vs. elite) x Condition (Baseline vs. Process vs. 

Performance vs. Outcome vs. Trust) mixed factorial design. Participants were 

instructed to adopt a specific focus of attention whilst performing the cycling task. 

The instructions were developed in consultation with cycling coaches and prior 

research in goal setting (Burton et al., 2002; Gould, 2006), cycling technique (Logan, 

1990), and trust strategies (Singer, 2002; Singer et al., 1993). Each participant 

completed all conditions, creating a balanced mixed design. The attentional focus 
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instruction conditions were counterbalanced to minimise training and fatigue effects 

and 15-minute rest periods were given between the conditions.  

Following completion of informed consent, training diaries (experienced and 

elite groups only), and warm up procedures (as described in Experiment 1), 

participants completed five cycling trials at maximum intensity. Each trial was 5 

minutes in duration, and 15 minutes of active recovery was given between trials.  

Participants were given information about the testing protocol (Appendix F) 

and signed informed consent forms prior to participation (Appendix G).  

The testing was conducted in a sport science laboratory, where temperature (M 

= 20.2 °C, SD = 1.1), and relative humidity (M = 53.9 %, SD = 6.7; M = 1005.6 hPa, 

SD = 5.2) remained controlled. Due to possible variations in performance as a result 

of circadian rhythms, the time of day that participants were tested in Experiment 1 

and 2 was standardised where possible. The laboratory was available from 6:00 am 

until 9:00 pm, and participants were required for 2 hours. The distribution of the time 

of testing commencement in Experiment 1 and 2 is shown in Figure 4.1. 
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Figure 4.1: Distribution of participants throughout the day in Experiment 1 and Experiment 2. Time of 

day given is the time that testing commenced (session continued for 2 hours after commencement). 

 

Before the attentional focus instruction conditions were administered, a 

baseline condition was completed in which participants were instructed to adopt their 

usual attentional style. Every participant performed this trial first, due to the 

possibility that knowledge from preceding conditions might otherwise interfere with 

the attentional style chosen. The exact instructions given to the participants were, In 

this study, we’re interested in how the focus of attention affects your cycling 

performance. In this first condition, you are free to decide how you’ll focus your 

attention, but later we’ll ask you to focus in particular ways. So, in this first condition, 

we want you to use your own strategies to cycle as hard as possible for five minutes. 

Your performance will be measured by your average power output for five minutes, so 

remember to pace yourself so that you can complete each five minute effort at 

maximum intensity. 

The instructions given in the process condition were designed to direct the 

attention of the participant to technique and the execution of the skill. The language 

used ensured that all participants understood the instructions. Participants were told, 
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For this trial, focus your attention on the pressure through your legs and feet whilst 

cycling. Notice how your legs and feet feel through the pedal stroke. Focus all of your 

attention on the pressure through your legs and feet during this task. 

The performance condition instructions directed the attention of the 

participants to the achievement of personal standards. Participants were told, For this 

trial, your goal is to improve on your initial performance by at least 5%. In the first 

trial you did today your average power output was [insert Baseline average power]. 

So your performance target for this task is to achieve an average power output of 

[insert Baseline power + 5%] or more. Focus all of your attention on achieving this 

performance goal. 

Outcome condition instructions were designed to focus the attention of the 

participant on the desired result. The directions were, For this effort, your goal is to 

beat the best average power output recorded by your group. So far, the best average 

power output is [insert best average for group]. Your goal is to beat this power 

output. Focus all of your attention on achieving this goal. The target outputs for each 

group are shown in Table 4.2. These targets were derived from pilot testing of the 

protocol. 

 

Table 4.2: Power Output Targets for the Outcome Condition for Novice, Experienced and Elite 

Participants. 

 Novice Experienced Elite 

Male 222 W 378 W 391 W 

Female 180 W 267 W 308 W 

 

 

Finally, the trust protocol was modelled on previous research (Moore & 

Stevenson, 1991; Singer et al., 1993). Participants were instructed to focus on one 

cue, ignore everything else, and trust the body to successfully complete the task. A 
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black cardboard spot (approximately 3 cm in diameter) was placed on the handlebar 

stem of the bike, directly beneath the gaze of the participant when cycling. 

Instructions given to the participant were, “During this trial, I want you to plan your 

strategy, then focus all of your attention on the spot on the handlebars in front of you 

and trust your body to perform the task. Focus all of your attention on the spot and 

just allow your body to perform the task automatically.” 

4.3.4 Data Analysis 

Gender differences in performance (i.e., average power output) were explored 

through a 2 x 5 (Gender x Condition) ANOVA with repeated measures on the 

condition variable. In contrast to Experiment 1, a significant main effect of gender, 

F(1, 45) = 7.06, p = .01, ηp
2
 = .14, and a significant Gender x Condition interaction, 

F(3.37, 151.72) = 3.59, p = .01, ηp
2
 = .07, were found. As this suggests that the male 

and female participants had different responses to the conditions, it was considered 

necessary to analyse each gender separately. However, the number of females 

participating in this study (n = 7) was too small to gain sufficient power when 

analysed in isolation. Therefore, for Experiment 2, only the results of the male 

participants (n = 40) are reported. To facilitate the comparison of results to 

Experiment 1 (in which both male and females were included), a summary of the 

statistical analysis with the female participants included is given in Appendix H. 

Data were extracted, coded and screened prior to analysis as described in 

Chapter 3. The statistical approach employed in Experiment 1 was also replicated for 

Experiment 2. Power output, heart rate, and respiration frequency were analysed with 

separate 3 x 5 x 5 (Group x Condition x Minute) mixed models ANOVA with 

repeated measures on the condition and minute within-subjects variables. RPE and all 

HRV components were analysed with separate 3 x 5 (Group x Condition) mixed 
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models ANOVA with repeated measures on the condition factor. Self-report data 

were analysed as described in Experiment 1. Additionally, power output data for the 

performance and outcome conditions were recoded into groups depending on whether 

or not the prescribed target was reached in each condition. These data were analysed 

with separate 2 x 3 x 5 (Target x Group x Minute) mixed models ANOVA with 

repeated measures on the minute within-subjects factor. 

A small number of ECG recordings were unusable for measuring heart rate 

due to poor contact of the electrodes or excessive sweating. Three participants from 

the experienced group had one condition each that was unusable. One novice 

participant was missing two conditions, and a further three novice participants were 

missing three conditions each. The missing data were replaced with the mean score 

from the available conditions for each participant.   

Again, a number of ECG recordings were not able to be processed for spectral 

analysis due to an inaccurate reading. One condition for each of two experienced 

participants was unusable. Additionally, two conditions each from two novices, and 

three conditions each from another two novices, were also unusable. The missing data 

were replaced with the mean data from the available conditions for each participant. 

In two cases (one novice, one experienced) the usable portion of the data (2.5 – 5 

minute, and 1.6 – 5 minute, respectively) was included and used to give mean values 

for the 5-minute trial.  

It was not possible to calculate respiration frequency for one experienced 

participant due to the amount of noise in the recording (most likely from excess body 

movement during the trial). For this participant, the missing data were replaced with 

the mean frequencies from the other conditions. Additionally, the respiration belt 
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failed to record for two novice participants. These participants were excluded from 

the respiration analysis. 

Qualitative self-report responses were classified using the same method as in 

Experiment 1. Inter-rater agreement (k = .75) was initially substantial (Landis & 

Koch, 1977), and again the raters reached almost perfect agreement after discussion (k 

= .99). 

 

4.4 Results 

4.4.1 Cycling Performance 

The average power output generated in the 5-minute trial was the primary 

performance indicator in this experiment. The performance of each of the groups in 

the five conditions is shown in Figure 4.2. The performance and outcome conditions 

appear to elicit better or similar performance compared to process and trust in all 

groups. Although novices achieved less power output than the experienced or elite 

groups, the pattern across the conditions appears to be similar for the groups.  
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Figure 4.2: Average power output for novice, experienced, and elite participants in each of the five 

conditions. (Error bars represent standard error of the mean). 

 

 

Power output was also examined across the 5-minute trial, by comparing mean 

power generated in each minute of each condition. This analysis not only highlighted 

differences in mean power output, but also the pacing strategies of the participants. 

Figure 4.3 suggests that the three groups had different patterns of power output across 

the 5-minute trial. Novice participants tended to start harder and drop faster than the 

experienced or elite cyclists, who displayed a more consistent performance. Figure 4.4 

also suggests that the condition may have had some effect on the power output across 

time.  
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Figure 4.3: Average power output in each minute of the 5-minute trial for novice, experienced, and 

elite participants. (Error bars represent standard error of the mean). 

 

 

Figure 4.4: Average power output for each minute of the 5-minute trial in each of the five conditions. 

(Error bars represent standard error of the mean). 

 

These effects were examined using a 3 x 5 x 5 (Group x Condition x Minute) 

mixed models ANOVA. A significant main effect of group was found, F(2, 37) = 

51.77, p < .001, ηp
2
 = .74. Specifically, novice participants (M = 191.86 W, SD = 

32.25) generated significantly less power output than experienced (M = 305.90 W, SD 
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= 48.39, t(26) = 7.34) or elite (M = 344.76 W, SD = 38.34, t(24) = 11.05) cyclists, 

both ps < .001. There was a significant main effect of condition, F(4, 148) = 38.21, p 

< .001, ηp
2
 = .51. Post hoc analyses showed that, when cycling in the baseline (M = 

289.52 W, SD = 79.74), performance (M = 290.50 W, SD = 78.48), and outcome (M = 

291.15 W, SD = 83.70) conditions, participants generated significantly more power 

than in the process (M = 261.09 W, SD = 74.39), or trust (M = 255.95 W, SD = 74.52) 

conditions, t(39) > 6.26, p < .001, for all significant comparisons. No significant 

Group x Condition interaction was found, F(8, 148) = 1.90, p = .06, ηp
2
 = .09. 

The analysis also showed a significant main effect of minute, F(1.65, 61.08) = 

22.54, p < .001, ηp
2
 = .38, and significant Condition x Minute, F(5.47, 202.24) = 3.99, 

p = .001, ηp
2
 = .01, and Group x Minute, F(3.30, 61.08) = 3.10, p = .03, ηp

2
 = .14, 

interactions. Separate repeated measures ANOVA were performed for each condition 

to analyse the Condition x Minute interaction. Due to the number of significant 

comparisons found, the analysis has been summarised in Table 4.3. The results 

indicate that more power output was generated in the first and last minute of the trials 

in all conditions, but particularly for the baseline, outcome, and trust conditions.  
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Table 4.3: Significant Comparisons within the Condition x Minute Interaction for Power Output.  

Condition 

(mean watts, SD in 

parentheses) 

df F p ηp
2
 

Significant Pairwise 

Comparisons (p < .05) 

Baseline 

Min1: 326.59 (83.02) 

Min2: 283.50 (80.34) 

Min3: 273.85 (82.73) 

Min4: 275.46 (85.54) 

Min5: 287.99 (90.97) 

1.53, 59.81 18.65 < .001 .32 Min1 > Min2, t(39) = 4.98, p < .001 

Min1 > Min3, t(39) = 5.58, p < .001 

Min1 > Min4, t(39) = 4.99, p < .001 

Min1 > Min5, t(39) = 3.43, p = .014 

Min2 > Min3, t(39) = 3.03, p = .043 

Min5 > Min3, t(39) = 3.20, p = .027 

Min5 > Min4, t(39) = 3.41, p = .015 

Process 

Min1: 277.38 (68.30) 

Min2: 257.90 (70.43) 

Min3: 250.26 (82.71) 

Min4: 254.28 (81.48) 

Min5: 265.61 (87.04) 

1.93, 75.08 6.44 < .01 .14 Min1 > Min2, t(39) = 3.35, p = .018 

Min1 > Min3, t(39) = 3.44, p = .014 

Min1 > Min4, t(39) = 3.12, p = .033 

Min5 > Min3, t(39) = 3.08, p = .037 

Performance 

Min1: 313.56 (75.12) 

Min2: 287.85 (81.29) 

Min3: 282.98 (86.63) 

Min4: 272.39 (85.80) 

Min5: 295.07 (87.46) 

1.99, 77.41 9.58 < .001 .20 Min1 > Min2, t(39) = 3.99, p = .003 

Min1 > Min3, t(39) = 4.21, p = .001 

Min1 > Min4, t(39) = 4.15, p = .002 

Min5 > Min4, t(39) = 6.77, p < .001 

Outcome 

Min1: 327.18 (78.09) 

Min2: 286.44 (86.64) 

Min3: 276.16 (87.06) 

Min4: 272.85 (88.49) 

Min5: 293.12 (94.03) 

1.86, 72.41 26.79 < .001 .41 Min1 > Min2, t(39) = 7.12, p < .001 

Min1 > Min3, t(39) = 7.01, p < .001 

Min1 > Min4, t(39) = 6.93, p < .001 

Min1 > Min5, t(39) = 3.66, p = .008 

Min2 > Min3, t(39) = 3.18, p = .029 

Min2 > Min4, t(39) = 3.18, p = .029 

Min5 > Min3, t(39) = 3.63, p = .008 

Min5 > Min4, t(39) = 4.43, p = .001 

Trust 

Min1: 271.53 (73.39) 

Min2: 249.18 (71.08) 

Min3: 249.23 (77.23) 

Min4: 248.47 (79.50) 

Min5: 261.20 (85.85) 

1.63, 63.54 7.04 < .01 .15 Min1 > Min2, t(39) = 3.58, p = .009 

Min1 > Min3, t(39) = 3.29, p = .021 

Min1 > Min4, t(39) = 3.08, p = .037 

Min5 > Min3, t(39) = 3.09, p = .036 

Min5 > Min4, t(39) = 4.24, p = .001 

Note. Statistics shown are the results of separate repeated measures ANOVA (Sidak post hoc 

corrections) for each condition. 
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To analyse the simple effects of the Group x Minute interaction, a repeated 

measures ANOVA was performed for each group. The results showed no effect of 

minute for the experienced, F(1.79, 23.23) = 2.38, p= .06, ηp
2
 = .21, or elite, F(1.30, 

14.34) = 3.48, p = .07, ηp
2
 = .24, cyclists. However, a significant effect of minute was 

found for the novice group, F(1.49, 19.32) = 44.08, p < .001, ηp
2
 = .77. Further 

analysis showed that the power generated in Minute 1 (M = 234.34 W, SD = 42.66) 

was significantly greater than that generated in Minute 2 (M = 191.49 W, SD = 

35.82), Minute 3 (M = 174.34 W, SD = 31.36), Minute 4 (M = 172.12 W, SD = 

30.56), and Minute 5 (M = 186.67 W, SD = 31.38), t(13) > 5.62, p < .001. 

Additionally, Minute 2 and Minute 5 both had significantly more power than Minute 

3 and Minute 4, t(13) > 4.44, p < .01. The Group x Condition x Minute interaction, 

F(10.93, 202.34) = 0.86, p = .58, ηp
2
 = .05, was not significant.  

The power output in each minute relative to the average power output 

generated in the 5-minute trial was analysed. Figure 4.5 demonstrates the difference in 

each minute for the novice, experienced, and elite participants. Novice participants 

had a relatively more aggressive start than the experienced and elite cyclists, and 

consequently experienced a rapid decrease in relative power output later in the trial.  
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Figure 4.5: Relative power in each minute of the 5-minute trial for novice, experienced, and elite 

participants. (Error bars represent standard error of the mean). 

 

A 3 x 5 x 5 (Group x Condition x Minute%) mixed models ANOVA revealed 

a significant main effect of minute%, F(1.61, 59.55) = 28.31, p < .001, ηp
2
 = .43, and 

significant Condition x Minute%, F(5.99, 221.69) = 2.62, p = .02, ηp
2
 = .07, and 

Group x Minute%, F(3.22, 59.55) = 7.87, p < .001, ηp
2
 = .30, interactions. These 

interactions demonstrate the same trends as found for absolute power output. Separate 

repeated measures ANOVA were conducted for each condition to examine the simple 

effects of the Condition x Minute% interaction. Again, due to the large number of 

significant interactions, the results of this analysis are shown in Table 4.4. The results 

indicate that changes in relative power output over the time for each trial were evident 

in all conditions, but particularly when participants focused on beating the best score 

(outcome condition).  
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Table 4.4: Significant Comparisons within the Condition x Minute% Interaction for Power Output.  

Condition 

(mean %, SD in 

parentheses) 

df F p ηp
2
 

Significant Pairwise 

Comparisons (p < .05) 

Baseline 

Min1: 115.00 (20.31)  

Min2: 97.87 (7.21) 

Min3: 93.93 (5.42) 

Min4: 94.30 (7.25) 

Min5: 98.89 (12.33) 

1.50, 58.55 17.18 < .001 .31 Min1 > Min2, t(39) = 4.85, p < .001 

Min1 > Min3, t(39) = 5.41, p < .001 

Min1 > Min4, t(39) = 4.87, p < .001 

Min1 > Min5, t(39) = 3.34, p = .018 

Min2 > Min3, t(39) = 3.00, p = .046 

Process 

Min1: 108.81 (16.47) 

Min2: 99.38 (6.64) 

Min3: 94.51 (8.30) 

Min4: 96.42 (6.53) 

Min5: 100.88 (10.91) 

1.74, 67.74 8.93 .001 .19 Min1 > Min2, t(39) = 3.79, p = .005 

Min1 > Min3, t(39) = 3.82, p = .005 

Min1 > Min4, t(39) = 3.57, p = .010 

Min5 > Min3, t(39) = 3.25, p = .024 

Performance 

Min1: 109.84 (16.44) 

Min2: 98.89 (6.30) 

Min3: 96.76 (8.93) 

Min4: 93.14 (9.70) 

Min5: 101.37 (10.29) 

2.03, 79.15 10.69 < .001 .22 Min1 > Min2, t(39) = 3.97, p = .003 

Min1 > Min3, t(39) = 4.00, p = .003 

Min1 > Min4, t(39) = 4.32, p = .001 

Min5 > Min4, t(39) = 6.26, p < .001 

Outcome 

Min1: 114.98 (15.35) 

Min2: 98.09 (6.01) 

Min3: 94.13 (5.84) 

Min4: 92.69 (7.72) 

Min5: 100.10 (10.21) 

1.89, 73.60 26.91 < .001 .41 Min1 > Min2, t(39) = 6.63, p < .001 

Min1 > Min3, t(39) = 6.69, p < .001 

Min1 > Min4, t(39) = 6.44, p < .001 

Min1 > Min5, t(39) = 4.13, p = .002 

Min2 > Min3, t(39) = 3.01, p = .044 

Min2 > Min4, t(39) = 3.30, p = .021 

Min5 > Min3, t(39) = 3.31, p = .020 

Min5 > Min4, t(39) = 4.14, p = .002 

Trust 

Min1: 108.00 (15.82) 

Min2: 97.79 (6.22) 

Min3: 96.78 (5.28) 

Min4: 96.36 (5.96) 

Min5: 101.07 (9.07) 

1.59, 62.16 8.62 .001 .18 Min1 > Min2, t(39) = 3.67, p = .007 

Min1 > Min3, t(39) = 3.61, p = .009 

Min1 > Min4, t(39) = 3.54, p = .010 

Min5 > Min3, t(39) = 3.07, p = .038 

Min5 > Min4, t(39) = 4.04, p = .002 

Note. Statistics shown are the results of separate repeated measures ANOVA (Sidak post hoc 

corrections) for each condition. 
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Examination of the simple effects for the Group x Minute% interaction 

through separate repeated measures ANOVA for each group revealed no significant 

effect of minute% for experienced, F(1.70, 22.11) = 2.82, p = .09, ηp
2
 = .18, or elite, 

F(1.28, 14.03) = 3.48, p = .08, ηp
2
 = .24, cyclists. A significant effect of minute% was 

found for the novice group, F(1.53, 19.84) = 42.89, p < .001, ηp
2
 = .77. Post hoc 

analysis revealed that the relative amount of power in Minute% 1 (M = 122.33 %, SD 

= 11.07) was significantly higher than Minute% 2 (M = 99.70, SD = 5.03), Minute% 3 

(M = 90.76 %, SD = 4.01), Minute% 4 (M = 89.81 %, SD = 4.37), and Minute% 5 (M 

= 97.40 %, SD = 6.61), t(13) > 5.51, p < .001, for all significant comparisons. 

Additionally, the relative power output in Minute% 2 and Minute% 5 were also found 

to be significantly more than that of Minute% 3 and Minute% 4, t(13) > 4.25, p < .01, 

for all significant comparisons. The Group x Condition x Minute% interaction was 

not significant, F(11.98, 221.69) = 0.71, p = .75, ηp
2
 = .04. 

4.4.2 Performance and Outcome Condition Target Effects 

It was also considered of interest to examine the performance effects in 

relation to whether or not the participant achieved the target set in the performance 

and outcome conditions. During the trial participants were able to assess whether or 

not they were on track to achieve the target. It was thought that perhaps those who did 

not consider that the target was achievable may withdraw effort from the trial, or 

conversely may invest more effort into achieving the target. Participants were recoded 

into two groups depending on whether they achieved the power output target set. In 

the performance condition, 11 participants achieved the 5% improvement target 

(novice, n = 4; experienced, n = 3; elite, n = 4), and 29 did not. Pearson’s chi square 

test was used to test whether any group was more likely to achieve the performance 

target than any other group. Results showed that all groups were equally likely to 
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achieve the performance target, χ
2
(2, N = 40) = 0.48, p = .79, w = .11. Figure 4.6 

suggests that the participants who achieved the target had less variation in power 

output across the trial compared to those who did not achieve the target. 

 

Figure 4.6: Average power output in each minute of the 5-minute trial for those participants who 

achieved the target in the performance condition and those who did not. (Error bars represent standard 

error of the mean). 

 

A 2 x 3 x 5 (Performance Target x Group x Minute) mixed models ANOVA 

revealed no significant main effect of performance target, F(1, 34) < 0.001, p = .98, 

ηp
2
 = .00. Those who reached their performance target achieved an average power 

output of 292.34 W (SD = 81.11), while those participants who did not reach their 

performance target achieved an average power output of 289.80 W (SD = 78.91). 

Additionally, the Performance Target x Group, F(2, 34) = 0.23, p = .80, ηp
2
 = .01, 

Performance Target x Minute, F(1.94, 66.02) = 1.22, p = .30, ηp
2
 = .04, and 

Performance Target x Group x Minute, F(3.88, 66.02) = 0.60, p = .66, ηp
2
 = .03, 

interactions were not significant.  
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Due to the large differences in absolute power between the skill level groups, 

the relative power output of the participants in each minute was also examined. A 2 x 

3 x 5 (Performance Target x Group x Minute%) mixed models ANOVA showed the 

Performance Target x Minute%, F(2.14, 72.65) = 1.61, p = .21, ηp
2
 = .05, and 

Performance Target x Group x Minute%, F(4.27, 72.65) = 1.73, p = .15, ηp
2
 = .09, 

interactions were not significant. These results confirm the outcomes for the analysis 

of absolute power output and suggest that power output across each minute and skill 

level group was not influenced by whether or not the performance target was met. 

In the outcome condition, 7 participants achieved the target of beating the best 

score for their group (novice, n = 3; experienced, n = 2; elite, n = 2), and 33 did not. 

Groups were tested for goodness of fit with Pearson’s chi square. Results showed that 

all groups were equally likely to achieve the outcome target, χ
2
(2, N = 40) = 0.29, p = 

.87, w = .08. Both groups show a similar pattern over the course of the trial, however 

those who did not achieve the outcome target appear to show a greater drop in power 

in the early stages and a lower power output overall (Figure 4.7). 

 

Figure 4.7: Average power output in each minute of the 5-minute trial for those participants who 

achieved the target in the outcome condition and those who did not. (Error bars represent standard error 

of the mean). 
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A 2 x 3 x 5 (Outcome Target x Group x Minute) mixed models ANOVA 

revealed a significant main effect of outcome target, F(1, 34) = 16.99, p < .001, ηp
2
 = 

.33. Predictably, those who achieved the outcome target (M = 333.95 W, SD = 78.98) 

generated significantly more power than those who did not (M = 282.08 W, SD = 

82.96). The Outcome Target x Group, F(2, 34) = 0.32, p = .73, ηp
2
 = .02, Outcome 

Target x Minute, F(1.96, 66.59) = 2.73, p = .07, ηp
2
 = .07), and Outcome Target x 

Minute x Group, F(3.92, 66.59) = 0.53, p = .71, ηp
2
 = .03, interactions were not 

significant.  

The relative power outputs were also investigated using a 2 x 3 x 5 (Outcome 

Target x Group x Minute%) mixed models ANOVA. The Outcome Target x 

Minute%, F(2.01, 68.38) = 1.93, p = .15, ηp
2
 = .05, and Outcome Target x Group x 

Minute%, F(4.02, 68.38) = 2.05, p = .10, ηp
2
 = .11, interactions were not significant. 

The lack of interaction effects in the outcome condition replicates that found for the 

performance condition and suggests that the pattern of power output over time was 

not influenced by the achievement of the power output target set.  

4.4.3 Rating of Perceived Exertion 

Subjective workload of the participants was assessed through the RPE scale. A 

mean RPE of 16.0 (SD = 1.4) for all conditions indicates that the participants found 

the overall exertion level hard to very hard (Borg, 1998). Figure 4.8 suggests that 

novice participants generally gave lower ratings than experienced or elite cyclists, and 

all groups rated perceived exertion highest in the performance and outcome 

conditions. 
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Figure 4.8: Rating of perceived exertion in each of the five conditions for novice, experienced, and 

elite participants. (Error bars represent standard error of the mean). 

 

Group and condition effects were analysed through a 3 x 5 (Group x 

Condition) mixed models ANOVA. A significant main effect of group, F(2, 37) = 

3.27, p = .049, ηp
2
 = .15, was seen. Specifically, novice participants (M = 15.39, SD = 

1.33) reported significantly lower levels of exertion compared to elite (M = 16.73, SD 

= 1.23, t(24) = 2.65, p = .04), but not experienced (M = 16.01, SD = 1.43) 

participants, which themselves did not differ. There was also a significant main effect 

of condition, F(4, 148) = 23.56, p < .001, ηp
2
 = .39. Post hoc analysis showed that 

participants reported higher levels of exertion in the performance (M = 16.86, SD = 

1.85) and outcome (M = 17.04, SD = 1.50) conditions, compared to the baseline (M = 

15.53, SD = 1.66), process (M = 15.36, SD = 1.90), and trust (M = 15.25, SD = 1.89) 

conditions, t(39) > 5.45, p < .001, for all significant comparisons.  

A significant Group x Condition interaction was found, F(2, 37) = 3.27, p = 

.002, ηp
2
 = .15. This interaction was further explored with separate repeated measures 

ANOVA for each group. A significant main effect of condition was found for the 
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novice, F(4, 52) = 5.88, p = .001, ηp
2
 = .31, experienced, F(4, 52) = 12.02, p < .001, 

ηp
2
 = .48, and elite, F(4, 44) = 11.17, p < .001, ηp

2
 = .50, groups. For the novice 

group, RPE in baseline (M = 14.64, SD = 1.45) was significantly less than outcome 

(M = 16.14, SD = 1.56), t(13) = 3.86, p = .02. Analysis for the experienced group 

showed that the RPE in performance (M = 17.18, SD = 1.68), and outcome (M = 

17.39, SD = 1.42) conditions were significantly more than in process (M = 14.61, SD 

= 2.31), and trust (M = 14.79, SD = 2.01) conditions, all t(13) > 4.61, p < .005. 

Finally, in the elite group, RPE in the performance condition (M = 17.67, SD = 1.71), 

was significantly more than baseline (M = 15.92, SD = 1.08), process (M = 16.17, SD 

= 1.53), and trust (M = 16.25, SD = 1.76), all t(11) > 4.29, p < .013. RPE in the 

outcome condition (M = 17.67, SD = 1.07) was also significantly more than baseline 

and process for the elite group, t(11) > 3.76, p < .031.  

4.4.4 Heart Rate 

Mean heart rate for each trial, and mean heart rate in each minute of each trial 

were analysed for group and condition effects using the same method as for power 

output. Figure 4.9 shows the pattern of heart rate in each condition. Similar to the 

power output data, higher heart rates were seen in the performance and outcome 

conditions. The greatest increase in heart rate was seen in the first and second 

minutes, and the rate of change decreased progressively across the trial.  
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Figure 4.9: Average heart rate of the participants in each minute of the 5-minute trial in each of the five 

conditions. (Error bars represent standard error of the mean). 

 

A 3 x 5 x 5 (Group x Condition x Minute) mixed models ANOVA found no 

main effect of group, F(2, 37) = 1.53, p = .23, ηp
2
 = .08. A significant main effect of 

condition, F(2.94, 108.81) = 24.94, p < .001, ηp
2
 = .40, was seen. Post hoc analysis 

showed that the mean heart rate in the performance and outcome conditions was 

significantly higher than that of the baseline, process, and trust conditions, t(39) > 

5.64, p < .001, for all significant comparisons. A significant main effect of minute 

was also found, F(1.42, 52.61) = 588.70, p < .001, ηp
2
 = .94. The mean heart rate of 

participants increased with each minute such that Minute 1 (M = 140.87 bpm, SD = 

11.09), was less than Minute 2 (M = 160.69 bpm, SD = 12.05), was less than Minute 3 

(M = 165.24 bpm, SD = 11.93), was less than Minute 4 (M = 167.71 bpm, SD = 

11.79), was less than Minute 5 (M = 170.58 bpm, SD = 11.65), and all comparisons 

between minutes were significantly different, all t(39) > 10.57, p < .001. No 

significant Group x Condition interaction was found, F(6.07, 112.24) = .55, p = .77, 

ηp
2
 = .03. 
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The Condition x Minute interaction was significant, F(5.85, 216.43) = 8.01, p 

< .001, ηp
2
 = .05, perhaps reflecting the patterns displayed in the power output data. 

The same pattern of heart rate during each minute was evident, therefore the simple 

effects of this interaction were examined using separate repeated measures ANOVA 

for each minute. A significant effect of condition was found for Minute 1, F(2.68, 

104.64) = 25.62, p < .001, ηp
2
 = .40, Minute 2, F(2.80, 109.02) = 21.25, p < .001, ηp

2
 

= .35, Minute 3, F(3.17, 123.66) = 22.87, p < .001, ηp
2
 = .37, Minute 4, F(3.26, 

127.16) = 19.83, p < .001, ηp
2
 = .34, and Minute 5, F(4, 156) = 17.19, p < .001, ηp

2
 = 

.31. Further examination showed that Minute 2 to Minute 5 all showed the same 

significant interactions. That is, baseline, process, and trust conditions all displayed 

significantly lower heart rates in these time periods than performance and outcome 

conditions, t(39) > 4.97, p < .001. However, in the first minute of the trial, the heart 

rate in the baseline condition tended to be significantly less than in all other 

conditions, t(39) > 4.01, p < .003. Additionally, the heart rate in the first minute of the 

process condition was significantly less than that in the performance and outcome 

conditions, t(39) > 4.54, p < .001. The heart rate in the first minute of the trust 

condition was also significantly less than that of the outcome condition, t(39) = 5.70, 

p < .001. The results indicate that heart rate in the baseline trial started at a lower level 

than the other conditions, but had reached a similar rate to the process and trust 

conditions by the end of the trial. 

The Group x Minute, F(2.84, 52.61) = 1.06, p = .37, ηp
2
 = .05, and Group x 

Condition x Minute, F(11.70, 216.43) = .56, p = .87, ηp
2
 = .08, interactions were not 

significant for absolute heart rate.  

Relative heart rate was also examined by analysing the percentage of total 

heart rate displayed in each minute of the 5-minute trial. Figure 4.10 shows that, 
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similar to the absolute heart rates, relative heart rate showed the greatest increase from 

the first to the second minutes. Additionally, the baseline heart rate was initially at a 

lower level at the start of the trial, but increased to a higher level than the other 

conditions by the end of the trial. It is also interesting to note that the heart rate 

achieved in the second minute of the trial, was close to the final mean heart rate 

(100%) for all conditions.  

 

Figure 4.10: Relative heart rate in each minute of the 5-minute trial for each of the five conditions. 

(Error bars represent standard error of the mean). 

 

 

A 3 x 5 x 5 (Group x Condition x Minute%) mixed models ANOVA revealed 

a significant main effect of minute%, F(1.39, 51.60) = 599.99, p < .001, ηp
2
 = .94. 

Relative heart rate increased with every minute of the trial such that Minute% 1 (M = 

87.49 %, SD = 2.59), was less than Minute% 2 (M = 99.79 %, SD = 1.37), was less 

than Minute% 3 (M = 102.61 %, SD = 0.79), was less than Minute% 4 (M = 104.15 

%, SD = 1.22), was less than Minute% 5 (M = 105.96 %, SD = 1.87), and all 

comparisons between minutes were significantly different, t(39) > 10.36, p < .001. 
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A significant Condition x Minute% interaction, F(5.67, 209.83) = 9.21, p < 

.001, ηp
2
 = .20, was also found. This was analysed through separate repeated measures 

ANOVA to compare conditions at each minute. A significant effect of condition was 

found for Minute% 1, F(4, 156) = 15.02, p < .001, ηp
2
 = .28, Minute% 3, F(4, 156) = 

4.08, p = .004, ηp
2
 = .10, Minute% 4, F(4, 156) = 9.03, p < .001, and Minute% 5, F(4, 

156) = 6.52, p < .001, ηp
2
 = .14. In the first minute, the relative heart rate seen at 

baseline was significantly less than that seen in all other conditions, t(39) > 3.93, p < 

.003. The relative heart rate in the first minute of the performance condition was also 

significantly less than that of the trust condition, t(39) = 3.01, p = .045. Relative heart 

rate at Minute% 3 in baseline was also significantly greater than in the outcome and 

trust conditions, t(39) > 3.30, p < .02. Finally, at Minute% 4 and Minute% 5, baseline 

was significantly greater than process, outcome, and trust, t(39) > 3.53, p < .011, for 

all significant comparisons. The results indicate that relative heart rate in the baseline 

condition started lower than in the other conditions, but by the end of the trial was 

higher than in the other conditions. The Group x Minute%, F(2.79, 51.60) = 0.96, p = 

.42, ηp
2
 = .05, and Group x Condition x Minute%, F(11.34, 209.83) = 0.52, p = .89, 

ηp
2
 = .03, interactions were not significant. 

4.4.5 Heart Rate Variability 

The heart rate measures taken included average heart rate, and several 

components of heart rate variability (total power, VLF, LF, HF, and LF:HF). The 

mean values for all of these variables are displayed in Table 4.5. 
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Table 4.5: Average Heart Rate, Heart Rate Variability, and Respiration Frequency for each of the Five 

Conditions.  

Variable Group 

Condition 

Baseline Process Performance Outcome Trust 

Heart rate 
(bpm) 

All 156.11 (12.84) 158.76 (12.61) 163.49 (11.26) 164.12 (11.50) 158.38 (11.74) 

Novice 158.62 (13.79) 163.15 (12.13) 167.54 (12.08) 166.43 (12.60) 161.17 (13.90) 

Exp. 152.71 (14.05) 153.76 (13.87) 158.98 (11.41) 160.90 (11.61) 154.45 (10.63) 

Elite 157.14 (10.13) 159.48 (10.28) 164.01 (8.75) 165.19 (10.03) 159.71 (9.75) 

Respiration 
(Hz) 

All 0.83 (0.52) 1.12 (0.51) 1.10 (0.49) 1.18 (0.59) 1.07 (0.51) 

Novice 1.09 (0.78) 1.31 (0.67) 1.24 (0.67) 1.53 (0.83) 1.14 (0.70) 

Exp. 0.64 (0.22) 0.87 (0.33) 0.96 (0.39) 0.89 (0.32) 0.84 (0.27) 

Elite 0.77 (0.26) 1.22 (0.41) 1.12 (0.34) 1.12 (0.26) 1.26 (0.38) 

Total 
Power 
(ms

2
) 

All 548.72 (470.51) 

2.61 (0.35) 

381.29 (298.79) 

2.47 (0.32) 

367.51 (242.53) 

2.48 (0.30) 

327.83 (282.17) 

2.40 (0.31) 

330.73 (245.42) 

2.42 (0.29) 

Novice 605.45 (573.03) 

2.64 (0.34) 

409.49 (357.00) 

2.46 (0.39) 

367.31 (234.02) 

2.48 (0.29) 

376.86 (336.78) 

2.46 (0.32) 

376.74 (328.27) 

2.46 (0.32) 

Exp. 574.23 (392.53) 

2.67 (0.30) 

417.59 (302.91) 

2.52 (0.30) 

406.04 (183.81) 

2.53 (0.36) 

331.95 (171.38) 

2.46 (0.27) 

344.48 (226.87) 

2.44 (0.32) 

Elite 452.77 (446.94) 

2.49 (0.40) 

306.04 (220.44) 

2.42 (0.24) 

322.80 (315.94) 

2.41 (0.26) 

265.81 (325.98) 

2.27 (0.33) 

260.99 (130.88) 

2.37 (0.22) 

VLF (ms
2
) All 485.94 (417.98) 

2.55 (0.35) 

330.55 (276.36) 

2.40 (0.33) 

311.51 (165.22) 

2.41 (0.32) 

278.50 (240.71) 

2.32 (0.33) 

297.19 (246.69) 

2.34 (0.36) 

Novice 557.24 (530.30) 

2.62 (0.33) 

354.95 (333.33) 

2.39 (0.41) 

319.91 (152.66) 

2.44 (0.27) 

361.89 (336.88) 

2.43 (0.33) 

347.73 (323.25) 

2.42 (0.33) 

Exp. 525.04 (414.91) 

2.58 (0.37) 

380.15 (313.86) 

2.45 (0.36) 

363.44 (203.42) 

2.43 (0.45) 

287.04 (187.62) 

2.35 (0.35) 

313.96 (240.48) 

2.33 (0.47) 

Elite 357.15 (238.99) 

2.43 (0.37) 

244.23 (105.13) 

2.35 (0.19) 

241.13 (106.80) 

2.35 (0.19) 

171.24 (90.63) 

2.17 (0.25) 

218.66 (116.60) 

2.28 (0.26) 

Note. Mean shown with standard deviation in parentheses, Log10 of the value in italics where 

appropriate. Table continued on next page. 
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Table 4.5: (Continued)  

Variable Group 

Condition 

Baseline Process Performance Outcome Trust 

LF (ms
2
) All 1.93 (3.90) 

-0.04 (0.45) 

1.43 (2.48) 

-0.14 (0.47) 

1.19 (2.69) 

-0.26 (0.46) 

0.81 (0.95) 

-0.27 (0.36) 

1.20 (1.69) 

-0.20 (0.45) 

Novice 4.17 (6.08) 

0.31 (0.51) 

1.95 (2.50) 

0.08 (0.43) 

2.08 (4.23) 

-0.01 (0.45) 

1.45 (1.35) 

-0.02 (0.42) 

2.22 (2.24) 

0.11 (0.49) 

Exp. 0.80 (0.51) 

-0.17 (0.26) 

0.76 (0.62) 

-0.26 (0.38) 

0.53 (0.39) 

-0.38 (0.33) 

0.54 (0.36) 

-0.34 (0.25) 

0.55 (0.34) 

-0.33 (0.26) 

Elite 0.64 (0.45) 

-0.28 (0.30) 

1.60 (3.59) 

-0.26 (0.55) 

0.91 (1.66) 

-0.42 (0.51) 

0.39 (0.20) 

-0.46 (0.23) 

0.76 (1.41) 

-0.41 (0.42) 

HF (ms
2
) All 3.48 (10.48) 

-0.20 (0.67) 

3.79 (16.55) 

-0.21 (0.62) 

2.86 (12.43) 

-0.32 (0.58) 

1.13 (2.17) 

-0.31 (0.51) 

1.86 (6.27) 

-0.25 (0.52) 

Novice 7.24 (17.03) 

-0.07 (0.86) 

7.99 (27.93) 

-0.22 (0.72) 

6.11 (20.85) 

-0.33 (0.77) 

0.59 (0.51) 

-0.39 (0.39) 

3.56 (10.40) 

-0.19 (0.69) 

Exp. 1.64 (3.03) 

-0.11 (0.49) 

1.58 (2.99) 

-0.25 (0.61) 

0.84 (1.61) 

-0.40 (0.47) 

0.97 (1.48) 

-0.34 (0.52) 

0.67 (0.56) 

-0.31 (0.36) 

Elite 1.21 (2.85) 

-0.44 (0.59) 

1.46 (1.95) 

-0.15 (0.54) 

1.42 (3.06) 

-0.23 (0.47) 

1.95 (3.56) 

-0.19 (0.64) 

1.27 (2.31) 

-0.23 (0.49) 

LF:HF All 3.05 (4.37) 

0.16 (0.56) 

2.59 (3.78) 

0.07 (0.59) 

2.92 (4.40) 

0.06 (0.63) 

2.67 (3.54) 

0.05 (0.63) 

2.85 (5.07) 

0.05 (0.59) 

Novice 4.72 (5.80) 

0.38 (0.57) 

3.55 (3.55) 

0.30 (0.57) 

4.74 (5.39) 

0.32 (0.65) 

4.37 (4.17) 

0.37 (0.57) 

4.94 (7.10) 

0.30 (0.67) 

Exp. 1.70 (2.26) 

-0.06 (0.54) 

1.79 (1.97) 

-0.01 (0.56) 

1.68 (1.35) 

0.03 (0.51) 

2.52 (3.68) 

-0.00 (0.65) 

1.57 (1.83) 

-0.02 (0.47) 

Elite 2.68 (3.98) 

0.16 (0.52) 

2.39 (5.40) 

-0.12 (0.61) 

2.24 (5.03) 

-0.19 (0.67) 

0.86 (0.71) 

-0.27 (0.54) 

1.91 (4.35) 

-0.17 (0.55) 

 
 Note. Mean shown with standard deviation in parentheses, Log10 of the value in italics where 

appropriate. 

 

 

All variables were analysed for condition and group effects through separate 3 

x 5 (Group x Condition) mixed models ANOVAs. Analysis of the total power found 

no significant main effect of group, F(2, 37) = 0.98, p = .39, ηp
2
 = .05, but a 

significant main effect of condition, F(4, 148) = 5.59, p < .001, ηp
2
 = .13. The total 
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power in the baseline condition was significantly higher than in the process, outcome, 

and trust conditions, t(39) > 3.26, p < .03. No significant Group x Condition 

interaction, F(8, 148) = 0.33, p = .95, ηp
2
 = .02, was found for total power. 

The VLF component showed no significant main effect of group, F(2, 37) = 

1.00, p = .38, ηp
2
 = .05. A significant main effect of condition was found, F(4, 148) = 

5.81, p < .001, ηp
2
 = .14. Post hoc analysis showed that baseline VLF variability was 

significantly higher than process, outcome, and trust, t(39) > 3.34, p < .03. The Group 

x Condition interaction was not significant, F(8, 148) = 0.53, p = .83, ηp
2
 = .03. 

Analysis of the LF component revealed a significant main effect of group, F(2, 

37) = 8.21, p = .001, ηp
2
 = .31, and condition,  F(2.92, 108.20) = 4.84, p = .004. 

Novices (M = 0.09, SD = 0.38) displayed significantly more LF variability than 

experienced (M = -0.30 log10 ms
2
, SD = 0.22, t(26) = 3.29, p < .01), and elite 

participants (M = -0.37 log10 ms
2
, SD = 0.33, t(24) = 3.25, p < .01) participants. The 

baseline LF variability was significantly higher than the performance, outcome, and 

trust conditions, t(39) > 3.52, p < .02.  No significant Group x Condition interaction 

was found, LF F(5.85, 108.20) = 0.49, p = .81. 

No significant main effect of group, F(2, 37) = 0.03, p = .98, ηp
2
 = .001, or 

condition, F(2.77, 102.40) = 1.09, p = .35, were seen for the HF component. The 

Group x Condition interaction, F(5.54, 102.40) = 1.93, p = .09, ηp
2
 = .10, was also not 

significant. Likewise, the LF:HF showed no significant main effect of group, F(2, 37) 

= 2.96, p = .06, ηp
2
 = .14, or condition, F(4, 148) = 1.13, p = .35, ηp

2
 = .03, and the 

Group x Condition interaction was not significant, F(8, 148) = 1.40, p = .20, ηp
2
 = .07. 

4.4.6 Respiration 

The overall average respiration frequency of the participants was 1.09 Hz, 

which represents a breathing rate of approximately 65 breaths per minute. Figure 4.11 
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shows the mean respiration frequency for each group in each of the conditions (see 

Table 4.5 for descriptive data). Novices generally had a higher breathing rate 

compared to the experienced and elite participants. The baseline condition also shows 

a lower frequency of breathing compared to the other conditions.  

 

Figure 4.11: Average respiration frequency of the novice, experienced, and elite participants in each of 

the five conditions. (Error bars represent standard error of the mean). 

 

The respiration frequency of each of the groups across the 5-minute trial is 

seen in Figure 4.12. Whereas elite cyclists tended to increase the frequency of 

respiration throughout the trial, experienced cyclists reached a plateau after 

approximately three minutes. The figure also suggests that novice participants were 

inclined to hold a steady respiration rate for the duration of the trial. 
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Figure 4.12: Average respiration frequency of the novice, experienced, and elite participants in each 

minute of the 5-minute trial. (Error bars represent standard error of the mean). 

 

Mean respiration frequency in each minute of the 5-minute trial was analysed 

with a 3 x 5 x 5 (Group x Condition x Minute) mixed models ANOVA. A significant 

main effect of group was found, F(2, 36) = 3.88, p = .03, ηp
2
 = .18. Post hoc analysis 

showed that novice participants (M = 1.26 Hz, SD = 0.60) had a significantly higher 

respiration rate than experienced (M = 0.84 Hz, SD = 0.22), t(25) = 2.45, p = .03, but 

not elite (M = 1.10 Hz, SD = 0.25), t(23) = 0.87, p > .05, participants. Additionally, a 

significant main effect of condition was found, F(3.05, 109.85) = 6.43, p < .001, ηp
2
 = 

.15. Post hoc analysis showed that baseline displayed a significantly lower respiration 

frequency than process, outcome, and trust, t(39) > 3.27, p < .02, for all significant 

comparisons. The Group x Condition interaction, F(6.10, 109.76) = 1.52, p = .18, ηp
2
 

= .08, was not significant. 

The main effect of minute, F(1.91, 68.83) = 11.05, p < .001, ηp
2
 = .24, and 

Group x Minute interaction, F(3.82, 68.83) = 2.67, p = .041, ηp
2
 = .13, were 

significant. To explore the simple effects of this interaction, separate repeated 
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measures ANOVA were conducted for each group. No effect of minute was seen in 

the novice group, F(2.05, 24.62) = 0.42, p = .67, ηp
2
 = .03. A significant effect of 

minute was seen for the experienced, F(1.59, 20.67) = 9.98, p = .002, ηp
2
 = .43, and 

elite, F(1.57, 17.24) = 7.35, p = .008, ηp
2
 = .40, groups. Post hoc analysis revealed no 

significant pairwise comparisons for the elite group. For the experienced group, the 

respiration frequency in the first minute (M = 0.71 Hz, SD = 0.25) was found to be 

significantly less than that in Minute 3 (M = 0.88 Hz, SD = 0.24), and Minute 5 (M = 

0.92 Hz, SD = 0.24), t(13) > 3.57, p < .033. The Condition x Minute interaction, 

F(7.61, 273.89) = 1.05, p = .40, ηp
2
 = .03, and the Group x Condition x Minute 

interaction, F(15.22, 273.89) = 0.78, p = .70, ηp
2
 = .04, were not significant. 

The analysis of relative respiration frequency in each minute of the 5-minute 

trial revealed similar results to that of the analysis of the absolute data. Figure 4.13 

clearly depicts the differences in breathing pattern across the trial for the three groups. 

Whereas novice participants tended to maintain a steady breathing rate until the last 

minute of the trial, elite and experienced participants showed a tendency to increase 

the breathing frequency throughout the trial. 

Figure 4.13: Relative respiration frequency of the novice, experienced, and elite participants in each 

minute of the 5-minute trial. (Error bars represent standard error of the mean). 
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A 3 x 5 x 5 (Group x Condition x Minute%) mixed models ANOVA revealed 

a significant main effect of minute%, F(1.84, 66.23) = 16.99, p < .001, ηp
2
 = .32, and 

a significant Group x Minute% interaction, F(3.68, 66.23) = 3.29, p = .02, ηp
2
 = .16. 

This interaction was explored with separate repeated measures ANOVA for each 

group. The novice group revealed no significant effect of minute%, F(4, 48) = 1.58, p 

= .19, ηp
2
 = .12. A significant effect of minute% was found for the experienced, 

F(1.49, 19.34) = 12.32, p = .001, ηp
2
 = .49, and elite groups, F(1.82, 20.03) = 8.34, p 

= .003, ηp
2
 = .43. Further analysis showed that, for the elite group, Minute% 1 (M = 

87.66 %, SD = 12.22) displayed a significantly lower relative respiration frequency 

than Minute% 5 (M = 109.32 %, SD = 10.36), t(11) = 10.28, p = .03. In the 

experienced group, the Minute% 1 (M = 82.92 %, SD = 16.55) had significantly less 

relative respiration than Minute% 3 (M = 105.22 %, SD = 6.90), Minute% 4 (M = 

106.97 %, SD = 9.95), and Minute% 5 (M = 111.49 %, SD = 10.91), t(13) > 3.65, p < 

.03, for all significant comparisons. Minute% 2 (M = 93.40 %, SD = 8.83) was also 

significantly less than Minute% 5 for the elite group, t(13) = 3.78, p = .023. No 

significant Condition x Minute%, F(7.49, 269.62) = 1.34, p = .23, ηp
2
 = .04, or Group 

x Condition x Minute%, F(14.98, 269.62) = 1.51, p = .10, ηp
2
 = .08, interactions were 

found. 

4.4.7 Self-Report 

The two quantitative self-report variables, effective focus and cycling 

performance, were analysed with separate 3 x 5 (Group x Condition) ANOVAs with 

repeated measures on the condition factor. A mean rating of 4.85 (SD = 0.67) for 

effective focus, and 4.62 (SD = 0.61) for cycling performance, indicated that 

participants felt that they were average to good at focusing attention on the cycling 

task, and gave an average to good cycling performance. Figure 4.14 shows that the 
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performance condition scored highest for both the effective focus and cycling 

performance responses.  

 

Figure 4.14: Quantitative self-report responses for effective focus and cycling performance in each of 

the five conditions (Error bars represent standard error of the mean). 

 

Analysis of the effective focus variable showed no significant main effect of 

group, F(2, 37) = 0.72, p = .49, ηp
2
 = .04. A significant main effect of condition, F(4, 

148) = 2.69, p = .03, ηp
2
 = .07, was seen. Further analysis revealed participants 

reported that they were more effective in focusing their attention on the cycling task 

in the performance condition (M = 5.13, SD = 1.04), than in the baseline condition (M 

= 4.52, SD = 0.84), t(39) = 3.18, p = .02. No significant Group x Condition interaction 

was present, F(8, 148) = 0.93, p = .49, ηp
2
 = .05.  

Analysis of the self-rated cycling performance data revealed no significant 

main effect of group, F(2, 37) = 2.59, p = .09, ηp
2
 = .12. A significant main effect of 

condition, F(2.89, 106.76) = 2.77, p = .05, ηp
2
 = .07, was found. Post hoc analysis 

showed that participants reported that they performed better on the cycling task in the 

performance condition (M = 4.86, SD = 1.07), compared to trust (M = 4.35, SD = 
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1.00), t(39) = 3.23, p = .014. No significant Group x Condition interaction was seen, 

F(5.77, 106.76) = 1.85, p = .10, ηp
2
 = .09. 

Qualitative responses are shown in Table 4.6. At baseline, novice and elite 

groups reported a slightly higher internal than external focus, whereas the experienced 

group was slightly more externally than internally focused. The process condition 

caused a large shift to an internal focus for all groups, also causing a decrease in the 

external focus. In the performance condition, elites cyclists tended to focus more 

externally than internally, and reported focusing on performance cues to a lesser 

extent. This was also the case in the novice group, except they reported focusing more 

on performance cues. The experienced group also tended to focus on performance 

cues, but also reported moderate levels of internal and external focus. All groups 

showed a similar pattern in the outcome condition. External cues were most 

commonly reported, followed by an internal, performance and outcome focus. Finally, 

participants reported trusting the body in the trust condition, but also reported 

focusing on external (elite and experienced) and internal (novice) cues.  



- 157 - 
 

Table 4.6: Qualitative Self-Report Responses in Experiment 2. 

  
Frequency of response 

  

Internal External Performance Outcome Trust 
Word 

Monitoring 
Other 

Baseline 

Elite 10 6 1 0 0 0 6 

Experienced 14 15 4 0 0 0 4 

Novice 13 10 2 0 0 0 6 

ALL 37 31 7 0 0 0 16 

Process 

Elite 21 5 0 0 0 0 2 

Experienced 21 6 1 0 0 0 4 

Novice 28 5 0 0 0 0 3 

ALL 70 16 1 0 0 0 8 

Performance 

Elite 2 15 5 0 0 0 1 

Experienced 8 9 11 0 0 0 2 

Novice 7 12 11 0 0 0 2 

ALL 17 36 27 0 0 0 5 

Outcome 

Elite 7 9 6 3 0 0 1 

Experienced 6 11 7 2 0 0 2 

Novice 7 14 4 4 0 0 2 

ALL 20 34 17 9 0 0 5 

Trust 

Elite 5 8 0 0 11 0 2 

Experienced 5 12 0 0 14 0 4 

Novice 9 5 0 0 14 0 1 

ALL 19 25 0 0 39 0 7 
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4.5 Discussion 

Experiment 2 aimed to manipulate the focus of attention of novice, 

experienced, and elite cyclists in an endurance cycling task and assessed the effects of 

this manipulation on performance, psychophysiological, and self-report data. It was 

hypothesized that experienced and elite cyclists would perform best in the 

performance and outcome conditions, novices may have performed best in the process 

condition, and all groups would perform worst in the trust condition. This hypothesis 

was partially supported. Elite and experienced participants did perform better in the 

performance and outcome conditions than in the process and trust conditions. 

However, the novices also achieved more power output in the performance and 

outcome conditions than process and trust conditions. This finding is similar to those 

of Wulf (2007), who has consistently found that both novice and experienced athletes 

benefit from the same focus of attention.  

The qualitative self-report data suggest that the process instructions induced a 

strong internal focus of attention, which may have disrupted performance by 

overemphasizing internal cues that were not beneficial to cycling. The ability to cope 

with the prolonged pain of endurance activity is known to have a significant impact 

on performance (O’Connor, 1992). Adopting a process focus that directed attention of 

the cyclist to the legs and feet (and, consequently the pain in the legs and feet), may 

have been responsible for why there was a decrement rather than an improvement in 

performance. Interviews with Olympic level cyclists have shown that elite cyclists 

report dealing with exertion pain by blocking it out, and attending to relevant internal 

or external situational cues (Kress & Statler, 2007). Therefore, it may be that adopting 

a performance or outcome focus provides the balance of internal and external 

association advocated by some researchers (Hemery, 1986; Stanley et al., 2007). A 



- 159 - 
 

combination of internal and external association allows the participant to monitor the 

exertion pain and physiological cues, and then switch to external cues such as the 

power output on the monitor. Marathon running studies have found that in 

competition, runners will predominantly use an associative strategy, but will switch to 

dissociation several times during a race (for a summary, see Weinberg & Gould, 

2007). It has also been shown that a combination of goals results in better 

performance than no goals or one type of goal used in isolation (Filby et al., 1999). 

Interviews with Olympic athletes have revealed that athletes adopt 

predominantly performance and outcome, rather than process goals during 

competition (Weinberg et al., 2000) and use goals to cope with exertion pain during 

performance (Kress & Statler, 2007). Olympic level cyclists reported that the use of 

goals (type unspecified) gave them the required focus and motivation needed to cope 

with the pain experienced during competition. An early study using 5-minute trials on 

an arm crank ergometer found the highest work output (kilopond units) was obtained 

when both performance feedback and performance goals were set, compared to 

feedback or goals alone, or nothing (Bandura & Cervone, 1983). It may be that 

difficult and specific goals force the athlete to focus attention in order to achieve the 

desired level of performance. Recently Capa and colleagues (2008) used a reaction 

time task and concluded that, compared to easy and vague goals, difficult and specific 

goals not only improved performance, but decreased variance in reaction time without 

increasing the error rate. Additionally, subjects performing a hand dynamometer 

endurance task achieved the best results when instructed to improve by 40 or 70 

seconds, rather than trying to “do your best” (Hall et al., 1987).  

It does seem that one of the key factors in a beneficial focus of attention in 

endurance performance is the monitoring of cues associated with self-regulation. For 
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example, the trust condition did not allow the participant to monitor power output or 

elapsed time, and all groups performed worst in this condition. Not only was the 

power output lower in the trust condition, but the analysis of power across time 

showed less variability in the trust and process conditions compared to baseline, 

performance, and outcome conditions. This lack of variability in the trust condition 

may reflect that it directed the attention of the participants away from external cues 

and consequently caused an inability to correctly judge the pace and strategy to be 

used in the trial. As marathon running studies have found, elite runners often use 

external cues in combination with association to ensure they are on target (Masters & 

Ogles, 1998).  

Initial support for the benefit of a trust focus was derived from a study of a 

self-paced motor skill in a dual-task condition (Singer et al., 1993), in which 

performance improvements were seen in comparison to an awareness strategy (similar 

to the process focus used in this experiment) and a control condition. The continuous 

endurance task used in the present study was considerably different to that used by 

Singer et al. (1993). The fact that none of the three groups in this study benefited from 

a trust focus may suggest that the decrement in performance was due to the inability 

to monitor and adjust exertion and performance, rather than differences in attentional 

capacity and / or automatic processing. 

Analysis of the power output across the trial showed that the participants 

tended to start harder in the baseline and outcome focus instructions conditions. A 

harder start in the baseline condition is to be expected, due to the lack of fatigue in the 

first trial. Although the power output in the outcome condition was higher than in the 

performance condition at the start, no significant difference in average power output 

across the entire 5-minute trial was seen. This indicates that participants perhaps went 
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too hard at the start, and paid the price later in the trial, when fatigue set in. For most 

participants (68%), the outcome target was higher than their performance target. The 

increased difficulty of the goal set may have caused the participants to invest too 

much effort at the start of the trial, perhaps overestimating their capability to maintain 

the required intensity. 

The analysis of the power output in Experiment 1 did indicate a significant 

fatigue effect across the experimental session. Specifically, performance in the 

condition completed first was consistently better than performance in the other three 

subsequently completed conditions. The attentional focus conditions in that 

experiment were counterbalanced to minimise the effect of fatigue on the group data. 

However, knowledge of this effect does provide insight into the results of Experiment 

2. In the second experiment, the baseline condition was always completed first. This 

procedural feature was necessary to achieve a true baseline. The fatigue effect 

observed in Experiment 1 suggests that performance would be best in the baseline 

condition if the attention focus instructions had no effect on performance. However, 

the power output seen in the performance and outcome conditions was equivalent to, 

or greater than, baseline. This indicates two things. First, that cycling performance can 

be improved even in a state of fatigue, by adopting a different focus of attention. And 

second, that performance and outcome instructions can improve performance over 

and above that achieved when cyclists are given no instructions (i.e., baseline 

condition). 

This experiment showed that cyclists at all skill levels perform best when 

following performance or outcome attentional focus instructions. This finding helped 

to inform the development of an attentional focus training routine that was delivered 

in an intervention study to experienced and elite cyclists. 
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5.1 Introduction 

The results of the previous two experiments suggest that the endurance cycling 

task requires some amount of cognitive resources to allow for monitoring of self-

regulatory cues relevant to performance. The best performance in elite cyclists was 

elicited when using performance or outcome goal instructions, and the cycling 

performance was similar to that seen in unfatigued baseline conditions. Therefore, it 

appears that actively adopting an attentional strategy can have positive effects on 

performance. The development of an attentional focus routine is one way to train 

cyclists in the best attentional strategy to use during cycling performance. The impact 

of competition pressure on attentional focus and cycling performance is also 

important to consider. The mechanism by which attentional focus changes under 

conditions of pressure has been subject to much debate (for a review, see Beilock & 

Gray, 2007). It is possible that training in the most appropriate attentional focus to 

adopt during cycling performance may help to maintain or even improve performance 

particularly in pressure situations.   

Therefore, the results from Experiment 1 and 2 were combined with advice 

from cycling coaches and information found in the literature to develop an integrated 

attentional focus routine that was designed to optimise the performance of elite 

cyclists. The object of the attentional focus training program was to train the cyclists 

so that they would implement the optimal attentional routine automatically when 

performing. The attentional focus routine was assessed in a multiple-baseline design 

in which subjects were used as their own controls. This is a design used with success 

in studies of university rowers (Scott et al., 1999) and golfers (Cohn, Rotella, & 

Lloyd, 1990). This study also tested whether the implemented routine facilitated 
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performance under pressure induced by offering a monetary reward and conducting 

evaluative monitoring (Baumeister & Showers, 1986).  

The use of multiple-baseline designs in psychological research has been 

advocated by a number of researchers (Bryan, 1987; Hrycaiko & Martin, 1996; 

Thomas, Maynard, & Hanton, 2007). A multiple-baseline design typically tests that a 

change in behaviour occurs only if the intervention is introduced. Subjects are used as 

their own controls, thus eliminating the issue of untreated groups. The intervention is 

introduced at staggered intervals across subjects, so that it may be determined if 

performance gains are due to the intervention or other factors such as practice or 

training. By staggering the introduction of treatment across participants, this design 

also improves control over threats to internal validity such as history where 

unexpected events affect the dependent variable.  

One of the problems with this design is the requirement of the subjects to be 

available on multiple days during a set period of time. This is particularly a problem 

when assessing endurance cycling performance, as the number of trials able to be 

completed on any one day is limited due to the effects of fatigue on the athlete. A 

further confounding problem is that the elite and experienced cyclists tested in this 

study had many other commitments such as training, racing, work, and study, and it 

was impractical to test over an extended period of time. Therefore in this study, a 

modified multiple-baseline design was implemented that compromised between the 

advantages of a single-subject design, and the practical restrictions encountered when 

testing elite athletes. The design in this study used a multiple-baseline in that cyclists 

were required to complete three sessions, each session involved a trial with induced 

pressure, and a trial without pressure. The intervention was introduced after one 

session for one group (n = 8), and after two sessions for the other group (n = 8). 
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However, to minimise the number of times the cyclists were required for testing, each 

group completed two sessions on the one day either before or after training, which 

introduced the possibility of a fatigue effect in the second session.  

 

5.2 Hypotheses 

It was hypothesized that the pressure manipulation would cause the cyclists in 

this study to invest more effort in the cycling task. Evidence in the choking field (e.g., 

Beilock & Carr, 2001) suggests the increased pressure may cause a decrement in 

performance. This leads to the prediction that performance, as reflected in power 

output and self-report evaluations, would be lower in the pressure condition than 

under no pressure. However, research in self-regulation (Kanfer & Ackerman, 1990) 

and endurance studies (Baumeister, et al., 1990; Stevinson & Biddle, 1998) suggests 

that the investment of effort would in fact be beneficial to performance. If this was the 

case, performance in the pressure condition would be better than under no pressure. A 

reduction in HRV may be seen in the trials under pressure if the pressure 

manipulation increased the attentional load on the cyclists. Further, it was 

hypothesized that the attentional focus training routine would improve performance, 

particularly in the trials in pressure conditions. If this was the case, the post-training 

trials would show a higher power output than the trials completed prior to the training 

and this difference would be enhanced for the pressure conditions. Finally, the second 

session at pre- and post-training may have shown a fatigue effect, particularly in the 

trials without pressure where the incentive to achieve a high power output was not as 

great.  
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5.3 Methods 

5.3.1 Participants 

The male cyclists in the elite group (n = 12) who participated in Experiments 1 

and 2 were invited back to participate in this intervention study. Of the 12 invited elite 

cyclists, 9 agreed to participate. Three were unable to participate due to work and 

racing commitments. Experienced participants from Experiment 1 and 2 were ranked 

according to their averaged performance from all conditions. The seven highest 

ranked experienced cyclists were invited to participant in this intervention study to 

increase the sample size to 16. The 16 cyclists were randomly allocated to one of two 

groups, described in Section 5.3.3. All cyclists were given information (Appendix I) 

and signed informed consent forms (Appendix J) prior to participation in the 

intervention study. The demographic characteristics of the participants are shown in 

Table 5.1.  

Table 5.1: Demographic Characteristics of the Participants in the Intervention Study 

 Group 1  
(n = 8) 

Group 2  
(n = 8) 

Cyclist:Triathlete ratio 7:1 3:5 

Age (years) 31.50 (8.44) 

range: 20 – 41 

30.63 (7.93) 

range: 22 – 45 

Body Mass Index (kg.m
-2

) 24.81 (2.20) 

range: 20.57 – 26.80 

24.19 (1.33) 

range: 22.82 – 26.69 

Years of competition 6.75 (5.60) 

range: 1 – 16 

4.50 (2.78) 

range: 1 - 9 

Grade A grade (n = 4) 

B grade (n = 2) 

C grade (n = 1) 

A grade (n = 2) 

B grade (n = 1) 

Level of competition Club (n = 1) 

State (n = 3) 

National (n = 3) 

International (n = 1) 

Club (n = 3) 

State (n = 0) 

National (n = 2) 

International (n = 3) 

Note. Mean shown with standard deviation in parentheses. Grade given is for cyclists only, triathletes 

are not graded for competition. 
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Separate independent t tests were used to test for differences between the two 

groups on relevant demographic variables. No significant differences in the age, t(14) 

= 0.21, p = .83, η
2
 = .003, BMI, t(14) = 0.68, p = .51, η

2
 = .07, or years of 

competition, t(14) = 1.02, p = .33, η
2
 = .07, were found. The amount and intensity of 

training in the week prior to each testing session was also recorded to check for 

possible fatigue effects. A summary of the training activities of each group is shown 

in Table 5.2. 

 

Table 5.2: Training Activities of the Two Groups in the Week Prior to Each Testing Session 

 Group 1 
(n = 8) 

Group 2 
(n = 8) 

 Pre-Training Post-Training Pre-Training Post-Training 

Number of training 
sessions in the week prior 
to testing 

4.13 (3.04) 

Range: 0 – 9 

4.75 (1.83) 

Range: 2 – 7 

6.63 (3.20) 

Range: 2 – 13 

6.38 (2.20) 

Range: 4 - 11 

Time spent training in the 
week prior to testing (hrs) 

6.46 (5.15) 

Range: 0 – 14.5 

7.37 (4.00) 

Range: 2.00 – 13.2 

12.05 (7.68) 

Range: 1.8 – 23.7  

10.17 (3.51) 

Range: 5.7 – 15.5 

Average intensity of 
training in the week prior 
to testing (Rating of 
Perceived Exertion scale 
6 – 20) 

13.61 (1.73) 

Range: 10.7 – 15.4 

13.88 (1.88) 

Range: 10.0 – 16.0 

12.70 (1.87) 

Range: 10.3 – 15.7 

13.94 (2.33) 

Range: 9.9 – 17.3 

Note. Mean shown with standard deviation in parentheses.  

 

A 2 x 2 (Group x Phase) mixed models ANOVA with repeated measures on 

the phase factor was used to assess differences in training prior to testing at pre-

training and post-training. For the total number of training sessions in the week prior 

to testing, no significant main effects of phase, F(1, 14) = 0.11, p = .75, ηp
2
 = .01, or 

group, F(1, 14) = 3.01, p = .11, ηp
2
 = .18, were found. The Group x Phase interaction, 

F(1, 14) = 0.60, p = .45, ηp
2
 = .04, was also not significant. Analysis of the total time 

spent training in the week prior to testing also showed no significant main effects of 

phase, F(1, 14) = 0.18, p = .67, ηp
2
 = .01, or group, F(1, 14) = 3.04, p = .10, ηp

2
 = .18, 
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or Group x Phase interaction, F(1, 14) = 1.49, p = .24, ηp
2
 = .10. Finally, analysis of 

the average intensity of training in the week prior to testing found no significant main 

effects of phase, F(1, 13) = 1.42, p = .25, ηp
2
 = .10, or group, F(1, 13) = 0.16, p = .69, 

ηp
2
 = .01. The Phase x Group interaction, F(1, 13) = 1.00, p = .34, ηp

2
 = .07, was not 

significant. 

Participants received $10 at each session to reimburse travel expenses 

incurred. Although a $500 cash prize was offered for the best cycling performance (as 

part of the pressure manipulation), participants were unaware of this before accepting 

the invitation to be included in the study. 

5.3.2 Apparatus and Instruments 

Cycling and physiological data were collected using the apparatus described in 

Chapter 3. In addition, a Sony Mini DV Handycam (Model DCRHC42) mounted on a 

Manfrotto video head (Model 701RC2), and Manfrotto deluxe tripod (Model 

190CLB), was used to video record cyclists during selected trials. The video camera 

was mounted on the tripod approximately 3 metres directly behind the cycling 

ergometer such that the entire cyclist was visible throughout the trial, but was unable 

to be identified (i.e., face was not visible). Self-report measures were collected at the 

completion of each trial using the same questions and protocol as described in 

Chapter 3.  

Feedback on the attentional focus training program was gathered from the 

participants immediately following post-training testing. A questionnaire with a 

combination of open and closed questions was administered to all participants. Five 

closed questions were asked, and participants responded to these questions using a 6-

point scale where; 1 = not at all, 2 = very little, 3 = a small amount, 4 = quite a bit, 5 

= a lot, and 6 = a great deal. These questions were: 
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1. To what extent was the recommended routine different from your normal 

cycling routine? 

2. To what extent did you practice the recommended cycling routine before 

coming back today? 

3. To what extent did you use the recommended routine when we tested your 

cycling today? 

4. How effective was the recommended routine in focusing your attention 

while cycling? 

5. To what extent did you adapt the recommended routine to your needs? 

Four open-ended questions were also included: 

1. What were the differences between the recommended routine and your 

normal routine? 

2. How much time (total) did you spend practising the routine? 

3. How much time (on the bike) did you spend practising the routine? 

4. What changes did you / would you make to the recommended routine? 

5.3.3 Procedure 

The cyclists were randomly assigned to one of two groups, each of which 

received attentional focus routine training at a staggered interval across the two 

sessions of testing. Cyclists were required to participant on two days: the first day for 

the pre-training testing session(s) and attentional focus training, and the second day 

for the post-training testing session(s). Each session of testing included pressure and 

no pressure trials. Table 5.3 gives an outline of the multiple baseline design that was 

implemented.  

 



- 170 - 
 

Table 5.3: Overview of the Intervention Study 

 Pre-Training Training Post-Training 

Group 1 

(n = 8) 

Session 1 

Pressure / No Pressure 
Attentional Focus Routine 

Session 1 

Pressure / No Pressure 

Session 2 

Pressure / No Pressure 

Group 2 

(n = 8) 

Session 1 

Pressure / No Pressure 

Attentional Focus Routine 
Session 1 

Pressure / No Pressure 
Session 2 

Pressure / No Pressure 

 

The intervention study employed a 2 x 2 x 2 Group (1 vs. 2) x Phase (Pre-

training vs. Post-Training) x Pressure (Pressure vs. No Pressure) design. The pressure 

and no pressure conditions were counterbalanced such that half of the participants in 

each group completed the pressure trial first at pre-training, and the other half 

completed the no pressure trial first. Those who started with pressure at pre-training, 

began with no pressure at post-training testing and vice versa. Cycling performance 

was assessed by analysing only the first pressure and no pressure trial completed on 

each day (i.e., trials in Session 1). The trials completed in the second session gave 

information on the effect of fatigue on performance. 

The protocol for the intervention study was more challenging than that used in 

Experiment 1 and 2. Participants were trained cyclists and thus could cope with a high 

physical workload. Increasing the difficulty of the protocol further simulated 

competition conditions, where cyclists are often pushed to physical and mental limits. 

Therefore, each trial was a 6-minute maximal trial, with 15 minutes of active recovery 

given between trials. 

All trials were completed in a sports science indoor laboratory where 

temperature (M = 21.79 °C, SD = 1.96), and humidity (M = 50.97 %, SD = 7.61; M = 
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1003.24 hPa, SD = 5.19), were controlled. The effects of circadian rhythms on the 

performance of the cyclists were controlled by standardising the time of day of testing 

as much as possible. The laboratory was available from 6:00 am until 9:00 pm, and 

each participant was required for 1 to 2 hours. Of the 16 participants, 13 were tested at 

the same time of day in pre-training and post-training testing. Due to scheduling 

restrictions, three of the participants were tested at different times of day at pre-

training and post-training, the time difference between the two tests was no more than 

4 hours (range: 0.5 to 4 hr). 

5.3.3.1 Attentional focus routine.  

The attentional focus routine was developed through the integration of 

literature on attentional styles reviewed previously (Hardy, Jones & Gould, 1996; 

Hemery, 1986; Nideffer, 1977, 1992), the participant’s own performance data from 

Experiment 1 and 2, and consultation with QAS cycling coaches. Nideffer (1977) 

proposed that attentional focus has two dimensions: width (broad / narrow) and 

direction (internal / external). Athletes may switch between broad or narrow, and 

internal or external during performance, and each focus is useful at different stages of 

the task being performed. A broad-external focus allows the athlete to assess the 

environment and look for cues that may give feedback on performance. In the case of 

the cyclist in the testing laboratory, this may be a certain time, distance, or power 

output. Broad-internal focus switches the attention to past performances and situations 

and allows the athlete to develop a plan based on the current situation. Moving the 

attentional focus to narrow-internal gives the athlete a chance to mentally rehearse the 

plan and prepare for execution. Finally, a narrow-external focus assists the athlete to 

execute the plan by focusing on external stimuli relevant to performance. For 

example, a cyclist may assess the power output and decide that it is too low based on 
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past performance and remaining time, and will decide to increase the power output by 

increasing cadence. To increase cadence, rather than focus on moving the legs faster 

(narrow-internal focus), the cyclist will focus on the monitor that gives feedback on 

cadence (narrow-external focus). This routine is summarized in Figure 5.1. 

 

 
 

Figure 5.1: Attentional focus routine recommended to cyclists in the intervention study. 

 

Further to this, the data from the first two experiments were examined to 

determine the conditions in which the best cycling performance was achieved, both at 

a group and an individual level. As Experiment 2 indicates, participants in both the 

experienced and elite groups achieved the best power output when adopting an 

outcome or performance focus. This suggested that a focus on beating the best score 

or a personal standard would be most beneficial to cycling performance for most 

cyclists. The application of this to the intervention study meant that participants were 

encouraged to look for cues relating to a personal standard or best score. In most cases 
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this translated to a power output because this was the performance measure used in 

the testing sessions.  

Before delivering the training program to the cyclists, feedback on the 

suggested attentional focus routine was obtained from the QAS cycling coaches. 

These coaches provided guidance as to the language that should be used and on the 

appropriateness of the attentional focus routine suggested. For example, the coaches 

suggested that the second stage (Analyze) may be very brief, and to use the phrase ‘do 

it’ in the Act stage to emphasize the importance of following through on the decisions 

made. The coaches were satisfied with the suggested routine, and the final version 

given to the participants is shown in Figure 5.1. The participants were urged to 

employ and practice the routine after it was presented to them. 

Performance feedback from Experiment 1 and 2 was given to the cyclists 

immediately following pre-training testing. The attentional focus routine was then 

explained by the researcher. The explanation was tailored to individual cyclists 

depending on their results from Experiment 1 and Experiment 2. Cyclists who 

performed best in the performance condition were instructed to look for performance 

cues in Step 1 (Assess). Those who performed best in the outcome condition were 

instructed to look for outcome cues in Step 1 (Assess). The focus of the cues in the 

first step then informed the actions in Steps 2 to 4. It should be noted that Step 4 (Act) 

was not the same instructions as for the trust condition in Experiment 2. Just do it 

referred to the execution of the plan that had been decided on, rather than switching 

off and trusting the body to perform the task automatically (as in the trust condition). 

It was also explained that the routine was cyclical. That is, cyclists would most likely 

go through the routine several times during a race, depending on the type of race in 

which they were participating. Cyclists were allowed the opportunity to ask questions 
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of the researcher regarding the suggested routine. The cyclists all agreed to practice 

the routine whenever training or racing in the time period between pre-training and 

post-training testing.  

The original protocol stipulated that the participants would be given a 

minimum of 1 week, and no more than 2 weeks to practice the attentional focus 

routine before returning for testing. In reality, this proved difficult due to competition, 

injury, and work commitments. The actual amount of time between pre-training and 

post-training testing was a mean time of 14.25 days (SD = 10.34, range: 5 – 44 days). 

Most of the participants (n = 10) had the prescribed 7 to 14 day window between 

tests. One participant had 5 days, and 5 participants had more than 14 days (range: 18 

– 44 days). 

5.3.4 Data Analysis 

5.3.4.1 Video evaluation of cycling technique.  

Participants were filmed during the trials with pressure, and their cycling 

technique was analysed by two coaches. The coaches were volunteers from the 

coaching staff at the QAS. Both coaches were experts in their field, with nearly 30 

years of experience between them. One of the coaches had coached at an Olympic 

level, and both coaches had served in national team coaching roles. Prior to 

completing the ratings, the coaches were consulted to construct the criteria for 

technique analysis. Five dimensions were developed to rate the cyclists: 

Efficiency: The ability of the cyclist to repeat the technique with minimum expenditure 

of effort. 

Tracking: Maintenance of an appropriate line from hip to knee to ankle. 
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Technique: Hand position on the bars, shoulder rock, appropriate points of contact 

on the bike. 

Stability: Specifically from the hips through the torso. The stability will be evident in 

the pelvis, which should remain roughly level throughout the pedalling stroke.  

Style: Individual cycling form, including the degree to which the cyclist looks 

comfortable on the bike and executes the movement well. 

The same coaches who provided input in the development of the dimensions 

also rated the cycling videos. Therefore, issues of interpretation of the dimensions 

were minimised as both coaches were familiar with the operational definitions of each 

item. Dimensions were rated on 5-point scale where; 1 = very poor, 2 = poor, 3 = 

average, 4 = good, and 5 = very good.  

5.3.4.2 Statistical analysis. 

Cycling and physiological data were extracted, coded, and screened prior to 

analysis using the methods described in Chapter 3 to derive measures for power 

output, heart rate, HRV, and respiration frequency. The factorial ANOVA approach 

used in Experiment 1 and 2 was also used in this intervention study.  

Power output, heart rate, and respiration frequency were analysed with 

separate 2 x 2 x 2 x 6 (Group x Pressure x Phase x Minute) mixed models ANOVA 

with repeated measures on the pressure, phase, and minute within-subjects variables. 

Rating of perceived exertion and all HRV components were analysed with separate 2 

x 2 x 2 (Group x Pressure x Phase) mixed models ANOVAs with repeated measures 

on the pressure and phase factors.  

Qualitative self-report data were analysed as described in Experiment 1. Due 

to the inclusion of the prize in the pressure manipulation, it was necessary to include 

one extra category. The theme ‘money / prize’ was added to the Outcome category to 
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reflect references the participants made to the incentive for the best performance. 

Inter-rater agreement for all responses was initially acceptable (k = .72) (Landis & 

Koch, 1977), and further improved following discussion (k = .99). As only the first 

pressure and no pressure trial on each day were used in the main analysis, inter-rater 

agreement on just these responses was also calculated. The initial agreement was k = 

.70, and this also improved substantially after discussion between the two raters (k = 

.98). Quantitative self-report data were analysed with a 2 x 2 x 2 (Group x Pressure x 

Phase) mixed models ANOVA with repeated measures on the pressure and phase 

factors. The attentional focus training feedback given by the cyclists was examined 

for group differences with separate independent samples t tests for each response. 

All trials with pressure were filmed and recorded on a mini DV tape and 

stored for later analysis. Tapes were transferred to the hard drive of a computer and 

checked for filming errors. All tapes successfully recorded the trials. To create the 

DVD for the analysis by the coaches, the last 20 seconds of each minute of the first 

pressure trial at pre-training and post-training were used. These 20-second clips were 

randomised for each participant such that 12 clips (6 at pre-training, and 6 post-

training) were available for each rater to code. The DVD was created by an expert in 

this area, and checked for accuracy by the researcher. The two raters were blind to the 

phase that the clip was from (i.e., pre-training or post-training), but were given the 

point in time during the trial (e.g., minute 1:40 – 2:00) because the raters considered 

this information to be important when assessing cycling technique. The video 

evaluation of cycling technique was first assessed for inter-rater agreement with 

Pearson’s correlation (or Kendall’s tau-b when data were not normally distributed). 

The average rating for each dimension in each minute at pre-training and post-training 

was analysed with a 2 x 2 x 5 x 6 (Group x Phase x Dimension x Minute) mixed 



- 177 - 
 

models ANOVA with repeated measures on the phase, dimension, and minute within-

subjects factors.  

Finally, the effect of fatigue or training throughout the intervention study was 

explored through examination of the second session completed either at pre-training 

(Group 2), or post-training (Group 1). Power output in the first session was compared 

to the second session with separate 2 x 2 x 6 (Pressure x Session x Minute) repeated 

measures ANOVA. 

Missing data were identified in some of the psychophysiological readings. 

Due to difficulty maintaining electrode contact throughout the trials, no heart rate 

measurements were recorded for one participant in Group 1, so this participant was 

excluded from that analysis. Additionally, two of the trials from two cyclists, and one 

of the trials from three cyclists were unable to be processed due to excessive noise in 

the reading. These trials were replaced with the mean of all of the other trials 

available for each cyclist. Finally, for one cyclist only parts of two of the trials (2 min 

40 secs, and 2 min) was able to be processed for analysis. 
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5.4 Results 

5.4.1 Cycling Performance 

Figure 5.2 shows the overall effect of the intervention on the cycling 

performance of the participants. Group 1 appears to change very little under pressure 

after the attentional focus training, and the power output in the no pressure trials 

shows a decrease in the second session post-training. Conversely, Group 2 seems to 

improve performance under both pressure and no pressure conditions following the 

attentional focus intervention. 

For all of the following analyses, only the first trial with pressure and the first 

trial without pressure at each phase are analysed (due to the potential confounding 

effect of fatigue within a phase). The effects of the attentional focus training program 

and the pressure manipulation were analysed with a 2 x 2 x 2 x 6 (Group x Pressure x 

Phase x Minute) mixed models ANOVA. The average power output before and after 

training is shown in Figure 5.3. The best power output was achieved under pressure 

conditions compared to no pressure conditions, with no evidence of improvement in 

performance under pressure apparent after attentional focus training. 
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Figure 5.2: Average power output for each of the trials at pre-training and post-training for Group 

1(top panel) and Group 2 (bottom panel). (Error bars represent standard error of the mean). 

 

 

 

Post-Training 

Post-Training 

Group 1 

Group 2 
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Figure 5.3: Average power output at pre-training and post-training with and without pressure. (Error 

bars represent standard error of the mean). 

 

The performance across the 6-minute trial was examined by analysing the 

average power output generated in each minute. Figure 5.4 shows performance before 

and after the intervention, with and without pressure. A similar pattern is suggested at 

pre-training and post-training, although the no pressure trials seem to have a less 

aggressive start compared to the trials under pressure. 
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Figure 5.4: Average power output in each minute of the 6-minute trial at pre-training and post-training 

with and without pressure. (Error bars represent standard error of the mean). 

 

The statistical analysis showed no significant main effect of group, F(1, 14) = 

1.07, p = .32, ηp
2
 = .07. A significant main effect of pressure, F(1, 14) = 18.23, p = 

.001, ηp
2
 = .57, was found. Consistent with other research in self-regulation and 

endurance, the power generated in the trials completed under pressure conditions (M 

= 360.53 W, SD = 40.66), was significantly higher than that seen in the conditions 

without pressure (M = 342.15 W, SD = 31.37). No significant main effect of phase, 

F(1, 14) = 0.01, p = .92, ηp
2
 = .001, was seen. The Group x Pressure, F(1, 14) = 1.50, 

p = .24, ηp
2
 = .10, Group x Phase, F(1, 14) = 0.71, p = .41, ηp

2
 = .05, Pressure x Phase, 

F(1, 14) = 3.50, p = .08, ηp
2
 = .20, and Group x Pressure x Phase F(1, 14) = 0.15, p = 

.71, ηp
2
 = .01, interactions were not significant. 

There was a significant main effect of minute, F(1.71, 23.89) = 23.86, p < 

.001, ηp
2
 = .63, and significant Pressure x Minute interaction, F(3.04, 42.53) = 7.87, p 

< .001, ηp
2
 = .36. Simple effects of this interaction were explored through separate 
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repeated measures ANOVA for the pressure and the no pressure trials. For the trials 

under pressure, a significant effect of minute was found, F(1.71, 25.72) = 28.30, p < 

.001, ηp
2
 = .65. Post hoc analysis showed that, in the pressure trials, power in Minute 

1 (M = 413.56 W, SD = 58.24) was significantly higher than that in Minute 2 (M = 

359.81 W, SD = 45.45), Minute 3 (M = 345.18 W, SD = 41.46), Minute 4 (M = 

339.10 W, SD = 39.70), Minute 5 (M = 337.73 W, SD = 40.24), and Minute 6 (M = 

367.79, SD = 43.05), t(15) > 3.80, p < .03. Power output achieved in Minute 2 and 

Minute 6 was also significantly more than that achieved in Minute 4 and Minute 5, 

t(15) > 3.62, p < .04. Analysis of the trials without pressure also revealed a significant 

effect of minute, F(2.31, 34.66) = 12.88, p < .001, ηp
2
 = .46. Further analysis showed 

that the power generated in Minute 1 (M = 362.36 W, SD = 39.22) was significantly 

higher than that generated in Minute 2 (M = 331.84 W, SD = 36.45), Minute 3 (M = 

334.41 W, SD = 32.91), Minute 4 (M = 328.90 W, SD = 33.56), and Minute 5 (M = 

324.15 W, SD = 35.52), t(15) > 4.39, p < .01. Minute 6 (M = 355.21 W, SD = 40.37) 

was also significantly more than Minute 4 and Minute 5, t(15) > 3.81, p < .03. 

No significant Group x Minute, F(1.71, 23.89) = 0.99, p = .37, ηp
2
 = .07, 

Phase x Minute, F(2.20, 30.74) = 0.25, p = .80, ηp
2
 = .02, Group x Pressure x Minute, 

F(3.04, 42.53) = 1.71, p = .18, ηp
2
 = .11, Group x Phase x Minute, F(2.20, 30.74) = 

0.42, p = .68, ηp
2
 = .03, Pressure x Phase x Minute, F(1.58, 22.01) = 0.30, p = .70, ηp

2
 

= .02, or Group x Pressure x Phase x Minute, F(1.57, 22.01) = 0.55, p = .54, ηp
2
 = .04, 

interactions were seen.  

Power output was next examined using the percentage of power generated in 

each minute relative to the average power for the trial. Again, a 2 x 2 x 2 x 6 (Group x 

Pressure x Phase x Minute) mixed models ANOVA was used for analysis of phase 

and pressure effects. Figure 5.5 shows the power output before and after the 
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intervention, with and without pressure. The trials without pressure tend to start at a 

lower relative power compared to the trials with pressure, although this order is 

reversed at the end of the trial. 

 

Figure 5.5: Relative power output in each minute of the 6-minute trial at pre-training and post-training 

with and without pressure. (Error bars represent standard error of the mean). 

 

Analysis revealed a significant main effect of minute%, F(1.75, 24.53) = 

22.52, p < .001, ηp
2
 = .62 and a significant Pressure x Minute% interaction, F(3.38, 

47.26) = 7.57, p <.001, ηp
2
 = .35. Simple effects analysis to explore this interaction 

was achieved through separate repeated measures ANOVA on the Minute% variable 

for the pressure, and the no pressure trials. For the trials with pressure, a significant 

effect of minute% was found, F(1.79, 26.78) = 28.96, p < .001, ηp
2
 = .66. Post hoc 

analysis of this effect for pressure trials showed that the relative power in Minute% 1 

(M = 114.72 %, SD = 9.53) was significantly higher than Minute% 2 (M = 99.71 %, 

SD = 3.24), Minute% 3 (M = 95.74 %, SD = 3.19), Minute% 4 (M = 94.07 %, SD = 

3.45), Minute% 5 (M = 93.70 %, SD = 4.22), and Minute% 6 (M = 102.07 %, SD = 
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5.69), t(15) > 3.94, p < .02. Relative power in Minute% 2 and Minute% 6 was also 

significantly higher than Minute% 4 and Minute% 5, t(15) > 3.69, p < .032. Analysis 

of the trials without pressure also showed a significant effect of minute%, F(2.33, 

34.94) = 12.25, p < .001, ηp
2
 = .45. Further analysis showed that the relative power of 

Minute% 1 (M = 108.84 %, SD = 8.62) was significantly higher than that of Minute% 

2 (M = 98.63 %, SD = 3.74), Minute% 3 (M = 97.75 %, SD = 3.12), Minute% 4 (M = 

96.12 %, SD = 3.77), and Minute% 5 (M = 94.74 %, SD = 5.11), t(15) > 4.29, p < .01. 

Relative power in Minute% 6 (M = 103.92 %, SD = 6.97) was also found to be 

significantly higher than Minute% 4 and Minute% 5, t(15) > 3.65, p < .04.  

No significant Group x Minute%, F(1.75, 24.53) = 0.90, p = .41, ηp
2
 = .06, 

Phase x Minute%, F(2.22, 31.07) = 0.27, p = .79, ηp
2
 = .02, Group x Pressure x 

Minute%, F(3.38, 47.26) = 2.06, p = .11, ηp
2
 = .13, , Group x Phase x Minute%, 

F(2.22, 31.07) = 0.33, p = .74, ηp
2
 = .02, Pressure x Phase x Minute%, F(1.58, 22.18) 

= 0.24, p = .74, ηp
2
 = .02, or Group x Pressure x Phase x Minute%, F(1.58, 22.18) = 

0.54, p = .55, ηp
2
 = .04, interactions were seen. 

5.4.2 Rating of Perceived Exertion 

The rating of perceived exertion (RPE) was used to assess the perceived 

intensity of the respective trials and was explored with a 2 x 2 x 2 (Group x Pressure x 

Phase) mixed models ANOVA. The overall mean score of 17.3 (SD = 0.7) indicates 

that participants experienced an exertion level described as very hard to extremely 

hard for the duration of the trials (Borg, 1998). Figure 5.6 shows that participants 

perceived noticeably less exertion in the trials that were not under pressure, and 

slightly less exertion in the pressure trial after the attentional focus training had been 

delivered. 



- 185 - 
 

Figure 5.6: Rating of perceived exertion at pre-training and post-training with and without pressure. 

(Error bars represent standard error of the mean). 

 

The statistical analysis found no significant main effect of group, F(1, 14) = 

0.89, p = .36, ηp
2
 = .06. A significant main effect of pressure, F(1, 14) = 11.06, p = 

.005, ηp
2
 = .44, was revealed. The rating of perceived exertion reported for the 

pressure trials (M = 17.75, SD = 0.90), was significantly more than that given for the 

trials without pressure (M = 16.81, SD = 0.92). There was no significant main effect 

of phase, F(1, 14) = 0.23, p = .64, ηp
2
 = .02, or Group x Pressure interaction, F(1, 14) 

= 0.01, p = .91, ηp
2
 = .001. A significant Group x Phase interaction was found, F(1, 

14) = 6.23, p = .023, ηp
2
 = .31. This interaction was explored with separate paired 

samples t tests for each phase to assess the differences between each group. The 

analysis revealed no significant difference in RPE given by Group 1 and Group 2 at 

either pre-training, t(14) = 0.86, p = .41, or post-training, t(14) = 1.93, p = .08. 

Comparison of phase in each group also yielded non-significant results (p > .05). 

Although the differences did not reach significance, Figure 5.7 shows that both groups 

reported similar RPEs at pre-training (Group 1: M = 17.50, SD = 0.76; Group 2: M = 

17.19, SD = 0.70). At post-training, Group 1 (M = 16.72, SD = 0.80) tended to have a 
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lower RPE than Group 2 (M = 17.72, SD = 1.24). The Pressure x Phase, F(1, 14) = 

1.65, p = .22, ηp
2
 = .11, and Group x Pressure x Phase, F(1, 14) = 0.01, p = .92, ηp

2
 = 

.001, interactions were not significant.   

 

 

Figure 5.7: Rating of perceived exertion at pre-training and post-training for each group (Error bars 

represent standard error of the mean). 

 

 

5.4.3 Heart Rate 

The average heart rate of the participants in each minute of the 6-minute trial 

was analysed for phase and pressure effects with a 2 x 2 x 2 x 6 (Group x Pressure x 

Phase x Minute) mixed models ANOVA. Figure 5.8 shows the average heart rate 

before and after the intervention, with and without pressure. It appears that the trials 

without pressure elicited a lower heart rate than the trials with pressure, particularly at 

pre-training. 

 



- 187 - 
 

Figure 5.8: Average heart rate at pre-training and post-training with and without pressure. (Error bars 

represent standard error of the mean). 

 

Heart rate over the course of the 6-minute trial can be seen in Figure 5.9, 

where a similar pattern of heart rate is apparent across all trials. The analysis found no 

significant main effect of group, F(1, 13) = 0.25, p = .63, ηp
2
 = .02. However, a 

significant main effect of pressure, F(1, 13) = 16.37, p = .001, ηp
2
 = .56, was found. 

The difference reflected that the heart rate elicited in the trials with pressure (M = 

166.20 bpm, SD = 10.60), was significantly more than that in the trials without 

pressure (M = 163.27 bpm, SD = 10.35). There was no significant main effect of 

phase, F(1, 13) = 1.59, p = .23, ηp
2
 = .11, Group x Pressure interaction, F(1, 13) = 

0.78, p = .39, ηp
2
 = .06, Group x Phase interaction, F(1, 13) = 1.28, p = .28, ηp

2
 = .09, 

Pressure x Phase, F(1, 13) = 4.36, p = .06, ηp
2
 = .25, or Group x Pressure x Phase 

interaction, F(1, 13) = 0.09, p = .77, ηp
2
 = .01.  
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Figure 5.9: Average heart rate in each minute of the 6-minute trial at pre-training and post-training 

with and without pressure. (Error bars represent standard error mean). 

 

A significant main effect of minute, F(1.30, 16.87) = 144.59, p < .001, ηp
2
 = 

.92, was found. The mean heart rate in Minute 1 (M = 147.61 bpm, SD = 11.63) was 

significantly lower than that of Minute 2 (M = 163.23 bpm, SD = 10.10), Minute 3 (M 

= 166.43 bpm, SD = 10.00), Minute 4 (M = 168.30 bpm, SD = 10.47), Minute 5 (M = 

170.14 bpm, SD = 10.85), and Minute 6 (M = 172.71 bpm, SD = 11.16), t(14) > 

12.77, p < .001. Heart rate in Minute 2 was also significantly lower than in Minute 3, 

Minute 4, Minute 5, and Minute 6, t(14) > 5.52, p < .002. Minute 3 also had a 

significantly lower heart rate than Minute 4, Minute 5, and Minute 6, t(14) > 4.09, p < 

.024. Heart rate in Minute 4 was significantly lower than Minute 5 and Minute 6, t(14) 

> 6.58, p < .001. Finally, heart rate in Minute 5 was significantly lower than Minute 6, 

t(14) = 6.83, p < .001. In other words, the heart rate of the participants had a strong 

tendency to increase steadily throughout the trial, particularly between the first and 

second minutes. 
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The analysis also showed a significant Pressure x Minute interaction, F(2.68, 

34.87) = 4.98, p = .007, ηp
2
 = .28. This interaction was explored by comparing the 

heart rate with and without pressure in each minute using paired t tests. Analysis 

showed that the heart rate at Minute 1 in pressure conditions (M = 149.91 bpm, SD = 

11.99) was significantly higher than that in Minute 1 without pressure (M = 145.31 

bpm, SD = 11.65), t(14) = 4.20, p = .001. Heart rate under pressure at Minute 2 (M = 

164.90 bpm, SD = 9.75) was also significantly higher than at Minute 2 without 

pressure (M = 161.56 bpm, SD = 10.63), t(14) = 4.64, p < .001. Minute 5 with 

pressure (M = 167.63 bpm, SD = 10.00) had a significantly higher heart rate than 

Minute 5 without pressure (M = 169.02 bpm, SD = 10.49), t(14) = 3.47, p = .004. 

Finally, the last minute in the pressure conditions (M = 174.05 bpm, SD = 11.54) was 

significantly higher than the last minute in the conditions without pressure (M = 

171.38 bpm, SD = 10.87), t(14) = 4.90, p < .001. 

 The Group x Minute, F(1.30, 16.87) = 1.23, p = .30, ηp
2
 = .09, Phase x 

Minute, F(1.93, 25.03) = 1.09, p = .35, ηp
2
 = .08, Group x Pressure x Minute, F(2.68, 

34.87) = 0.14, p = .92, ηp
2
 = .01, Group x Phase x Minute, F(1.93, 25.03) = 1.13, p = 

.34, ηp
2
 = .08, Pressure x Phase x Minute, F(1.86, 24.21) = 1.80, p = .19, ηp

2
 = .12, 

and Group x Pressure x Phase x Minute, F(1.86, 24.21) = 1.04, p = .36, ηp
2
 = .07, 

interactions were not significant. 

Relative heart rate was examined with a 2 x 2 x 2 x 6 (Group x Pressure x 

Phase x Minute%) mixed models ANOVA. Figure 5.10 shows the pattern of relative 

heart rate across the 6-minute trials. All trials appear to show the same pattern, and it 

is interesting to note that the relative heart rate in all trials reached 100% between the 

second and third minutes. 
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Figure 5.10: Relative heart rate in each minute of the 6-minute trial at pre-training and post-training 

with and without pressure. (Error bars represent standard error of the mean). 

 

The analysis found a significant main effect of minute%, F(1.35, 17.59) = 

141.10, p < .001, ηp
2
 = .92. Post hoc analysis showed that the relative heart rate in 

Minute% 1 (M = 89.61 %, SD = 2.91) was significantly lower than Minute% 2 (M = 

99.11 %, SD = 1.31), Minute% 3 (M = 101.03 %, SD = 0.59), Minute% 4 (M = 102.15 

%, SD = 1.01), Minute% 5 (M = 103.26 %, SD = 1.49), and Minute% 6 (M = 104.84 

%, SD = 1.60), t(14) > 12.41, p < .001. The relative heart rate of Minute% 2 was also 

significantly lower than Minute% 3, Minute% 4, Minute%5, and Minute% 6, t(14) > 

5.54, p < .002. Minute% 3 had a significantly lower relative heart rate compared to 

Minute% 4, Minute% 5, and Minute% 6, t(14) > 4.06, p < .025. Heart rate in 

Minute% 4 was significantly lower than in Minute% 5 and Minute% 6, t(14) > 6.48, p 

< .001. Finally, the relative heart rate in Minute% 5 was significantly lower than that 

of Minute% 6, t(14) > 6.51, p < .001. 

A significant Pressure x Minute% interaction, F(2.43, 31.55) = 6.13, p = .004, 

ηp
2
 = .32, was found. This interaction was explored with paired sample t tests 
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comparing pressure to no pressure in each minute. The relative heart rate in Minute 1 

under pressure (M = 90.15 %, SD = 3.04) was significantly more than that with no 

pressure (M = 88.93 %, SD = 2.93), t(14) = 3.40, p = .004. No other comparisons 

between paired minutes were significant. 

 No significant Group x Minute%, F(1.35, 17.59) = 1.54, p = .24, ηp
2
 = .11, 

Phase x Minute%, F(1.72, 22.30) = 0.90, p = .41, ηp
2
 = .07, Group x Pressure x 

Minute%, F(2.43, 31.55) = 0.19, p = .87, ηp
2
 = .01, Group x Phase x Minute%, 

F(1.72, 22.30) = 0.82, p = .44, ηp
2
 = .06, Pressure x Phase x Minute%, F(1.83, 23.83) 

= 1.34, p = .28, ηp
2
 = .09, or Group x Pressure x Phase x Minute%, F(1.83, 23.83) = 

1.05, p = .36, ηp
2
 = .08, interactions were found. 

5.4.4 Heart Rate Variability 

The log10 of each component of heart rate variability (total power, VLF, LF, 

HF, LF:HF) was examined with separate 2 x 2 x 2 (Group x Pressure x Phase) mixed 

models ANOVA with repeated measures on the pressure and phase variables. The 

descriptive statistics of each component are summarized in Table 5.4. 

Analysis of the total power of heart rate variability found no significant main 

effect of group, F(1, 13) = 0.003, p = .96, ηp
2
 = .00. A significant main effect of 

pressure, F(1, 13) = 6.88, p = .02, ηp
2
 = .35, was found. The total variability seen in 

the trials under pressure conditions (M = 2.22 log10 ms
2
, SD = 0.24), was significantly 

less than that shown in the trials without pressure (M = 2.33 log10 ms
2
, SD = 0.28). No 

significant main effect of phase, F(1, 13) = 0.003, p = .96, ηp
2
 = .00, was found. 

Additionally, no significant Group x Pressure, F(1, 13) = 1.53, p = .24, ηp
2
 = .11, 

Group x Phase, F(1, 13) = 0.21, p = .66, ηp
2
 = .02, Pressure x Phase, F(1, 13) = 0.00, 

p = .99, ηp
2
 = .00, or Group x Pressure x Phase, F(1, 13) = 0.10, p = .76, ηp

2
 = .01, 

interactions were seen. 
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Table 5.4: Heart Rate Variability and Respiration Frequency at Pre-Training and Post-Training 

Variable 

Pre-Training Post-Training 

Pressure No Pressure Pressure No Pressure 

Respiration (Hz) 1.15 (0.47) 1.06 (0.36) 1.16 (0.51) 1.16 (0.60) 

Total Power (ms
2
) 199.58 (116.20) 

2.22 (0.29) 

274.86 (170.24) 

2.34 (0.35) 

191.73 (112.80) 

2.22 (0.24) 

249.31 (123.56) 

2.34 (0.25) 

VLF (ms
2
) 164.49 (122.61) 

2.06 (0.44) 

240.17 (177.29) 

2.23 (0.41) 

150.49 (97.97) 

2.10 (0.28) 

200.00 (114.84) 

2.21 (0.31) 

LF (ms
2
) 0.26 (0.16) 

-0.66 (0.25) 

0.68 (0.79) 

-0.37 (0.42) 

0.51 (0.48) 

-0.48 (0.42) 

0.41 (0.34) 

-0.54 (0.38) 

HF (ms
2
) 0.64 (0.49) 

-0.35 (0.41) 

1.47 (2.24) 

-0.16 (0.54) 

0.93 (1.04) 

-0.28 (0.49) 

0.94 (1.10) 

-0.27 (0.48) 

LF:HF 0.69 (0.56) 

-0.30 (0.38) 

0.98 (1.04) 

-0.20 (0.42) 

0.78 (0.53) 

-0.20 (0.31) 

0.95 (1.24) 

-0.27 (0.47) 

Note. Mean shown with standard deviation in parentheses, Log10 of the value in italics. 

 

The VLF component of HRV showed no significant main effect of group, F(1, 

13) = 0.56, p = .47, ηp
2
 = .04. A significant main effect of pressure, F(1, 13) = 8.80, p 

= .01, ηp
2
 = .40, was found. Again, the VLF variability seen in the trials under 

pressure conditions (M = 2.08 log10 ms
2
, SD = 0.34), was significantly less than that 

shown in the trials without pressure (M = 2.22 log10 ms
2
, SD = 0.34). No significant 

main effect of phase, F(1, 13) = 0.03, p = .87, ηp
2
 = .002, was found. Additionally, no 

significant Group x Pressure, F(1, 13) = 1.44, p = .25, ηp
2
 = .10, Group x Phase, F(1, 

13) = 0.38, p = .55, ηp
2
 = .03, Pressure x Phase, F(1, 13) = 0.38, p = .55, ηp

2
 = .03, or 

Group x Pressure x Phase, F(1, 13) = 0.09, p = .77, ηp
2
 = .01, interactions were seen. 

When the LF component was analysed, no significant main effect of group, 

F(1, 13) = 0.04, p = .85, ηp
2
 = .003, was found. The analysis did find a significant 

main effect of pressure, F(1, 13) = 5.53, p = .04, ηp
2
 = .30. Variability seen in the LF 
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band was significantly less in the trials with pressure (M = -0.57 log10 ms
2
, SD = 

0.30), than in the trials without pressure (M = -0.45 log10 ms
2
, SD = 0.36).  There was 

no significant main effect of phase, F(1, 13) = 0.05, p = .82, ηp
2
 = .004, Group x 

Pressure interaction, F(1, 13) = 0.37, p = .55, ηp
2
 = .03, or Group x Phase interaction, 

F(1, 13) = 1.04, p = .33, ηp
2
 = .07. A significant Pressure x Phase interaction, F(1, 13) 

= 6.04, p = .03, ηp
2
 = .32, was observed. This interaction was explored with separate 

dependent samples t-tests for the trials with pressure, and trials without pressure. LF 

variability was significantly lower in the trials under pressure at pre-training 

compared to those post-training, t(14) = 2.25, p = .04. No significant difference was 

found between the trials completed without pressure before and after training, t(14) = 

1.83, p = .09. Finally, no significant Group x Pressure x Phase, F(1, 13) = 0.004, p = 

.95, ηp
2
 = .00, interaction was seen. 

For the HF component, there was no significant main effect of group, F(1, 13) 

= 0.32, p = .58, ηp
2
 = .02, pressure, F(1, 13) = 2.26, p = .16, ηp

2
 = .15, or phase, F(1, 

13) = 0.08, p = .78, ηp
2
 = .01. Furthermore, no significant Group x Pressure, F(1, 13) 

= 0.10, p = .75, ηp
2
 = .01, Group x Phase, F(1, 13) = 0.32, p = .58, ηp

2
 = .02, Pressure 

x Phase, F(1, 13) = 1.58, p = .23, ηp
2
 = .11, or Group x Pressure x Phase, F(1, 13) = 

0.39, p = .54, ηp
2
 = .03, interactions were found. 

Finally, the LF:HF ratio showed no significant main effect of group, F(1, 13) 

= 0.98, p = .34, ηp
2
 = .07, pressure, F(1, 13) = 0.06, p = .81, ηp

2
 = .004, or phase, F(1, 

13) = 0.26, p = .62, ηp
2
 = .02. The Group x Pressure, F(1, 13) = 0.02, p = .91, ηp

2
 = 

.001, Group x Phase, F(1, 13) = 0.58, p = .46, ηp
2
 = .04, Pressure x Phase, F(1, 13) = 

0.90, p = .36, ηp
2
 = .07, and Group x Pressure x Phase, F(1, 13) = 0.41, p = .53, ηp

2
 = 

.03, interactions were not significant. 
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5.4.5 Respiration 

Mean respiration frequency in each minute of the trial before and after training 

was analysed with a 2 x 2 x 2 x 6 (Group x Pressure x Phase x Minute) mixed models 

ANOVA. Figure 5.11 shows the mean respiration frequency at pre- and post-training 

in pressure and no pressure conditions. While there was very little difference between 

conditions post-training, the respiration frequency at pre-training seems to be lower in 

the trials without pressure compared to those with pressure. 

 

 

Figure 5.11: Average respiration frequency at pre-training and post-training with and without pressure. 

(Error bars represent standard error of the mean). 

 

The progression of respiration frequency over the course of the 6-minute trial 

is shown in Figure 5.12. The frequency of respiration tended to increase during the 

trial, with no consistent pattern in differences among the conditions.  
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Figure 5.12: Average respiration frequency in each minute of the 6-minute trial at pre-training and 

post-training with and without pressure. (Error bars represent standard error of the mean). 

 

The mean respiration frequency across all conditions was found to be 1.14 Hz 

(SD = 0.36), which represents a rate of approximately 68 breaths per minute. The 

analysis of respiration found a significant main effect of group, F(1, 14) = 7.78, p = 

.01, ηp
2
 = .36, although Levene’s test of equal variances was significant (p < .05) for a 

large number of variables. Therefore this difference was confirmed with independent 

samples t test (equal variances not assumed), t(10.69) = 2.79, p = .02. The respiration 

frequency of Group 1 (M = 1.34 Hz, SD = 0.37) was significantly higher than that of 

Group 2 (M = 0.93 Hz, SD = 0.20) during the trials. 

No significant main effect of pressure, F(1, 14) = 0.23, p = .64, ηp
2
 = .02, or 

phase, F(1, 14) = 0.35, p = .56, ηp
2
 = .03, was found. The Group x Pressure, F(1, 14) 

= 0.09, p = .76, ηp
2
 = .01, Group x Phase, F(1, 14) = 3.86, p = .07, ηp

2
 = .22, Pressure 

x Phase, F(1, 14) = 0.28, p = .60, ηp
2
 = .02, and Group x Pressure x Phase, F(1, 14) = 

0.75, p = .40, ηp
2
 = .05, interactions were not significant. 
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No significant main effect of minute, F(1.48, 20.68) = 2.60, p = .11, ηp
2
 = .16, 

was found. Furthermore, no significant Group x Minute, F(1.48, 20.68) = 0.97, p = 

.37, ηp
2
 = .07, Pressure x Minute, F(1.83, 25.62) = 0.46, p = .62, ηp

2
 = .03, Phase x 

Minute, F(1.94, 27.21) = 2.25, p = .42, ηp
2
 = .14, Group x Pressure x Minute, F(1.83, 

25.62) = 0.39, p = .67, ηp
2
 = .03, Group x Phase x Minute, F(1.94, 27.21) = 0.89, p = 

.42, ηp
2
 = .06, or Group x Pressure x Phase x Minute, F(1.58, 22.09) = 1.07, p = .34, 

ηp
2
 = .07, interactions were seen. 

Relative respiration frequency was examined in the same manner as for 

relative power output. A 2 x 2 x 2 x 6 (Group x Pressure x Phase x Minute%) mixed 

models ANOVA was used for analysis. The relative respiration frequency for each of 

the trials is shown in Figure 5.13. A slight increase in respiration frequency is seen 

throughout the trial for all conditions. 

 

Figure 5.13: Relative respiration frequency in each minute of the 6-minute trial at pre-training and 

post-training with and without pressure. (Error bars represent standard error of the mean). 

 



- 197 - 
 

A significant main effect of minute%, F(1.48, 20.72) = 6.26, p = .01, ηp
2
 = .31, 

was found. Post hoc analysis showed that the relative frequency of respiration in 

Minute% 6 (M = 113.56 %, SD = 16.13) was significantly more than that of Minute% 

3 (M = 97.09 %, SD = 7.84), and Minute% 4 (M = 101.52 %, SD = 6.44), t(15) > 3.41, 

p < .04. The Group x Minute%, F(1.48, 20.72) = 1.33, p = .28, ηp
2
 = .09, Pressure x 

Minute%, F(2.10, 29.35) = 0.23, p = .81, ηp
2
 = .02, Phase x Minute%, F(2.55, 35.71) 

= 2.24, p = .11, ηp
2
 = .14, Group x Pressure x Minute%, F(2.10, 29.35) = 0.29, p = 

.76, ηp
2
 = .02, Group x Phase x Minute%, F(2.55, 35.71) = 0.60, p = .59, ηp

2
 = .04, 

Pressure x Phase x Minute%, F(1.95, 27.29) = 0.90, p = .42, ηp
2
 = .06, and Group x 

Pressure x Phase x Minute%, F(1.95, 27.29) = 0.72, p = .49, ηp
2
 = .05, interactions 

were not significant. 

5.4.6 Self-Report 

The two quantitative self-report variables (Effective Focus and Cycling 

Performance) were analysed with separate 2 x 2 x 2 (Group x Pressure x Phase) 

ANOVAs. Overall, the mean score of 5.16 (SD = 0.94) for effective focus and 4.81 

(SD = 1.02) for cycling performance indicated that the participants felt the 

effectiveness of their focus on the cycling task was good, and their performance on 

the cycling task was average to good. Figure 5.14 shows the self-report rating of each 

variable in the pressure and the no pressure trials. The ratings appear lower for both 

variables in the trials without pressure, compared to the trials with pressure. 
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Figure 5.14: Self-report ratings of effective focus (left) and cycling performance (right) at pre-training 

and post-training with and without pressure. (Error bars represent standard error of the mean). 

 

Analysis of the effective focus data showed no significant main effect of 

group, F(1, 14) = 0.15, p = .71, ηp
2
 = .01. A significant main effect of pressure, F(1, 

14) = 4.89, p = .04, ηp
2
 = .26, was found. The self-reported rating of effective focus 

was significantly higher in the trials with pressure (M = 5.34, SD = 0.50), compared to 

the trials without pressure (M = 4.97, SD = 0.88). No significant main effect of phase, 

F(1, 14) = 0.86, p = .37, ηp
2
 = .06, was found. The Group x Pressure, F(1, 14) = 1.22, 

p = .29, ηp
2
 = .08, Group x Phase, F(1, 14) = 0.86, p = .37, ηp

2
 = .06, Pressure x Phase, 

F(1, 14) = 2.33, p = .15, ηp
2
 = .14, and Group x Pressure x Phase, F(1, 14) = 0.26, p = 

.62, ηp
2
 = .02, interactions were not significant. 

The analysis of the cycling performance data also found no significant main 

effect of group, F(1, 14) = 0.34, p = .57, ηp
2
 = .02. A significant main effect of 

pressure, F(1, 14) = 6.09, p = .03, ηp
2
 = .30, was found. The self-reported rating of 

cycling performance was significantly higher in the trials with pressure (M = 4.98, SD 

= 0.69), compared to the trials without pressure (M = 4.64, SD = 0.68). No significant 

main effect of phase, F(1, 14) = 0.30, p = .59, ηp
2
 = .02, was found. The Group x 

Pressure, F(1, 14) = 0.45, p = .51, ηp
2
 = .03, Group x Phase, F(1, 14) = 0.60, p = .45, 
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ηp
2
 = .04, Pressure x Phase, F(1, 14) = 0.53, p = .48, ηp

2
 = .04, and Group x Pressure x 

Phase, F(1, 14) = 0.53, p = .48, ηp
2
 = .04, interactions were not significant. 

The frequency of response in each category is given in Table 5.5. Participants 

in all sessions appear to have focused on both internal and external cues, with slightly 

more emphasis on the external cues. A performance focus was reported less 

frequently, particularly in the trials with pressure after the attentional focus routine 

training. 

 

Table 5.5: Qualitative Self-Report Responses in the Intervention Study. 

 
Frequency of response 

Internal External Performance Outcome Trust 
Word 

Monitoring 
Other 

Pre-Training 

Pressure 

(Session 1) 

Group 1 9 14 0 0 0 0 2 

Group 2 8 8 2 1 0 0 1 

ALL 17 22 2 1 0 0 3 

Pre-Training  

No Pressure 

(Session 1) 

Group 1 8 15 2 0 0 0 0 

Group 2 8 9 3 0 0 0 2 

ALL 16 24 5 0 0 0 2 

Post-Training 

Pressure 

(Session 1) 

Group 1 12 14 2 0 0 0 3 

Group 2 5 7 5 0 0 0 1 

ALL 17 21 7 0 0 0 4 

Post-Training 

No Pressure 

(Session 1) 

Group 1 10 14 1 0 0 0 2 

Group 2 10 10 2 0 0 0 1 

ALL 20 24 3 0 0 0 3 

Pre-Training 

Pressure 

(Session 2) 

Group 2 6 9 2 0 0 0 1 

Pre-Training 

No Pressure 

(Session 2) 

Group 2 5 8 3 0 0 0 3 

Post-Training 

Pressure 

(Session 2) 

Group 1 14 15 1 1 0 0 1 

Post-Training No 

Pressure 

(Session 2) 

Group 1 10 12 0 0 0 0 2 
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5.4.7 Video Evaluation of Cycling Technique 

The two raters provided an independent evaluative rating of cycling technique 

for the pressure trials only on five dimensions: efficiency, technique, tracking, 

stability, and style. 

Correlations of the scores given by the two raters were calculated for each 

dimension to determine inter-rater reliability. Table 5.6 shows the scale scores and 

correlations for each dimension. The mean ratings were below average across all 

dimensions, with Rater 2 tending to score participants lower than Rater 1 with more 

variability in scores. Nevertheless, scores from the two raters on each of the five 

dimensions were positively correlated and the inter-rater reliability was good. 

 

Table 5.6: Correlation of Rater 1 and Rater 2 on Ratings of Cycling Dimensions 

Dimension 
Rater 1 

mean (SD) 

Rater 2 

mean (SD) 
Pearson’s r p 

Efficiency 2.67 (0.55) 2.44 (0.71) .82 < .001 

Technique 2.67 (0.55) 2.40 (0.71) .80 < .001 

Tracking 2.64 (0.57) 2.63 (0.77) .78 < .001 

Stability 2.75 (0.54) 2.33 (0.75) .78
a
 < .001 

Style 2.78 (0.58) 2.43 (0.73) .79 < .001 

a
 The Shapiro-Wilk test was significant for Rater 1 on the stability dimension (p = .03), violating the 

assumption of normality. Non-parametric measures also showed that Rater 1 and Rater 2 were 

significantly correlated (Kendall’s τ = .71, p < .001; Spearman’s ρ = .84, p < .001). 

Note. Dimensions were rated on 5-point scale where; 1 = very poor, 2 = poor, 3 = average, 4 = good, 

and 5 = very good.  

 

 

 To assess cycling performance over the course of the 6-minute trial, and the 

effect of the attentional focus training, the average score from both raters was 

calculated for each dimension. The scores for each of the five dimensions were then 

subjected to separate 2 x 2 x 6 (Group x Phase x Minute) mixed models ANOVA with 
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repeated measures on the phase and minute within subjects factors. Figure 5.15 shows 

the average rating for the efficiency dimension at pre-training and post-training. 

Although the cyclists appear to be slightly less efficient at the start of the post-training 

trial, both trials show a similar decrease in efficiency across time.  

 

Figure 5.15: Average rating on the efficiency dimension in the pressure trials at pre-training and post-

training. (Error bars represent standard error of the mean).  

 

Analysis of the efficiency dimension found no significant main effect of 

group, F(1, 14) = 0.01, p = .91, ηp
2
 = .001, or phase, F(1, 14) = 0.52, p = .48, ηp

2
 = 

.04. Additionally, the Group x Phase, F(1, 14) = 2.39, p = .14, ηp
2
 = .15, interaction 

was not significant. 

There was a significant main effect of minute, F(1.83, 25.56) = 29.10, p < 

.001, ηp
2
 = .68. The average ratings of efficiency given in Minute 1 (M = 2.90, SD = 

0.72), and Minute 2 (M = 2.84, SD = 0.73), were significantly higher than those given 

in Minute 3 (M = 2.59, SD = 0.65), Minute 4 (M = 2.51, SD = 0.61), Minute 5 (M = 

2.39, SD = 0.52), and Minute 6 (M = 2.09, SD = 0.52), t(15) > 3.56, p < .05. Also, 
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efficiency was rated significantly higher in Minute 3, Minute 4, and Minute 5, than in 

Minute 6, t(15) > 5.55, p < .001, and the rating in Minute 3 was significantly more 

than Minute 5, t(15) = 3.50, p < .05. The Group x Minute, F(1.83, 25.56) = 0.64, p = 

.52, ηp
2
 = .04, Phase x Minute, F(3.12, 43.71) = 1.88, p = .11, ηp

2
 = .12, and Group x 

Phase x Minute, F(3.12, 43.71) = 0.83, p = .49, ηp
2
 = .06, interactions were not 

significant. 

Figure 5.16 shows the average score given to the technique dimension at pre-

training and post-training. Technique appears to be slightly worse at post-training than 

at pre-training in the first minute of the trial, although both trials show a similar 

pattern of progressive decline.  

 

Figure 5.16: Average rating on the technique dimension in the pressure trials at pre-training and post-

training. (Error bars represent standard error of the mean).  

 

The technique dimension showed no significant main effect of group, F(1, 14) 

= 0.02, p = .89, ηp
2
 = .001, or phase, F(1, 14) = 0.29, p = .60, ηp

2
 = .02. The Group x 

Phase, F(1, 14) = 3.35, p = .09, ηp
2
 = .59, interaction was not significant. 
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The main effect of minute, F(1.80, 25.26) = 1.01, p = .37, ηp
2
 = .59, and Phase 

x Minute interaction, F(3.47, 48.52) = 3.04, p = .03, ηp
2
 = .18, were both significant. 

Separate repeated measures ANOVA were run for each phase to examine the patterns 

across minute. At pre-training, a significant effect of minute, F(2.82, 42.34) = 19.91, 

p < .001, ηp
2
 = .57, was found for the technique dimension. The technique rating in 

Minute 1 (M = 2.94, SD = 0.65), and Minute 2 (M = 2.80, SD = 0.72), was 

significantly higher than that in Minute 4 (M = 2.48, SD = 0.52), Minute 5 (M = 2.36, 

SD = 0.55), and Minute 6 (M = 2.13, SD = 0.60), t(15) > 3.87, p < .02. The technique 

rating in Minute 3 (M = 2.61, SD = 0.66) and Minute 4 was also significantly higher 

than that in Minute 6, t(15) > 4.37, p < .01. At post-training, a significant effect of 

minute, F(2.57, 38.54) = 10.26, p < .001, ηp
2
 = .41, was also found. The technique 

rating in Minute 2 (M = 2.80, SD = 0.78), was significantly higher than that in Minute 

1 (M = 2.64, SD = 0.79), Minute 5 (M = 2.39, SD = 0.61), and Minute 6 (M = 2.17, 

SD = 0.61), t(15) > 2.74, p < .05. Technique in the first and third (M = 2.58, SD = 

0.69) minutes was also rated significantly higher than in Minute 6, t(15) > 3.64, p < 

.04. No significant Group x Minute, F(1.80, 25.26) = 1.01, p = .37, ηp
2
 = .07, or 

Group x Phase x Minute, F(3.47, 48.52) = 1.28, p = .29, ηp
2
 = .08, interactions were 

found. Overall, the rating of technique appears to be very similar in all minutes except 

the first, where the technique was rated lowest in the post-training trials. 

The mean rating for the tracking dimension is shown in Figure 5.17. There 

appears to be little difference in the cyclists’ tracking at pre-training and post-training, 

and a relatively slight decrease across time is apparent.  
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Figure 5.17: Average rating on the tracking dimension in the pressure trials at pre-training and post-

training. (Error bars represent standard error of the mean).  

 

For the tracking dimension, no significant main effect of group, F(1, 14) = 

0.11, p = .75, ηp
2
 = .01, or phase, F(1, 14) = 0.31, p = .59, ηp

2
 = .02, was found. The 

Group x Phase, F(1, 14) = 3.66, p = .08, ηp
2
 = .21, interaction was not significant. 

A significant main effect of minute, F(1.83, 25.62) = 10.62, p = .001, ηp
2
 = 

.43, was found. The rating given to tracking in Minute 1 (M = 2.78, SD = 0.66), 

Minute 2 (M = 2.74, SD = 0.66), and Minute 4 (M = 2.63, SD = 0.63), was 

significantly higher than that given in Minute 6 (M = 2.46, SD = 0.63), t(15) > 3.61, p 

< .05. The Group x Minute, F(1.83, 25.62) = 1.18, p = .32, ηp
2
 = .08, Phase x Minute, 

F(3.71, 51.94) = 2.02, p = .11, ηp
2
 = .13, and Group x Phase x Minute, F(3.71, 51.94) 

= 0.47, p = .74, ηp
2
 = .03, interactions were not significant. 

The rating on the stability dimension is shown in Figure 5.18. Little difference 

is apparent between the pre-training and post-training trials, and it seems that stability 

decreased throughout the trial. The statistical analysis resulted in no significant main 

effect of group, F(1, 14) = 0.03, p = .87, ηp
2
 = .002, or phase, F(1, 14) = 0.21, p = .65, 
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ηp
2
 = .02. Also, the Phase x Group, F(1, 14) = 3.37, p = .09, ηp

2
 = .19, interaction was 

not significant. 

 

Figure 5.18: Average rating on the stability dimension in the pressure trials at pre-training and post-

training. (Error bars represent standard error of the mean).  

 

A significant main effect of minute, F(2.87, 40.24) = 16.73, p < .001, ηp
2
 = 

.54, was found for the stability dimension. The stability rating in Minute 1 (M = 2.73, 

SD = 0.68), and Minute 2 (M = 2.74, SD = 0.69), was significantly higher than that in 

Minute 5 (M = 2.41, SD = 0.57), and Minute 6 (M = 2.24, SD = 0.64), t(15) > 3.78, p 

< .04. Stability ratings in Minute 3 (M = 2.56, SD = 0.62), and Minute 4 (M = 2.57, 

SD = 2.57), were also significantly higher than that in Minute 6, t(15) > 5.09, p < 

.001. No significant Group x Minute, F(2.87, 40.24) = 1.46, p = .24, ηp
2
 = .09, Phase 

x Minute, F(3.85, 53.87) = 0.90, p = .47, ηp
2
 = .06, or Group x Phase x Minute, 

F(3.85, 53.87) = 0.53, p = .71, ηp
2
 = .04, interactions were found. 

Figure 5.19 shows the mean rating on the style dimension throughout the pre-

training and post-training trials. Scores on this dimension appear to progressively 
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decline throughout the trial, with little difference between the pre-training and post-

training trials. The statistical analysis of the style dimension data also found no main 

effect of group, F(1, 14) = 0.01, p = .94, ηp
2
 = .00, or phase, F(1, 14) = 0.02, p = .88, 

ηp
2
 = .002. The Group x Phase interaction, F(1, 14) = 3.55, p = .08, ηp

2
 = .20, was not 

significant. 

 

Figure 5.19: Average rating on the style dimension in the pressure trials at pre-training and post-

training. (Error bars represent standard error of the mean). 

 

A significant main effect of minute, F(1.98, 27.77) = 22.98, p < .001, ηp
2
 = 

.62, was found. The style rating in Minute 1 (M = 2.84, SD = 0.72), was significantly 

higher than that in Minute 3 (M = 2.68, SD = 0.64), Minute 4 (M = 2.58, SD = 0.59), 

Minute 5 (M = 2.46, SD = 0.59), and Minute 6 (M = 2.23, SD = 0.63), t(15) > 3.24, p 

< .04. The rating in Minute 2 (M = 2.84, SD = 0.69) was also significantly higher than 

in Minute 4, Minute 5, and Minute 6, t(15) > 4.16, p < .02. Stability was also rated 

higher in Minute 3 than Minute 5, and Minute 6, t(15) > 4.72, p < .01. Lastly, the 

stability ratings in Minute 4 and Minute 5 were higher than that in Minute 6, t(15) > 
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3.89, p < .03. No significant Group x Minute, F(1.98, 27.77) = 1.76, p = .19, ηp
2
 = 

.11, Phase x Minute, F(3.82, 53.43) = 1.88, p = .13, ηp
2
 = .12, or Group x Phase x 

Minute, F(3.82, 53.43) = 1.01, p = .41, ηp
2
 = .07, interactions were found. 

5.4.8 Fatigue / Practice Effect 

As the intervention study was based on a multiple baseline design, it was 

important to assess the possible effects of fatigue and / or practice. Group 1 completed 

one trial with pressure, and one trial without pressure at pre-training (on the first day), 

and two trials with pressure and two without pressure at post-training testing (on the 

second day). Group 2 completed two trials at pre-training in each of the pressure and 

no pressure conditions. Therefore, to assess the effect of fatigue or practice on 

performance in each group, the first session (one pressure and one no pressure trial) 

was compared to the second session (one pressure and one no pressure trial) with a 2 

x 2 x 2 x 6 (Group x Pressure x Session x Minute), or 2 x 2 x 2 (Group x Pressure x 

Session), repeated measures ANOVA as appropriate for the dependent variable.  

5.4.8.1 Cycling performance. 

The fatigue or practice effect in the trials was investigated. Figure 5.20 

suggests that the mean power output in the pressure trials was consistently higher than 

in the no pressure trials in each session, and the second session also had lower power 

output than the first session. 
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Figure 5.20: Average power output in each minute of the 6-minute trial in Session 1 and Session 2 with 

and without pressure. (Error bars represent standard error of the mean). 

 

The statistical analysis showed no main effect of group, F(1, 14) = 1.57, p = 

.23, ηp
2
 = .10. However, a main effect of pressure, F(1, 14) = 20.52, p < .001, ηp

2
 = 

.59,  and session, F(1, 14) = 31.40, p < .001, ηp
2
 = .69, was found. The trials 

completed under pressure conditions (M = 348.64 W, SD = 39.21), had significantly 

more power output than those without pressure (M = 328.24 W, SD = 35.17). Cyclists 

also generated significantly more power in the first session (M = 348.70 W, SD = 

36.86) compared to the second session (M = 314.95 W, SD = 37.04). The Group x 

Pressure, F(1, 14) = 0.42, p = .53, ηp
2
 = .03, Group x Session, F(1, 14) = 1.70, p = .21, 

ηp
2
 = .11, and Pressure x Session, F(1, 14) = 1.06, p = .32, ηp

2
 = .07, interactions were 

not significant.  

A significant Group x Pressure x Session interaction, F(1, 14) = 6.00, p = .03, 

ηp
2
 = .30, was found. This interaction was explored with separate paired t tests for 

each group in each session to compare the power output generated in the pressure and 

the no pressure trials. For clarity, the results of these t tests are summarised in Table 
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5.7. The results of the statistical analysis show that significantly more power output 

was achieved in the trials with pressure than the trials without pressure in all sessions 

except the first session for Group 1. 

 

Table 5.7: Results of the Simple Effects Analysis of the Group x Pressure x Session interaction for 

Power Output 

Comparison df t p 

Group 1, Session 1 

Pressure (M = 361.14 W, SD = 33.05) vs  

No Pressure (M = 353.75 W, SD = 27.27) 

7 1.61 .15 

Group 1, Session 2 

Pressure (M = 355.50 W, SD = 27.19) vs  

No Pressure (M = 327.88 W, SD = 37.73) 

7 2.51 .04* 

Group 2, Session 1 

Pressure (M = 353.67 W, SD = 50.06) vs  

No Pressure (M = 326.24 W, SD = 36.69) 

7 4.80 .002* 

Group 2, Session 2 

Pressure (M = 324.24 W, SD = 44.54) vs  

No Pressure (M = 305.07 W, SD = 40.04) 

7 2.59 .04* 

* Denotes significant result (p < .05). Statistics shown are the results of separate paired t tests for each 

group in each session. 

 

A significant main effect of minute, F(2.17, 30.34) = 19.28, p < .001, ηp
2
 = 

.58, and significant Session x Minute interaction, F(1.68, 23.47) = 10.61, p = .001, ηp
2
 

= .43, were found. Simple effects of this interaction were explored with separate 

ANOVAs for Session 1 and Session 2. A significant effect of minute was found for 

both Session 1, F(1.93, 28.96) = 18.03, p < .001, ηp
2
 = .55, and Session 2, F(2.55, 

38.26) = 13.82, p < .001, ηp
2
 = .48. Post hoc analysis of Session 1 showed that the 

power output generated in Minute 1 (M = 387.59 W, SD = 45.07), was significantly 

higher than in Minute 2 (M = 345.97 W, SD = 43.22), Minute 3 (M = 340.16 W, SD = 
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38.57), Minute 4 (M = 331.13 W, SD = 42.15), and Minute 5 (M = 327.70 W, SD = 

42.36), t(15) > 4.60, p < .01. Also, the power output in Minute 2 and Minute 3 was 

significantly more than in Minute 5, t(15) > 3.77, p < .03. Finally, the power output 

seen in Minute 6 of Session 1 (M = 359.65 W, SD = 37.16) was significantly more 

than in Minute 4 and Minute 5, t(15) > 3.85, p < .02. In Session 2, the power output 

generated in Minute 6 (M = 361.36 W, SD = 43.51) was significantly more than that 

achieved in Minute 2 (M = 318.62 W, SD = 36.91), Minute 3 (M = 316.02 W, SD = 

38.32), Minute 4 (M = 318.00 W, SD = 41.30), and Minute 5 (M = 320.00 W, SD = 

40.32), t(15) > 5.07, p < .002. No other comparisons between minutes were 

significant. In summary, participants tended to start harder in the first session 

compared to the second session, however still managed to increase the power output 

in the last minute of the second session trials. 

All other interactions, Group x Minute, F(2.17, 30.34) = 1.47, p = .25, ηp
2
 = 

.10, Pressure x Minute, F(2.14, 30.00) = 2.57, p = .09, ηp
2
 = .16, Group x Pressure x 

Minute, F(2.14, 30.00) = 0.50, p = .63, ηp
2
 = .03, Group x Session x Minute, F(1.68, 

23.47) = 0.56, p = .55, ηp
2
 = .04, Pressure x Session x Minute, F(2.60, 36.41) = 0.46, 

p = .69, ηp
2
 = .03, and Group x Pressure x Session x Minute, F(2.60, 36.41) = 1.63, p 

= .20, ηp
2
 = .10, were not significant. 

5.4.8.2 Rating of perceived exertion. 

The RPE for each group in each session with and without pressure is shown in 

Table 5.8. The statistical analysis showed no significant main effect of group, F(1, 14) 

= 0.02, p = .88, ηp
2
 = .002. A significant main effect of pressure, F(1, 14) = 11.04, p = 

.005, ηp
2
 = .44, was found. The rating of perceived exertion given for the trials with 

pressure (M = 17.47, SD = 1.06), was significantly higher than that given for the trials 

without pressure (M = 16.39, SD = 1.30). The main effect of session, F(1, 14) = 0.02, 
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p = .89, ηp
2
 = .002, was not significant. Likewise, the Group x Pressure, F(1, 14) = 

0.67, p = .43, ηp
2
 = .05, Group x Session, F(1, 14) = 2.95, p = .11, ηp

2
 = .17, Pressure 

x Session, F(1, 14) = 0.30, p = .59, ηp
2
 = .02, and Group x Pressure x Session, F(1, 

14) = 0.06, p = .81, ηp
2
 = .004, interactions were not significant. 

 

Table 5.8: Rating of Perceived Exertion for each Group in Session 1and Session 2 with and without 

Pressure. 

RPE 

Session 1 Session 2 

Pressure No Pressure Pressure No Pressure 

Group 1 17.00 (1.07) 16.44 (1.18) 17.75 (1.98) 16.69 (2.34) 

Group 2 17.81 (0.65) 16.56 (0.98) 17.31 (1.03) 15.88 (1.96) 

Note. Mean shown with standard deviation in parentheses. 

 

5.4.8.3 Heart rate. 

The heart rate achieved in each of the sessions with and without pressure in 

shown in Figure 5.21. The heart rate tended to be highest in the trials with pressure in 

both sessions.  
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Figure 5.21: Average heart rate in each minute of the 6-minute trial in Session 1 and Session 2 with 

and without pressure. (Error bars represent standard error of the mean). 

 

The analysis found no significant main effect of group, F(1, 13) = 0.11, p = 

.75, ηp
2
 = .01. A significant main effect of pressure, F(1, 13) = 5.38, p = .04, ηp

2
 = .29, 

was found. The heart rate elicited in the trials with pressure (M = 165.15 bpm, SD = 

12.23) was significantly higher than in the no pressure trials (M = 163.15 bpm, SD = 

10.54). The main effect of session, F(1, 13) = 0.80, p = .39, ηp
2
 = .06, and the Group x 

Pressure, F(1, 13) = 0.47, p = .51, ηp
2
 = .04, Group x Session, F(1, 13) = 3.35, p = .09, 

ηp
2
 = .21, and Pressure x Session, F(1, 13) = 0.73, p = .41, ηp

2
 = .05, interactions were 

not significant. A significant Group x Pressure x Session interaction, F(1, 13) = 6.43, 

p = .03, ηp
2
 = .33, was found. This interaction was explored with separate paired t 

tests for each group in each session to compare the heart rate in the pressure and the 

no pressure trials. The results of these tests are summarised in Table 5.9. The results 

of the analysis show that Group 2 had a significantly higher heart rate in the pressure 

trial in the Session 1 compared to the trial without pressure in the same session. No 

other significant differences were found. 
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Table 5.9: Results of the Simple Effects Analysis of the Group x Pressure x Session interaction for 

Heart Rate 

Comparison df t p 

Group 1, Session 1 

Pressure (M = 164.29 bpm, SD = 12.11) vs  

No Pressure (M = 164.21 bpm, SD = 8.85) 

6 0.04 .97 

Group 1, Session 2 

Pressure (M = 167.51 bpm, SD = 9.49) vs  

No Pressure (M = 164.82 bpm, SD = 8.21) 

6 1.60 .16 

Group 2, Session 1 

Pressure (M = 166.14 bpm, SD = 14.37) vs  

No Pressure (M = 160.98 bpm, SD = 13.95) 

7 2.98 .02* 

Group 2, Session 2 

Pressure (M = 162.85 bpm, SD = 14.14) vs  

No Pressure (M = 162.94 bpm, SD = 11.62) 

7 0.08 .94 

* Denotes significant result (p < .05). Statistics shown are the results of separate paired t tests for each 

group in each session. 

 

The main effect of minute, F(1.41, 18.38) = 157.40, p < .001, ηp
2
 = .92, and 

Pressure x Session x Minute interaction, F(1.81, 23.54) = 4.35, p = .03, ηp
2
 = .25, 

were also found to be significant. The simple effects of the interaction were analysed 

with separate repeated measures ANOVA for each session with and without pressure. 

The results of these analyses are summarised in Table 5.10. All trials appear to show a 

strong trend of increasing across time. 
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Table 5.10: Significant Comparisons within the Pressure x Session x Minute Interaction for Heart 

Rate.  

Condition 

(mean bpm, SD in 

parentheses) 

df F p ηp
2
 

Significant Pairwise 

Comparisons (p < .05) 

Session 1  

Pressure 

Min 1: 149.36 (14.09) 

Min 2: 164.17 (12.30) 

Min 3: 166.73 (12.44) 

Min 4: 168.54 (13.31) 

Min 5: 170.21 (13.77) 

Min 6: 172.65 (14.01) 

1.20, 16.82 78.16 < .001 .85 Min1 < Min2, t(15) = 14.56, p < .001 

Min1 < Min3, t(15) = 10.61, p < .001 

Min1 < Min4, t(15) = 9.67, p < .001 

Min1 < Min5, t(15) = 9.33, p < .001 

Min1 < Min6, t(15) = 10.20, p < .001 

Min2 < Min4, t(15) = 3.65, p = .039 

Min2 < Min5, t(15) = 4.13, p = .015 

Min2 < Min6, t(15) = 5.51, p = .001 

Min3 < Min5, t(15) = 4.24, p = .012 

Min3 < Min6, t(15) = 6.79, p < .001 

Min4 < Min5, t(15) = 5.27, p = .002 

Min4 < Min6, t(15) = 8.76, p < .001 

Min5 < Min6, t(15) = 6.36, p < .001 

Session 1  

No Pressure 

Min 1: 148.18 (12.25) 

Min 2: 162.66 (11.24) 

Min 3: 166.13 (12.05) 

Min 4: 168.02 (13.17) 

Min 5: 171.07 (12.50) 

Min 6: 174.10 (12.77) 

1.60, 22.42 130.1

9 

< .001 .90 Min1 < Min2, t(15) = 17.10, p < .001 

Min1 < Min3, t(15) = 16.95, p < .001 

Min1 < Min4, t(15) = 13.85, p < .001 

Min1 < Min5, t(15) = 13.08, p < .001 

Min1 < Min6, t(15) = 14.43, p < .001 

Min2 < Min3, t(15) = 6.59, p < .001 

Min2 < Min4, t(15) = 5.27, p = .002 

Min2 < Min5, t(15) = 5.62, p = .001 

Min2 < Min6, t(15) = 7.19, p < .001 

Min3 < Min5, t(15) = 3.88, p = .025 

Min3 < Min6, t(15) = 6.72, p < .001 

Min4 < Min5, t(15) = 4.14, p = .015 

Min4 < Min6, t(15) = 8.32, p < .001 

Min5 < Min6, t(15) = 5.18, p = .002 

Note. Statistics shown are the results of separate repeated measures ANOVA (Sidak post hoc 

corrections) for the pressure and no pressure trials in each session. Table continued on next page. 
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Table 5.10: (continued) 

Condition 

(mean bpm, SD in 

parentheses) 

df F p ηp
2
 

Significant Pairwise 

Comparisons (p < .05) 

Session 2 

Pressure 

Min 1: 144.20 (13.17) 

Min 2: 161.22 (11.99) 

Min 3: 164.70 (11.34) 

Min 4: 166.28 (11.25) 

Min 5: 168.10 (11.96) 

Min 6: 170.41 (11.52) 

1.44, 20.12 146.6

5 

< .001 .91 Min1 < Min2, t(15) = 13.43, p < .001 

Min1 < Min3, t(15) = 11.65, p < .001 

Min1 < Min4, t(15) = 10.46, p < .001 

Min1 < Min5, t(15) = 13.03, p < .001 

Min1 < Min6, t(15) = 15.23, p < .001 

Min2 < Min3, t(15) = 5.45, p = .001 

Min2 < Min4, t(15) = 5.06, p = .003 

Min2 < Min5, t(15) = 8.73, p < .001 

Min2 < Min6, t(15) = 10.21, p < .001 

Min3 < Min4, t(15) = 3.80, p = .029 

Min3 < Min5, t(15) = 8.97, p < .001 

Min3 < Min6, t(15) = 9.74, p < .001 

Min4 < Min5, t(15) = 5.96, p = .001 

Min4 < Min6, t(15) = 7.39, p < .001 

Min5 < Min6, t(15) = 5.60, p = .001 

Session 2 

No Pressure 

Min 1: 147.96 (11.30) 

Min 2: 162.29 (9.33) 

Min 3: 165.14 (9.78) 

Min 4: 166.86 (10.74) 

Min 5: 168.47 (11.02) 

Min 6: 172.20 (10.23) 

1.67, 23.42 78.69 < .001 .85 Min1 < Min2, t(15) = 9.58, p < .001 

Min1 < Min3, t(15) = 9.49, p < .001 

Min1 < Min4, t(15) = 8.81, p < .001 

Min1 < Min5, t(15) = 9.56, p < .001 

Min1 < Min6, t(15) = 11.05, p < .001 

Min2 < Min3, t(15) = 4.72, p = .005 

Min2 < Min4, t(15) = 4.45, p = .008 

Min2 < Min5, t(15) = 5.17, p = .002 

Min2 < Min6, t(15) = 9.46, p < .001 

Min3 < Min5, t(15) = 4.99, p = .003 

Min3 < Min6, t(15) = 8.69, p < .001 

Min4 < Min5, t(15) = 4.38, p = .009 

Min4 < Min6, t(15) = 5.68, p = .001  

Note. Statistics shown are the results of separate repeated measures ANOVA (Sidak post hoc 

corrections) for the pressure and no pressure trials in each session. 

 

The Group x Minute, F(1.41, 18.38) = 1.56, p = .23, ηp
2
 = .11, Pressure x 

Minute, F(1.38, 17.93) = 0.65, p = .48, ηp
2
 = .05, Session x Minute, F(1.55, 20.13) = 

1.29, p = .29, ηp
2
 = .09, Group x Pressure x Minute, F(1.38, 17.93) = 1.02, p = .35, ηp

2
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= .07, Group x Session x Minute, F(1.55, 20.13) = 0.62, p = .51, ηp
2
 = .05, and Group 

x Pressure x Session x Minute, F(1.81, 23.54) = 0.50, p = .59, ηp
2
 = .04, interactions 

were not significant. 

5.4.8.4 Heart rate variability. 

The HRV components for each group in each session with and without 

pressure are given in Table 5.13. Log10 of the values were used for analysis.  

 

Table 5.11: HRV Components for each Group in Each Session with and without Pressure. 

Variable 

Session 1 Session 2 

Pressure No Pressure Pressure No Pressure 

Total Power 
(ms

2
) 

Group 1 
203.12 (115.44) 

2.25 (0.23) 

250.91 (147.25) 

2.32 (0.29) 

233.32 (154.59) 

2.27 (0.33) 

241.00 (119.76) 

2.32 (0.27) 

Group 2 
202.64 (133.76) 

2.20 (0.34) 

300.10 (192.81) 

2.38 (0.34) 

243.80 (148.20) 

2.32 (0.25) 

189.73 (1116.68) 

2.20 (0.30) 

VLF (ms
2
) 

Group 1 
135.67 (85.78) 

2.05 (0.30) 

178.52 (140.19) 

2.12 (0.38) 

155.58 (127.45) 

2.06 (0.39) 

179.46 (143.45) 

2.09 (0.44) 

Group 2 
176.59 (132.90) 

2.08 (0.47) 

277.66 (189.57) 

2.32 (0.39) 

216.32 (115.44) 

2.28 (0.23) 

167.49 (113.87) 

2.09 (0.44) 

LF (ms
2
) 

Group 1 
0.55 (0.52) 

-0.45 (0.45) 

0.39 (0.33) 

-0.54 (0.35) 

0.40 (0.37) 

-0.55 (0.39) 

0.58 (0.85) 

-0.48 (0.44) 

Group 2 
0.27 (0.19) 

-0.64 (0.26) 

0.89 (1.03) 

-0.31 (0.53) 

0.56 (0.79) 

-0.50 (0.45) 

0.35 (0.21) 

-0.54 (0.28) 

HF (ms
2
) 

Group 1 
1.05 (0.88) 

-0.15 (0.47) 

0.91 (0.97) 

-0.22 (0.42) 

1.20 (1.39) 

-0.23 (0.59) 

0.93 (0.98) 

-0.27 (0.51) 

Group 2 
0.58 (0.39) 

-0.38 (0.43) 

1.72 (3.02) 

-0.21 (0.65) 

2.10 (4.76) 

-0.31 (0.67) 

0.93 (0.95) 

-0.25 (0.47) 

LF:HF 

Group 1 
0.62 (0.38) 

-0.30 (0.33) 

1.03 (1.68) 

-0.32 (0.54) 

0.82 (0.96) 

-0.32 (0.47) 

0.91 (0.82) 

-0.20 (0.42) 

Group 2 
0.82 (0.69) 

-0.23 (0.40) 

1.28 (1.28) 

-0.08 (0.43) 

0.82 (0.57) 

-0.18 (0.31) 

0.82 (0.73) 

-0.27 (0.48) 

Note. Mean shown with standard deviation in parentheses, Log10 of the value in italics. 
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Analysis of the total power of HRV showed no significant main effect of 

group, F(1, 13) = 0.02, p = .90, ηp
2
 = .001, pressure, F(1, 13) = 1.29, p = .28, ηp

2
 = 

.09, or session, F(1, 13) = 0.03, p = .86, ηp
2
 = .003.  The Group x Pressure, F(1, 13) = 

0.20, p = .66, ηp
2
 = .02, Group x Session, F(1, 13) = 0.10, p = .76, ηp

2
 = .008, Pressure 

x Session, F(1, 13) = 3.24, p = .10, ηp
2
 = .20, and Group x Pressure x Session, F(1, 

13) = 2.54, p = .14, ηp
2
 = .16, interactions were not significant.  

The VLF component showed no significant main effect of group, F(1, 13) = 

0.49, p = .50, ηp
2
 = .04, pressure, F(1, 13) = 0.49, p = .49, ηp

2
 = .04, or session, F(1, 

13) = 0.02, p = .88, ηp
2
 = .002. The Group x Pressure, F(1, 13) = 0.05, p = .82, ηp

2
 = 

.004, Group x Session, F(1, 13) = 0.001, p = .97, ηp
2
 < .001, and Group x Pressure x 

Session, F(1, 13) = 4.20, p = .06, ηp
2
 = .24, interactions were not significant. 

However, a significant Pressure x Session interaction, F(1, 13) = 6.01, p = .03, ηp
2
 = 

.32, was found. Separate paired t tests were used to analyse the difference between the 

pressure and the no pressure trials in each session. The pressure trial in Session 1 (M 

= 2.07 log10ms
2
, SD = 0.39) had significantly less VLF HRV than the no pressure trial 

in the same session (M = 2.18 log10ms
2
, SD = 0.32), t(14) = 2.75, p = .02. No 

significant difference between the pressure (M = 2.23 log10ms
2
, SD = 0.39) and the no 

pressure (M = 2.09 log10ms
2
, SD = 0.42) trials was found in Session 2, t(14) = 0.97, p 

= .35.  

For the LF component, there was no significant main effect of group, F(1, 13) 

= 0.002, p = .96, ηp
2
 < .001, pressure, F(1, 13) = 0.94, p = .35, ηp

2
 = .07, or session, 

F(1, 13) = 0.46, p = .51, ηp
2
 = .03. The Group x Pressure, F(1, 13) = 1.22, p = .29, ηp

2
 

= .09, Group x Session, F(1, 13) = 0.06, p = .81, ηp
2
 = .004, Pressure x Session, F(1, 

13) = 0.47, p = .50, ηp
2
 = .04, and Group x Pressure x Session, F(1, 13) = 2.99, p = 

.11, ηp
2
 = .19, interactions were not significant.  
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Likewise, analysis of the HF component found no significant main effect of 

group, F(1, 13) = 0.10, p = .76, ηp
2
 = .01, pressure, F(1, 13) = 0.06, p = .82, ηp

2
 = 

.004, or session, F(1, 13) = 0.10, p = .76, ηp
2
 = .01. The Group x Pressure, F(1, 13) = 

0.54, p = .48, ηp
2
 = .04, Group x Session, F(1, 13) = 0.31, p = .59, ηp

2
 = .02, Pressure 

x Session, F(1, 13) = 0.05, p = .84, ηp
2
 = .003, and Group x Pressure x Session, F(1, 

13) = 0.13, p = .73, ηp
2
 = .01, interactions were also not significant.  

Finally, the LF:HF had no significant main effect of group, F(1, 13) = 0.27, p 

= .61, ηp
2
 = .02, pressure, F(1, 13) = 0.13, p = .72, ηp

2
 = .01, or session, F(1, 13) = 

0.06, p = .81, ηp
2
 = .01. The Group x Pressure, F(1, 13) = 0.01, p = .94, ηp

2
 < .001, 

Group x Session, F(1, 13) = 2.43, p = .14, ηp
2
 = .16, Pressure x Session, F(1, 13) = 

0.21, p = .66, ηp
2
 = .02, and Group x Pressure x Session, F(1, 13) = 2.08, p = .17, ηp

2
 

= .14, interactions were not significant. 

5.4.8.5 Respiration. 

The mean respiration frequency of the participants in each session with and 

without pressure is shown in Figure 5.22. The respiration frequency appears to be 

slightly higher in the trials in the second session than the first session, and all trials 

tend to show an increased frequency towards the end. 
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Figure 5.22: Average respiration frequency in each minute of the 6-minute trial in Session 1 and 

Session 2 with and without pressure. (Error bars represent standard error of the mean). 

 

The analysis found no significant main effect of group, F(1, 14) = 3.50, p = 

.08, ηp
2
 = .20, pressure, F(1, 14) = 0.79, p = .39, ηp

2
 = .05, or session, F(1, 14) = 2.50, 

p = .14, ηp
2
 = .15. The Group x Pressure, F(1, 14) = 2.52, p = .13, ηp

2
 = .15, Group x 

Session, F(1, 14) = 0.12, p = .73, ηp
2
 = .01, Pressure x Session, F(1, 14) = 0.04, p = 

.85, ηp
2
 = .003, and Group x Pressure x Session, F(1, 14) = 0.89, p = .36, ηp

2
 = .06, 

interactions were not significant. 

A significant main effect of minute, F(1.74, 24.38) = 6.93, p = .01, ηp
2
 = .33, 

was found. However, post hoc analysis found no significant pairwise comparisons. 

The Group x Minute, F(1.74, 24.38) = 2.44, p = .11, ηp
2
 = .15, Pressure x Minute, 

F(2.46, 34.41) = 0.97, p = .40, ηp
2
 = .07, Session x Minute, F(2.12, 29.65) = 0.41, p = 

.68, ηp
2
 = .03, Group x Pressure x Minute, F(2.46, 34.41) = 0.53, p = .63, ηp

2
 = .04, 

Group x Session x Minute, F(2.12, 29.65) = 1.03, p = .37, ηp
2
 = .07, Pressure x 

Session x Minute, F(2.45, 34.23) = 0.40, p = .71, ηp
2
 = .03, and Group x Pressure x 
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Session x Minute, F(2.45, 34.23) = 1.05, p = .37, ηp
2
 = .07, interactions were not 

significant. 

5.4.8.6 Self-report. 

The self-reported ratings of effective focus and cycling performance were also 

analysed for a potential fatigue or training effect. Figure 5.23 suggests that the ratings 

of effective focus were higher in the pressure trials than the trials without pressure in 

both sessions, whereas there appears to be very little difference in ratings of cycling 

performance. 

 

 

Figure 5.23: Self-report ratings of effective focus (left) and cycling performance (right) for Session 1 

and Session 2 with and without pressure. (Error bars represent standard error of the mean). 

 

Analysis of the effective focus variable found no significant main effect of 

group, F(1, 14) = 0.71, p = .41, ηp
2
 = .05. A significant main effect of pressure, F(1, 

14) = 6.91, p = .02, ηp
2
 = .33, was found. Cyclists rated their focus in the trials 

performed under pressure conditions (M = 5.38, SD = 0.47), significantly more 

effective than in those performed without pressure (M = 4.88, SD = 0.78). The main 

effect of session, F(1, 14) = 1.23, p = .29, ηp
2
 = .08, was not significant. There were 

no significant Group x Pressure, F(1, 14) = 1.32, p = .27, ηp
2
 = .09, Group x Session, 
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F(1, 14) = 0.24, p = .63, ηp
2
 = .02, Pressure x Session, F(1, 14) = 0.03, p = .87, ηp

2
 = 

.002, or Group x Pressure x Session, F(1, 14) = 1.78, p = .20, ηp
2
 = .11, interactions. 

For the subjective ratings of cycling performance, there was no significant 

main effect of group, F(1, 14) = 0.32, p = .58, ηp
2
 = .02, pressure, F(1, 14) = 1.01, p = 

.33, ηp
2
 = .07, or session, F(1, 14) = 0.26, p = .62, ηp

2
 = .02. The Group x Pressure, 

F(1, 14) = 0.41, p = .53, ηp
2
 = .03, Group x Session, F(1, 14) = 0.63, p = .44, ηp

2
 = 

.04, Pressure x Session, F(1, 14) = 0.003, p = .96, ηp
2
 < .001, and Group x Pressure x 

Session, F(1, 14) = 0.54, p = .48, ηp
2
 = .04, interactions were also not significant. 

5.4.9 Attentional Focus Training Feedback 

Responses to the questionnaire that the cyclists completed at the conclusion of 

post-training testing were analysed for group differences. Cyclists reported the 

number of hours that the routine was practiced between pre-training and post-training 

testing. The average amount of practice time reported was 4.56 hours (SD = 3.79) in 

total, 3.88 hours (SD = 3.14) of which were spent on the bike. Group 1 (M = 4.31 hr, 

SD = 4.40) reported slightly less total practice time than Group 2 (M = 4.81 hr, SD = 

3.36), although an independent t test was not significant, t(14) = 0.26, p = .80. Group 

1 (M = 3.88 hr, SD = 3.41) reported the same amount of practice time on the bike as 

Group 2 (M = 3.88 hr, SD = 3.09), and t test showed no significant difference, t(14) = 

.00, p = 1.00. The responses to the questions that were rated on a scale of 1 to 6 are 

shown in Table 5.12. Each item was analysed for group differences with independent 

samples t test. No item showed any significant group differences, all t(14) < 1.67, p > 

.05. The responses of the participants indicate that the attentional focus routine was 

only a small amount different to their usual focus, and was adapted quite a bit to suit 

individual needs. Participants also reported that the suggested attentional focus 
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routine was used quite a bit in the post-training testing, and was quite a bit effective in 

focusing attention during testing. 

 

Table 5.12: Mean Ratings for the Training Feedback Responses from the Participants in the 

Intervention Study 

Item 

All 
participants 

(n = 16) 

Group 1 

(n = 8) 

Group 2 

(n = 8) 

To what extent was the recommended routine 
different from your normal cycling routine? 

2.81 (0.91) 2.50 (0.76) 3.13 (0.99) 

To what extent did you use the recommended 
routine when we tested your cycling today? 

4.06 (1.00) 3.88 (0.64) 4.25 (1.28) 

How effective was the recommended routine in 
focusing your attention while cycling? 

4.31 (0.79) 4.00 (0.76) 4.63 (0.74) 

To what extent did you adapt the recommended 
routine to your needs? 

3.81 (1.52) 3.88 (1.46) 3.75 (1.67) 

Note. Participants responded to each question using a 6-point scale where; 1 = not at all, 2 = very little, 

3 = a small amount, 4 = quite a bit, 5 = a lot, 6 = a great deal. Mean shown with standard deviation in 

parentheses. 

 

5.4 Discussion 

The aim of the intervention study was to assess the effectiveness of an 

attentional focus routine on elite cycling performance in simulated competition 

conditions. The primary measure of performance was power output generated in a 6-

minute trial. The results consistently showed that elite cyclists generated more power 

in the pressure conditions than in the conditions without pressure. This was the case 

both before and after training in the attentional focus routine. Additionally, no 

performance improvement in either the pressure or no pressure condition was seen 

after the intervention was delivered. The RPE and heart rate results were consistent 

with the power output data. Both RPE and heart rate were higher in the pressure 

conditions before and after the intervention and were not affected by training in the 
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attentional focus routine. Overall, the results indicate that training in the attentional 

routine did not significantly impact cycling performance both in conditions with, and 

conditions without pressure. 

Power output and heart rate were both higher in the first minute of the pressure 

trials compared to the trials without pressure. This suggests that elite cyclists tended 

to start the trial more aggressively when put under pressure, and this may have 

contributed to the better performance in the pressure trials. This is similar to the 

results from the outcome focus instructions condition in Experiment 2, where 

participants tended to start the trial harder than in the other conditions. Adopting an 

outcome focus in Experiment 2 also resulted in better performance than focusing on 

process or trust. However, analysis of the self-report data suggests that the cyclists in 

the intervention study did not adopt an outcome focus, rather were more focused on 

external and internal cues.  

The effectiveness of the pressure manipulation should be considered when 

evaluating these results. It is acknowledged that the pressure created in the laboratory 

by offering a cash prize and recording cycling technique for coach evaluation most 

likely did not reach the levels derived from elite level competition. Additionally, some 

athletes may have felt the pressure manipulation more than others due to levels of 

extrinsic motivation or choking susceptibility. Improving performance under pressure 

is more straightforward when there is initially a performance decrement under 

pressure. However, as the baseline results from both groups suggest, in most cases 

performance actually improved in the condition with pressure. Whether this was due 

to a withdrawal of effort when the elite cyclists knew that the trial didn’t count for the 

prize, or an increase in effort when they knew that it did, is unable to be concluded 

with certainty. Comparison with Experiment 1 and 2 is difficult due to the different 
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durations of the trials. While analysing the mean power in each minute is possible, the 

validity of this is not established due to possible feed forward mechanisms related to 

task duration and allocation of effort that are outside the scope of this thesis. Heart 

rate results suggest that the elite cyclists were working harder during the pressure 

trials. The RPE reported by the cyclists also indicates that the exertion was perceived 

to be higher in the pressure trials than the no pressure trials. 

Other variables not measured may also have affected the cyclist’s perceptions 

of the pressure manipulation. The manipulation offered a cash prize as an extrinsic 

incentive for performance and attempted to increase self-awareness through 

evaluative monitoring (coaches’ rating of technique). There is some evidence to 

suggest that increased self-awareness will only harm performance if the athlete is not 

trained in performing in conditions of increased self-awareness (Lewis & Linder, 

1997). Some of the athletes participating in the present study were accustomed to high 

level competition, and thus may be practiced in performing while under evaluative 

scrutiny. Other athletes often worked closely with a coach on aspects of technique, so 

were also accustomed to close scrutiny. Also, the pressure associated with the cash 

incentive for performance may have been felt by some athletes more than others.  

Duda (1992) defined two different types of achievement motivation – task and 

ego orientation. A task-oriented athlete defines achievement through a self-referenced 

measure of success, such as a personal best time or correct execution. On the other 

hand, ego-oriented athletes determine their achievement by comparing their 

performance with that of others. It follows that task-oriented athletes would respond 

more to performance goals, and ego-orientated athletes would respond more to 

outcome goals. However, the prize offered for the best performance in this study 

induced participants to compare their ability to that of the rest of the group. Task-
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oriented participants may not have felt the pressure from this comparison if their 

measure of success was achievement of a personal best power output, regardless of 

the prize. It may have been useful to collect data on the achievement motivation of the 

athletes prior to testing. 

Cycling is a very different sport to those that have commonly been used in the 

investigation of the effect of pressure on performance. The bulk of studies to date 

have focused on precision sports such as golf, or the precision component of a 

complex sport, such as dribbling in soccer (Jackson et al., 2006). Results from 

Experiment 1 and 2 suggest that an endurance cycling task may have different 

attentional needs than a precision sport. For example, cycling performance may be 

dictated more by the correct investment of effort during the trial rather than executing 

the perfect pedalling stroke. Due to the impact of accuracy in precision sports, the 

execution of the correct technique becomes of paramount importance. As research on 

performance pressure has focused on precision sports, it has also focused on 

minimising the disruption of automaticity. Minor errors in precision sports can result 

in a catastrophic drop in performance, however a continuous endurance task has a 

greater margin of error because errors can be corrected before performance is 

impacted significantly. As cycling performance is not so reliant on technique 

execution, so it may be that pressure does not have the same effect as in precision 

sports. The pressure manipulation in this study resulted in better performance than in 

the trials without pressure. Perhaps the pressure caused the cyclists to invest more 

effort in the task, resulting in better performance (Baumeister et al., 1990). 

Practice effects were assessed by analysis of the second trial with and without 

pressure. Ideally, the participants would have completed all sessions on separate days, 

but this was not possible due to the practical limitations mentioned previously. The 
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effect of fatigue is seen in the second trial with and without pressure, which is similar 

to the evidence gathered in Experiment 1. Overall, the power output generated in the 

second session was less than the first session, but in the pressure session this effect 

was less marked. Indeed, inspection of the graph showing the power output across 

time (Figure 5.20) indicates that the power output in the second pressure trial was 

actually higher than in any other trial in the last minute. This may provide further 

evidence that pressure in an endurance task, at least in this case, appears to induce the 

cyclist to invest more effort to the task, even under conditions of fatigue. 

Alternatively, the competition prize may have caused the cyclists to invest more effort 

in the trials that counted towards the money. A similar effect, although not as marked, 

was seen in the baseline trials. Caution should be taken in interpreting these results as 

the analyses were conducted on two different cycling groups (Group 1 and Group 2).  

The correlation between the two expert raters for aspects of cycling technique 

evident in the DVD clips was high. However, one rater consistently rated the elite 

cyclists lower than the other rater. All dimensions showed a progressive decrease as 

the trial progressed, although the tracking dimension did not decrease as quickly as 

the other four dimensions. The scores for all dimensions were generally low (mean 

rating of less than average). It is possible that cycling on the ergometer is not a true 

reflection of the technique of cycling on the road. The ergometer was programmed to 

hold the cyclist at a set cadence, and increase the resistance whenever the cyclist went 

above this cadence. This is markedly different to the varied cadence and resistance the 

cyclist might have on the road where hills, corners, and other cyclists may be 

encountered. However, all of the elite cyclists tested were familiar with the ergometer 

(having participated in Experiment 1 and 2), and many also regularly used similar 

equipment for interval training. In future research, it may be helpful to video the 
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cyclist from several angles to provide a more sensitive reflection of performance 

technique.  

Technique ratings before and after the attentional focus training were similar, 

suggesting that training in the routine had little effect on the technique of the riders. 

However, this may not be surprising because the routine was not specifically designed 

to improve technique. In fact, elite cyclists were told particularly that a process focus 

was not beneficial to performance. The only instance where an improvement to 

technique may be expected is in the latter stages of the trial, when the cyclist was 

fatigued. Training in the optimal attentional focus may have helped the cyclist to 

refocus and hold good form under pressure when tired. This was not the case and the 

biggest difference seen between the rating before and after training was in the early 

stages of the trial, but these differences did not reach significance. It must be 

remembered that the coaches who coded the cycling technique were not blind to the 

point in time during the trial that the clip was taken. This was on request of the 

coaches as they felt that they needed this information in order to code the technique 

accurately. Nevertheless, this may have had some impact on the results. 

Considering the minimal effect that the attentional focus training had on 

cycling performance, it is important to consider whether other factors may have 

contributed to this null result. The majority (n = 10) of participants had 1 to 2 weeks 

to practise the routine before returning for testing. An average of 4.5 hours in total, 

the majority of this on the bike, was spent practising the routine. While the amount of 

time may be adequate, no data were collected on the quality of that practice. 

Moreover, practice was done by the cyclist on his own. There were no follow up 

sessions or communications between the cyclist and experimenter to answer questions 

or for the experimenter to provide further advice. It is possible that the practice of the 
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routine was ineffective, particularly if the participants had never before been exposed 

to psychological training techniques. However, this remains speculative, and perhaps 

unlikely considering the elite status of the riders involved in the intervention.  

The analysis of the feedback gathered from the participants on the nature of 

the attentional focus intervention provides some additional clues as to why no 

differences in performance were seen. Participants reported that the routine was only 

a small amount different to their usual focus of attention. One of the problems with 

psychological interventions in elite athletes, particularly those who have been 

competing for some time, is that they may already be implementing the skills 

proposed. If this is the case, the effect size associated with the intervention would be 

small and improvements in performance would be more difficult to detect. Perhaps if 

the attentional focus routine intervention were given to experienced cyclists with less 

exposure to psychological techniques, a performance improvement would be seen. 

Although the routine recommended in this study was little different from the 

participants’ normal routine, the elite cyclists reported that it was useful and they used 

it during the testing session. It is possible that some participants did improve after the 

intervention. Several researchers have advocated the advantages of case study 

analysis in psychological research (Anderson, Mahoney, Miles & Robinson, 2002; 

Swain & Jones, 1995). However, data in this study were only collected at three points 

in time. One of those points was subject to significant effects of fatigue, essentially 

leaving one data point each before and after the intervention. This design therefore did 

not lend itself to case study analysis, although this is certainly something which may 

be explored in the future. A case study approach may also allow for testing over an 

extended period of time (e.g., cycling season) and be related to real world results, in a 
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similar way to the goal setting intervention designed by O’Brien, Mellalieu, and 

Hanton (2008).  

The quantitative self-report data showed that elite cyclists rated their focus 

effectiveness and performance higher in the pressure trials compared to the trials 

without pressure. This was the case before and after routine training. In the pressure 

trials, the elite cyclists were given a goal of beating the best in the group if they were 

to win the prize. The actual power output to beat was not known, but participants 

knew that they had to try to be the best in the group. In contrast, the conditions 

without pressure simply advised participants to cycle as hard as they could for 6 

minutes. When participants were given a goal, they felt that they were more effective 

at maintaining attention on the cycling task, and they performed better on the cycling 

task. This is similar to the effect that was found in Experiment 2, where the 

participants reported a more effective focus on cycling in the performance focus 

instructions condition. 

The VLF, LF, and total power components or heart rate variability were all 

lower in the conditions with pressure than the conditions without pressure. This may 

reflect the increased mental load that the pressure condition created due to stress or 

anxiety (Porges & Byrne, 1992; Porges & Raskin, 1967). The LF component was also 

lower in the pressure trials pre-intervention than the pressure trials post-intervention. 

As higher variability reflects a lower mental workload (Porges, 1972), this result may 

indicate the effect of routine training on stress associated with pressure. The LF 

component is thought to be most sensitive to attentional changes (Aasman et al., 

1987), therefore may reflect the benefit of the attentional focus routine. If the 

attentional focus routine helped elite cyclists to deal more effectively with the 
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pressure by maintaining an optimal focus of attention, then it would be expected that 

the impact of pressure on the mental workload of the elite cyclists would be less. 

In summary, the intervention study aimed to improve cycling performance 

under pressure by training the cyclists in an attentional focus routine. This aim was 

made considerably more difficult because the cyclists in this study did not actually 

suffer a performance decrement under pressure in the pre-training trials. It is possible 

that the pressure manipulation either caused an increased investment of effort in the 

pressure trials, or a withdrawal of effort in the trials without effort. If performance 

improved in the pressure trials, this is in direct contrast to studies of precision sports 

that often record a performance decrement in situations of induced pressure. This 

study is the first to empirically suggest that performance in an endurance cycling task 

can actually be improved under pressure. Further, the effectiveness of the attentional 

focus routine may have been improved if delivered to cyclists who were suffering 

from a decrement in performance under pressure, perhaps those less experienced in 

mental skills training.  
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CHAPTER 6 

Discussion 

 

The present series of experiments aimed to determine the focus of attention 

that would optimise performance for novice, experienced, and elite participants during 

a cycling task. The first two experiments investigated the attentional focus of these 

participants and revealed the conditions in which the best performance was elicited. 

The intervention study used these findings to design and implement an attentional 

focus routine for experienced and elite cyclists to use in a simulated pressure situation 

and under no pressure. Measures of performance (power output and reaction time), 

psychophysiology (heart rate, HRV, respiration frequency), and self-report were all 

used to interpret the outcomes of each experiment. The discussion focuses first on the 

group differences found in the first and second experiments, and explores these in 

light of the relevant skill acquisition and attention theories. The condition differences 

in Experiment 1 and Experiment 2, and the effects of the attentional focus routine and 

pressure manipulation in the intervention study have been considered in detail in the 

relevant chapters, but will be summarized here. Finally, a consideration of the 

strengths and limitations of the study, future directions for research, and conclusions 

will be presented.  

 

6.1 Experiment 1 and 2 

6.1.1 Group Effects 

The hypothesis that novice participants would generate less power in the trials 

than the experienced and elite cycling groups was supported. However, the 

experienced cyclists did not achieve significantly less power than the elite cyclists. It 



- 232 - 
 

is known that with training, the efficiency and economy of skeletal muscle is 

improved (Hatfield, 2005). Therefore, novices were operating at the same relative 

work load (as their heart rates were similar to the experienced and elite groups), but 

lacked the adaptations to skeletal muscle from training, resulting in less force 

production. Although the sample sizes were relatively small, the lack of a significant 

difference in performance between the experienced and elite cyclists suggests that 

performance on the cycling task was determined primarily by training in cycling, 

rather than athlete achievement level. 

Analysis of the reported years of competition, and training frequency and 

intensity of the experienced and elite participants showed no significant difference 

between these two groups. Neumann and Thomas (2009) found a similar result in a 

study comparing the putting performance of novice, experienced, and elite golfers. 

Both experienced and elite golfers holed significantly more putts than novices, 

however there was no significant difference in performance between the experienced 

and elite golfers. The golf study did find that elite golfers played significantly more 

freqeuntly, and had a lower handicap than experienced golfers, but had a similar 

number of years experience. Delineation between elite and experienced cyclists may 

be found if the difficulty of the task is increased. This could be achieved by 

lengthening the time, raising the intensity, or changing the environment so that 

cyclists must deal with the tactics seen in road races (e.g., cornering, climbing, riding 

in the peleton).  

Group differences were also found in the pattern of power output across time 

in Experiments 1 and 2. The pattern of power output over time for the elite and 

experienced groups was similar to that of cyclists in other studies (e.g., Berg, 

Kauftman, Katsavelis, Ratliff, & Simet, 2008). The cyclists in Berg et al. (2008) 
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completed only one maximal 5-minute trial and demonstrated a surge in the first 

minute, followed by a slight decline, then a surge in the last minute. On the other 

hand, novices in the present study tended to start much harder, showed a large drop in 

power after the first minute, and failed to increase the power towards the end of the 

trial. But although novices deviated from the pattern seen in trained cyclists, it is 

unlikely that this was what contributed to the lower power output in this group. In an 

experiment that manipulated the pacing strategies of cyclists in a 4000 m time trial 

(approximately 5.5 minutes in duration), no significant differences in time to 

completion were found (Hettinga et al., 2006). Aisbett and colleagues (2003) have 

also found that the pacing strategy did not change the power output generated in a 6-

minute cycling trial. The differences seen between groups in the present experiment 

were therefore more likely due to the physiological differences. 

Novice participants reported significantly lower levels of exertion than the 

elite group in Experiments 1 and 2. This finding was surprising. It was thought that 

novices may report a higher RPE because they were not accustomed to the intensity of 

the task and would thus rate the exertion higher. RPE is thought to be a reflection of 

not just physical exertion, but subject to three domains: sensory-discriminative, 

motivational-affective, and cognitive-evaluative (Hutchinson & Tenenbaum, 2006). 

As such, it is difficult to determine the factors that contributed to this result. The heart 

rate of each group was similar; therefore it can be assumed that each group completed 

comparable amounts of relative work. An early study compared high and low athletic 

experience males and females in 5-minute cycling tasks at 30, 50, and 70% of 

VO2max (Winborn, Meyers, & Mulling, 1988). These researchers found that males 

high in athletic experience gave a higher RPE than males low in athletic experience at 

70% VO2max. This result was replicated in treadmill running (Demello, Cureton, 
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Boineau, & Singh, 1987), but other studies have found no difference (Seip, Snead, 

Pierce, Stein, & Weltman, 1991), or the opposite effect (Hassman, 1990). It is known 

that RPE can increase in associative conditions (Stanley, Pargman, & Tenenbaum, 

2007). It may thus be suggested that novices did not attend to internal associative cues 

as much as the experienced and elite groups. However, the self-report data indicated 

that novices tended to adopt more of an internal focus than the other groups. A 

definitive conclusion cannot be reached from the present data, and further study in 

this field is warranted. 

There was no significant difference in the age of the three groups, so it can be 

assumed that the theoretical maximum heart rates of each group were also not 

significantly different as the theoretical maximum heart rate is equal to 220 minus age 

in years (Wilmore & Costill, 1998). Therefore, the fact that there was no significant 

difference in the relative heart rate in response to exercise suggests that each group 

was investing similar amounts of physiological effort into the trial. In other words, the 

novice, experienced, and elite groups were all working at approximately the same 

physiological intensity. The power output differences seen between groups are 

therefore most likely due to technique and the fitness levels of the different groups. If 

the novices, for example, were not working at the same relative intensity as the other 

groups, it would be expected that a lower heart rate would be seen, which was not the 

case. 

Novice participants in both experiments displayed more LF variability than 

experienced and elite cyclists and this also contributed to a higher LF:HF ratio for 

novice participants in Experiment 1. The LF band is commonly understood to reflect 

blood pressure regulation, and more generally, sympathetic nervous system regulation 

(Grossman, 1992; Neumann, 2002; Veltman & Gaillard, 1998). Aasman and 
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colleagues (1987) reported that the LF component is the most likely to display the 

largest decrease in variability under increased attentional demands. The fact that 

novices in this experiment had more LF variability than experienced or elite cyclists is 

surprising from an attentional interpretation of what LF HRV reflects. It was expected 

that elite (and perhaps experienced) cyclists would display more HRV during the dual 

task due to the (presumed) reduced attentional requirement. However, the power 

output and reaction time data suggest that the experienced and elite cycling groups did 

not have more attentional resources available than the novices. Therefore, it may be 

that this LF HRV difference has a non-attentional or physiological explanation. A 

recent study found that LF variability increased from baseline levels when 

participants completed a fatiguing driving task (Tran, Wijesuriya, Tarvainen, 

Karjalainen, & Craig, 2009). Although the novice RPE was generally lower than the 

other two groups, this may not necessarily reflect true physiological fatigue, as RPE is 

a result of a variety of perceptual cues, including psychological factors (Hampson, St 

Clair Gibson, Lambert, & Noakes, 2001). Although not reflected by the RPE scores, it 

is possible that the novice participants in the present research were more fatigued than 

the experienced and elite groups, who were more accustomed to an endurance cycling 

task. The elite and experienced cyclists were highly trained, thus their bodies were 

adapted to the cycling task through changes to cardiac variables such as blood 

volume, cardiac output, and blood flow (Wilmore & Costill, 1998). These training 

adaptations may have been sufficient to influence the blood pressure regulation of the 

experienced and elite cyclists, but not the novice group, thus accounting for the 

differences in the LF component. 

Alternatively, the experienced and elite cyclists may have placed more 

importance on the trials as they were more meaningful to them. The two cycling 
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groups were more likely participating in the research to improve their cycling 

performance, thus they may have put pressure on themselves to perform well. This 

self-inflicted pressure may have increased their levels of stress and anxiety. In 

contrast, the novice participants were not cyclists, thus were not looking for 

improvement of their cycling performance. Therefore, they may have experienced less 

stress and anxiety during the testing, resulting in a higher LF component of HRV. It 

has been suggested that HRV will decrease in response to stress or anxiety (Kawachi, 

Sparrow, Vokonas, & Weiss; 1995; Sharpley, 2002), although this response may be 

task specific (Langewitz & Ruddell, 1989). This explanation remains speculative, as 

no data were collected on the anxiety levels of the participants. The expected 

difference in HRV between novice, experienced, and elite participants was not found 

in any other frequency component.  

Novices also displayed a higher breathing frequency and a different pattern of 

respiration frequency across time compared to the experienced participants. The 

novice group also recorded a higher breathing frequency than the elite participants, 

but this difference was not found to be statistically significant. Experienced and elite 

cyclists were well-trained endurance athletes. The benefits of endurance training 

include an improvement in the oxygen carrying capacity of the red blood cells, 

increased capillary density, and increased number of mitochondria in the muscle. 

These changes facilitate the efficiency of the delivery of oxygen to the working 

muscle (Powers & Howley, 2007). As the novices were not well-trained, these 

adaptations to exercise would not be present. To compensate, novice participants may 

have been forced to increase their breathing frequency in order to deliver the required 

amount of oxygen to the muscles, even though this did not result in better 

performance on the task. Alternatively, novices may have had a shallower breathing 
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pattern than the other groups which necessitated a higher respiration frequency to 

attain the required volume of oxygen.  

6.1.2 Condition Effects 

A detailed discussion of the condition effects in Experiment 1 and 2 has been 

given in the relevant chapters. Overall, the experiments showed that attention to self- 

regulatory cues (internal and external association), such as a performance or outcome 

focus, was most beneficial to performance. This finding was consistent for all skill 

groups. The self-reported data provide further insight to these conclusions. 

The self-reported data that were collected following each condition in 

Experiment 1 and 2 provide some valuable information in terms of the actual 

attentional focus adopted and its relationship with performance. The mean RPE was 

similar in each experiment, and indicated a perceived exertion of hard to very hard, 

confirming that participants were operating at a high intensity during the trials (Borg, 

1998). RPE is thought to reflect biological changes (such as heart rate and muscle 

fatigue), as well as psychological and environmental variables (Rejeski, 1981). In 

Experiment 1, no significant difference in RPE was found between the conditions. 

This is in keeping with the power output data. As there was no significant difference 

in performance, it would be expected that the perceived level of exertion would 

remain unchanged. Indeed, in Experiment 2, the RPE was higher in the performance 

and outcome conditions than at baseline and in the process and trust conditions. 

Performance and outcome focus instructions also elicited more power output than 

process and trust instructions.  

Not only were participants working harder in the performance and outcome 

conditions as reflected in the power output and heart rate data, but these conditions 

also encouraged an associative focus. To follow the attentional focus instructions 
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given, participants were required to monitor their power output (external associative), 

while also monitoring physiological cues to ensure an appropriate and realistic pace 

was being maintained (internal associative). Recently, Stanley and colleagues (2007) 

found that cyclists reported significantly higher RPEs in associative conditions 

compared to dissociative conditions at 75% VO2max. These researchers also found 

that the internal / external dimension of attention had no impact on RPE. It is likely 

that the RPE reported in the baseline condition was lower than performance and 

outcome RPE despite the power output being similar due to fatigue. The baseline 

condition was always first and it would therefore be expected that the perceived 

exertion would be lower as the participants were not experiencing the full effects of 

fatigue.  

The performance condition elicited one of the highest power outputs, and the 

subjective rating of the participants indicated that they were best able to effectively 

focus their attention in this condition. The performance condition provided 

participants with a realistic, concrete, measureable, and attainable goal, characteristics 

that are advocated in research on effective goal setting (Gould, 2006; Locke & 

Latham, 1985). This research also states that one of the functions of goals is to enable 

performers to maintain focus on a task and the self-report responses suggest that this 

was the case in the performance focus instructions condition. 

It was important in both experiments to determine the actual focus of attention 

of the participants. The first experiment used an attentional probe (target word) and 

measured the effects on secondary task performance, and Experiment 2 overtly 

attempted to manipulate the participant’s focus of attention. However a valid 

interpretation of the results is contingent upon the actual focus of attention during 
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cycling performance. Analysis of the qualitative responses of the participants 

immediately following each trial provided an essential manipulation check. 

Overall, participants in Experiment 1 reported both an internal and an external 

focus, with slightly more internal focus in the dual-internal condition, and slightly 

more external focus in the dual-external condition. In Experiment 2, participants 

reported an internal and external focus in the baseline condition, similar to the single 

task cycling in Experiment 1. The process condition produced a very dominant 

internal focus, while the performance and outcome conditions resulted in both an 

external and performance focus. Participants reported trusting their body to perform 

the cycling task in the trust condition, but also reported attending to internal and 

external cues. It appears that participants in this study used a combination of internal 

and external focus when given no instructions. The covert manipulation in 

Experiment 1 was marginally successful in influencing the focus of attention. The 

focus did shift in the anticipated direction, but it was not completely exclusive of 

other cues. In Experiment 2, the instructions were more successful in directing the 

attention of the participants to the intended cues. 

6.1.2.1 Psychophysiological evidence. 

Examination of the psychophysiological results provides a deeper 

understanding of the experimental results. First, the pattern of heart rate response 

across the 5-minute trial displayed the classical physiological response to intense 

exercise and provides further evidence that the task utilised the endurance (i.e., 

aerobic) system of all groups (Wilmore & Costill, 1998). In a similar type of trial, 

Berg and associates (2008) found that the physiological responses in a 5-minute 

maximal trial maintained a constant level after reaching near-peak values in the first 

minute. Second, the similar pattern of heart rate in each experimental condition 
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(excluding baseline) replicates the stable physiological responses found elsewhere 

(Villerius & Grappe, 2008). These researchers observed the neuromuscular and 

physiological responses of well-trained cyclists in three 10-minute maximal trials, 

with 15 minutes rest between trials, and found no change among any of the trials. 

In Experiment 2, the performance and outcome trials elicited a higher heart 

rate than the process, trust, and baseline conditions. This may reflect the increased 

amount of effort that was invested in the performance and outcome trials. Improved 

power output under outcome and performance conditions may therefore be partly due 

to increased motivation to cycle harder than in other conditions (Weinberg, 1992). 

Vealey (2007) has suggested that outcome goals can enhance motivation when 

athletes are undertaking exhausting physical and mental tasks, and performance goals 

offer a flexible and controllable benchmark for athletes. The results of a meta-analysis 

on goal setting partially confirm the present results, as performance goals were 

associated with feelings of success and satisfaction, and outcome goals were related to 

the greatest performance improvements (Kyllo & Landers, 1995). However in the 

present experiment, the heart rate showed little difference between the performance 

and outcome goals. 

The baseline trial started from a slightly lower heart rate than the four other 

conditions, most likely reflecting the fact that the baseline trial was always performed 

first. Research has demonstrated that the execution of moderate- or high-intensity 

exercise prior to performance can lead to an acceleration of VO2 kinetics at the onset 

of exercise (Faisal, Beavers, Robertson, & Hughson, 2009; Hajoglou, Foster, 

DeKoning, Lucia, Kernozek, & Porcari, 2005). In the present study, the baseline 

condition was always preceded by a 5-minute warm-up at moderate intensity followed 

by a 5-minute break, whilst the other conditions were always preceded by a 15-minute 
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period of active recovery. It may be that the overall intensity of the active recovery 

period between the conditions was higher than the warm-up period prior to baseline. 

This difference may have been sufficient to elicit the changes seen in the heart rate 

response in the first minute of the baseline condition. As this study did not quantify 

exercise intensity during the warm-up or recovery periods, this interpretation remains 

untested.  

No condition differences in HRV were found in Experiment 1, but inspection 

of the heart rate variability data in Experiment 2 revealed that total power, and the 

VLF and LF components were higher at baseline compared to the attentional focus 

instruction conditions. This could reflect an order effect as baseline was always the 

first condition, and therefore have a physiological explanation. However, analysis of 

the order effect in Experiment 1 revealed only one significant difference. In 

Experiment 1, the HF variability in the fourth trial was significantly less than in the 

second and third conditions, and no significant differences were found in the LF 

component. Therefore, the observed effect in Experiment 2 may have, at least in part, 

a psychological explanation. It may be that the attentional demands in the 

experimental conditions were higher than at baseline, thereby causing less heart rate 

variability in the participant when given attentional focus instructions (Aasman et al., 

1987). 

A lower frequency of respiration was seen in the baseline trial compared to the 

experimental conditions. Again, this could reflect a physiological effect because the 

baseline trial was always first. In support of this interpretation, the order analysis of 

the trials in Experiment 1 showed that the respiration frequency was significantly 

higher in the third and fourth trials than the first trial. 
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6.1.3 Conclusions 

The information gathered from Experiment 1 and 2 contributes meaningfully 

to the existing body of research. These experiments show that there is little difference 

between the attentional processes of cyclists at different skill levels in a laboratory 

ergometer task. When attention is not manipulated, an internal focus of attention 

appears to dominate at all skill levels. Cycling performance can be improved in all 

skill levels by administering performance or outcome focus instructions. Evidence for 

this lies in the superior power output in these conditions for all groups, in combination 

with an elevated heart rate and RPE. This suggests that performance and outcome 

instructions can encourage a cyclist to invest effort, even in conditions of mild 

fatigue. It is thought that performance and outcome instructions are beneficial because 

they allow the cyclist to switch between an internal and an external associative focus 

of attention, as evidenced by the self-report data. This focus of attention allows the 

cyclist to monitor situationally relevant cues (external) whilst maintaining attention to 

physiological cues to ensure self-regulation (internal). To date, research has suggested 

that an internal focus of attention will disrupt automatic processes and an external 

focus will improve performance. This research suggests that a combination of internal 

and external focus is best for performance. The conditions that promoted an exclusive 

internal focus (process condition) or did not allow the participants to monitor relevant 

external cues (trust condition) resulted in the worst performance for all groups. 

Further, Experiment 1 suggests that endurance cycling requires some degree of 

cognitive control at all levels. This is important, as it has an impact on the amount of 

attentional resources available to attend to other tasks while cycling (e.g., road 

condition, other competitors). 
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6.2 Intervention Study 

The results of Experiment 1 and 2 were considered and informed the 

attentional focus routine recommended to elite cyclists in the intervention study. It 

was clear that elite cyclists performed best in the performance and outcome focus 

instructions conditions, even when fatigued. Additionally, some attention to internal 

cues was necessary for self-regulation purposes, but a sole focus on process was 

detrimental to performance. Therefore, the routine trained in the intervention study 

used cues that required a performance (e.g., maintain power output, speed, cadence) 

or outcome (e.g., beat others) focus, which then allowed for switching between an 

internal and external focus of attention. These cues were individually modified for 

each cyclist, depending on their results in each condition in Experiment 1 and 2. A 

detailed discussion of the results of the intervention study has been given in the 

previous chapter. Cycling performance in the pressure trials was better than in the 

trials without pressure, however the intervention appears to have had no significant 

impact on performance. The psychophysiological data showed a slight lowering of the 

LF HRV component in the pressure trials after the intervention, possibly due to a 

reduction in mental load. Whilst the feedback from the participants regarding the 

attentional focus routine was positive, it may be improved in future studies with 

supervised practice sessions.  

 

6.3 Limitations and Future Directions 

As with many studies, there were several limitations to the design of the 

studies in the present research. First, it must be acknowledged that the period of time 

available for the participants to practise the attentional focus routine may have been 

inadequate. The amount of time given for practice was constrained by the availability 
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of the participants. In more favourable circumstances it would be preferable to 

administer the intervention over an extended period of time, such as a cycling season. 

There are also questions concerning the ecological validity of the present 

results. It must be acknowledged that cycling performance in the laboratory may not 

necessarily translate to cycling performance in a real race situation. In a road race, 

cyclists must deal with dynamic changes in the environment caused by other 

competitors, the course, the weather, and spectators. These were all factors that the 

participants were not required to deal with in the present study. On the other hand, 

conducting research in the field is not ideal because it is difficult to create a controlled 

environment to allow for collection of accurate data. Factors such as other road users, 

environment, weather, and safety, can all have a significant impact on the protocol. 

Therefore, this study was conducted in the controlled laboratory environment, and the 

attentional focus routine was deliberately designed to be flexible to allow participants 

to modify the cues depending on the race or training situation. In future, it would be 

worthwhile to attempt to assess the attentional focus routine in field testing of cyclists. 

This may be possible if track cyclists were used to eliminate many of the 

environmental factors (track cyclists compete on a closed circuit). 

The physical nature of the cycling task presented some problems with the 

collection of the psychophysiological data. It was difficult to maintain electrode 

contact for some participants once large amounts of sweat were present. The electrode 

site was cleaned and shaved when necessary, but the combination of sweat and excess 

body movement in some participants dislodged the electrodes, preventing an 

uninterrupted ECG recording from being obtained. Those recordings that were not 

true recordings due to this interference had to be discarded (as detailed in the data 

analysis sections of each experiment). As technology improves, future studies may be 
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able to use other methods of collecting HR data. Also, the respiratory belt transducer 

proved problematic for some participants. The circumference of the cyclist was 

different depending on whether a sitting, standing, or aerodynamic position was 

adopted during the test due to changes in the muscle tension of the upper torso. Some 

participants changed their position multiple times during the test, thus disrupting the 

recording of respiration. It was impractical to restrict the movement of the cyclist 

during the trials, as this may have interfered with the attentional focus. It is also 

acknowledged that no true (resting) psychophysiological measures were gathered, and 

the consumption of alcohol, caffeine, and medications prior to testing were not 

recorded or controlled.  

Another source of difficulty was the blind coding of the self-report data. As 

the coders were blind to the condition in which the response was made, it was 

sometimes difficult to differentiate between performance and outcome responses if 

the participant just named a power output target without making reference to beating 

others (outcome focus) or a personal standard (performance focus). This may be why 

a strong performance and outcome focus was not found, even in the performance and 

outcome conditions. The participants may very well have been using the prescribed 

instructions, however as the responses were blinded, this was not clear when coding. 

In the future, this problem may be overcome with a different method of gathering the 

self-report data. In the present study, the participants were required to write their 

responses immediately following the trial. Some participants may have opted for 

brevity as they were fatigued from cycling and found writing too difficult. Perhaps if 

responses were recorded verbally, the participants would give more detailed answers. 

If the self-report were delivered in the form of a short semi-structured interview and 

later transcribed, this approach would also allow the researcher to ask for more detail 
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or clarification of responses (e.g., to distinguish between performance and outcome 

targets).   

The inter-rater reliability of the self-report data in each of the experiments and 

the intervention study could have been improved with prior training for the coders. 

The main source of disagreement between the two coders was due to the level that the 

response was decomposed. One coder tended to use a more holistic approach, whereas 

the other coder broke the response down word by word. Although the coders reached 

high levels of agreement after discussion, training and discussion before the coding 

task was undertaken may have minimised these initial discrepancies. This training 

may also have minimised the conceptual problems encountered when coding. For 

example, the planning category was sometimes unclear when the cyclist stated a 

vague plan such as ‘pacing myself for 5 minutes’. This is a plan, but is not specific 

and may not have required as much attention as a cyclist who stated ‘going hard early 

to get power average up, then settling the heart rate and maintain solid power, finish 

hard. Checking time and power throughout’. Likewise, there was some discussion 

about what constituted visualisation. A cyclist who reports thinking about a race may 

be visualising a recent or upcoming race, which would be coded as visualisation. 

Equally, they may be thinking about packing and preparing to drive to a race on the 

weekend, in this case the focus would be irrelevant rather than visualisation. Some 

responses were just difficult to code, such as ‘constant speed’. Constant speed could 

be classed as internal (self-regulation, monitoring of effort), or external (holding a 

speed on the monitor), or a combination of both. 

The present research contributes to the existing body of literature on attention 

and performance, particularly in an endurance task such as cycling. Knowledge in this 

area could be improved by assessing the effects of the attentional focus routine over 
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an extended period of time such as a cycling season. Subtle changes in the attentional 

focus of cyclists may not manifest themselves in cycling performance immediately. If 

the intervention was assessed over a season, the effects of the routine both in practice 

and competition settings could be assessed. Incorporation of mental skills training into 

the training plan is becoming an essential part of preparation for elite sport. If planned 

carefully, the effects of the attentional focus routine could be tested in both the field 

and the laboratory to maximise ecological validity and accuracy of the data. The 

efficacy of such a study could be improved by considering the initial psychological 

characteristics of the individual prior to the study, such as achievement motivation, 

goal orientation, and state anxiety. One of the problems associated with improving 

performance under pressure is that most elite athletes actually maintain or exceed 

expectations in pressure situations. This is known as a ‘clutch’ performance (Otten, 

2009). Identification of ‘choking susceptible’ athletes to target for intervention may 

show more significant results. Similarly, administering the intervention to less skilled 

athletes (such as the experienced group used in this study) may be useful. Many 

athletes with less experience have never experienced mental skills training. As such, 

old habits do not need to be overcome to effectively train in a new routine. 

Furthermore, potential gender differences in the optimal focus of attention for cycling 

performance could be explored. This was not possible in this study due to the low 

number of females in the sample. 

 

6.4 Conclusions 

The evidence collected in the present research suggests that there is little 

difference in the attentional processes of novice, experienced and elite participants 

when completing an endurance task on a cycling ergometer. All groups showed a 
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similar decrement in secondary task performance in the dual-task experiment, and all 

groups responded faster in the internal condition than in the external or irrelevant 

conditions. This pattern of results provides evidence that participants primarily 

adopted an internal focus of attention. The self-report data confirmed this suggestion, 

showing a dominant internal focus in the single cycling task condition. A dominant 

internal focus was also found at baseline in the second experiment, suggesting that 

participants at all skill levels tended to adopt an internal focus if not given instructions 

otherwise. Further, the performance and outcome focus instructions were found to 

improve performance in all groups in Experiment 2. The data suggest that the focus of 

attention in these conditions was predominantly external. Taken together, these results 

indicate that regardless of skill level, performance in an endurance cycling task will 

be facilitated by setting performance or outcome goals, which allow for an external 

and internal focus of attention on cues that aid self-regulation. 

This recommendation was applied in the intervention study. However, the 

attentional focus routine in this study had no significant effect on the cycling 

performance of elite cyclists. It is suggested that an effect of an attentional routine 

may be enhanced if participants are less familiar with the routine, are given more 

practice time, or tested in real world situations. The pressure manipulation in the 

intervention study brought about an improvement in performance, rather than a 

performance decrement as has sometimes been seen in skill-based sports. The 

pressure may have increased motivation in the participants, leading to an increased 

investment of effort which was beneficial to performance. This investment of effort 

may not be beneficial in a skill-based task, if it disrupts the automatic processes of 

execution. Initially it may appear that the conclusions drawn in the first two 

experiments contradict the findings in the intervention study. However, closer 
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inspection of the data shows that the increased investment of effort due to the pressure 

did not also increase the internal focus. Rather, the participants tended to combine an 

internal and external focus of attention, similar to that found with the performance 

focus instructions in Experiment 2. 

Finally, the use of psychophysiological measures provided additional 

information on attentional processes during cycling. The LF band of HRV was the 

most sensitive to group and condition differences. Novices actually had more 

variability than experienced and elite cyclists, suggesting that they were under less 

mental load than the experienced and elite cyclists. However, the impact of the 

physical demands of the task on HRV cannot be ruled out because novices showed 

different patterns in power output to the experienced and elite cyclists. In the 

intervention study, there was some indication that the LF component increased in the 

pressure conditions after training. This is a sign that the participants may have been 

under less mental load (i.e., stress and anxiety) in pressure conditions after the routine 

training, which would be an important benefit. The data suggesting that the 

intervention was beginning to have an effect on attentional focus, although these 

slight effects did not manifest themselves in improved cycling performance. 

The research conducted in the present project provides useful information for 

athletes, coaches, and sport psychologists involved in cycling at all levels. It gives 

insight to the attentional processes, their relationship to goal setting and performance 

on a cycling ergometer task, how cognitive processes can be used to improve 

performance, and provides detailed information on the similarities and differences 

between novice, experienced, and elite cyclists. The attentional focus routine 

developed in the intervention study can be adapted to suit personal preferences and 

situations for cyclists at different levels of skill development. Application of the 
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findings in the sport setting may help to optimise the performance of cyclists of all 

abilities in the pressure of competition. 
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SCREENING QUESTIONNAIRE 

(adapted from Sports Medicine Australia Pre-Exercise Screening System) 

 

Research Project: Testing and Developing Athletes’ Attentional Focus Strategies 

 

 

Name: …………………………………………………………………………………………. 

Address: ………………………………………………...........................Post Code: ……......... 

Phone: …………………………………………       Mobile: ………………………………….. 

Date of Birth: ………………….  Gender:  Male / Female 

 

Date: ……………………. Height: ……………………….. Weight: ………………………… 

 

The following information is required to ensure that you are physically capable of completing the 

cycling experiments. All information will be kept confidential and used for the purposes of screening 

only. If you have any questions regarding this questionnaire, please contact a member of the research 

team. 

 

Please circle the appropriate response. 

 

1 Have you ever had a heart attack, coronary revascularisation surgery, or a stroke? NO YES 

2 Has your doctor ever told you that you have heart trouble or vascular disease? NO YES 

3 Has your doctor ever told you that you have a heart murmur? NO YES 

4 Do you ever suffer from pains in your chest, especially with exercise? NO YES 

5 
Do you ever get pains in your calves, buttocks or at the back of your legs during exercise 
which are not due to soreness or stiffness? 

NO YES 

6 Do you ever feel faint or have spells of severe dizziness, particularly with exercise? NO YES 

7 Do you experience swelling or accumulation of fluid about the ankles? NO YES 

8 
Do you ever get the feeling that you heart is suddenly beating faster, racing or skipping 
beats, either at rest or during exercise? 

NO YES 

9 
Do you have chronic obstructive pulmonary disease, interstitial lung disease, or cystic 
fibrosis? 

NO YES 

10 
Have you ever had an attack of shortness of breath that developed when you were not 
doing anything strenuous, at any time in the last 12 months? 

NO YES 

11 
Have you ever had an attack of shortness of breath that developed after you stopped 
exercising, at any time in the last 12 months? 

NO YES 
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12 
Have you ever been woken at night by an attack of shortness of breath, at any time in the 
last 12 months? 

NO YES 

13 
Do you have diabetes [IDDM or NIDDM]? 

If so, do you have trouble controlling your diabetes? 

NO 
NO 

YES 
YES 

14 Do you have any ulcerated wounds or cuts on your feet that do not seem to heal? NO YES 

15 Do you have any liver, kidney or thyroid disorders? NO YES 

16 Do you experience unusual fatigue or shortness of breath with usual activities? NO YES 

17 
Is there any other physical reason or medical condition, or are you taking any 
medication(s) which could prevent you from undertaking an exercise program, or that you 
are concerned about? 

NO YES 

    

18 Do you smoke, or have you quit smoking in the last 6 months? NO YES 

19 Does your family have a history of cardiovascular disease? NO YES 

20 Have you ever been diagnosed with a high level of fasting glucose? NO YES 

21 
Have you ever been diagnosed with high blood pressure, or are you on blood pressure 
medication? 

NO YES 

22 
Have you ever been diagnosed with high cholesterol, or are you on lipid-lowering 
medication? 

NO YES 

23 
Do you lead a sedentary lifestyle? (less than 150min of moderate physical activity per 
week? 

NO YES 

 
Research Team: 

 
Erin O’Keeffe 

School of EPS, Mt Gravatt Campus, GU 

Centre of Excellence for Applied Sport 

Science Research, QAS 

Ph: 3872 0272 

Fax: 3872 0205 

erin.okeeffe@srq.qld.gov.au 

 

Assoc Prof Pat Thomas 
School of EPS 

 

Mt Gravatt Campus, GU 

Ph: 3735 5634 

Fax: 3735 5910 

p.thomas@griffith.edu.au 

 

Dr David Neumann 

School of Psychology 

 

Gold Coach Campus, GU 

Ph: 5552 8307 

Fax: 5552 8291 

d.neumann@griffith.edu.au 

 

SCREENING PROCEDURE 

(not to be included in screening questionnaire for participants) 

 

1. Check participant is between 17 and 45 years of age (inclusive) 

2. Complete questionnaire 

3. If YES to any question in first section (Q1-17), then should be excluded 

4. If YES to 2 or more risk factors (Q18-23), or one risk factor and BMI* >30, then should be 

excluded 

5. All other participants may be included 

 

 *BMI (Body Mass Index) is calculated using the formula mass (kg) divided by height (m)
2
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Australia 

 

INFORMATION SHEET 

 

Research Project: Testing and Developing Athletes’ Attentional Focus Strategies 
 

This study is being conducted by investigators from Griffith University and the Queensland Academy 

of Sport as part of an Australian Research Council Linkage Project. Any matter or concern regarding 

the research can be raised with the chief investigators whose contact details are provided below. 

 
Assoc Prof Pat Thomas Erin O’Keeffe 

School of EPS (B,L) 
Mt Gravatt Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 
School of EPS (B,L), Mt Gravatt Campus, Griffith University 

Ph:    3735 5634 Ph:   3872 0270 
Fax:  3735 5910 Fax:  3872 0205 
Email:  p.thomas@griffith.edu.au Email:  erin.okeeffe@srq.qld.gov.au 

Dr David Neumann Dr Sue Hooper 
School of Psychology 
Gold Coast Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 

Ph:    5552 8307 Ph:   3872 0218 
Fax:  5552 8291 Fax:  3872 0205 
Email:  d.neumann@griffith.edu.au Email: sue.hooper@srq.qld.gov.au 

  

This study examines how the focus of attention affects cycling, so that we can learn more about the 

factors that underlie sport performance. The research is expected to take no more than 2 hours. The 

study will be conducted in the climate-controlled physiology laboratory at the Queensland Academy of 

Sport. Travel expenses will be reimbursed (max $10) for participants not based at the QAS. 

 

We will select participants on the basis of experience and proficiency in cycling. Your participation 

will involve the following activities: 

 You will be asked to perform a series of trials in which you pedal a stationary cycle for 5 minutes 

after being given an opportunity to practise and warm up. 

 Your physiological responses – respiration and heart rate – will be recorded while you are 

cycling. The measurement will require the placement of sensors on the skin. 

 You will be asked to monitor a list of words and to make a vocal response whenever you hear a 

target word. This word monitoring task will be done on its own and in combination with the 

cycling task. 

 You will be asked questions about how you did the cycling task. 

 Your power output and work done in the 5 minute cycling task as well as the accuracy and speed 

of your vocal response to the target words will be recorded. 
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The findings of this study are expected to contribute to scientific knowledge of attention in sport and 

the procedures for enhancing performance, and benefit athletes, coaches and sport psychologists. 

There are no anticipated risks associated with the research. 

Confidentiality of the data will be maintained by storing the Consent Form separately from the rest of 

the data. Numerical codes will be used for identifying data and only group findings will be used for 

publication and reporting of the study’s results. Feedback, in the form of a general summary of group 

performance, can be provided at the end of the research project to inform you of the results obtained. If 

you would like feedback, please tick the box on the Consent Form. 

 

Please note that participation in this research project is voluntary and that you may withdraw at any 

time without penalty or explanation. Refusal to participate will not involve any penalty or loss of 

benefits to which you might otherwise be entitled. 

 

The conduct of this research involves the collection, access and/or use of your identified personal 

information. The information collected is confidential and will not be disclosed to third parties without 

your consent, except to meet government, legal or other regulatory authority requirement. A de-

identified copy of this data may be used for other research purposes. However, your anonymity will at 

all times be safeguarded. For further information consult the University’s Privacy Plan at 

www.griffith.edu.au/ua/aa/vc/pp or telephone (07) 3735 5585. 

 

Griffith University conducts research in accordance with the National Statement of Ethical Conduct in 

Research Involving Humans. If you have any concerns or complaints about the ethical conduct of this 

research project you should contact the Manager, Research Ethics, at Griffith University Human 

Research Ethics Committee on 3735 5585 (or research-ethics@griffith.edu.au). 

 

Thank you for your assistance with this research project.
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Australia 

 

CONSENT FORM 

 

Research Project: Testing and Developing Athletes’ Attentional Focus Strategies 

 

Research Team 

Assoc Prof Pat Thomas Erin O’Keeffe 

School of EPS (B,L) 
Mt Gravatt Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 
School of EPS (B,L), Mt Gravatt Campus, Griffith University 

Ph:        3735 5634 Ph:        3872 0272 
Fax:      3735 5910 Fax:      3872 0205 
Email:   p.thomas@griffith.edu.au Email:   erin.okeeffe@srq.qld.gov.au 

Dr David Neumann Dr Sue Hooper 
School of Psychology 
Gold Coast Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 

Ph:        5552 8307 Ph:       3872 0218 
Fax:      5552 8291 Fax:     3872 0205 
Email:   d.neumann@griffith.edu.au Email:  sue.hooper@srq.qld.gov.au 

By signing below, I confirm that I have read and understood the information package and in particular 

that: 

 I understand that my participation in the study will include completing a cycling task while my physiological 

responses (respiration, heart rate) are recorded; and completing a word monitoring task, on its own and in 

combination with the cycling task; 

 The study will be conducted in the physiology laboratory at the Queensland Academy of Sport and will take 

no more than 2 hours; 

 I have had any questions answered to my satisfaction; 

 I understand that there may be no direct benefit to me from my participation in this research; 

 I understand that my participation in this research is voluntary; 

 I understand that if I have any additional questions I can contact the research team; 

 I understand that I am free to withdraw at any time, without comment or penalty; 

 I understand what reimbursements are available for travel and parking costs; 

 I understand that feedback in the form of a general summary of results can be obtained at the end of the 

research project. I would like to receive feedback YES  NO ; 

 I understand that I can contact the Manager, Research Ethics, at Griffith Univeristy Human research Ethics 

Committee on 3735 5585 (or research-ethics@griffith.edu.au) if I have any concerns about the ethical conduct 

of the project; and 

 I agree to participate in the project. 

Name:  Signature:   

     

Participant    Date 

     

Investigator(s)    Date 
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APPENDIX D 

 

 

Listed below are the words used in the word monitoring task that was the secondary 

task in Experiment 1. The words were presented in the randomly determined order that 

is shown below. The time period after each word was also randomised. Following the 

presentation of each target word, the participant had 2500 ms to respond. If no response 

was recorded after 2500 ms, a missed target was recorded, and the next word in the list 

presented.  

 

Table D.1: The Words Used in the Single Reaction Time Task in Experiment 1. 

 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

1. Channel 250 17. Swim 500 34. Single 500 

2. Estate 500 CAB (target)  35. Social 250 

3. Checkout 1000 18. Brother 1000 36. Student 250 

4. Report 250 19. Ship 50 CAB (target)  

CAB (target)  20. Cram 50 37. News 50 

5. Tennis 50 21. Chart 250 CAB (target)  

6. Table 250 22. Heaven 500 38. Cocktail 500 

7. Brick 50 23. Staff 1000 39. Read 250 

8. Office 1000 CAB (target)  CAB (target)  

CAB (target)  24. Treatment 500 40. Lounge 50 

9. Pay 50 25. Ski 50 41. String 1000 

CAB (target)  26. Errand 250 42. School 1000 

10. Play 500 27. Tissue 50 43. Children 250 

11. Concert 500 28. Cheese 1000 CAB (target)  

12. Warden 1000 29. Visit 500 44. Football 50 

13. Night 250 CAB (target)  45. Gown 500 

14. Transplant 250 30. Sofa 1000 46. Note 1000 

CAB (target)  31. Shopping 50 CAB (target)  

15.Treasure 50 32. Bullet 500 47. Store 500 

16. Tourist 1000 33. Gift 1000 48. Plate 250 
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Table D.2: The Words Used in the Dual-Irrelevant Task in Experiment 1. 

 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

1. Nurse 250 35. Suburb 500 BALL (target)  

2. Station 500 36. Army 1000 66. Strange 50 

3. Clerk 250 37. Asset 250 BALL (target)  

BALL (target)  38. Bathroom 250 67. Page 500 

4. Childhood 1000 BALL (target)  68. Structure 250 

5. Player 250 39. Hall 50 BALL (target)  

6. Local 500 40. Shelf 1000 69. Whip 50 

7. Shape 1000 41. Love 500 70. Throw 1000 

8. Morning 250 BALL (target)  71. Sailor 1000 

BALL (target)  42. Cotton 1000 72. Court 50 

9. Kid 50 43. Moon 50 73. Mess 50 

10. Neat 1000 44. Name 50 74. Straw 1000 

BALL (target)  45. Vet 250 75. Blaze 50 

11. Circus 1000 46. Job 500 76. List 1000 

BALL (target)  47. Hang 1000 77. Crime 500 

17. Adult 1000 BALL (target)  BALL (target)  

18. Stamp 50 48. Copy 500 78. Chair 1000 

19. Dinner 50 49. Grain 500 79. Scissors 50 

20. Waiter 250 50. Golf 1000 80. Penny 500 

21. Manner 500 51. Airport 250 81. Absence 1000 

22. Dance 1000 BALL (target)  82. Dug 500 

BALL (target)  52. Garbage 50 83. Men 250 

23. Money 500 53. Bedroom 250 84. Art 250 

24. Plastic 50 54. College 50 BALL (target)  

25. Dish 1000 55. Tailor 1000 85. Baby 50 

26. Pen 500 56. Tray 500 BALL (target)  

27. Private 1000 BALL (target)  86. Stock 500 

28. Cancer 250 57. Recite 1000 87. Exist 250 

BALL (target)  58. Moustache 50 BALL (target)  

29. Wash 50 59. Neighbour 500 88. Deal 50 

30. Born 250 60. Rent 1000 89. Lady 1000 

31. Disco 50 BALL (target)  90. Slight 1000 

32. Ember 1000 61. Young 500 91. Luggage 250 

BALL (target)  62. Candle 250 BALL (target)  

33. Tower 50 63. Verse 500 92. Mother 50 

BALL (target)  64. Room 250 93. Monster 500 

34. Paper 500 65. Marriage 250 94. Card 1000 
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Table D.2: (continued) 

 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

BALL (target)  BALL (target)  117. Tub 500 

95. Church 500 106. Dollar 50 BALL (target)  

96. Old 1000 107. Client 1000 118. Toast 1000 

97. Maiden 1000 108. Pool 1000 119. Loan 1000 

98. Brown 250 109. Infant 250 120. Shingle 500 

BALL (target)  110. Fake 500 121. Adopt 250 

99. Brown 50 111. Class 250 BALL (target)  

100. Market 500 112. Napkin 250 122. Wood 1000 

101. Letter 1000 BALL (target)  BALL (target)  

BALL (target)  113. Borrow 50 123. Doll 500 

102. Sister 500 BALL (target)  124. Paddle 1000 

103. Wallet 250 114. Navy 500 BALL (target)  

104. Divorce 50 115. Bronco 50 125. Soldier 1000 

105. Hid 250 116. Coffee 1000   
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Table D.3: The Words Used in the Dual-External Task in Experiment 1. 

 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

1.Winding 250 31. Warmers 1000 GAP (target)  

2. Section 500 32. Water 250 61. Dusty 500 

3. Gloves 1000 GAP (target)  62. Wide 250 

4. Crowd 250 33. Crash 50 63. Humid 500 

GAP (target)  34. Home 1000 64. Collar 250 

5. End 50 GAP (target)  65. Sky 250 

6. Medal 250 35. Cleats 50 GAP (target)  

7. Clock 50 GAP (target)  66. Ropes  

8. Final  1000 36. Van 500 GAP (target)  

GAP (target)  37. Sprint 500 67. Bag 500 

9. Checkpoint 50 38. Rough 50 68. Title 250 

GAP (target)  39. Phone 1000 GAP (target)  

10. Season 500 40. Field 500 69. Progress 50 

11. Descend 500 GAP (target)  70. Record 1000 

12. Space 1000 41. Course 1000 71. Leaders 1000 

13. Line 250 42. Wind 50 72. Mountain 50 

14. Team 250 43. Trophy 50 73. Journey 1000 

GAP (target)  44. Applause 250 74. Athlete 250 

15. Split 50 45. Uphill 1000 GAP (target)  

16. Crew 1000 46. Hairpin 1000 75. Distance 50 

17. Reverse 500 GAP (target)  76. Headwind 1000 

GAP (target)  47. Seat 500 77. Pavement 1000 

18. Earpiece 1000 48. Food 50 GAP (target)  

19. Fog 50 49. Top 500 78. Wheel 500 

20. Gear 50 50. Shower 1000 79. Jacket 250 

21. Switchback 250 51. Group 250 80. Tree 50 

22. Street 500 GAP (target)  81. Rival 250 

23. Rolling  1000 52. Straight 50 GAP (target)  

GAP (target)  53. Trail 250 82. Bottle 50 

24. Highway 500 54. Tumble 50 83. Curve 1000 

25. Fence 250 55. Ascent 1000 84. Corner 1000 

26. Shirt 250 56. Collide 500 85. Finish 250 

27. Steep 250 GAP (target)  86. Hotel 500 

GAP (target)  57. Prologue 1000 87. Helmet 250 

28. Shadow 1000 58. Weather 50 88. Loop 250 

29. Bridge 250 59. Rock 500 GAP (target)  

30. Downhill 500 60. House 1000 89. Descent 50 
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Table D.3: (continued) 

 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

GAP (target)  103. Guardrail 50 115. Saddle 1000 

90. Dusty 1000 104. Front 500 GAP (target)  

91. Minutes 50 105. Lead 1000 116. Shorts 50 

92. Rider 1000 GAP (target)  117. Climb 500 

93. Socks 500 106. Seeding 500 118. Terrain 1000 

GAP (target)  107. Creek 1000 GAP (target)  

94. Crosswind 1000 108. Skid 250 119. Place 1000 

95. Shoes 50 GAP (target)  120. Freeway 250 

96. Coach 500 109. Car 50 121. Drafting 1000 

97. Racers 50 GAP (target)  122. Hazard 1000 

98. Pedal 250 110. Pothole 1000 GAP (target)  

99. Summit 50 111. Hill 250 123. Snack 250 

100. Clouds 1000 GAP (target)  124. Shed 1000 

101. Pileup 500 112. Fall 50 GAP (target)  

GAP (target)  113. Chainring 1000 125. Door 500 

102. License 1000 114. Jump 1000   
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Table D.4: The Words Used in the Dual-Internal Task in Experiment 1. 

 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

1. Pain 50 30. Willing 500 60. Labor 1000 

2. Surge 250 31. Defend 250 61. Relief 250 

3. Learn 50 32. Seize 50 62. Angry 250 

4. Afraid 1000 33. Power 250 FEEL (target)  

5. Pull 500 FEEL (target)  63. Silly 50 

FEEL (target)  34. Grimace 50 64. Tough 1000 

6. Please 1000 35. Mind 1000 65. Fitness 500 

7. Foolish 50 36. Ordeal 1000 FEEL (target)  

8. Balance 500 37. Suffer 250 66. Distress 1000 

9. Tension 1000 38. Caution 500 67. Effort 50 

10. Error 500 39. Mistake 250 68. Look 50 

11. Tactics 250 40. Respect 250 69. Expect 250 

12. Skin 250 FEEL (target)  70. Habit 500 

FEEL (target)  41. Plan 50 71. Mouth 1000 

13. Manage 50 FEEL (target)  FEEL (target)  

FEEL (target)  42. Wander 500 72. Hunch 500 

14. Conquer 500 43. Breath 50 73. Struggle 250 

15. Dodge 250 44. Tempo 1000 74. Hurt 250 

FEEL (target)  45. Embark 500 75. Protect 250 

16. Thirsty 50 FEEL (target)  FEEL (target)  

17. Aim 1000 46. Harm 1000 76. Respond 1000 

18. Threat 1000 47. Refuse 50 77. Surprise 250 

19. Prepare 250 48. Nostrils 500 78. Grab 500 

FEEL (target)  49. Maintain 250 79. Smart 1000 

20. Listen 50 50. Supreme 500 80. Dumb 250 

21. Pursue 500 51. Rhythm 1000 FEEL (target)  

22. Ride 1000 52. Gamble 250 81. Strict 50 

FEEL (target)  FEEL (target)  82. Strong 1000 

23. Decide 500 53. Trust 50 FEEL (target)  

24. Control 250 54. Expire 250 83. Happy 50 

25. Nerve 1000 55. Legs 50 FEEL (target)  

26. Dismay 250 56. Churn 1000 84. Need 500 

FEEL (target)  FEEL (target)  85. Shock 500 

27. Lose 50 57. Hands 50 86. Push 50 

28. Wrong 500 FEEL (target)  87. Spin 1000 

29. Edgy 1000 58. Concern 500 88. Sick 500 

FEEL (target)  59. Ready 500 FEEL (target)  
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Table D.4: (continued) 

 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

Word Time to 
next word 
(ms) 

89. Focus 1000 103. Arms 1000 115. Worry 500 

90. Stress 50 104. Fight 500 116. Nervous 250 

91. Problem 50 FEEL (target)  FEEL (target)  

92. Trouble 250 105. Moral 1000 117. Care 50 

93. Calm 500 106. Truth 50 118. Haunting 1000 

94. Lousy 1000 107. Alive 500 FEEL (target)  

FEEL (target)  108. Stupid 1000 119. Intense 1000 

95. Mood 500 FEEL (target)  120. Tired 50 

96. Alert 50 109. Survive 500 121. Gruelling 50 

97. Fever 500 110. Scream 1000 FEEL (target)  

98. Quit 1000 111. Certain 500 122. Neck 500 

99. Technique 250 112. Ease 250 FEEL (target)  

FEEL (target)  113. Alone 1000 123. Anxious 1000 

100. Win 50 FEEL (target)  124. Hungry 1000 

101. Conserve 1000 114. Failure 50 125. Suspense 1000 

102. Form 50 FEEL (target)    



 

- 281 - 
 

APPENDIX E 

Experiment 1 Analysis: Male Only 

 

Reported statistics are the result of mixed models ANOVA with repeated measures on the 

condition, order, and minute factors as appropriate. Sidak post hoc comparisons were used. 

Mean values are presented in the supplementary data CD. 

 

Table E.1: ANOVA Results for the Analysis of Experiment 1 with Data only from the Male Participants 

Included. 

 

 F p ηp
2
 

Power Output 3 x 4 x 5 (Group x Condition x Minute) 

*Group F(2, 38) = 46.99 p < .001 ηp
2
 = .71 

Condition F(3, 114) = 2.16 p = .10 ηp
2
 = .05 

Group x Condition F(6, 114) = 0.28 p = .94 ηp
2
 = .02 

*Minute F(1.51, 57.28) = 15.11 p < .001 ηp
2
 = .29 

*^Group x Minute F(3.02, 57.28) = 3.45 p = .02 ηp
2
 = .15 

Condition x Minute F(4.54, 172.68) = 0.86 p = .50 ηp
2
 = .02 

Group x Condition x Minute F(9.09, 172.68) = 0.59 p = .81 ηp
2
 = .03 

Relative Power Output 3 x 4 x 5 (Group x Condition x Minute%) 

*Minute% F(1.72, 65.32) = 19.87 p < .001 ηp
2
 = .34 

*Group x Minute% F(3.44, 65.32) = 6.36 p < .001 ηp
2
 = .25 

Condition x Minute% F(4.41, 167.47) = 0.87 p = .49 ηp
2
 = .02 

Group x Condition x Minute% F(8.81, 167.47) = 0.45 p = .90 ηp
2
 = .02 

Rating of Perceived Exertion 3 x 4 (Group x Condition) 

*Group F(2, 38) = 5.11 p = .01 ηp
2
 = .21 

Condition F(2.42, 92.04) = 0.61 p = .57 ηp
2
 = .02 

Group x Condition F(4.84, 92.04) = 0.58 p = .71 ηp
2
 = .03 

 



 

- 282 - 
 

Table E.1: (continued) 

 

 F p ηp
2
 

Reaction Time 3 x 4 (Group x Condition) 

Group F(2, 38) = 0.59 p = .56 ηp
2
 = .03 

*Condition F(2.27, 86.18) = 81.00 p < .001 ηp
2
 = .68 

Group x Condition F(4.54, 86.18) = 0.61 p = .68 ηp
2
 = .03 

Reaction Time (1min) 3 x 3 x 5 (Group x Dual-Task Condition x Minute) 

Group F(2, 38) = 0.90 p = .41 ηp
2
 = .05 

*Condition F(2, 76) = 62.23 p < .001 ηp
2
 = .62 

Group x Condition F(4, 76) = 0.10 p = .98 ηp
2
 = .01 

*Minute F(2.76, 104.84) = 5.78 p = .001 ηp
2
 = .13 

Group x Minute F(5.52, 104.84) = 0.49 p = .80 ηp
2
 = .03 

*Condition x Minute F(5.00, 189.85) = 8.55 p < .001 ηp
2
 = .18 

Group x Condition x Minute F(9.99, 189.85) = 0.91 p = .53 ηp
2
 = .05 

Relative Reaction Time (1 min) 3 x 3 x 5 (Group x Dual-Task Condition x Minute%) 

*Minute% F(3.00, 114.11) = 6.23 p = .001 ηp
2
 = .14 

Group x Minute% F(6.01, 114.11) = 0.55 p = .77 ηp
2
 = .03 

*Condition x Minute% F(5.52, 209.83) = 10.79 p < .001 ηp
2
 = .22 

Group x Condition x Minute% F(11.04, 209.83) = 0.93 p = .52 ηp
2
 = .05 

Heart Rate 3 x 4 x 5 (Group x Condition x Minute) 

Group F(2, 38) = 1.16 p = .32 ηp
2
 = .06 

*Condition F(2.50, 95.11) = 2.88 p = .049 ηp
2
 = .07 

Group x Condition F(5.01, 95.11) = 0.89 p = .49 ηp
2
 = .05 

*Minute F(1.56, 59.26) = 711.12 p < .001 ηp
2
 = .95 

Group x Minute F(3.12, 59.26) = 1.13 p = .35 ηp
2
 = .06 

Condition x Minute F(4.75, 180.56) = 0.83 p = .53 ηp
2
 = .02 

Group x Condition x Minute F(9.50, 180.56) = 0.38 p = .95 ηp
2
 = .02 
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Table E.1: (continued) 

 

 F p ηp
2
 

Relative Heart Rate 3 x 4 x 5 (Group x Condition x Minute%) 

*Minute% F(1.50, 56.93) = 631.94 p < .001 ηp
2
 = .94 

Group x Minute% F(3.00, 56.93) = 0.53 p = .66 ηp
2
 = .03 

Condition x Minute% F(4.57, 173.82) = 0.93 p = .46 ηp
2
 = .02 

Group x Condition x Minute% F(9.15, 173.82) = 0.39 p = .94 ηp
2
 = .02 

HRV – Total Power 3 x 4 (Group x Condition) 

Group F(2, 38) = 0.84 p = .44 ηp
2
 = .04 

Condition F(2.54, 96.55) = 1.58 p = .21 ηp
2
 = .04 

Group x Condition F(5.08, 96.55) = 0.70 p = .63 ηp
2
 = .04 

HRV – VLF 3 x 4 (Group x Condition) 

Group F(2, 38) = 1.23 p = .30 ηp
2
 = .06 

Condition F(2.57, 97.74) = 1.28 p = .29 ηp
2
 = .03 

Group x Condition F(5.14, 97.74) = 0.73 p = .61 ηp
2
 = .04 

HRV – LF 3 x 4 (Group x Condition) 

*Group F(2, 38) = 7.60 p = .002 ηp
2
 = .29 

Condition F(3, 114) = 1.37 p = .26 ηp
2
 = .04 

Group x Condition F(6, 114) = 0.75 p = .61 ηp
2
 = .04 

HRV – HF 3 x 4 (Group x Condition) 

Group F(2, 38) = 0.21 p = .81 ηp
2
 = .01 

Condition F(2.52, 95.84) = 2.72 p = .06 ηp
2
 = .07 

Group x Condition F(5.04, 95.84) = 1.09 p = .37 ηp
2
 = .05 

HRV – LF:HF 3 x 4 (Group x Condition) 

^Group F(2, 38) = 2.81 p = .07 ηp
2
 = .13 

Condition F(3, 114) = 1.42 p = .24 ηp
2
 = .04 

Group x Condition F(6, 114) = 0.47 p = .83 ηp
2
 = .02 
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Table E.1: (continued) 

 

 F p ηp
2
 

Respiration Frequency 3 x 4 x 5 (Group x Condition x Minute) 

Group F(2, 38) = 1.66 p = .20 ηp
2
 = .08 

Condition F(2.32, 88.03) = 0.87 p = .44 ηp
2
 = .02 

Group x Condition F(4.63, 88.03) = 0.80 p = .55 ηp
2
 = .04 

*Minute F(2.26, 85.95) = 4.72 p = .01 ηp
2
 = .11 

*Group x Minute F(4.52, 85.95) = 2.95 p = .02 ηp
2
 = .13 

Condition x Minute F(4.49, 170.49) = 1.06 p = .38 ηp
2
 = .03 

Group x Condition x Minute F(8.97, 170.49) = 1.56 p = .13 ηp
2
 = .08 

Relative Respiration Frequency 3 x 4 x 5 (Group x Condition x Minute%) 

*Minute% F(2.17, 82.51) = 9.51 p < .001 ηp
2
 = .20 

*Group x Minute% F(4.34, 82.51) = 2.44 p = .049 ηp
2
 = .11 

Condition x Minute% F(6.90, 262.07) = 1.39 p = .17 ηp
2
 = .04 

*Group x Condition x Minute% F(13.79, 262.07) = 1.94 p = .02 ηp
2
 = .09 

Quantitative Self Report – Effective Focus 3 x 4 (Group x Condition) 

Group F(2, 38) = 2.31 p = .11 ηp
2
 = .11 

Condition F(3, 114) = 0.51 p = .68 ηp
2
 = .01 

Group x Condition F(6, 114) = 0.37 p = .90 ηp
2
 = .02 

Quantitative Self Report – Cycling Performance 3 x 4 (Group x Condition) 

Group F(2, 38) = 2.35 p = .11 ηp
2
 = .11 

Condition F(3, 114) = 0.56 p = .65 ηp
2
 = .01 

Group x Condition F(6, 114) = 0.62 p = .71 ηp
2
 = .03 

Order / Fatigue Effect – Power Output 3 x 4 x 5 (Group x Order x Minute) 

*Order F(2.15, 81.76) = 8.92 p < .001 ηp
2
 = .19 

Group x Order F(4.30, 81.76) = 1.08 p = .37 ηp
2
 = .05 

*Order x Minute F(4.30, 163.43) = 10.20 p < .001 ηp
2
 = .21 

Group x Order x Minute F(8.60, 163.43) = 0.65 p = .75 ηp
2
 = .03 
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Table E.1: (continued) 

 

 F p ηp
2
 

Order / Fatigue Effect – Relative Power Output 3 x 4 x 5 (Group x Order x Minute%) 

*Order x Minute% F(4.48, 170.24) = 7.20 p < .001 ηp
2
 = .16 

Group x Order x Minute% F(8.96, 170.24) = 0.91 p = .52 ηp
2
 = .05 

Order / Fatigue Effect – Reaction Time 3 x 3 x 5 (Group x Dual-Task Order x Minute) 

Order F(3, 87) = 0.44 p = .73 ηp
2
 = .02 

Group x Order F(6, 87) = 0.81 p = .57 ηp
2
 = .05 

Order x Minute F(7.23, 209.60) = 0.59 p = .77 ηp
2
 = .02 

Group x Order x Minute F(14.46, 209.60) = 0.74 p = .74 ηp
2
 = .05 

Order / Fatigue Effect – Relative Reaction Time 3 x 4 x 5 (Group x Order x Minute%) 

Order x Minute% F(7.29, 211.49) = 0.67 p = .71 ηp
2
 = .02 

Group x Order x Minute% F(14.59, 211.49) = 0.73 p = .75 ηp
2
 = .05 

Order / Fatigue Effect – Rating of Perceived Exertion 3 x 4 (Group x Order) 

*Order F(3, 114) = 9.16 p < .001 ηp
2
 = .19 

Group x Order F(6, 114) = 1.38 p = .23 ηp
2
 = .07 

Order / Fatigue Effect – Heart Rate 3 x 4 x 5 (Group x Order x Minute) 

Order F(1.73, 65.87) = 0.41 p = .64 ηp
2
 = .01 

Group x Order F(3.47, 65.87) = 0.45 p = .75 ηp
2
 = .02 

Order x Minute F(3.85, 146.32) = 0.77 p = .54 ηp
2
 = .02 

Group x Order x Minute F(7.70, 146.32) = 0.64 p = .74 ηp
2
 = .03 

Order / Fatigue Effect – Relative Heart Rate 3 x 4 x 5 (Group x Order x Minute%) 

Order x Minute% F(3.71, 140.82) = 0.69 p = .59 ηp
2
 = .02 

Group x Order x Minute% F(7.41, 140.82) = 0.55 p = .80 ηp
2
 = .03 

Order / Fatigue Effect – HRV Total Power 3 x 4 (Group x Order) 

Order F(3, 114) = 0.93 p = .43 ηp
2
 = .02 

Group x Order F(6, 114) = 0.65 p = .69 ηp
2
 = .03 
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Table E.1: (continued) 

 

 F p ηp
2
 

Order / Fatigue Effect – HRV VLF 3 x 4 (Group x Order) 

Order F(3, 114) = 1.58 p = .20 ηp
2
 = .04 

Group x Order F(6, 114) = 0.80 p = .58 ηp
2
 = .04 

Order / Fatigue Effect – HRV LF 3 x 4 (Group x Order)  

Order F(2.35, 89.41) = 0.97 p = .40 ηp
2
 = .03 

Group x Order F(4.71, 89.41) = 0.77 p = .57 ηp
2
 = .04 

Order / Fatigue Effect – HRV HF 3 x 4 (Group x Order ) 

^Order F(2.06, 78.19) = 2.10 p = .13 ηp
2
 = .05 

Group x Order F(4.12, 78.19) = 1.45 p = .23 ηp
2
 = .07 

Order / Fatigue Effect – HRV LF:HF 3 x 4 (Group x Order) 

Order F(1.89, 71.86) = 1.42 p = .25 ηp
2
 = .04 

Group x Order F(3.78, 71.86) = 1.52 p = .21 ηp
2
 = .07 

Order / Fatigue Effect – Respiration 3 x 4 x 5 (Group x Order x Minute) 

*Order F(2.52, 95.69) = 6.63 p = .001 ηp
2
 = .15 

Group x Order F(5.04, 95.69) = 0.70 p = .63 ηp
2
 = .04 

Order x Minute F(5.83, 221.49) = 0.70 p = .65 ηp
2
 = .02 

Group x Order x Minute F(11.66, 221.49) = 0.59 p = .84 ηp
2
 = .03 

Order / Fatigue Effect – Relative Respiration 3 x 4 x 5 (Group x Order x Minute%) 

Order x Minute% F(6.38, 242.55) = 0.65 p = .70 ηp
2
 = .02 

Group x Order x Minute% F(12.77, 242.55) = 0.55 p = .89 ηp
2
 = .03 

Order / Fatigue Effect – Quantitative Self Report: Effective Focus 3 x 4 (Group x Order) 

Order F(3, 114) = 0.92 p = .43 ηp
2
 = .02 

Group x Order F(6, 114) = 1.58 p = .16 ηp
2
 = .08 

Order / Fatigue Effect – Quantitative Self Report: Cycling 
Performance 

3 x 4 (Group x Order) 

*Order F(3, 114) = 3.30 p = .02 ηp
2
 = .08 

Group x Order F(6, 114) = 0.23 p = .97 ηp
2
 = .01 

* Denotes significant result (p < .05) 

^ Denotes that the significance of the effect was different to that reported in Chapter 3 for both males and 

females
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Fax:      3735 5910 Fax:      3872 0205 
Email:   p.thomas@griffith.edu.au Email:   erin.okeeffe@srq.qld.gov.au 

Dr David Neumann Dr Sue Hooper 
School of Psychology 
Gold Coast Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 

Ph:        5552 8307 Ph:       3872 0218 
Fax:      5552 8291 Fax:     3872 0205 
Email:   d.neumann@griffith.edu.au Email:  sue.hooper@srq.qld.gov.au 

  

This study examines how the focus of attention affects cycling, so that we can learn more about the 

factors that underlie sport performance. The research is expected to take no more than 2 hours. The 

study will be conducted in the climate-controlled physiology laboratory at the Queensland Academy of 

Sport. Travel expenses will be reimbursed (max $10) for participants not based at the QAS. 

 

We will select participants on the basis of experience and proficiency in cycling. Your participation 

will involve the following activities: 

 You will be asked to perform a series of trials in which you pedal a stationary cycle for 5 minutes 

after being given an opportunity to practise and warm up. 

 Your physiological responses – respiration and heart rate – will be recorded while you are 

cycling. The measurement will require the placement of sensors on the skin. 

 You will be asked to complete the cycling task while focusing your attention as instructed by the 

experimenter. 

 You will be asked question about how you did the cycling task. 

 Your power output and work done in the 5 minute cycling task as well as the accuracy and speed 

of your vocal response to the target words will be recorded. 

 

The findings of this study are expected to contribute to scientific knowledge of attention in sport and 

the procedures for enhancing performance, and benefit athletes, coaches and sport psychologists. 

There are no anticipated risks associated with the research.
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Confidentiality of the data will be maintained by storing the Consent Form separately from the rest of 

the data. Numerical codes will be used for identifying data and only group findings will be used for 

publication and reporting of the study’s results. Feedback, in the form of a general summary of group 

performance, can be provided at the end of the research project to inform you of the results obtained. If 

you would like feedback, please tick the box on the Consent Form. 

 

Please note that participation in this research project is voluntary and that you may withdraw at any 

time without penalty or explanation. Refusal to participate will not involve any penalty or loss of 

benefits to which you might otherwise be entitled. 

 

The conduct of this research involves the collection, access and/or use of your identified personal 

information. The information collected is confidential and will not be disclosed to third parties without 

your consent, except to meet government, legal or other regulatory authority requirement. A de-

identified copy of this data may be used for other research purposes. However, your anonymity will at 

all times be safeguarded. For further information consult the University’s Privacy Plan at 

www.griffith.edu.au/ua/aa/vc/pp or telephone (07) 3735 5585. 

 

Griffith University conducts research in accordance with the National Statement of Ethical Conduct in 

Research Involving Humans. If you have any concerns or complaints about the ethical conduct of this 

research project you should contact the Manager, Research Ethics, at Griffith University Human 

Research Ethics Committee on 3735 5585 (or research-ethics@griffith.edu.au). 

 

Thank you for your assistance with this research project. 
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Research Project: Testing and Developing Athletes’ Attentional Focus Strategies 

 

Research Team 

Assoc Prof Pat Thomas Erin O’Keeffe 

School of EPS (B,L) 
Mt Gravatt Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 
School of EPS (B,L), Mt Gravatt Campus, Griffith University 

Ph:        3735 5634 Ph:        3872 0272 
Fax:      3735 5910 Fax:      3872 0205 
Email:   p.thomas@griffith.edu.au Email:   erin.okeeffe@srq.qld.gov.au 

Dr David Neumann Dr Sue Hooper 
School of Psychology 
Gold Coast Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 

Ph:        5552 8307 Ph:       3872 0218 
Fax:      5552 8291 Fax:     3872 0205 
Email:   d.neumann@griffith.edu.au Email:  sue.hooper@srq.qld.gov.au 

 

By signing below, I confirm that I have read and understood the information package and in particular 

that: 

 I understand that my participation in the study will include completing a cycling task while my physiological 

responses (respiration, heart rate) are recorded; and completing the cycling task while focusing my attention 

as instructed by the experimenter; 

 The study will be conducted in the physiology laboratory at the Queensland Academy of Sport and will take 

no more than 2 hours; 

 I have had any questions answered to my satisfaction; 

 I understand that there may be no direct benefit to me from my participation in this research; 

 I understand that my participation in this research is voluntary; 

 I understand that if I have any additional questions I can contact the research team; 

 I understand that I am free to withdraw at any time, without comment or penalty; 

 I understand what reimbursements are available for travel and parking costs; 

 I understand that feedback in the form of a general summary of results can be obtained at the end of the 

research project. I would like to receive feedback YES  NO ; 

 I understand that I can contact the Manager, Research Ethics, at Griffith University Human research Ethics 

Committee on 3735 5585 (or research-ethics@griffith.edu.au) if I have any concerns about the ethical conduct 

of the project; and 

 I agree to participate in the project. 

 

Name:  Signature:   

     

Participant    Date 

     

Investigator(s)    Date 
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APPENDIX H 

Experiment 2 Analysis: Male and Female Participants 

 

Reported statistics are the result of mixed models ANOVA with repeated measures on the 

condition, order, and minute factors as appropriate. Sidak post hoc comparisons were used. 

Mean values are reported in the supplementary data CD. 

 

Table H.1: ANOVA Results for the Analysis of Experiment 2 with Data from both the Male and Female 

Participants Included. 

 

 F p ηp
2
 

Power Output 3 x 5 x 5 (Group x Condition x Minute) 

*Group F(2, 44) = 24.88 p < .001 ηp
2
 = .53 

*Condition F(3.36, 147.91) =37.56 p < .001 ηp
2
 = .46 

Group x Condition F(6.72, 147.91) = 37.56 p = .06 ηp
2
 = .09 

*Minute F(1.58, 69.50) = 24.27 p < .001 ηp
2
 = .36 

^Group x Minute F(3.16, 69.50) = 2.44 p = .07 ηp
2
 = .10 

*Condition x Minute F(5.70, 250.97) = 4.55 p < .001 ηp
2
 = .09 

Group x Condition x Minute F(11.41, 250.97) = 1.01 p = .44 ηp
2
 = .04 

Relative Power Output 3 x 5 x 5 (Group x Condition x Minute%) 

*Minute% F(1.44, 63.41) = 26.31 p < .001 ηp
2
 = .37 

*Group x Minute% F(2.88, 63.41) = 4.86 p = .005 ηp
2
 = .18 

*Condition x Minute% F(6.28, 276.35) = 3.14 p = .005 ηp
2
 = .07 

Group x Condition x Minute% F(12.56, 276.35) = 1.02 p = .43 ηp
2
 = .04 

Performance Target 2 x 3 x 5 (Target x Group x Minute) 

^*Target F(1, 41) = 4.53 p = .04 ηp
2
 = .10 

Group x Target F(2, 41) = 0.39 p = .68 ηp
2
 = .02 

Target x Minute F(1.97, 80.92) = 1.47 p = .24 ηp
2
 = .04 

Group x Target x Minute F(3.95, 80.92) = 0.87 p = .49 ηp
2
 = .04 
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Table H.1: (continued) 

 

 F p ηp
2
 

Relative Performance Target 2 x 3 x 5 (Target x Group x Minute%) 

Target x Minute% F(2.09, 85.72) = 1.48 p = .23 ηp
2
 = .04 

Group x Target x Minute% F(4.18, 85.72) = 1.40 p = .24 ηp
2
 = .06 

Outcome Target 2 x 3 x 5 (Target x Group x Minute) 

*Target F(1, 41) = 9.13 p = .004 ηp
2
 = .18 

Group x Target F(2, 41) = 0.07 p = .93 ηp
2
 = .003 

Target x Minute F(1.80, 73.75) = 2.48 p = .10 ηp
2
 = .06 

Group x Target x Minute F(3.60, 73.75) = 0.31 p = .86 ηp
2
 = .02 

Relative Outcome Target 2 x 3 x 5 (Target x Group x Minute%) 

Target x Minute% F(1.78, 73.14) = 2.63 p = .09 ηp
2
 = .06 

Group x Target x Minute% F(3.57, 73.14) = 0.07 p = .99 ηp
2
 = .003 

Rating of Perceived Exertion 3 x 5 (Group x Condition) 

*Group F(2, 44) = 3.23 p = .049 ηp
2
 = .13 

*Condition F(4, 176) = 29.86 p < .001 ηp
2
 = .40 

*Group x Condition F(8, 176) = 4.22 p < .001 ηp
2
 = .16 

Heart Rate 3 x 5 x 5 (Group x Condition x Minute) 

Group F(2, 44) = 1.19 p = .31 ηp
2
 = .05 

*Condition F(3.15, 138.39) = 32.92 p < .001 ηp
2
 = .43 

Group x Condition F(6.29, 138.39) = 0.95 p = .47 ηp
2
 = .04 

*Minute F(1.46, 64.21) = 637.30 p < .001 ηp
2
 = .94q 

Group x Minute F(2.92, 64.21) = 1.41 p = .25 ηp
2
 = .06 

*Condition x Minute F(5.99, 263.60) = 8.43 p < .001 ηp
2
 = .16 

Group x Condition x Minute F(11.98, 263.60) = 0.64 p = .80 ηp
2
 = .03 

Relative Heart Rate 3 x 5 x 5 (Group x Condition x Minute%) 

*Minute% F(1.45, 63.79) = 677.05 p < .001 ηp
2
 = .94 

Group x Minute% F(2.90, 63.79) = 0.96 p = .42 ηp
2
 = .04 

*Condition x Minute% F(5.79, 254.71) = 9.12 p < .001 ηp
2
 = .17 

Group x Condition x Minute% F(11.58, 254.71) = 0.68 p = .77 ηp
2
 = .03 
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Table H.1: (continued) 

 

 F p ηp
2
 

HRV – Total Power 3 x 5 (Group x Condition) 

Group F(2, 44) = 0.87 p = .43 ηp
2
 = .04 

*Condition F(4, 176) = 5.25 p = .001 ηp
2
 = .11 

Group x Condition F(8, 176) = 0.52 p = .83 ηp
2
 = .02 

HRV – VLF 3 x 5 (Group x Condition) 

Group F(2, 44) = 0.93 p = .40 ηp
2
 = .04 

*Condition F(4, 176) = 5.48 p < .001 ηp
2
 = .11 

Group x Condition F(8, 176) = 0.66 p = .73 ηp
2
 = .03 

HRV – LF 3 x 5 (Group x Condition) 

*Group F(2, 44) = 6.53 p = .003 ηp
2
 = .23 

*Condition F(3.21, 141.00) = 7.09 p < .001 ηp
2
 = .14 

Group x Condition F(6.41, 141.00) = 0.51 p = .85 ηp
2
 = .02 

HRV – HF 3 x 5 (Group x Condition) 

Group F(2, 44) = 0.05 p = .96 ηp
2
 = .002 

Condition F(2.90, 127.47) = 1.27 p = .29 ηp
2
 = .03 

^*Group x Condition F(5.79, 127.47) = 2.29 p = .04 ηp
2
 = .09 

HRV – LF:HF 3 x 5 (Group x Condition) 

Group F(2, 44) = 2.55 p = .09 ηp
2
 = .10 

Condition F(4, 176) = 1.58 p = .18 ηp
2
 = .04 

Group x Condition F(8, 176) = 1.44 p = .18 ηp
2
 = .06 

Respiration Frequency 3 x 5 x 5 (Group x Condition x Minute) 

*Group F(2, 42) = 5.76 p = .01 ηp
2
 = .22 

*Condition F(2.52, 105.91) = 7.64 p < .001 ηp
2
 = .15 

Group x Condition F(5.04, 105.91) = 1.31 p = .27 ηp
2
 = .06 

*Minute F(1.96, 82.20) = 13.63 p < .001 ηp
2
 = .25 

^Group x Minute F(3.91, 82.20) = 2.04 p = .10 ηp
2
 = .09 

Condition x Minute F(7.88, 330.89) = 1.00 p = .44 ηp
2
 = .02 

Group x Condition x Minute F(15.76, 330.89) = 0.97 p = .49 ηp
2
 = .04 
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Table H.1: (continued) 

 

 F p ηp
2
 

Relative Respiration Frequency 3 x 5 x 5 (Group x Condition x Minute%) 

*Minute% F(1.93, 81.17) = 20.73 p < .001 ηp
2
 = .33 

*Group x Minute% F(3.87, 81.17) = 3.25 p = .02 ηp
2
 = .13 

Condition x Minute% F(7.11, 298.74) = 0.92 p = .49 ηp
2
 = .02 

Group x Condition x Minute% F(14.23, 298.74) = 1.14 p = .32 ηp
2
 = .05 

Quantitative Self Report – Effective Focus 3 x 5 (Group x Condition) 

Group F(2, 44) = 0.36 p = .70 ηp
2
 = .02 

*Condition F(4, 176) = 4.25 p = .003 ηp
2
 = .09 

Group x Condition F(8, 176) = 1.04 p = .41 ηp
2
 = .05 

Quantitative Self Report – Cycling Performance 3 x 5 (Group x Condition) 

Group F(2, 44) = 2.93 p = .06 ηp
2
 = .12 

*Condition F(3.10, 136.41) = 3.98 p = .01 ηp
2
 = .08 

Group x Condition F(6.20, 136.41) = 1.63 p = .14 ηp
2
 = .07 

* Denotes significant result (p < .05) 

^ Denotes that the significance of the effect was different to that reported in Chapter 4 for males only 



 

- 294 - 
 

School of Education and Professional Studies 
 

Telephone +61(0)7 3735 6820 
Facsimile +61(0)7 3735 5991 

 
www.griffith.edu.au 

 
Mt Gravatt campus, Griffith University 

170 Kessels Road 
Nathan, Queensland 4111 

Australia  
INFORMATION SHEET 

 

Research Project: Testing and Developing Athletes’ Attentional Focus Strategies 
 

This study is being conducted by investigators from Griffith University and the Queensland Academy 

of Sport as part of an Australian Research Council Linkage Project. Any matter or concern regarding 

the research can be raised with the chief investigators whose contact details are provided below. 

 
Assoc Prof Pat Thomas Erin O’Keeffe 

School of EPS (B,L) 
Mt Gravatt Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 
School of EPS (B,L), Mt Gravatt Campus, Griffith University 

Ph:    3735 5634 Ph:   3872 0270 
Fax:  3735 5910 Fax:  3872 0205 
Email:  p.thomas@griffith.edu.au Email:  erin.okeeffe@srq.qld.gov.au 

Dr David Neumann Dr Sue Hooper 
School of Psychology 
Gold Coast Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 

Ph:    5552 8307 Ph:   3872 0218 
Fax:  5552 8291 Fax:  3872 0205 
Email:  d.neumann@griffith.edu.au Email: sue.hooper@srq.qld.gov.au 

  

This study examines how the focus of attention affects cycling, so that we can learn more about the 

factors that underlie sport performance. The first two studies have been completed and the findings 

will now be applied in Stage 2, which will involve two sessions with a total time of 3 hours. The study 

will be conducted in the Physiology Laboratory at the Queensland Academy of Sport, Nathan. Travel 

expenses will be reimbursed ($10 per session) for all participants.  

 

We will select participants on the basis of experience and proficiency in cycling. Your participation 

will involve the following activities: 

 You will be asked to perform a series of trials in which you pedal a stationary cycle for 6 minutes 

after being given an opportunity to practise and warm up. 

 Your physiological responses – respiration and heart rate – will be recorded while you are 

cycling. The measurement will require the placement of sensors on the skin. 

 Some of your trials will be videotaped to obtain coaches’ ratings of your cycling technique. 

 Your average power output for each trial will be recorded and your performance data will be used 

in a cycling competition run in conjunction with this study. 

 You will receive training in attentional focus strategies, and will be asked to practise and use 

those strategies when cycling under competition conditions. 

 You will be asked questions about how you did the cycling task. 

 

The findings of this study are expected to contribute to scientific knowledge of attention in sport and 

the procedures for enhancing performance, and benefit athletes, coaches and sport psychologists. 

There are no anticipated risks associated with the research. 
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Confidentiality of the data will be maintained by storing the Consent Form separately from the rest of 

the data. Numerical codes will be used for identifying data and only group findings will be used for 

publication and reporting of the study’s results. Feedback, in the form of a general summary of group 

performance, can be provided at the end of the research project to inform you of the results obtained. If 

you would like feedback, please tick the box on the Consent Form. 

 

Please note that participation in this research project is voluntary and that you may withdraw at any 

time without penalty or explanation. Refusal to participate will not involve any penalty or loss of 

benefits to which you might otherwise be entitled. 

 

The conduct of this research involves the collection, access and/or use of your identified personal 

information. The information collected is confidential and will not be disclosed to third parties without 

your consent, except to meet government, legal or other regulatory authority requirement. A de-

identified copy of this data may be used for other research purposes. However, your anonymity will at 

all times be safeguarded. For further information consult the University’s Privacy Plan at 

www.griffith.edu.au/ua/aa/vc/pp or telephone (07) 3735 5585. 

 

Griffith University conducts research in accordance with the National Statement of Ethical Conduct in 

Research Involving Humans. If you have any concerns or complaints about the ethical conduct of this 

research project you should contact the Manager, Research Ethics, at Griffith University Human 

Research Ethics Committee on 3735 5585 (or research-ethics@griffith.edu.au). 

 

Thank you for your assistance with this research project. 
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Australia  
CONSENT FORM 

 

Research Project: Testing and Developing Athletes’ Attentional Focus Strategies 

 

Research Team 

Assoc Prof Pat Thomas Erin O’Keeffe 

School of EPS (B,L) 
Mt Gravatt Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 
School of EPS (B,L), Mt Gravatt Campus, Griffith University 

Ph:        3735 5634 Ph:        3872 0270 
Fax:      3735 5910 Fax:      3872 0205 
Email:   p.thomas@griffith.edu.au Email:   erin.okeeffe@srq.qld.gov.au 

Dr David Neumann Dr Sue Hooper 
School of Psychology 
Gold Coast Campus, Griffith University 

Centre of Excellence for Applied Sport Science Research, 
Queensland Academy of Sport 

Ph:        5552 8307 Ph:       3872 0218 
Fax:      5552 8291 Fax:     3872 0205 
Email:   d.neumann@griffith.edu.au Email:  sue.hooper@srq.qld.gov.au 

 

By signing below, I confirm that I have read and understood the information package and in particular 

that: 

 I understand that my participation in the study will include completing a cycling task while my physiological 

responses (respiration, heart rate) are recorded; training in attentional focus strategies, which I will be asked to 

practise and use under competition conditions; and the videotaping of some of my putting trials in order to 

obtain coaches’ ratings; 

 The study will be conducted in the physiology laboratory at the Queensland Academy of Sport over two 

sessions, with a total time of 3 hours; 

 I have had any questions answered to my satisfaction; 

 I understand that there may be no direct benefit to me from my participation in this research; 

 I understand that my participation in this research is voluntary; 

 I understand that if I have any additional questions I can contact the research team; 

 I understand that I am free to withdraw at any time, without comment or penalty; 

 I understand what reimbursements are available for travel and parking costs; 

 I understand that feedback in the form of a general summary of results can be obtained at the end of the 

research project. I would like to receive feedback YES  NO ; 

 I understand that I can contact the Manager, Research Ethics, at Griffith University Human research Ethics 

Committee on 3735 5585 (or research-ethics@griffith.edu.au) if I have any concerns about the ethical conduct 

of the project; and 

 I agree to participate in the project. 

Name:  Signature:   

     

Participant    Date 

     

Investigator(s)    Date 
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