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LAY ABSTRACT 

 

Mental fatigue has been shown to impair subsequent physical performance, 

however, the effect of mental fatigue on the decision to engage or not engage in physical 

activity has received limited attention. This thesis addresses several gaps in the literature 

by examining potential mediators of the mental fatigue – physical activity decision-

making relation, using qualitative methods to understand factors affecting people’s 

choices, and applying methods with strong ecological validity. Findings show perceived 

effort and benefit vs. cost valuations associated with engaging in physical activity predict 

the choice to engage in PA. Further, mental fatigue increases perceptions of effort and 

decreases benefit vs. cost valuations. Collectively, results from this dissertation align with 

and extend theoretical frameworks of behavioral economics, motivation, and effort-based 

decision-making. 
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ABSTRACT 

 

Previous research has demonstrated mental fatigue impairs subsequent physical 

performance, however, current understanding of the role of mental fatigue on physical 

activity and exercise decision-making is limited for several reasons. For example, 

research examining the relation between mental fatigue and physical activity behaviors 

has relied on experimental methods and physical tasks performed in controlled laboratory 

settings with limited applicability to everyday experiences. In addition, direct measures of 

motivation commonly used within the literature are subject to biases, highlighting the 

importance of alternate methods for assessing motivation using indirect measures. To 

address these limitations, methods with stronger ecological validity are needed to extend 

research from controlled, experimental settings to measure mental fatigue in naturalistic 

settings and provide a diverse range of physical activity and exercise task options. The 

purpose of this dissertation is to investigate the associations between mental fatigue, 

motivation, and physical activity behavior to further our understanding of the decision-

processes behind choosing to engage or not engage in physical activity. 

Study 1 examined the effects of mental fatigue on the decision to engage in an 

acute bout of moderate-to-vigorous intensity physical activity or a competing sedentary 

alternative using a mixed-methods study design. Results showed a sequential mediation 

effect of mental fatigue on choice through subjective perceptions of effort, benefits, and 

costs. Results of qualitative analyses highlight individual-level consequences of 

completing cognitively demanding and non-demanding tasks on physical activity 

decision-making. Findings are consistent with previous research and demonstrate 

subjective perceptions of engaging in physical activity account for acute choice. 

Study 2 investigated the effects of intensity and duration on people’s subjective 

valuations of physical activity tasks using an effort discounting paradigm and the 

potential moderating effect of mental fatigue on subjective valuations of physical activity. 

Results showed a reduced willingness to engage in physical activities of higher intensities 

and longer durations. Further, there was partial evidence suggesting a reduced willingness 

to engage in vigorous-intensity physical activity with higher levels of mental fatigue. 

Findings provide novel insight towards factors influencing people’s motivation for 

engaging in physical activity with some evidence that mental fatigue affects people’s 

motivation to exert physical effort. 

Study 3 examined the association between mental fatigue, subjective evaluations 

of perceived benefits and costs, and moderate-to-vigorous intensity physical activity 

using ecological momentary assessment and accelerometry. Results demonstrate 

significant associations between all study variables. Although a multilevel mediation 

model was not significant, evidence supports a partial mediation effect attributable to 

benefit vs. cost valuation on the relation between mental fatigue and physical activity. 

Results provide insight into real-time predictors of motivation and physical activity, 

highlighting the complex relationships between psychological variables and behavior in 

people’s everyday decision making. 

 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 v 

ACKNOWLEDGEMENTS 

 

To my fantastic supervisor, Dr. Steven Bray. Thank you for your mentorship, 

guidance, and support over the past six years. I will forever be grateful that you took a 

chance on me many years ago and provided an ideal environment to challenge me as a 

scientist and help me develop as a critical thinker and scholar. I have always admired 

your way of thinking, problem solving, and thoughtful approach to research but more 

importantly, your kindness and patience throughout the many ups and downs of research. 

Working under your supervision was truly the best possible decision I could have made, 

and I hope to one day provide my trainees with the same kind of mentorship I have had 

the privilege of experiencing. I look forward to the next phase in my career where I can 

continue to learn from you and work with you as a colleague.  

I would also like to thank my committee members, Drs. Jennifer Heisz and 

Matthew Kwan. Thank you for your ongoing guidance and feedback over the past four 

years. I have always valued your thoughtful comments and commitment to my overall 

development as a researcher. I appreciate having such knowledgeable minds to support 

and advise on my work. 

To my friends and lab mates from the McMaster community, thank you for 

creating an environment that allowed me to balance my professional and personal growth. 

It has been such an honour to be surrounded by so many brilliant minds who can blur the 

lines between work and play. I can’t imagine doing science alongside a better group of 

people and will dearly miss seeing such lovely faces in and around IWC every day.  

A massive thank you to my many mentors for providing valuable advice, keeping 

me grounded, and always reminding me that I have a place in academia. Being vulnerable 

is never easy but I am grateful for the people who provide me with the space to be brave 

and unapologetically myself. It means the world to me to know that I have so many 

people who are tirelessly rooting for my success. 

To my family – Mom, Dad, Shari, and Alex. Thank you for being the most 

supportive and encouraging cheering section I could ever dream to have. Throughout my 

entire academic career, I have been eternally grateful for your never-ending love and 

support. I’ve dragged you all to yet another finish line, and I would not have made it this 

far without you. I love you all. 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 vi 

TABLE OF CONTENTS 

 

SECTION PAGE 

TITLE PAGE  

DESCRIPTIVE NOTE ii 

LAY ABSTRACT Iii 

ABSTRACT iv 

ACKNOWLEDGEMENTS v 

TABLE OF CONTENTS vi 

LIST OF FIGURES AND TABLES ix 

LIST OF ABBREVIATIONS xiii 

PREFACE: DECLARATION OF ACADEMIC ACHIEVEMENT xiv 

CONTRIBUTION TO PAPERS WITH MULTIPLE AUTHORSHIP xv 

 

 

CHAPTER 1: INTRODUCTION                 1 

1.1 Physical Activity Guidelines and Benefits for Adults 2 

1.2. How Do We Make Decisions?  3 

       1.2.1 The Law of Least Effort 3 

       1.2.2 Traditional and Behavioral Economics 5 

       1.2.3 Behavioral Economics and Physical Activity 6 

       1.2.4 Cost-Benefit Analyses 10 

1.3 What is Mental Fatigue? 12 

       1.3.1 Mental Fatigue and Physical Performance 12 

       1.3.2 Fatigue and Physical Activity Decision-Making 13 

       1.3.3 Mental Fatigue and Perceptions of Effort 16 

1.4. Gaps and Limitations of Research on Mental Fatigue and 

       Physical Activity 

17 

       1.4.1. Effects of Mental Fatigue on Physical Activity 

       Decision-Making  

17 

       1.4.2 Ecological Validity of the Mental Fatigue – Physical  

       Activity Literature 

19 

1.5 Objectives and Hypotheses 20 

       1.5.1 General Purpose of Dissertation 20 

       1.5.2 Specific Objectives and Hypotheses 20 

1.6 Summary 21 

References 23 

 

 

CHAPTER 2: Mental fatigue, anticipated effort, and subjective 

valuations of exercising predict choice to exercise or not: A mixed-

methods study 

 

33 

 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 vii 

 

CHAPTER 3: Is it really worth the effort? Examining the effects of 

mental fatigue on physical activity effort discounting 

 

46 

 

CHAPTER 4: Investigating real-time physical activity decision-

making using ecological momentary assessment: Effects of mental 

fatigue and benefit-cost valuations 

89 

  

 

CHAPTER 5: GENERAL DISCUSSION 

5.1 Conceptual implications 127 

5.2 Practical implications 131 

5.3 Limitations and future directions 136 

5.4 Conclusion 139 

 

 

APPENDIX A: STUDY 1 MATERIALS 

A.1 Physical Activity Readiness Questionnaire 152 

A.2 Ratings of Perceived Exertion  153 

A.3 Ratings of Perceived Mental Exertion  154 

A.4 Subjective Mental Fatigue Visual Analogue Scale 155 

A.5 Perceived Effort Visual Analogue Scale 156 

A.6 Subjective Evaluation of Exercise 157 

A.7 International Physical Activity Questionnaire 158 

A.8 Physical Activity Enjoyment Scale 159 

 

 

APPENDIX B: STUDY 2 MATERIALS 

B.1 Ratings of Perceived Exertion  162 

B.2 Subjective Mental Fatigue 163 

B.3 International Physical Activity Questionnaire  164 

B.4 Daily Physical Activity Questionnaire 165 

B.5 Physical Activity Enjoyment Scale 166 

 

 

APPENDIX C: STUDY 3 MATERIALS 

C.1 International Physical Activity Questionnaire 169 

C.2 Physical Activity Readiness Questionnaire 170 

C.3 Subjective Mental Fatigue  171 

C.4 Subjective Evaluation of Exercise 172 

 

 

 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 viii 

APPENDIX D: COPYRIGHT PERMISSIONS 

D.1. Permission from Elsevier Ltd (Chapter 2) 174 

D.2 Permission from Human Kinetics (Chapter 3) 175 

 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 ix 

TABLES 

 

CHAPTER 2. Mental fatigue, anticipated effort, and subjective valuations of 

exercising predict choice to exercise or not: A mixed-methods study 

 

Table 1. Descriptive statistics for potential covariates, post-task mental 

fatigue, effort, costs, and benefits by high cognitive demand 

and low cognitive demand group. 

 

39 

Table 2. Reasons for choice between exercise and non-exercise task. 

 

40 

   

 

CHAPTER 3. Is it really worth the effort? Examining the effects of mental fatigue 

on physical activity effort discounting 

  

Table 1. Descriptive Statistics Demographic Variables and Potential 

Covariates by Study 

 

84 

Table 2. Study 1 Model coefficients 

 

85 

Table 3. Study 2 Model coefficients 

 

86 

Table S1.  Descriptive Statistics for RPE scores for five sample 

activities. 

88 

 

 

CHAPTER 4. Investigating real-time physical activity decision-making using 

ecological momentary assessment: Effects of mental fatigue and benefit-cost 

valuations 

 

Table A1. Model coefficients analyzing the fixed effects of mental 

fatigue on MVPA 

 

122 

Table A2. Model coefficients analyzing the random effects of mental 

fatigue on MVPA 

 

122 

Table A3. Model coefficients analyzing the fixed effects of mental 

fatigue on benefit vs. cost score 

 

122 

Table A4. Model coefficients analyzing the random effects of mental 

fatigue on benefit vs. cost score 

 

123 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 x 

Table A5. Model coefficients analyzing the fixed effects of benefit vs. 

cost score on MVPA 

 

123 

Table A6. Model coefficients analyzing the random effects of benefit vs. 

cost score on MVPA 

 

123 

Table A7. Model coefficients analyzing the fixed effects of mental 

fatigue and benefit vs. cost score on MVPA 

 

124 

Table A8. Model coefficients analyzing the random effects of mental 

fatigue and benefit vs. cost score on MVPA 

 

124 

 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 xi 

LIST OF FIGURES AND TABLES 

FIGURES 

 

 

CHAPTER 2. Mental fatigue, anticipated effort, and subjective valuations of 

exercising predict choice to exercise or not: A mixed-methods study 

 

Figure 1 

 

Timeline of study procedures. 37 

Figure 2 

 

Mental fatigue – choice serial mediation model with 

perceived effort and benefit vs. cost score. c = the direct effect 

of X on Y. c′ 

 

37 

Figure S1. Mental fatigue over time by group. 

 

44 

Figure S2. RPE-M (rating of perceived exertion – mental) over time by 

group. 

 

44 

  

 

CHAPTER 3. Is it really worth the effort? Examining the effects of mental fatigue 

on physical activity effort discounting 

  

Figure 1. Predictive margin with 95% CIs for PA Duration in Study 1 

(A) and Study 2 (B). 

 

81 

Figure 2. Predictive margin with 95% CIs for PA Intensity in Study 1 

(A) and Study 2 (B). 

 

81 

Figure 3. Predictive margin with 95% CIs for the PA Intensity X PA 

Duration interaction in Study 1 (A) and Study 2 (B). 

 

82 

Figure 4. Predictive margin with 95% CIs for the PA Intensity X 

Mental Fatigue interaction in Study 1 (A) and Study 2 (B). 

 

83 

 

 

CHAPTER 4. Real-time physical activity decision-making using Ecological 

Momentary Assessment: Effects of mental fatigue and cost-benefit valuations 

throughout the day 

 

Figure 1. Flow diagram of included participants. 

 

119 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 xii 

Figure 2. Timeline of study procedures. 

 

120 

Figure 3. Mediation analysis. 

 

121 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 xiii 

LIST OF ABBREVIATIONS 

 

AIC Akaike information criterion 

ANOVA analysis of variance 

CAD Canadian dollars 

CI confidence interval 

cm centimetre 

CR-10 category ratio-10 

d Cohen’s d 

DPA daily physical activity 

EBBS Exercise Benefits/Barriers Scale 

EMA ecological momentary assessment 

EDQ effort discounting questionnaire 

EST Eastern standard time 

FITT frequency, intensity, time, type 

h hour 

HCD high cognitive demand 

ICC intraclass correlation coefficient 

IPAQ International Physical Activity Questionnaire 

JITAI “just-in-time” adaptive intervention 

LCD low cognitive demand 

LPA light-intensity physical activity 

M mean 

mm millimetre 

min minute 

MVPA moderate-to-vigorous intensity physical activity 

M-GXT modified graded exercise test 

ηp
2  partial eta squared 

PA physical activity 

PACES Physical Activity Enjoyment Scale 

POI point of indifference 

s seconds 

SD standard deviation 

SE standard error 

SPSS statistical package for the social sciences 

TEMPA theory of effort minimization in physical activity 

RPE rating of perceived exertion 

RPE-M rating of perceived mental exertion 

RPM revolutions per minute 

RRV relative reinforcing value 

VAS visual analogue scale 

VO2max maximum rate of oxygen consumption 

W watts 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 xiv 

PREFACE 

DECLARATION OF ACADEMIC ACHIEVEMENT 

 

This thesis is prepared in the “sandwich” format as outlined in the School of Graduate 

Studies’ Guide for the Preparation of Master’s and Doctoral Theses. It includes a general 

introduction, three independent studies prepared in journal article format, and a general 

discussion. The candidate is the first author on all of the manuscripts. At the time of the 

thesis preparation, Chapter 4 was under peer-review. 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 xv 

CONTRIBUTION TO PAPERS WITH MULTIPLE AUTHORSHIP 

 

 

Chapter 2 (Study 1) 

 

Harris, S., & Bray, S. R. (2021). Mental fatigue, anticipated effort, and subjective 

valuations of exercising predict choice to exercise or not: A mixed-methods study. 

Psychology of Sport & Exercise 54, 1–9. doi.org/10.1016/j.psychsport.2021.101924 

 

 S. Harris’s role in Study 1: 

• Conceived the research question and study design 

• Author of ethics application at McMaster University 

• Contributed to study design and measure selection 

• Lead investigator responsible for data collection, analysis and 

interpretation 

• Primary author of manuscript 

 

Role of co-author in Study 1: 

• SB provided feedback about the study design and obtained funding 

• SB assisted SH with obtaining ethics approval at McMaster University 

• SB assisted SH with the analysis and interpretation of the data 

• SB provided critical feedback on previous drafts of the manuscript 

• SB revised the article and approved the final version of the manuscript 

before submission to the journal Psychology of Sport & Exercise 

 

Chapter 3 (Study 2) 

 

Harris, S., & Bray, S. R. (In Press). Is it really worth the effort? Examining the effects of 

mental fatigue on physical activity effort discounting. Journal of Sport & Exercise 

Psychology. 

 

 S. Harris’s role in Study 2: 

• Conceived the research question and study design 

• Author of ethics application at McMaster University 

• Contributed to study design and measure selection 

• Lead investigator responsible for data collection, analysis and 

interpretation 

• Primary author of manuscript 

 

Role of co-authors in Study 2: 

• SB provided feedback about the study design and obtained funding 

• SB assisted SH with obtaining ethics approval at McMaster University 

• SB and PS assisted SH with the analysis and interpretation of the data 

http://doi.org/10.1016/j.psychsport.2021.101924


Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 xvi 

• SB and PS provided critical feedback on previous drafts of the manuscript 

• SB and PS revised the article and approved the final version of the 

manuscript before submission to the journal Psychology of Sport & 

Exercise 

 

Chapter 4 (Study 3) 

 

Harris, S., & Bray, S. R. (Under Review). Investigating real-time physical activity 

decision-making using ecological momentary assessment: Effects of mental fatigue and 

benefit-cost valuations. Manuscript submitted to the journal Annals of Behavioral 

Medicine. 

 

 S. Harris’s role in Study 1: 

• Conceived the research question and study design 

• Author of ethics application at McMaster University 

• Contributed to study design and measure selection 

• Lead investigator responsible for data collection, analysis and 

interpretation 

• Primary author of manuscript 

 

Role of co-author in Study 1: 

• SB provided feedback about the study design and obtained funding 

• SB assisted SH with obtaining ethics approval at McMaster University 

• SB assisted SH with the analysis and interpretation of the data 

• SB provided critical feedback on previous drafts of the manuscript 

• SB revised the article and approved the final version of the manuscript 

before submission to the journal Annals of Behavioral Medicine 

 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 1 

  CHAPTER 1: 

INTRODUCTION 
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1.1 Physical Activity Guidelines and Benefits for Adults 

Current physical activity guidelines recommend Canadian adults engage in at 

least 150 minutes of moderate-to-vigorous intensity physical activity (MVPA) and two 

muscle-strengthening activities each week, in addition to several hours of light intensity 

physical activity including standing (Ross et al., 2020). Engaging in physical activity 

(PA) regularly is associated with numerous health benefits including reduced risk of 

chronic diseases such as cardiovascular disease, cancer, depression, diabetes, and reduced 

all-cause mortality (Elagizi et al., 2020; Haskell et al., 2007; Ramakrishnan et al., 2021; 

Warburton, et al., 2006; Warburton et al., 2010) as well as improved cognitive 

functioning (Gregory et al., 2012; Kashihara et al., 2009; Sanders et al., 2019). 

Despite evidence demonstrating people are generally knowledgeable of the 

benefits of engaging in regular PA (Fredriksson et al., 2018; Lovell, et al., 2010) and 

consider physical inactivity to be an important health risk factor (Martin et al., 2000), 

estimates suggest only 44.8% of Canadian adults are achieving the recommended 

amounts of PA (Clarke et al., 2019). In addition, Clarke et al. (2019) found that 3% of 

adults accumulated no MVPA at all. With a recognition that benefits and risks associated 

with PA are well-established in the scientific literature and among the lay public, and that 

population PA remains a major public health concern, recent efforts have aimed to 

identify more effective strategies for the dissemination and implementation of current 

movement guidelines (Tomasone et al., 2020a) and develop better knowledge translation 

guidelines for practitioners (Tomasone et al., 2020b) with the goal of increasing uptake of 

these guidelines in adults. Thus, there is an ongoing need to identify and understand 
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factors contributing to people’s decision-making regarding whether or not they will 

engage in behaviors consistent with current movement guidelines. 

1.2. How Do We Make Decisions?  

1.2.1 The Law of Least Work 

 The Law of Least Work can help facilitate understanding how organisms make 

decisions between tasks requiring different amounts of effort or energy. According to the 

Law of Least Work, “If two or more behavioral sequences, each involving a different 

amount of energy consumption or work, have been equally well reinforced an equal 

number of times, the organism will gradually learn to choose the less laborious behavior 

sequence leading to the attainment of the reinforcing state of affairs.” (Hull, 1943, pp. 

294). In other words, when people are faced with a choice between two or more options 

which differ in effort or energy requirements, over time, they will learn to choose the 

easier or less effortful option as long as both options are equally reinforced.  

While the Law of Least Work provides insight to help explain human decision-

making, the law only applies to scenarios when all options are associated with 

reinforcement or rewards of equivalent values. However, in many decision-making 

scenarios, choosing to exert more effort is associated with a greater reward than a less 

effortful option. For example, an employee who invests more effort at their job is more 

likely to be rewarded by earning a promotion than if they invest less effort. Similarly, a 

student who spends more effort studying for a test is more likely to earn a higher grade 

than peers who invest less effort towards their academics. In the context of PA, the 

decision to expend physical effort on a regular basis is associated with shorter-term 
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benefits such as improved mood (Chan et al., 2019) and sleep (Kline et al., 2021) as well 

as longer-term or delayed reinforcements such as improved health benefits and reduced 

health risks. In comparison, the choice to engage in non-physically effortful activities 

does not come with the same health-protective effects. 

 In an illustrative study examining physically effortful decision-making, Iodice and 

colleagues (2017a) placed mice in a T-maze and trained them to make choices between a 

lower effort-lower reward arm where mice could receive a small reward without climbing 

over a barrier and a higher effort-higher reward arm requiring the mice to climb over a 10 

cm barrier to obtain double the reward of the lower effort-lower reward arm. In the 

control condition of the experiment, the mice had a greater preference for the higher 

effort-higher reward arm. However, in the fatigue condition, after the mice were 

physically fatigued by running on a treadmill at 80% of their peak velocity, the 

preference of the mice shifted in favour of the lower effort-lower reward option. These 

findings document how effort-based decision-making depends not only on effort 

requirements of a task, but on the associated reward for each option. Furthermore, 

situational experiences, in this case physical fatigue, can modify learned or established 

preferences for physically-effortful decision-making. 

Drawing from the findings of Iodice et al. (2017a), we can infer that when people 

(or mice) are faced with decisions between a higher-effort option of expending more 

energy such as engaging in a PA task versus a lower-effort option such as engaging in a 

sedentary task, it is important to recognize that the behavioral options may be reinforced 

differently. For example, engaging in PA is associated with physical, psychological, and 
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health benefits (Gregory, et al., 2012; Ramakrishnan et al., 2021; Warburton et al., 2010) 

verses sedentary activities which are not associated with the same health benefits. 

Therefore, additional considerations are needed to understand people’s subjective 

perceptions of effort and reinforcement, as well as the decision-making process between 

choice alternatives that are not equally-well reinforced. 

1.2.2 Traditional and Behavioral Economics 

 One perspective that has been applied extensively to understanding decision-

making is economics, which is defined as “the science which studies human behavior as 

a relationship between ends and scarce means which have alternative uses” (Robbins, 

1945, pp. 16). According to this definition, economics describes the processes involved 

with deciding how we allocate limited resources which have other potential uses. For 

example, after a long day of school or work, people will have to choose how to allocate 

the limited resource of time between spending time with family/friends, cooking or 

preparing a meal, engaging in household chores, or engaging in a bout of PA.  

According to traditional economic theory, there are three core traits of human 

behavior: unbounded rationality, unbounded willpower, and unbounded selfishness 

(Mullainathan & Thaler, 2001) suggesting that humans are infinitely rational and 

unemotional decision-makers who can always make decisions in ways that are consistent 

with their long-term well-being and self-interest. However, the notion that humans are 

infinitely rational has received criticism (Simon, 1955), leading to revisions to these 

assumptions of traditional economics to better account for human behavior, rather than 

how humans should behave in an optimal setting. 
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Behavioral economics has emerged from traditional economics in combination 

with psychology as a theoretical framework recognizing the limitations and 

complications associated with human computational power, willpower and self-interest. 

Instead of relying on the traits central to traditional economics, behavioral economics is 

based on assumptions of bounded rationality, bounded willpower, and bounded 

selfishness to define more realistic expectations of human decision-making capabilities in 

people’s everyday lived experiences (Mullainathan & Thaler, 2001). Bounded rationality 

recognizes that humans are limited by factors such as cognitive abilities and time 

restraints that restrict our ability to successfully process information and make the most 

informed decisions. Bounded willpower acknowledges that people’s ability to make 

decisions consistent with their long-term self-interest is sometimes limited; such as 

people spending a lot of money on a luxury purchase rather than adding money to a 

savings account. Bounded selfishness recognizes that although humans will prioritize 

their own self-interest, in many scenarios, there is a genuine care or concern for the well-

being of others; such as when people are willing to help out a stranger or donate to 

charity. Collectively, these assumptions provide insight to human decision-making and 

the departures that are made from “rational” decision-making as predicted by traditional 

economics. 

1.2.3 Behavioral Economics and Physical Activity 

Behavioral economics provides a novel perspective to understand how people 

make decisions between engaging or not engaging in PA. Epstein (1998) offers four 

principles rooted in behavioral economics that specifically apply to decision-making 
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between engaging in physical activity or competing sedentary alternatives. According to 

the first principle, choice depends on the behavioral cost such that people will be less 

likely to engage in behaviors with greater costs. PA decision-making is particularly 

responsive to cost insofar as the energetic costs associated with engaging in PA compared 

to sedentary or leisure alternatives is typically much greater. Second, choices regarding 

PA are dependent on the other choice options that are available, and choice can be shifted 

to a different behavior based on the other behavioral options. For example, when faced 

with the choice between going on a walk versus watching new episodes of one’s 

favourite program on TV, a person may consistently choose to watch TV. However, if the 

choice is between a less reinforcing option such watching re-runs of old programs and 

going on a walk, the same person may choose to go on a walk in the second choice 

scenario. Third, some element of choice is necessary to motivate people such that people 

need to have the autonomy to engage in behaviors regardless of the reinforcing value of 

the behavior (cf. Ryan & Deci, 2006). Finally, choice is dependent on the delay between 

choosing a behavior and receiving the expected outcomes of the behavior. Notably, many 

of the recognized benefits accrued from engaging in PA are typically experienced months 

or years in the future compared to the more immediate benefits associated with engaging 

in sedentary activities. 

Building from these principles, researchers in the field of physical activity and 

exercise have developed methods to measure the reinforcing value of engaging in PA and 

sedentary behaviors. The reinforcing value of a given behavior is determined by the 

amount of work an individual is willing to complete to gain access to a behavior, and 
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people will be more willing to work to gain access to behaviors that are highly 

reinforcing. The reinforcing value of a behavior is measured alongside a competing 

alternative with similar work requirements needed to gain access to each behavior, as a 

method to determine the relative reinforcing value (RRV) of a behavior, as a measure of 

reinforcement in contrast with other available alternatives.  

One method for measuring the RRV of PA and sedentary behaviors involves 

using an operant button pressing task which resembles a slot machine, where participants 

earn points towards their preferred PA or sedentary task by clicking a computer mouse 

until three matching symbols of identical shapes and colors appear on a computer screen 

(Barkley et al., 2009; Epstein et al., 1999; Flack et al., 2017a). Points are accumulated to 

receive access to time towards engaging in either the preferred PA or sedentary task and 

participants continue to earn points to account for a specified amount of activity time 

between both tasks or until the participant no longer wishes to work for access to either 

task. RRV is measured using different schedules of reinforcement such that points are 

delivered after fewer presses initially and the number of button presses needed to earn a 

point increases as more points are earned, representing more work being needed.  

In addition, the RRV of PA tasks has been investigated using a questionnaire 

where participants respond to a series of binary choices corresponding with choices from 

the operant button pressing task. In this questionnaire, participants are asked the number 

of times they are willing to press a button to gain access to their most preferred PA task 

or their most preferred sedentary task. The number of button presses required is initially 

the same for both the exercise and sedentary activities (e.g., 20 presses) and the number 
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of button presses required for the sedentary activity increases with each subsequent 

question (Epstein et al., 2004; Roemmich et al., 2008). 

Studies examining the RRV of exercise compared to sedentary alternatives has 

shown adults who were meeting current PA recommendations for vigorous-intensity 

aerobic PA had significantly greater RRV of aerobic training and a lower RRV of 

sedentary activities than those who were not meeting current recommendations (Flack et 

al., 2017a). Similarly, participants meeting recommendations for muscle strengthening 

exercises had significantly greater RRV of resistance training and significantly lower 

RRV of sedentary activities than those not meeting muscle strengthening guidelines 

(Flack, et al., 2017a). Interestingly, Flack and colleagues (2017b) found the RRV of 

aerobic and resistance exercises predicted how much time people would engage in each 

mode of exercise, independent of how much the mode of activity was liked. Collectively, 

findings provide evidence supporting the importance of reinforcing value on choice by 

demonstrating strong associations between the RRV of different modes of PA and the 

actual PA behaviors people choose to engage in. 

Consistent with past work demonstrating the relation between reinforcement value 

and PA, financial incentives have been used within the field of PA and exercise as one 

strategy to increase the perceived value associated with engaging in PA. Provision of a 

financial incentive contingent on successfully engaging in PA behavior increases the 

immediate benefits associated with the task. Further, use of financial incentives leverages 

the behavioral economic principle referred to as ‘present-biased preferences’ referring to 

the stronger relative weight people assign to immediate rather than future evaluations of 
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the same reward (O’Donoghue & Rabin, 1999). To date, two systematic reviews have 

examined the effects of incentives on PA in adults. Results shows incentives increased 

exercise session attendance by 11.55% (95% CI = 5.61% to 17.50%) (Mitchell et al., 

2013) and increased mean daily step counts during incentive interventions (pooled mean 

difference = 607.1, 95% CI = 422.1 to 792.1). Interestingly, the median incentive size 

observed by Mitchell and colleagues (2020) was $1.40 US/day showing even modest 

incentives are associated with increased PA behaviors. 

Existing research applying behavioral economic insights to understand PA 

behaviors has focused primarily on the immediate and short-term rewards and value of 

outcomes (i.e., reinforcement) of engaging in PA using methodologies such as the RRV 

and the effects of benefits, represented by financial incentives, on behavioral outcomes. 

However, less research has examined the costs or barriers that factor into PA decision-

making. 

1.2.4 Cost-Benefit Analyses 

 Recent conceptualizations of motivation have argued that key factors influencing 

decision-making about behavioral engagement include the contrast or trade-off between 

the perceived costs and benefits of the behavior(s) in question (Chong, et al, 2016; 

Pessiglione, et al, 2018). Benefits can include the value of the behavior or any expected 

or potential rewards, while costs may refer to the time or effort demands associated with 

the task in addition to any other factors which may dissuade someone from engaging in 

the behavior. For example, exerting effort is known to be aversive (Inzlicht, et al, 2018; 

Kurzban, 2016) and behaviors requiring more effort will be perceived as more costly if 
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evaluated in terms of effort alone. In addition, opportunity costs are another form of cost 

representing the foregone benefits associated with the non-selected choice alternative 

(Kurzban et al., 2013) and may also factor into a person’s decisional balances.  

Consistent with the theorizing presented above, Pessiglione and colleagues (2018) 

propose that the subjective value of producing effort can be calculated by subtracting the 

cost of producing effort from the reward associated with effort. Using this computational 

framework, people are predicted to engage in behaviors when the perceived benefits are 

greater than the perceived costs of the behavior. In this way, measuring the perceived 

costs and benefits associated with a particular behavior provides insight into people’s 

motivation for engaging in effortful tasks as well as the influence of barriers that may 

bias people away from engaging in effortful behaviors such as PA. 

According to a framework proposed by Müller and Apps (2019), fatigue is a 

barrier influencing people’s motivation for engaging in effortful behaviors by increasing 

subjective perceptions of effort. The increased effort perceptions caused by fatigue, in 

turn result in amplified cost valuations relative to benefits and decreased motivation to 

engage in effortful behaviors. Furthermore, lower motivation for exerting effort on 

subsequent tasks results in decreased task performance.  

Consistent with these theoretical frameworks, previous experimental research has 

shown a decreased preference for engaging in higher-effort tasks when people are 

experiencing greater physical fatigue, suggesting fatigue may increase cost perceptions of 

engaging in higher-effort tasks and bias subsequent choice in favour of lower-effort 

behaviors (Iodice et al., 2017b). However, given current rates of inactivity in the adult 
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population (Clarke et al., 2019), it is not likely that fatigue caused by prior physical 

exertion is responsible for these motivational shifts. Thus, there is a need to further 

investigate the effects of other sources of fatigue which may negatively impact 

motivation and effort-based decision-making. 

1.3 What is Mental Fatigue? 

 Fatigue has been defined as “a symptom in which physical and cognitive function 

is limited by interactions between performance fatigability and perceived fatigability” 

(Enoka & Duchateau, 2016, pp. 2236) and has been cited as a barrier to engaging in 

physical activity (Farah et al., 2021; Salmon, et al 2003). While this definition suggests 

the presence of both physical and psychological components of fatigue, physically or 

mentally effortful tasks cause phenomenologically similar feelings of fatigue and lead to 

similar decreases in people’s motivation or willingness to exert effort (Müller & Apps, 

2019). Mental fatigue refers to a psychobiological state experienced during or following 

prolonged and challenging cognitive activity (Boksem & Tops, 2008). Hockey (2013) 

argued that fatigue has an adaptive function by helping manage a person’s motivation and 

redirect behavior towards tasks with greater perceived benefits than costs. According to 

this view, under conditions of fatigue people are more likely to engage in behaviors 

perceived to be more rewarding and less costly. 

1.3.1 Mental Fatigue and Physical Performance 

The negative effects of mental fatigue on subsequent physical performance have 

been well documented in studies examining isometric, endurance, and anaerobic exercise 

tasks (Brown et al., 2020; McMorris, et al, 2018; Van Cutsem et al., 2017). In a recent 
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meta-analysis on the effects of prior cognitive exertion on physical performance, a 

significant small-to-medium sized negative effects was found (Brown et al., 2020) 

suggesting engaging in physical tasks under conditions of mental fatigue caused by prior 

cognitive exertion results in performance decrements. While this provides valuable 

insight on the role of mental fatigue on task performance, it is important to note that in all 

studies included in these reviews, participants were expected to perform physically 

demanding tasks assigned by the researchers under manipulated conditions of higher or 

lower mental fatigue. Although applicable to many scenarios characteristic of different 

sport or exercise tasks, in many choice scenarios, people can choose whether or not to 

engage in a task. However, in these studies, since participants did not have the option to 

withdraw from or defer performing the physical task before engaging in it, the effects of 

mental fatigue on decisions to engage in PA or not remain largely unexplored from the 

existing field of study. 

1.3.2 Fatigue and Physical Activity Decision-Making 

Literature examining the effects of fatigue on decisions to engage in exercise 

tasks has thus far relied on experimental methods to manipulate feelings of fatigue in 

controlled settings before providing participants options of engaging in physically 

effortful and non-effortful tasks. Specifically, participants are exposed to different 

experimental tasks requiring higher and/or lower physical or cognitive demands before 

indicating their preference for engaging in exercise or non-exercise tasks. Thus far, 

findings have been mixed with some studies showing a greater preference for non-
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exercise tasks with greater mental fatigue and other studies showing no effect of fatigue 

on physically-effortful decision-making. 

In a study by Iodice et al. (2017b), participants made a series of choices between 

engaging in stationary cycling at a vigorous-intensity or resting comfortably for durations 

ranging from 10 to 40 minutes. Participants made the same series of choices under two 

conditions: once after 40 minutes of rest and once after having engaged in 40 minutes of 

vigorous-intensity cycling. Results showed under conditions of fatigue (i.e., after cycling 

for 40 minutes), participants had a greater preference for the non-exercise option 

compared to exercising. These findings were interpreted as a demonstration that physical 

fatigue biases decision-making towards less effortful behavioral tasks. 

Van As et al. (2021) examined the role of physical and mental exertion on effort-

based decision-making where participants made a series of choices between engaging in a 

hand-grip exercise task of varying levels of rewards and physical effort or rejecting the 

offer and exerting no effort for no reward. Results showed people’s willingness to choose 

the effortful task declined as more effort was required to obtain the reward. Interestingly, 

there was a reduced likelihood of accepting physically effortful offers following prior 

physical exertion compared to a control condition. However, prior cognitive exertion did 

not affect the likelihood of choosing to engage in the physically effortful task or not. A 

similar study by van As et al. (2022) found participants were more likely to choose to 

engage in physical over non-physical tasks following a cognitively demanding task in 

contrast to study hypotheses. However, it is noteworthy that the cognitive manipulation 
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used in experimental condition was unsuccessful at increasing levels of fatigue compared 

to the control condition, limiting study findings.  

An important limitation of the aforementioned studies is that the physically 

effortful options provided to participants in these studies may not reflect tasks people 

would choose to engage in consistent with current PA guidelines. For example, while a 

hand-grip exercise task (van As et al., 2021) and other tasks including weightlifting, 

juggling, and push ups (van As et al., 2022) require varying levels of physical effort, they 

may not accurately reflect day-to-day decision-making for more structured types of PA 

people may choose to engage in during their leisure time. 

In a study conducted by Abdel et al. (2021), participants were instructed to ride on 

a cycle ergometer for as long as they wanted after completing a workplace simulation 

task requiring either higher demands or lower demands. Following the higher-demand 

manipulation, participants reported higher perceived emotional and cognitive demands 

and spent less time cycling compared to the lower-demand simulation.  

Harris and Bray (2019) had participants make a choice between engaging in a 22-

minute cycling task or a 22-minute sedentary task after completing a mentally fatiguing 

or non-fatiguing cognitive task. Results showed a significant indirect effect of the 

cognitive task on choice such that the mentally fatiguing task led to increased mental 

fatigue, which in turn led to reduced motivation as measured in a cost-benefit analysis 

and decreased the likelihood of choosing the exercise task. While study findings suggest 

mental fatigue increases people’s preference for engaging in sedentary tasks, specific 
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costs which may be amplified with mental fatigue and influence subsequent decision-

making were not explored in this study. 

Collectively, findings provide evidence suggesting a reduced likelihood of 

choosing to engage in exercise tasks when experiencing higher mental fatigue. 

Importantly, there is notable variety in the experimental methods used across studies 

including the tasks used to manipulate feelings of fatigue (e.g., stationary cycling, Stroop 

task) as well as different exercise and non-exercise task options for participants to choose 

between (e.g., stationary cycling, handgrip exercise task). In addition, studies have relied 

on simple: manipulation – outcome designs and not examined possible theory-based 

mechanisms explaining the effects of fatigue on exercise choices. 

1.3.3 Mental Fatigue and Perceptions of Effort 

 One possible mechanism to explain the role of mental fatigue on effort-based 

decision-making may be increases in perceptions of effort. Effort has been defined as the 

“subjective intensification of either mental and/or physical activity in the service of 

meeting some goal” (Inzlicht et al., 2018, p. 338) and suggested to act as a mediator 

between how well people are capable of performing on a task and their actual task 

performance (Shenhav et al., 2017). In light of theorizing that fatigue leads to stronger 

effort-avoidance (Massar et al., 2018) and evidence showing greater mental fatigue 

decreases the likelihood of choosing to engage in MVPA (Harris & Bray, 2019), it is 

possible that amplified effort perceptions may act as an additional mediator in the 

sequential pathway consisting of mental fatigue and physically effortful decision-making 
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such that greater mental fatigue leads to increased perceptions of effort and subsequent 

decisions to engage in a less effortful task. 

The psychobiological model of endurance performance is an effort-based 

decision-making model proposed to describe how people self-regulate submaximal 

exercise behaviors (Marcora, 2010; Pageaux, 2014). According to this model, perceptions 

of effort (i.e., the sensation of how challenging or strenuous a physical task is) and 

potential motivation (i.e., how much effort someone is willing to exert) are important 

factors which influence the conscious regulation of pace and predict endurance exercise 

performance. The model suggests increased perceived effort will cause a person to 

consciously down-regulate their pace leading to performance decrements which helps 

explain how psychological factors including mental fatigue may lead to subsequent 

impairments to endurance performance. Consistent with evidence that mental fatigue 

leads to increased perceptions of effort while performing submaximal endurance 

exercises (Harris & Bray, 2019; Marcora, et al, 2009; Pageaux, et al, 2014; Smith et al., 

2016), it is reasonable to infer that increased mental fatigue may amplify perceived effort 

requirements of subsequent physical tasks which in turn will decrease motivation and 

reduce the likelihood someone will choose to engage in an exercise task when given the 

choice. However, this hypothesis has not been examined using a decision-making 

paradigm. 

1.4. Gaps and Limitations of Research on Mental Fatigue and Physical Activity 

1.4.1 Effects of Mental Fatigue on Physical Activity Decision-Making 
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To date, research examining the relationship between mental fatigue and physical 

activity and exercise behaviors have focused primarily on performance by way of various 

task outcomes including isometric and whole-body aerobic endurance time-to-failure, 

time trial performance, dynamic resistance, motor, and accuracy tasks (see: Brown et al., 

2020; McMorris et al., 2018; Van Cutsem et al., 2017 for reviews). However, research 

examining the role of mental fatigue on PA motivation and decision-making is limited. 

The application of insights from behavioral economics stands to offer a novel and 

valuable perspective with potential to further our understanding of the effects of mental 

fatigue on the decision to engage or not engage in PA tasks. Notably, recent theorizing of 

effort-based decision-making highlights the utility of integrating insights and theories 

from the field of effort-based decision-making (e.g., Chong et al., 2016) with fatigue 

research (Massar et al., 2018). For example, assessing the perceived costs and benefits of 

engaging in PA as an indirect measure of motivation may be more advantageous than 

asking participants to report their current motivation which may be more subject to social 

desirability response biases where participants respond consciously or non-consciously in 

the way they believe the researcher wants them to (van de Mortel, 2008).  

Previous work has found no differences following mentally fatiguing and control 

tasks on subsequent intrinsic motivation (Marcora et al., 2009; Smith et al., 2015) or task 

motivation (Brown & Bray, 2019) which may be due to participants’ beliefs that 

researchers expect high self-reported motivation on these direct, transparent measures. In 

contrast to these methods, asking participants to report the perceived costs and benefits of 

engaging in MVPA may lessen the demand characteristics associated with the term 
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“motivations” and provide insight towards how motivation and decision-making differ 

based on subjective perceptions of mental fatigue. 

1.4.2 Ecological Validity of the Mental Fatigue – Physical Activity Literature 

 An additional gap within the mental fatigue – physical activity literature is the 

limited ecological validity of the physically effortful tasks that are used. For example, 

existing research is limited to studies conducted in controlled, laboratory-based settings 

which use tasks such as the incongruent Stroop (1935) color word task (Graham et al., 

2017; Harris & Bray, 2019), AX-Continuous Performance Task (Brown & Bray, 2019; 

Marcora et al., 2009), and N-Back task (van As et al., 2021) to experimentally induce 

feelings of mental fatigue. While these methods are feasible and practical for 

administering in controlled laboratory settings, studies are limited as the effects observed 

when mental fatigue is artificially contrived may not translate to mental fatigue 

developed and experienced in people’s authentic, lived experiences. In addition, group-

based analyses are commonly used to assess the effects of mental fatigue following 

exposure to cognitive tasks with different cognitive demands. These cognitive tasks 

create an artificial dichotomy and group-based analyses examine overall group effects 

and differences between groups rather than effects due to individual levels of mental 

fatigue. To advance this body of literature, future research should measure mental fatigue 

in naturally-occurring settings and use analysis strategies that investigate individual-level 

feelings of mental fatigue. 

Similarly, the physical activity and exercise task options provided in the 

fatigue/decision-making literature are limited to those that can be conveniently 
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administered and measured in laboratory settings. For example, stationary cycling (Abdel 

et al., 2021; Harris & Bray, 2019; Iodice et al., 2017b), isometric hand-grip exercise (van 

As et al., 2021) and other tasks including weightlifting, juggling, and push ups (van As et 

al., 2022) have been used which may not be consistent with PA tasks people will choose 

to engage in during their leisure time. Further, existing studies do not account for other 

contexts where people may choose to engage in physical activity such as with friends or 

groups, organized sports, or in fitness facilities. Thus, methods with improved ecological 

validity are needed with greater applicability to real-world PA decision-making. 

1.5 Objectives and Hypotheses 

1.5.1 General Purpose of Dissertation 

The overarching objective of this dissertation was to investigate the associations 

between mental fatigue, motivation, and physical activity decision-making.  

1.5.2 Specific Objectives and Hypotheses 

The specific objectives and hypotheses of the studies in this dissertation are as follows: 

Study 1) Examine the effects of mental fatigue on decisions to engage in an acute 

bout of MVPA and whether this relationship is mediated by anticipated effort and 

benefit vs. cost valuations using a mixed-methods study design. It was predicted 

that higher levels of mental fatigue would decrease the likelihood that participants 

would choose to engage in an exercise task through a sequentially mediated 

pathway consisting of increased perceptions of anticipated effort of the exercise 

task and decreased benefit vs. cost valuations. 
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Study 2) Investigate the effects of intensity and duration on motivation to engage 

in physical activity and examine the effect of mental fatigue on motivation using 

an effort discounting paradigm. It was hypothesized that people would be less 

motivated to engage in physical activities of higher intensities and longer 

durations and higher levels of mental fatigue would result in lower motivation for 

engaging in physical activities. 

Study 3) Examine the associations and sequential relationships between real-time 

mental fatigue, benefit vs. cost valuations and MVPA using ecological 

momentary assessment and accelerometry methodologies. Higher levels of mental 

fatigue were expected to be associated with engaging in fewer minutes of MVPA 

and lower benefit vs. cost valuations, higher benefit vs. cost valuations would be 

associated with engaging in more MVPA, and benefit vs. cost valuations would 

mediate the relation between mental fatigue and MVPA. 

1.6 Summary 

Three studies were conducted to test the associations between mental fatigue and 

physical activity decision-making by examining the potential mediating effects of 

anticipated effort (Study 1) and benefit vs. cost valuations (Studies 1, 3), and the 

influence of parameters including intensity, duration, and their interaction with mental 

fatigue (Study 2). Novel methodologies to improve ecological validity including 

accelerometry and ecological momentary assessments were used (Study 3). Each of these 

three studies is presented in detail in the following three chapters followed by a general 

discussion summarizing key findings and how this work extends our knowledge of 
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mental fatigue – physical activity decision-making relation. Theoretical and practical 

implications are discussed. 
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CHAPTER 2 

 

Mental fatigue, anticipated effort, and subjective valuations of exercising predict 

choice to exercise or not: A mixed-methods study 
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Preamble 

 

Mental fatigue, anticipated effort, and subjective valuations of exercising predict 

choice to exercise or not: A mixed-methods study is the first study in the dissertation 

series. The study examined the effect of mental fatigue on the decision to engage or not 

engage in an acute bout of MVPA in a sample of insufficiently active participants using a 

mixed-methods study design. Using a sequential mediation model, we examined whether 

perceived effort and benefit vs. cost valuations mediated the relation between mental 

fatigue and choice. Exit interviews were conducted with each participant to further probe 

the reasoning behind their choice.  

 

The following manuscript is published in the journal Psychology of Sport & Exercise. 

The published version of the manuscript (formatted according to the Psychology of Sport 

& Exercise author guidelines) is included in the dissertation as accepted for publication in 

Psychology of Sport & Exercise. The published version of this manuscript can be found 

at:   

https://doi.org/10.1016/j.psychsport.2021.101924. 

 

The copyright for this manuscript is currently held by Elsevier Ltd (the publisher for 

Psychology of Sport & Exercise). As stated in the Transfer of Copyright form “The 

Author Rights include the right to use the Preprint, Accepted Manuscript and the 

Published Journal Article for Personal Use and Internal Institutional Use. They also 

include the right to use these different versions of the Article for scholarly sharing 

purposes, which include sharing: the Preprint on any website or repository at any time; 

the Accepted Manuscript on certain websites and usually after an embargo period; the 

Published Journal Article only privately on certain websites, unless otherwise agreed by 

Elsevier Ltd” (see Appendix D.1). 

 

Contribution of Study 1 to overall dissertation 

Study 1 demonstrates mental fatigue alters physical activity decision-making through a 

sequentially mediated process including subjective perceptions of anticipated effort and 

benefit vs. cost valuations. Findings from Study 1 also highlight various consequences of 

engaging in cognitively demanding tasks on exercise decision-making. Study 1 

contributes to the overall dissertation by providing evidence of the sequential pathways in 

which feelings of mental fatigue influence effort-based decision-making related to 

physical activity behaviors using an experimental and qualitative research methods. 

https://doi.org/10.1016/j.psychsport.2021.101924
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Figure S1. Mental fatigue over time by group. Bars represent standard error. HCD = high 

cognitive demand; LCD = low cognitive demand. 

 

 
  

Figure S2. RPE-M (rating of perceived exertion – mental) over time by group. Bars 

represent standard error. HCD = high cognitive demand; LCD = low cognitive demand. 
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Appendix 

Question guide for interview 

Main question Specific follow-up questions 

How much did the 10-minute cognitive task affect 

your perceived advantages, disadvantages, and 

decision? 

Please describe the effect of the 

cognitive task on your decision. 

 Was it something you felt or 

thought about the task? 

 Was it something you felt or 

thought about yourself? 

 Was it something else? 
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CHAPTER 3 

Is it really worth the effort? Examining the effects of mental fatigue on physical 

activity effort discounting 
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Preamble 

Is it really worth the effort? Examining the effects of mental fatigue on physical 

activity effort discounting is the second study in the dissertation series. This study 

examined the role of intensity and duration on motivation to engage in physical activity 

using an online effort discounting paradigm among a sample of university students. A 

secondary objective of this study was to examine whether effort discounting was 

influenced by levels of mental fatigue. 

 

The manuscript has been accepted for publication in the Journal of Sport & Exercise 

Psychology. The accepted word version of the manuscript (formatted according to the 

Journal of Sport & Exercise Psychology author guidelines) is included in the dissertation 

as accepted for publication. 

 

The copyright for this manuscript is currently held by Human Kinetics (the publisher for 

the Journal of Sport & Exercise Psychology). As stated on the Transfer of Copyright 

form “The authors explicitly reserve the following rights: … The right to use all or part of 

this article in future works of their own, such as dissertations, lectures, reviews, or 

textbooks” (see Appendix D. 2). 

 

Contribution of Study 2 to overall dissertation  

Study 2 builds on the findings of Study 1 by investigating how parameters such as 

intensity and duration used to define physical activity guidelines and prescriptions 

influence motivation for engaging in physical activity. Using an effort discounting 

paradigm, we were able to extend experimental work from Study 1 by examining changes 

in motivation not assessed using a binary choice outcome. In addition, choice outcomes 

included different types of physical activities based on people’s preferences. Results 

provide partial support indicating higher levels of mental fatigue are associated with 

greater discounting of vigorous-intensity physical activity. Findings suggest mental 

fatigue makes physical activity feel more costly, consistent with findings from Study 1.  
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Abstract 

Physical activity (PA) guidelines are informed by epidemiological evidence but 

do not account for people’s motivation for exerting physical effort. Previous research 

shows people are less motivated to engage in moderate-to-vigorous intensity PA when 

fatigued. In a two-study series we investigated how intensity and duration affected 

people’s willingness to engage in PA using an effort discounting paradigm. A secondary 

purpose was to examine whether effort discounting was affected by mental fatigue. Both 

studies revealed a significant intensity X duration interaction demonstrating a reduced 

willingness to engage in PA of higher intensities across increasing duration levels. Study 

1 demonstrated greater effort discounting for vigorous-intensity PA with increasing 

mental fatigue, however, this effect was not observed in Study 2. Findings provide novel 

insight towards people’s motivation for engaging in PA based on the properties of the task 

and some evidence suggesting feelings of fatigue may also influence motivation to exert 

physical effort. 

 

Keywords: behavioral economics; motivation, decision-making; exercise 
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Is it really worth the effort? Examining the effects of mental fatigue on physical activity 

effort discounting 

 Current physical activity (PA) guidelines recommend adults engage in at least 150 

minutes of moderate-to-vigorous intensity physical activity (MVPA) and two muscle-

strengthening activities each week, in addition to several hours of light intensity physical 

activity (LPA) within a 24-hour day (Ross et al., 2020). These guidelines are based on 

evidence showing a dose-response relation between MVPA and risk of chronic disease 

and all-cause mortality (Warburton et al., 2010) as well as recent evidence suggesting 

positive effects of LPA on health and mortality (Chastin et al., 2019). While guidelines 

are developed to inform the public’s decisions about to their PA behaviors, they are not 

designed to persuade or motivate people to become more active (Latimer-Cheung et al., 

2013). Recent estimates suggest the majority of Canadian adults do not accumulate the 

recommended amounts of MVPA each week and 3% of adults engage in no MVPA at all 

(Clarke et al., 2019). While it is necessary for epidemiological evidence to inform the 

development of PA guidelines, it is also important to consider people’s motivation for 

engaging in the intensities and durations of PA recommended in those guidelines.  

Many traditional assessments of motivation rely on questionnaire-based measures 

such as the Intrinsic Motivation Inventory (McAuley et al., 1989; Ryan, 1982) which are 

potentially subject to biases. For example, social desirability bias may cause participants 

to respond in a way they believe is more favourable for their self-esteem or social 

impression management (Paulhus, 1991). In addition, when responding to traditional 

questionnaire-based measures, people may be likely to respond in relation to their close 
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friends and peers rather than relative to society at large (Odum, 2011). Thus, alternate 

methods for measuring people’s motivation, indirectly, may provide novel insights.  

As an alternative to traditional questionnaire-based assessments of motivation, 

value discounting methodologies have been developed. One form: delay discounting 

measures the extent to which an outcome (e.g., a reward) decreases in subjective value as 

the time to its receipt increases (Green et al., 1994; Johnson & Bickel, 2002; Odum, 

2011). For example, Rachlin et al. (1991) showed people who are offered a monetary 

reward are willing to accept a smaller amount of money immediately rather than a larger 

amount later in the future. Another form of discounting: effort discounting, assesses 

people’s willingness to exert effort to obtain rewards (Sugiwaka & Okouchi, 2004). One 

method of assessing effort discounting involves making a series of choices between 

engaging in an effortful behavior for a higher reward or a non-effortful behavior for a 

lower or equivalent reward. For example, offering $5 for physically climbing two flights 

of stairs vs. taking an elevator to the same level for $1. By offering a series of effortful 

and non-effortful choices with varying reward options, the subjective value of a reward 

can be determined based on one’s choice patterns and used as an indicator of motivation 

towards the effortful behavior. Behaviors and rewards may be real or hypothetical and 

both discounting methodologies have revealed similar findings (Odum, 2011). 

Responding to one’s preference for effortful versus non-effortful alternatives 

offers an alternative approach to assessing motivation that may alleviate some biases 

associated with more transparent, or obvious, question and answer measures (Odum, 

2011). Although discounting methods also rely on self-report, when choosing between 
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effortful versus non-effortful options in a series of responses, people are not being asked 

to report something about themselves, but rather what their preferences are between two 

alternatives. Further, in responding to a series of choices, since a socially desirable 

answer is less obvious, people are less likely to be influenced by others or respond based 

on conscious or unconscious biases. In addition, people make choices between options 

based on what they prefer in the moment, which allows insight into transient personal and 

situational factors that may influence their motivation to exert effort. While effort 

discounting has not yet been widely used in sport and exercise psychology, this 

innovative and novel method is a promising avenue for assessing people’s motivation for 

engaging in effortful tasks such as PA that are subject to a variety of personal and 

situational barriers such as lack of time, poor weather, and fatigue (Salmon et al., 2003). 

Previous research utilizing effort discounting paradigms to investigate motivation 

for physical tasks demonstrates decreases in the subjective value of a given reward as the 

effort required to obtain the reward increases (Hartmann et al., 2013; Ostaszewski et al., 

2013; Sugiwaka & Okouchi, 2004) indicating a reduced willingness to exert greater 

amounts of effort. However, the physically-effortful tasks represented in these studies, 

such as household cleaning (Sugiwaka & Okouchi, 2004) and stair-climbing 

(Ostaszewski et al., 2013), are not consistent with the types of PA people might engage in 

during their leisure time. Effortful tasks in these studies are also not defined by 

parameters such as duration and intensity which are commonly used for PA prescription 

and can be contextualized within public health PA guidelines. Furthermore, these studies 
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do not account for variations in physiological or psychological states which may 

situationally bias motivation for engaging in effortful tasks. 

In one study addressing these limitations, Iodice et al. (2017) investigated the 

effects of fatigue on effort discounting. In this study, participants made a series of choices 

between exercising at a submaximal intensity or not exercising for various durations. 

Specifically, participants responded to a series of choices between cycling at 70% of their 

VO2max for 10, 15, 20, 25, 30, or 40 minutes or exerting no physical effort for the same 

durations of time. Participants were offered varying amounts of money for choosing to 

exercise (i.e., 15€, 20€, 25€, 30€, 35€, or 40€ for each duration, respectively) or 10€ for 

not exerting any physical effort. Participants responded to the same choice pairings under 

two conditions - one in which they were physically fatigued from having exercised 

vigorously beforehand and another in which they were not fatigued, having not exercised 

beforehand. Overall, results showed people’s preference (choice) of the non-effortful 

option increased linearly as the durations of exercise increased, indicating discounting of 

the subjective value of rewards with increasing levels of effort. Furthermore, at every 

level of effort, participants choices revealed a lower subjective value of the same reward 

when they were fatigued compared to a rested state.   

Although Iodice et al.’s (2017) research illustrates fatigue may negatively biases 

choices to exert physical effort, it is important to acknowledge the context in which their 

study was conducted. That is, assessing the effect of physical fatigue on motivation to 

exercise after people have already performed a lengthy bout of vigorous exercise stands 

in contrast to how fatigue may generally manifest as a de-motivator or barrier to physical 
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activity.  More specifically, given the majority of the population is not physically active 

(Clarke et al., 2019), fatigue due to having previously exercised provides little 

information about the potential role of fatigue in most people’s decisions to exercise or 

not in the first place. Similarly, while being physically fatigued may negatively affect 

motivation to exercise, fatigue sensations other than those manifested by physical 

exertion may influence people’s choices.  

Mental fatigue refers to a psychobiological state experienced during or after 

prolonged and challenging activity (Boksem & Topps, 2008). Performing physically 

demanding tasks when mentally-fatigued has been shown to impair subsequent 

performance of tasks requiring muscular and cardiovascular endurance (Brown et al., 

2020). Recent evidence also indicates mental fatigue biases decision-making in favour of 

sedentary tasks over PA (Harris & Bray, 2021). However, to the best of our knowledge 

the effects of mental fatigue on effort discounting of physical tasks have not been 

investigated. Further, investigating effort discounting for PA of varying intensities and 

durations stands to provide novel and valuable information about people’ willingness to 

engage in PA based on characteristics of activities that are recommended by current PA 

guidelines. 

The primary purpose of the present study was to examine the effects of varying 

levels of PA intensity and duration on people’s subjective valuations of PA using an 

effort discounting paradigm. A secondary purpose was to investigate the potential 

moderating effect of mental fatigue on subjective valuations of PA. We present two 

studies in which participants, who self-reported not currently engaging in recommended 
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levels of MVPA, made a series of hypothetical choices between engaging in PA of varied 

intensity levels (light, moderate, vigorous) and durations (10, 20, 30, 40, 50, 60 minutes) 

versus a sedentary behavior for the same durations. Since PA of higher intensities and 

longer durations require a greater volume or quantity of energy/effort expenditure 

(Howley, 2001), it was hypothesized that greater effort discounting would be observed 

for PA of higher intensities and longer durations. Further, based on research showing: 1) 

decreases in the subjective value of PA when fatigued (Iodice et al., 2017) and 2) mental 

fatigue negatively biases choice away from PA (Harris & Bray, 2021), it was 

hypothesized that mental fatigue would moderate the effects of intensity and duration on 

effort discounting such that higher levels of subjective mental fatigue would be 

associated with greater effort discounting. 

General Method 

Procedures 

Data collection was conducted online using LimeSurvey 

(http://www.limesurvey.org). Participants were eligible to participate in the study if they 

were between the ages of 17 and 30 years and self-reported engaging in less than 150 

minutes of MVPA weekly over the past six months. Researchers provided participants a 

link to the study website, where they gave informed consent and completed 

questionnaires assessing demographics, habitual MVPA, and their PA participation 

during the day prior to completing the survey. Next, participants were familiarized with 

Borg’s (1998) CR-10 rating of perceived exertion (RPE) scale ranging from 0 (no 

exertion at all) to 10 (maximal exertion) using text instructions (see Appendix A in 

http://www.limesurvey.org/
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supplemental file). Participants were then informed that the different PA intensities they 

would respond to questions about throughout the study would be defined using four 

different ratings on the RPE scale. Specifically, an RPE of 0 (verbal anchor of “nothing at 

all”) was used to define sedentary activities such as sitting on a chair, sleeping, or 

watching TV. An RPE of 2 (verbal anchor of “weak”) was used to define light-intensity 

PA including activities they would be able to perform without an increase in breathing 

rate, be able to carry on a conversation while performing, and feel they can maintain for 

hours (e.g., easy walking, yoga, bowling, or fishing). An RPE of 4 (between the verbal 

anchors of “moderate” and “strong”) was used to define moderate-intensity PA including 

activities that are somewhat comfortable but becoming noticeably more challenging 

where they are breathing heavily but can still engage in a brief conversation (e.g., fast 

walking, easy bicycling, volleyball, or baseball). An RPE of 7 (verbal anchor of “very 

strong”) was used to define vigorous-intensity PA including activities that are borderline 

uncomfortable where they are continuously short of breath but can speak a sentence (e.g., 

running, hockey, soccer, or fast swimming).  

Following their familiarization to the RPE rating system, participants were 

provided with the following instructions adapted from Ostaszewski et al., (2013):  

Our study involves making a series of choices between specific behaviours 

that are linked to different amounts of money. Although the choices are 

hypothetical, we ask that you indicate your preference as if you were 

actually going to engage in the behaviour and receive the money. We are 

interested in your preferences. There are no right or wrong answers. We 
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do not have any expectations regarding your behaviour other than we ask 

you to choose according to your own preferences. The more honest you 

are about your decisions, the greater scientific value our results will have! 

On the following pages, you will see “Option A” on the left and “Option 

B” on the right. Option A offers you an amount of money that requires 

you to engage in physical activity at a specific intensity for a certain 

period of time to receive. Option B will offer you an amount of money that 

you could receive with no effort, and this amount changes with every 

choice. You will make a series of choices by checking the box beside one 

of the two options – A or B. We ask that you do not go back to change 

decisions that you have already made. Please make sure to respond to each 

choice. Ratings of perceived exertion (RPEs) will be used to describe the 

different physical activity intensities.  Please note that there are 180 

questions in total, which are divided into 3 sections. Once you begin this 

survey you will not be able to go back to previously answered questions. 

Participants were then randomly assigned to complete one of six versions of the 

EDQ in which the order of presentation of intensity was counterbalanced (i.e., light-

moderate-vigorous; light-vigorous-moderate, etc…) across the sample. Each version of 

the EDQ was separated into three, discrete sections consisting of 60 items.  Prior to 

responding to each 60-item section, participants rated their level of mental fatigue. 

Tasks and Measures 
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Effort discounting questionnaire (EDQ). The EDQ was developed for this 

study based on the methodology described by Ostaszewski et al. (2013), with additional 

questions to capture the specific intensity-duration combination parameters. The EDQ 

included 18 conditions based on a 3 (intensity; light, moderate, vigorous) X 6 (duration; 

10, 20, 30, 40, 50, 60 minutes) design. Each intensity level was presented as an entire 

section of 60 questions and duration was presented within each section in ascending order 

(i.e., 10 questions per duration, beginning with 10 minutes).  

The effortful (PA) option in each choice pairing was associated with a fixed 

reward of $20.00 Canadian dollars (CAD) and the non-effortful (sedentary) option was 

associated with rewards presented from $2.00 CAD to $20.00 CAD, ascending by $2.00 

CAD increments. Choice pairings were presented in two adjacent columns and 

participants were asked to record their preference between the effortful-reward 

combination (presented on the left-hand column) and corresponding non-effortful-reward 

combination (presented on the right-hand column) for each pairing.  

All choices were hypothetical such that participants were not expected to perform 

any chosen option and received no money for their choices. Previous research has found 

no difference in discounting rates when people were offered hypothetical and real 

rewards for their choices (Johnson & Bickel, 2002). Point of indifference (POI) scores 

were obtained by averaging the reward values associated with the sedentary option for the 

last choice pairing when the PA option was chosen and the first choice pairing when the 

sedentary option was chosen for each intensity-duration condition. For example, if a 

participant selected the $20 CAD reward to engage in moderate-intensity PA for 40 
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minutes rather than the sedentary option when offered $2 CAD through $10 CAD then 

switched over to select the sedentary option when offered $12 CAD, their POI value for 

that condition would be $11 CAD (i.e., $10+$12 / 2). This calculation reflects the 

monetary amount needed to be offered for the sedentary task for choice to be equivalent 

(indifferent) between the PA and sedentary options. Thus, a lower POI score is reflective 

of less motivation to exercise (i.e., participants are more willing to accept less money to 

forego exercise). 

Participants who always selected the PA option within a given intensity-duration 

condition were assigned a POI value of $20, while those who always selected the 

sedentary option for a given intensity-duration condition were assigned a POI value of 

$2. These values were chosen to reflect the maximum and minimum reward possible, 

respectively, within the range of rewards offered in this study. POI scores were 

normalized by expressing their value as a proportion of the maximum, $20, reward value 

(e.g., if a POI for an intensity-duration combination was $3, the proportional score was 

$3/$20 = .15).  

Subjective mental fatigue. Participants were instructed to: “Please indicate the 

point that you feel represents your perception of your current state of mental fatigue” on 

a scale ranging from 0 (energetic/no fatigue) to 10 (worst possible fatigue) prior to 

completing each section of the EDQ. Mental fatigue ratings reported at the beginning of 

each survey section were similar (Study 1, light: M = 5.65, SD = 2.28, moderate: M = 

5.64, SD = 2.19, vigorous: M = 5.51, SD = 2.34; Study 2, light: M = 5.57, SD = 2.23, 

moderate: M = 5.63, SD = 2.29, vigorous: M = 5.64, SD = 2.30). The intraclass 
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correlation coefficient (ICC) demonstrated strong reliability with an ICC of .94 (95% C.I 

= .91 to .95) and .95 (95% C.I = .94 to .96) for Study 1 and Study 2, respectively, based 

on a multiple measurement, absolute agreement, two-way mixed-effects model (Koo & 

Li, 2016). Thus, for each study a single measure: mean mental fatigue was calculated by 

averaging the three ratings. 

Covariates. 

 MVPA. Given the EDQ required participants to choose between PA and sedentary 

activities, we felt it was important to control for habitual MVPA as people who engage in 

more regular MVPA may be more likely to choose to engage in PA. MVPA was assessed 

using four items selected from the International Physical Activity Questionnaire (IPAQ; 

Craig et al., 2003). Participants reported how many days per week and minutes per day 

they spent engaging in each of moderate and vigorous intensity activity during a typical 

7-day period in the past three to five months. Minutes / day were multiplied by number of 

days / week for each intensity and summed to yield an overall score of MVPA (minutes / 

week).  

DPA. In order to control for the possibility that people who already participated in 

PA during the day, prior to completing the EDQ, may have been less motivated to choose 

to engage in hypothetical PA on the EDQ, daily PA (DPA) participation was assessed. 

Participants reported the number of minutes they spent engaging in each of moderate and 

vigorous intensity PA, previously in the day, on the day the survey was completed, which 

were summed to create an overall DPA score (minutes / day). 
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Physical activity enjoyment. In order to control for the possibility that people who 

enjoy PA more may be more motivated to choose to engage in hypothetical PA on the 

EDQ compared to people who enjoy PA less, physical activity enjoyment was assessed 

using the Physical Activity Enjoyment Scale (PACES; Kendzierski & DeCarlo, 1991). 

Consistent with other studies (Williams et al., 2006), the wording of the original scale 

was altered from “Please rate how you feel at the moment about the physical activity you 

have been doing,” to “Please rate how you feel while engaging in physical activity,” to 

represent participants’ overall enjoyment of PA. The PACES consists of 18 bipolar 

statements scored on a 7-point scale. Items were summed to create a composite score. 

Data Analysis 

Data were summarized as means and standard deviations for continuous variables 

and frequencies were summarized for sex. Outliers for MVPA and DPA were recoded 

using Winsorization (Leys et al., 2019). Winsorization at the 90th percentile was chosen 

based on recommendations from Liao et al. (2016) suggesting a relatively larger 

percentile of Winsorization is sufficient to accommodate the effects of outliers to achieve 

an acceptable Type I error rate with large sample sizes. Six mental fatigue values from 

Study 2 were excluded for being outside of the possible range (0 – 10) and were omitted 

from mean calculations. 

Marginal models were computed to examine the effects of intensity, duration, and 

mental fatigue on POI scores when controlling for covariates. Intensity level was coded 

as categorical and included light, moderate and vigorous intensities. Duration and mental 

fatigue were coded as continuous. To achieve the best model fit, independent and 
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exchangeable covariance structures were evaluated and tested using the Akaike 

information criterion (AIC). Significant interactions were deconstructed by examining 

slope estimates (i.e., rates of change) of POI scores. Residuals were visually assessed to 

verify the assumptions of normality. The alpha criterion was set to 0.05. Data 

management and analyses were conducted using IBM SPSS Version 26.0 and STATA 

version 14.2. 

Study 1 

Participants  

One hundred and fifty undergraduates provided informed consent to participate in 

the study. Six participants provided incomplete responses to the EDQ questionnaire and 

three participants selected the same option for all 180 EDQ questions and were excluded, 

allowing analyses of data from a total of 141 participants (n = 22 males, Mage = 18.72, SD 

= 1.22 years). The study was reviewed and approved by an institutional research ethics 

board prior to any recruitment and data collection. Participants received partial course 

credit for participation. 

Results  

Descriptive statistics for variables included in the model are presented in Table 1. 

The first model included intensity, duration, mental fatigue, and all 2-way and 3-way 

interactions. The model was statistically significant (2(14) = 989.76, p < .001); however, 

since the 3-way interactions were not significant (ps > .26) they were removed and the 

model was re-computed without them. The subsequent model including up to only the 2-

way interactions was significant (2(12) = 988.03, p < .001) and the likelihood ratio test 
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confirmed it was not different from the previously tested model (2(2) = 1.22, p = .54). 

The second model was used as it was the most parsimonious model and an independent 

covariance structure best fit the data.  

Model coefficients and 95% confidence intervals are presented in Table 2. 

Findings showed lower POI scores across greater durations and intensities (Figures 1A 

and 2A), however, these results were not significant. Results showed significant intensity 

X duration and intensity X mental fatigue interactions (see Figures 3A and 4A, 

respectively). Total MVPA and PA enjoyment were significant covariates. Slope estimates 

for light, moderate, and vigorous intensities across duration were -.002, -.004, and -.007, 

respectively. Slope estimates were all significantly different from zero (all ps < 0.001), 

indicating a decrease in POI scores with increases in duration. Post-hoc comparisons, 

decomposing the intensity X duration interaction, revealed that POI scores decreased at a 

greater rate for vigorous intensity PA over longer durations compared to light (p < .001) 

and moderate (p = .0002) intensity PA, and that POI scores decreased at a greater rate for 

moderate compared to light intensity PA (p = .002). Thus, in support of our first 

hypotheses, results demonstrate greater discounting across duration given increases PA 

intensity, indicating reduced willingness to engage in PA of higher intensity and longer 

duration. 

Post-hoc decomposition of the intensity X mental fatigue interactions revealed 

that as mental fatigue increases, slope estimates for POI scores of light (.007) and 

moderate intensity (.003) PA were no different from 0 (ps > .09). However, there was a 

significant negative slope for vigorous intensity PA (-.01, p = .008) indicating POI scores 
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for vigorous intensity PA decreased with increasing levels of mental fatigue. 

Comparisons of slope parameters between intensities showed no difference between light 

and moderate intensity PA (p = .52) whereas the slope for vigorous intensity PA was 

significantly different from both light (p = .002) and moderate intensity PA (p = .01). 

Overall, results provide partial support for the hypothesized effects, showing no effect of 

mental fatigue on effort discounting for light and moderate-intensity PA.  However, for 

vigorous-intensity PA, significant discounting was observed, suggesting not only a 

reduced willingness to engage in vigorous-intensity PA compared to moderate and light 

intensity PA, but a greater aversion with higher levels of mental fatigue.  

Study 2 

Participants 

Two hundred and eighty-one undergraduate students provided informed consent 

for the study. Thirty-eight participants provided incomplete responses to the EDQ 

questionnaire and eleven selected the same option for all 180 EDQ questions and were 

excluded, allowing analysis of data from a total of 232 participants (n = 38 males, Mage = 

18.58, SD = .97 years). The study was reviewed and approved by an institutional research 

ethics board prior to any recruitment and data collection. Participants received partial 

course credit for participation. 

Results 

 Descriptive statistics for variables included in the model are presented in Table 1. 

The first model including intensity, duration, mental fatigue and all 2- and 3-way 

interactions was statistically significant (2(14) = 1726.10, p < .001), however, the 3-way 
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interactions were not significant (ps > .67) and removed from the model. The subsequent 

model including up to only the 2-way interactions was also significant (2(12) = 1725.81, 

p < .001) and the likelihood ratio test confirmed that it was not different from the fully 

saturated model (2(2) = .20, p = .91). The second model was used as it was the most 

parsimonious model and an independent covariance structure best fit the data. 

 Model coefficients and 95% confidence intervals are presented in Table 3. Results 

showed significant main effects of duration and intensity (Figures 1B and 2B, 

respectively) and a significant intensity X duration interaction (see Figure 3B). Total 

MVPA, DPA, and PA enjoyment were significant covariates. Slope estimates for light, 

moderate, and vigorous intensities across duration were -.002, -.006, and -.007, 

respectively and were all significantly different from zero (all ps < .001) indicating POI 

decreased with increasing PA durations. Post-hoc comparisons, computed to decompose 

the intensity X duration interaction revealed that POI scores decreased at a greater rate 

for vigorous intensity PA compared to both light and moderate intensity PA, and that POI 

scores decreased at a greater rate for moderate compared to light intensity PA (all ps < 

.001). Consistent with Study 1, results demonstrate POI scores decrease at a steeper rate 

across duration given increased PA intensity. Unlike Study 1, there was no interaction of 

mental fatigue X intensity (Figure 4B). 

General Discussion 

 The purpose of this two-study investigation was to examine the effects of PA 

intensity and duration on subjective valuations of PA as well as the potential moderating 

effect of mental fatigue using an effort discounting paradigm. Results from both studies 
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demonstrated greater effort discounting across duration with increases in PA intensity, 

providing overall support for the first hypothesis. Results from Study 1 provided partial 

support for the second hypothesis, demonstrating greater discounting for vigorous-

intensity PA with higher levels of mental fatigue, however, this effect was not observed in 

Study 2.  

 Using an effort discounting paradigm, this study applied a novel methodology to 

examine people’s motivation to engage in physical activities of varying intensities and 

durations. Main effects of intensity and duration were significant in Study 2 suggesting 

an overall reduced willingness to engage in tasks requiring greater effort. Although these 

findings were not observed in Study 1, the model estimates of the main effect of duration 

and intensity are similar to those of Study 2 (see Figures 1 and 2) suggesting Study 1 was 

underpowered to detect a significant effect. However, the intensity X duration interaction 

found in both studies demonstrates how the rate of discounting differs between PA of 

different intensities across increases in duration. Specifically, PA of higher intensities is 

discounted at a greater rate than lower-intensity PA suggesting people are more willing to 

engage in PA at lower intensities for prolonged durations. These results also make sense 

in terms of the energy requirements of lower vs. higher intensity activities, which enable 

people to plan and engage in light-moderate activities such as brisk walking or hiking for 

extended durations. 

Findings are consistent with previous research from cognitive and physical effort 

discounting (Ostaszewski et al., 2013) demonstrating a reduced willingness to engage in 

tasks requiring greater effort. This finding is not surprising considering evidence of 
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effort’s aversiveness (Hull, 1943; Kurzban, 2016), however, to the best of our knowledge, 

this is the first study to show the interactive effects of different types of effort parameters 

(i.e., intensity and duration) on effort discounting. Findings may also be contextualized 

within the theory of effort minimization in PA (TEMPA; Cheval & Boisgontier, 2021) 

which suggests the effort associated with PA is perceived as a cost to be avoided or 

minimized. In these studies, we saw a greater preference for engaging in sedentary tasks 

in response to increases in effort requirements of the PA task such as intensity and 

duration. The TEMPA also suggests that expected effort influences people’s decisions to 

initiate a behaviour which can lead to one’s preference for a lower-effort alternative 

which is consistent with study findings as well. 

Importantly, quantifying effort level by parameters that are commonly used to 

define exercise prescriptions and public health guidelines extends previous effort 

discounting work. For example, investigating both intensity and duration provides insight 

into people’s decision-making specific to hypothetical leisure time PA behaviors rather 

than more general forms of physical effort expenditure. Accordingly, the present findings 

lend practical relevance compared to the existing discounting literature as PA 

prescriptions are typically defined using Frequency, Intensity, Time, and Type of exercise 

(FITT principle; Riebe et al., 2018) with recent recommendations to also consider 

enjoyment in PA prescriptions (Burnet et al., 2019). In this study, participants were 

encouraged to consider their preferred type of PA for each intensity level which is 

comparable to decision-making they would be faced with when actually making these 

decisions to act or not.  Thus, results from this study further our understanding of PA-
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related decision-making contextualized within important parameters that are considered 

when choosing between engaging in PA versus competing sedentary alternatives.  

The secondary objective of this study was to examine the effects of mental fatigue 

on subjective valuations of PA. Results from Study 1 showed a decrease in POI scores as 

self-reported mental fatigue increased for vigorous intensity PA. These results are 

consistent with findings from Iodice et al. (2017) showing physical fatigue makes people 

less likely to choose to exercise in the presence of a sedentary alternative. Since the 

vigorous intensity level used in this study (RPE = 7/10) is comparable to the intensity 

level used in the study by Iodice and colleagues (70% of one’s VO2 max), these findings 

collectively show people experiencing greater levels of fatigue are less willing to choose 

to engage in vigorous intensity PA. However, this is the first study to show that 

motivation to engage in PA of lower intensity levels is unaffected by fatigue. An 

important difference to note is that participants in the study conducted by Iodice et al. 

(2017) were purposely fatigued using strenuous exercise prior to completing the 

discounting questionnaire whereas participants in these studies were asked to report their 

mental fatigue in the absence of any experimental manipulation. Thus, the effects of 

mental fatigue observed in these studies may be smaller than effects observed by Iodice 

et al. (2017) and more reflective of motivation to engage in PA in people’s naturalistic 

environment. 

While recent conceptualizations of fatigue constructs have encouraged a holistic 

approach for measuring fatigue (Micklewright et al., 2017), recent evidence demonstrates 

mental fatigue is linked to decreased performance on physical tasks (Brown et al., 2020) 
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and makes people less likely to choose to engage in PA when also offered a sedentary 

alternative (Harris & Bray 2021) warranting further investigation of mental fatigue, 

specifically, on effort discounting.  As noted earlier, Iodice et al. (2017) demonstrated 

physical fatigue following a vigorous bout of exercise may alter effort discounting; 

however, as most adults are not sufficiently active, fatigue due to previous physical 

exertion may not affect PA decision-making to the same extent as mental fatigue that 

may be experienced independent of any prior physical exertion (e.g., following 

cognitively demanding activities). Thus, examining how mental fatigue may modify 

effort discounting extends the work of Iodice et al. (2017) to help account for PA 

decision-making among the majority of the population who are not meeting PA guideline 

recommendations and holds practical relevance to understanding current patterns of 

inactivity. 

Although effects of mental fatigue on vigorous-intensity PA motivation was 

shown in Study 1, this effect was not observed in Study 2. Further inspection of the 

mental fatigue X intensity interaction from Study 2 showed that when mental fatigue 

scores = 0 for vigorous intensity PA, the POI estimate was .58 (95% CI = .54 to .62).  In 

contrast, the estimate in Study 1, when mental fatigue = 0 yielded an estimate of .64 

(95% CI = .59 to. 69). However, when mental fatigue was at maximum (i.e., 10/10) both 

studies yielded similar estimated values (Study 1 = .53, 95% CI = .49 to .57; Study 2 = 

.55, 95% CI = .52 to .58). Together, these findings suggest that at lower levels of mental 

fatigue, participants in Study 2 were less willing to engage in vigorous-intensity PA than 

participants in Study 1. One explanation for this difference may be due to lower self-
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reported levels of habitual PA by participants from Study 2 who reported engaging in 20 

minutes less of MVPA each week than those in Study 1. Thus, it seems possible to infer 

that, for people who are less active, there may be a general aversion to vigorous intensity 

PA regardless of how much mental fatigue they are feeling. Additionally, participants in 

Study 2 reported engaging in significantly more DPA prior to completing the survey 

which could also explain why these participants were less willing to engage in higher-

intensity PA, even at shorter durations. 

Notably, as participants in both studies self-reported engaging in 150 minutes or 

less of weekly MVPA, study findings hold practical relevance to PA promotion efforts 

targeting the large proportion of the population who are insufficiently active or inactive 

(Clarke et al., 2019). Specifically, changes in one’s willingness to engage in PA appear to 

be dependent on both intensity and duration, with some evidence suggesting motivation 

may be influenced by current levels of mental fatigue. As PA guidelines are not designed 

with the aim to persuade people to become more active (Latimer-Cheung et al., 2013), 

findings from this study highlight the importance of considering how much effort people 

are willing to invest in PA. Accordingly, messaging designed to promote PA to people 

who are not active at PA guidelines levels should take into consideration that people’s 

motivation to engage in MVPA may be more sensitive to the duration of recommended 

activities than lighter intensity PA and that vigorous PA may not be a recommendation for 

people when they are experiencing higher levels of mental fatigue. In addition to 

considering epidemiological data, promotion efforts should be mindful of people’s 
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general motivation for engaging in PA at different intensities and durations in addition to 

psychological contexts which may also affect motivation.  

 To the best of our knowledge this is the first study examining the effects of 

intensity, duration, and mental fatigue on PA effort discounting and there are several 

strengths and limitations which should be noted for future research in this area. First, 

using a novel effort discounting paradigm rather than traditional questionnaire-based 

measures as an alternate measure of motivation should be viewed as a strength as it is less 

susceptible to common self-reporting biases. In addition, defining intensity-level with 

subjective ratings of perceived exertion holds practical relevance to PA in real-world 

settings where people often select a level of intensity based on their subjective 

perceptions in the moment. Also, this study has more clear application to real-world PA 

decision-making than previous examinations of effort discounting for physically effortful 

tasks by having participants consider tasks they may choose to engage in based on 

duration and intensity characteristics of the activities as captured by public health PA 

guidelines. As a result, study findings may have important implications for health 

promotion efforts. 

 Study findings hold practical importance for the promotion and prescription of 

physical activity behaviours. For example, across both studies it was consistently shown 

that people are more willing to engage in activities of shorter durations at each intensity 

level. These findings provide some support for the promotion of exercise “snacks” 

involving several shorter bouts of PA throughout one’s day rather than longer continuous 

bouts (Francois et al., 2014). Along these lines future work should investigate POI scores 
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for durations shorter than 10 minutes consistent with the “every minute counts” approach 

to PA (Fan et al., 2013) to support the development of recommendations for exercise 

“snacks” of varying intensity levels. Encouraging intermittent bouts of shorter duration 

PA within a day may be an effective way to increase PA of all intensities, but particularly 

for vigorous-intensity PA that had much lower POI scores at a 10-minute duration than 

light- and moderate-intensity PA across both studies. Further, when encouraging people to 

engage in longer-duration PA, practitioners and exercise professionals should consider 

promoting light-intensity PA which consistently had a higher POI score at each duration 

level, and it is less likely to be biased by feelings of mental fatigue as demonstrated in 

Study 1. Consistent with evidence highlighting the health benefits of engaging in light-

intensity PA (Chastin et al., 2019) and PA recommendations such as the 24-hour 

movement guidelines promoting “trading in” sedentary behaviors with light-intensity PA 

(Ross et al., 2020) further work should continue examining health benefits of light-

intensity PA and encourage increased awareness of the value of engaging in PA of any 

intensity over sedentary behavior.  

 Purposely sampling participants who self-reported not currently engaging in 

levels of PA recommended by public health guidelines can be seen as both a strength and 

limitation. While it is unclear whether findings relate to either the initiation or 

maintenance of PA, information relating to people’s motivation to invest effort towards 

engaging in PA gained from people who are insufficiently active can be used to inform 

targeted promotional efforts aimed to increase PA levels in people who are inactive or 

insufficiently active. However, due to the lack of precision in self-report PA measures, it 
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is also possible that some participants included in the study may have been achieving or 

surpassing current PA guidelines. Future studies may consider using more objective 

methods (e.g., accelerometry) to assess PA and include participants who are meeting or 

exceeding current physical activity guidelines to examine effort-based motivation for PA 

more comprehensively.  

 The fact that participants in this study made choices based on hypothetical 

rewards and were not expected to follow through on any of the choices they made may 

also be seen as limitations. Since participants did not receive any rewards based on their 

choices and were not expected to engage in behavior consistent with any of their choices 

it is unclear how study results may translate to PA decision-making scenarios with real 

rewards that are contingent on successfully enacting the selected options. However, 

concerns in these regards should be somewhat tempered in light of previous research 

showing similar discounting patterns between real and hypothetical choice-dependent 

rewards (Johnson & Bickel, 2002; Odum, 2011). Future research on effort based decision 

making should make use of hybrid methods where participants enact a selected behavior 

based on their choices in order to receive the associated reward (e.g., Iodice et al., 2017). 

In addition, findings from this study are limited to motivation related to more acute 

rewards or benefits expected from a single session of PA and do not provide information 

relating to how delayed benefits of PA, which underlie public health recommendations, 

may influence motivation.  

Further, inconsistent results from Studies 1 and 2 limit the conclusions drawn on 

the effects of mental fatigue on effort discounting and warrants future investigation. 
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Finally, the limited demographic information collected from participants is an important 

limitation to note. Specifically, socio-demographic factors including employment status, 

living arrangement, gender identity and gender expression may influence people’s 

motivation for engaging in exercise and sport behaviours. For example, factors such as 

socio-economic status (Griffiths, Moore, & Brunton, 2022) and perceived safety among 

medically transitioning transgender adults (Jones et al., 2017) have been shown to 

influence PA behaviours which were not measured in this study.  

Despite these limitations, the present study provides a useful framework for 

examining effort discounting within PA and exercise contexts as well as novel 

information about people’s motivation to engage in various intensities and durations of 

PA. Future work can continue to explore the effects of intensity, duration, and mental 

fatigue on motivation for engaging in PA compared to sedentary alternatives. Future 

research should also investigate strategies to increase motivation for engaging in PA 

measured using effort discounting to inform the development of interventions aimed to 

increase PA motivation and ultimately behavior.  

This study was the first to examine effort discounting as a measure of motivation 

for PA involving duration and intensity parameters consistent with current public health 

guidelines. Study findings demonstrate lower motivation for engaging in PA of longer 

durations and higher intensities with some evidence suggesting people are less motivated 

to engage in vigorous intensity PA when experiencing higher levels of mental fatigue.  
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Figure 1. Predictive margin with 95% CIs for PA Duration in Study 1 (A) and Study 2 

(B). 

 

 

 

 

 

 

 

Figure 2. Predictive margin with 95% CIs for PA Intensity in Study 1 (A) and Study 2 

(B). 
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Figure 3. Predictive margin with 95% CIs for the PA Intensity X PA Duration interaction 

in Study 1 (A) and Study 2 (B). 
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Figure 4. Predictive margin with 95% CIs for the PA Intensity X Mental Fatigue 

interaction in Study 1 (A) and Study 2 (B).  
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Table 1. 

Descriptive Statistics Demographic Variables and Potential Covariates by Study 

 

Study 1 

n = 141 (22 males) 

Study 2 

n = 232 (38 males) 

 

p 

 

d 

 M (SD) M (SD)   

Age 18.72 (1.22) 18.58 (.97) .12 .13 

MVPA 165.35 (129.70) 143.54 (107.23) .02 .19 

DPA 13.06 (15.69) 18.01 (21.18) < .001 .26 

PA enjoyment 101.62 (18.29) 96.78 (20.16) .13 .25 

Mental fatigue 5.60 (2.14) 5.60 (2.17) .48 .00 

Note. M = mean, SD = standard deviation, MVPA = moderate-to-vigorous physical 

activity. DPA = daily physical activity.  
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Table 2.  

Study 1 Model coefficients 

Variable Coefficient SE 95% C.I p 

Duration -.001 .0009 -.003 to .0005 .16 

Intensity 

     Moderate 

     Vigorous 

 

-.03 

-.04 

 

.04 

.04 

 

-.11 to .06 

-.12 to .05 

.70 

.56 

.41 

Mental fatigue .01 .006 -.002 to .02 .09 

Intensity X Duration 

     Moderate 

     Vigorous 

 

-.002 

-.005 

 

.0007 

.0007 

 

-.004 to -.0009 

-.007 to -.004 

< .001 

.002 

< .001 

Duration X Mental 

fatigue 

-.0001 .0001 -.0004 to .0002 .40 

Intensity X Mental 

fatigue 

     Moderate 

     Vigorous 

 

 

-.004 

-.02 

 

 

.006 

.006 

 

 

-.02 to .008 

-.03 to -.007 

.005 

 

.52 

.002 

MVPA .0002 .00004 .0001 to .0003 < .001 

DPA .0005 .0003 -.0002 to .001 .15 

PA enjoyment .002 .0003 .001 to .002 < .001 

Constant .67 .05 .57 to .77 < .001 
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Table 3.  

Study 2 Model coefficients 

Variable Coefficient SE 95% C.I p 

Duration -.002 .0007 -.003 to -.0003 .017 

Intensity 

     Moderate 

     Vigorous 

 

-.001 

-.12 

 

.03 

.03 

 

-.07 to .07 

-.19 to -.06 

< .001 

.98 

< .001 

Mental fatigue .002 .005 -.008 to .01 .76 

Intensity X Duration 

     Moderate 

     Vigorous 

 

-.003 

-.005 

 

.0006 

.0006 

 

-.004 to -.002 

-.006 to -.004 

< .001 

< .001 

< .001 

Duration X Mental 

fatigue 

-.0001 .0001 -.0003 to .00009 .25 

Intensity X Mental 

fatigue 

     Moderate 

     Vigorous 

 

-.0002 

-.00005 

 

.004 

.004 

 

-.009 to .009 

-.009 to .009 

.99 

.97 

.99 

MVPA .0002 .00004 .0001 to .0003 < .001 

DPA .0007 .0002 .0003 to .001 .001 

PA enjoyment .0017 .0002 .0001 to .002 < .001 

Constant .73 .04 .66 to .81 < .001 
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Appendix A 

RPE familiarization script 

 

The Borg Rating of Perceived Exertion (RPE) scale is a way of measuring how 

much effort or exertion you are experiencing when you are exercising. It is based on the 

physical sensations a person experiences during physical activity, including increased 

heart rate, increased respiration or breathing rate, increased sweating, and muscle 

fatigue. This scale is subjective in nature meaning that it will vary between individuals. 

When referring to this scale what is important is that you refer to your own feelings of 

effort or exertion, and not how it compares to other people's. The scale we will be using 

ranges from 0 – “nothing at all” to 10 – “absolute maximum,” but we will be using 

intensities in between (as shown in the picture above). When answering the following 

questions, please answer them based on your own perceptions of exertion. 

After reading the familiarization script for the RPE scale, participants were 

presented with a list of five activities and asked to provide an RPE score, based on their 

personal experiences of engaging in each activity. Descriptive statistics are presented in 

Table S1.  Results show participants utilized a range of scale responses and scaled RPE 

similarly between samples (studies) as well as in a manner consistent with the RPE 

demands of the various activities.   
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Table S1.  Descriptive Statistics for RPE scores for five sample activities. 

 Study 1 Study 2 

Easy walking 1.61 ± 1.09 1.51 ± 1.18 

Fast walking 3.32 ± 1.20 3.24 ± 1.44 

Volleyball 4.27 ± 1.52 4.57 ± 1.59 

Running 6.56 ± 1.43 6.61 ± 1.68 

Soccer 6.49 ± 1.61 6.80 ± 1.72 

Note.  M ± SD.  Study 1 N=141, Study 2 N=232. 
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CHAPTER 4 

Investigating real-time physical activity decision-making using ecological 

momentary assessment: Effects of mental fatigue and benefit-cost valuations 
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Preamble  

Investigating real-time physical activity decision-making using ecological 

momentary assessment: Effects of mental fatigue and benefit-cost valuations is the 

third study in the dissertation series. This study examined associations between real-time 

variations in mental fatigue, perceived costs/benefits of engaging in MVPA, and MVPA 

using ecological momentary assessment and accelerometry. 

The manuscript has been submitted (currently under review) for publication in the journal 

Annals of Behavioral Medicine and has been formatted for this dissertation. 

The copyright for this manuscript is currently held by the authors. 

Contribution of Study 3 to overall dissertation 

Study 3 builds on the findings of Studies 1 and 2 by showing that greater mental fatigue 

was associated with lower benefit vs. cost scores and fewer minutes of MVPA and lower 

benefit vs. cost scores were associated with engaging in fewer minutes of MVPA in real-

time, ecologically valid settings. Findings demonstrate a relation between mental fatigue, 

motivation, and subsequent physical activity behavior in people’s authentic everyday 

experiences. 
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Abstract 

Background: Current research investigating the relationship between mental 

fatigue and physical activity behaviours relies on laboratory-based, experimental studies 

which lack ecological validity. Purpose: This study used ecological momentary 

assessment (EMA) to assess feelings of mental fatigue and subjective evaluations 

(benefits and costs) as predictors of moderate-to-vigorous intensity physical activity 

(MVPA) in the everyday lives of young adults. Methods: One hundred participants (n = 

22 males, Mage = 20.60 years) responded to digital survey prompts up to four times a day 

and wore an accelerometer for seven consecutive days. MVPA in the 180-minute time 

window following each survey prompt was recorded. Data from the 28 survey-MVPA 

epochs were analyzed using hierarchical linear modeling. Results: Higher levels of 

mental fatigue were associated with lower benefit vs. cost scores (p < .001) and fewer 

MVPA minutes (p = .043). Higher benefit vs. cost scores were associated with engaging 

in more minutes of MVPA (p < .001). A multilevel mediation model revealed a non-

significant (p = .053) indirect effect of mental fatigue on MVPA through benefit vs. cost 

valuations. Conclusions: Results are the first to demonstrate outside the lab, that mental 

fatigue experienced in everyday life may amplify the perceived costs of MVPA, with 

both factors playing a potential role in MVPA decision-making. Future research may 

apply insights gained from this study in design and testing of real-time interventions 

promoting MVPA. 
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Investigating real-time physical activity decision-making using ecological momentary 

assessment: Effects of mental fatigue and benefit-cost valuations  

 Current physical activity guidelines recommend adults engage in at least 150 

minutes of moderate-to-vigorous intensity physical activity (MVPA) each week [1-3]; 

however, the majority of adults are not achieving these recommended amounts [4-5]. 

Engaging in regular physical activity (PA) has been shown to reduce the risk of several 

chronic diseases including cardiovascular disease, depression, cancer, and diabetes [6] 

and physical inactivity has been estimated to carry an economic cost of $53.8 billion 

worldwide [7]. To encourage regular participation in PA and minimize these negative 

outcomes, there is a need to explore factors influencing people’s choices to engage or not 

engage in PA. 

According to behavioral choice theory, one principle consistent across decision-

making scenarios is that choices people make depend on their assessments of behavioral 

costs [8] such that people are less motivated to engage in behaviors perceived to be more 

costly. For PA, behavioral costs may include the energetic cost of engaging in the 

behavior, the effort required in processes of planning and scheduling PA around alternate 

priorities such as caregiving or work, or the opportunity costs associated with engaging in 

a lower-effort task such as watching TV at the end of a long day [9-10]. In this way, the 

behavioral cost of engaging in PA may be an important factor predicting one’s motivation 

and ultimately choice to engage or not engage in PA behaviors. 

Motivation has been conceptualized as a subjective trade-off between the 

perceived benefits and perceived costs associated with engaging in a behavior [10, 11]. 
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According to this conceptualization, people make choices in favour of behaviors they 

perceive maximize benefits and minimize costs. Conceptualizing motivation as a 

decisional balance between perceived benefits and costs may help explain population-

level decision-making related to PA. Specifically, despite universal knowledge that 

regular PA is beneficial [12, 13], current rates of physical inactivity suggest there are 

many factors that may amplify cost perceptions of PA and shift decisional balances away 

from PA and towards competing sedentary tasks. 

A recent study examining barriers to engaging in PA found structural factors 

including: lack of facilities/equipment/space, as well as personal factors such as lack of 

time and laziness or fatigue as barriers to PA [14]. Fatigue has been defined as “a 

symptom in which physical and cognitive function is limited by interactions between 

performance fatigability and perceived fatigability” [15, pp. 2236] suggesting fatigue 

encompasses both physical and psychological elements. Previous research has 

demonstrated people experiencing greater physical fatigue have a greater preference for 

engaging in lower-effort tasks than when making decisions in a non-fatigued state [16] 

indicating fatigue may amplify cost perceptions and bias choice in favour of lower-effort 

behaviors. However, given widespread evidence that most adults do not regularly engage 

in PA, fatigue caused by prior physical exertion seems an unlikely PA impediment. 

Rather, other sources or manifestations of fatigue may determine people’s decisions to 

engage in PA or not.   

Mental fatigue refers to a psychobiological state experienced during or following 

prolonged and challenging cognitive activity [17]. Mental fatigue experienced after prior 
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cognitive exertion has been shown to impair physical performance and amplify ratings of 

perceived exertion during endurance tasks [18, 19]. In addition, previous research has 

shown reductions in self-selected intended exercise intensity for endurance [20] and 

resistance exercise [21] following completion of cognitively demanding tasks. 

Collectively, these investigations illustrate the negative impact of mental fatigue on 

exercise intentions and subsequent performance; however, these findings are limited 

insofar as participants were given no choice other than to engage in PA and to modify 

their motivation or behaviour in light of that eventuality. An area that has received less 

attention is examining how mental fatigue influences people’s decision-making when 

given choices between engaging in PA or alternative behaviours.  

An emerging body of research has examined the role of mental fatigue on 

decision-making between engaging or not engaging in exercise or MVPA. Van As et al. 

found completing a mentally fatiguing task beforehand did not affect the likelihood of 

choosing to engage in a physically effortful task or not [22]. However, the task 

participants were presented with was a hand-grip exercise task, which, while designed to 

be physically-effortful, may not represent the types of activities people choose to engage 

in for exercise or MVPA. In contrast, two experiments found mental fatigue decreased 

the likelihood of engaging in MVPA when a sedentary alternative was readily available 

[23, 24]. Importantly, the effect of mental fatigue on choice was mediated by motivation 

represented by a benefit vs. cost valuation, consistent with theorizing by Chong et al. [11] 

and others [10, 25]. 
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Although the above studies demonstrate the influence of mental fatigue and 

benefit vs. cost valuations on MVPA choices, the MVPA task consisted of continuous 

cycling on a stationary ergometer which also fails to represent the broad range of MVPA 

options people may choose to engage in throughout their day. In addition, participants 

choices regarding MVPA were confined to a single study session and did not account for 

fluctuations in psychological or feeling states that may affect choices people make during 

their everyday lives. Thus, while previous research has demonstrated effects of mental 

fatigue and subjective valuations on MVPA in principle, methods with stronger 

ecological validity and better application to real-world decision-making scenarios are 

needed. 

Ecological Momentary Assessment (EMA) is a real-time data capture 

methodology which involves sampling psychological and contextual experiences using 

digital software applications to deliver surveys to personal electronic devices requesting 

immediate responses. This methodology accounts for dynamic changes in real-time to 

examine cognitions, feelings, and behaviour across time and contexts, minimizing recall 

bias and maximizing ecological validity [26] which results in greater accuracy when 

evaluating associations between psychological experiences and subsequent behaviour. 

Further, EMA can be paired with activity monitoring devices (e.g., accelerometers), 

which can provide accurate estimates of PA within discreet time windows, rather than 

relying on self-report measures that are subject to social desirability, over-reporting, and 

recall biases [27]. A major strength of using EMA is that it can better account for the 

complex and dynamic patterns of change that occur in real-world, real-time scenarios 
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than more traditional methods (e.g., one-time questionnaire assessments) applied in PA 

research [28].  

In an illustrative study using EMA, Rebar et al. [29] investigated associations 

between ego depletion (a construct similar to mental fatigue [30]), intentions, and MVPA. 

In the study, participants completed one, daily, EMA survey on each of seven 

consecutive days. Results showed when people reported higher ego depletion, their 

exercise intentions were significantly lower than when they reported lower ego depletion. 

Further, when ego depletion was high, intentions were a good predictor of MVPA the 

following day; however, MVPA levels were low (i.e., people intended and engaged in 

less MVPA). These findings provide evidence that within-day levels of ego depletion 

predict intentions and next-day behaviour such that higher ego depletion prompts 

intentions to engage in less MVPA. Given the similarities between ego depletion and 

mental fatigue, these findings may be extended to support a prediction that mental fatigue 

may play a similar role in shaping motivation and engagement in MVPA; however, to the 

best of our knowledge no study has examined the relationships between mental fatigue, 

motivation, and MVPA using real-time data capture and device-assessed activity. 

The purpose of this study was to examine associations between real-time 

variations in mental fatigue, perceived costs/benefits of engaging in MVPA, and MVPA 

using EMA and accelerometer methodologies. Building on research by Rebar and 

colleagues [29], this study utilized four, within-day, EMAs from: morning, late 

morning/early afternoon, mid/late afternoon, and evening on seven consecutive days. 

Based on findings from Harris and Bray [23, 24], it was hypothesized that (1) higher 
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levels of mental fatigue would be associated with engaging in fewer minutes of MVPA in 

the 180-minutes following the EMA survey, (2) higher levels of mental fatigue would be 

associated with lower benefit vs. cost scores, (3) higher benefit vs. cost scores would be 

associated with engaging in more minutes of MVPA in the 180-minutes following the 

EMA survey, and (4) benefit vs. cost scores would mediate the relation between mental 

fatigue and MVPA minutes. 

Methods 

Participants  

 One hundred and twelve participants provided informed consent to participate in 

the study. Ten participants did not complete the study protocol and accelerometer data 

was inaccessible for two participants who did not return the accelerometer following the 

study period, allowing analyses of data from a total of 100 participants (n = 22 males, 

Mage = 20.60, SD = 2.61 years). See Figure 1 for flow diagram of study participants. 

Participants were eligible to participate if they were (a) between 17-30 years of age, (b) 

fluent in English, and (c) owned a personal smartphone device. Participants received a 

$20 CAD honorarium and pro-rated compensation up to a maximum of $50 CAD for 

completing EMA surveys. The study was reviewed and approved by an institutional 

research ethics board prior to recruitment and data collection.  

Sample Size Calculation 

The study methodology involved collection multiple measures from participants 

on multiple occasions, resulting in “nesting” of data and application of multilevel 

analyses. Simulation studies show multilevel models reach optimum efficiency with 50-
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60 observations at the highest level of the hierarchy (in this study, the individual) [31]. 

Similar EMA studies in the field of exercise psychology have used sample sizes around 

100 (e.g., N =121 [32]; N = 114 [33]; N = 103 [29]). Thus, to be consistent with other 

studies in the field, we aimed to collect data from 100 participants. 

Procedures 

 Following local/institutional COVID-19 restrictions, all research procedures were 

carried out remotely. Participants conducted one phone screening session with a study 

researcher confirming study eligibility and providing informed consent. Baseline data 

collection was managed through an online survey platform: LimeSurvey 

(http://www.limesurvey.org) which participants accessed via a hyperlink to the study 

website where they completed questionnaires assessing demographics (age, sex) and 

habitual MVPA. Next, participants were familiarized with the different measures they 

would respond to during each EMA survey prompt during the study period and were 

instructed to contact study researchers with any questions or concerns regarding the EMA 

survey instruments. After completing the online questionnaire, a study researcher 

delivered a wrist-worn accelerometer (ActiGraph GT9X Link) to the participant. 

Participants were instructed to wear the accelerometer on their non-dominant wrist for as 

much time as they could over the 10-day study period; apart from water-based activities 

(e.g., showering, swimming). The study period started the day after the accelerometer 

was provided to the participant. Days 1-3 were used as a device habituation period in 

which activity was monitored, but not analyzed for study purposes. On Day 3 of the 

study, participants were sent instructions via email for downloading a smartphone 

http://www.limesurvey.org/
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application (Lumedi: Webility Solutions Inc.) with a customized EMA survey platform, 

developed for this study, and provided with a unique code to activate a secure, personal, 

account. Participants were also provided a study reference document outlining the EMA 

questions. The EMA survey prompts commenced at 8am EST on study Day 4 and ended 

at 8pm EST on Day 10 (See Figure 2 for study procedure timeline). Upon completion of 

the study, participants returned the accelerometer and received the 

honorarium/compensation.   

Measures 

Habitual MVPA. Habitual MVPA was assessed using four items from the 

International Physical Activity Questionnaire (IPAQ; [34]). Participants reported how 

many days per week and minutes per day they spent engaging in each of moderate and 

vigorous intensity activity during a typical 7-day period in the past three to five months. 

Minutes / day were multiplied by number of days / week for both intensities and summed 

to yield an overall score of habitual MVPA (minutes / week).  

Ecological momentary assessment (EMA) measures 

 Electronic EMA surveys were delivered through a smartphone app (Lumedi) 

downloaded to participants’ personal smartphone device. Four EMA surveys were 

distributed each day for seven consecutive days (up to 28 total surveys) to assess 

participants’ current psychological state and perceptions related to engaging in physical 

activity. Surveys were designed to take 2-3 minutes to complete. Each EMA prompt was 

delivered at a random time within four pre-programmed timepoint windows (1) 8:00-

9:30am, (2) 11:30am-1:00pm, (3) 3:00-4:30pm, and (4) 6:30-8:00pm daily. Participants 
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were alerted when a survey was available to complete through a notification on their 

smartphone from the Lumedi app. If a survey was not completed at the time of the initial 

prompt, the app sent up to three reminder notifications 10-minutes, 20-minutes, and 25-

minutes after the initial prompt. If a response was not logged within 30-minutes of the 

initial prompt, the survey became inactive. Each EMA survey was coded for day of the 

week (i.e., Monday through Sunday) and time-of-day (i.e., timepoint 1 through timepoint 

4). 

Subjective mental fatigue. A horizontal sliding scale, similar to a Visual 

Analogue Scale (VAS; [35]), was used to assess mental fatigue. Participants were 

instructed to: “Please use the sliding scale to indicate what you feel represents your 

perception of your current state of MENTAL FATIGUE” with the anchors ranging from 

‘None at all’ on the far left to ‘Maximal’ on the far right. The scale was calibrated to 101 

increments ranging from 0 on the far left of the line to 100 on the far right. Participants 

used their fingertip to move a cursor along the sliding scale to the point on the line 

representing their current state of mental fatigue.  

Subjective evaluation of exercise. A 2-item measure was used to assess each of 

the perceived costs and perceived benefits of engaging in exercise. For perceived costs, 

participants were presented with: “In general, I think exercising for 10+ minutes 

sometime within the next few hours has:...” and responded on a 1-10 scale anchored at 1) 

“No disadvantages” and 10) “Many disadvantages”. For perceived benefits, participants 

were presented with: “In general, I think exercising for 10+ minutes sometime within the 
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next few hours has:...” and responded on a 1-10 scale anchored at 1) “No advantages” 

and 10) “Many advantages”.  

To represent the perceived costs relative to perceived benefits, responses were 

converted into a composite measure: “benefits vs. costs”, calculated by subtracting the 

perceived costs value from the perceived benefits value. Scores for the composite 

measure range from -9 to +9, with greater positive values representing greater benefit – 

cost valuations and greater negative values representing greater cost – benefit valuations. 

This measure has been previously used to examine perceived costs and benefits of 

engaging in MVPA [23, 24]. 

Accelerometer-based physical activity. Moderate-to-vigorous intensity PA was 

measured passively using an ActiGraph GT9X Link device on participants’ non-

dominant wrist for seven consecutive days. Data were collected in three axes at a 

sampling rate of 30 Hz. Data were uploaded from each accelerometer to the ActiGraph 

CentrePoint platform once returned to study researchers. The CentrePoint platform was 

used to calculate and record wear time as well as MVPA during 180-minute time window 

following each EMA survey. MVPA cut points were based on the Troiano et al. [36] 

criteria. A 180-minute time window has been previously used in EMA research 

examining PA in adults [37].  

Data Analysis 

Descriptive data from the baseline questionnaire were summarized as means and 

standard deviations for age and habitual PA and frequencies were summarized for sex. 
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Summary descriptive information was also computed for the EMA sampling data. 

Descriptive analyses were conducted using IBM SPSS (Version 28.0). 

Analyses of missing data were conducted using logistic regression models (coded 

0 for not missing and 1 for missing) to examine whether EMA responses differed by age, 

sex, habitual MVPA, time-of-day (timepoint 1 through 4), and day-of-week (Monday 

through Sunday). 

Multilevel Modelling. The data collected form a three-level hierarchy with 

observations (Level 1) nested within day-of-week (Level 2) or time-of-day (Level 2) 

nested within people (Level 3). Three separate unconditional models were initially 

generated by entering MVPA as the dependent variable and each of the nesting variables 

to establish whether there was systemic variation in data recorded at Level 1, within-

people (Level 3), within-day-of-week (Level 2), and within-time-of-day (Level 2) on 

MVPA engaged in within the 180-minute time window.  

A multilevel mediation model was computed in STATA (Version 14.2) to assess 

the hypothesized relationships between (1) mental fatigue and MVPA, (2) mental fatigue 

and benefit vs. cost scores, (3) benefit vs. cost scores and MVPA, and (4) mental fatigue 

and MVPA, controlling for benefit vs. cost scores. All data were analyzed for MVPA 

observations with a non-zero wear time value in the 180-minute time window following 

the EMA survey prompt. The alpha criterion was set at 0.05. 

Multilevel mediation modeling allows for the test of mediational effects at the 

lowest level of the multilevel hierarchy in clustered data [38]. Essentially, this analysis 

tests mediation of the mental fatigue – MVPA relationship by benefits vs. costs at each of 
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the 28 Level 1 observations (4 timepoints * 7 days) in the dataset adjusting for the 

“nesting”, or intercorrelation, of Level 1 observations within higher levels of the 

hierarchy. Bootstrap procedures utilizing 10,000 simulations were computed based on 

recommendations by Hayes & Scharkow [39] to determine 95% confidence intervals. 

Residuals were visually assessed to verify assumptions of normality.  

Results 

Descriptive statistics 

The sample was, on average, 20.60 (SD = 2.61) years old and self-reported 

engaging in 290.00 (SD = 267.27) minutes of MVPA per week. On average, participants 

answered 72% of EMA prompts (range = 14% – 100%) and most (63%) participants 

wore the accelerometer for ≥ 12 hours/day, on 7/7 days during the EMA period and 80% 

wore the accelerometer for ≥ 12 hours/day on 5/7 days or more.  

Missing Data 

The likelihood of answered vs. unanswered mental fatigue ratings did not vary as 

a function of age, sex, habitual MVPA, or day-of-week. However, mental fatigue scores 

were more likely to be missing for prompts later in the day (coef. = -.27, SE = .039, p < 

.001, 95% C.I. = -.35 to -.19). The likelihood of answered vs. unanswered benefit vs. cost 

scores did not vary as a function of age, habitual MVPA, or day-of-week. However, 

benefit vs. cost scores were more likely to be missing from male participants (coef. = .35, 

SE = .12, p = .003, 95% C.I. = .12 to .58) and for prompts later in the day (coef. = -.33, 

SE = .043, p < .001, 95% C.I. = -.42 to -.25). 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 104 

Descriptive statistics and percentages of missing data for mental fatigue, benefit 

vs. cost score, and MVPA minutes during the 180-minute time window after each EMA 

survey are presented in Table 1. As shown in the table, mental fatigue scores were 

moderate (M = 41.00, SD = 26.47), based on a possible range of 0-100; benefit-costs 

scores were +2.72 (SD = 4.03) demonstrating a general bias in favour of perceived 

benefits over perceived costs, based on a possible range of -9 to +9; and participants 

spent on average 16.56 (SD = 16.49) minutes engaging in MVPA during the 180-minutes 

following each EMA survey.  

 

Preliminary Analyses  

 The likelihood ratio test comparing the unconditional model to a linear model was 

significant when examining nesting of Level 1 observations within-people (χ2(1) = 

156.11, p < .001) and within-time (χ2(1) = 31.60, p < .001) indicating significant 

between-people and between-time-of-day variation, thus supporting use of multilevel 

modeling. However, there was no difference between the unconditional model examining 

nesting within-day-of-week and a linear model (χ2(1) < 1.00, p = 1.00) indicating no 

significant variation based on days of the week (e.g., scores for measures taken on 

Monday were not statistically different from scores taken on Wednesday, etc.) deferring 

the use of multilevel modeling of within-day variance.  

Because multilevel mediation models can only accommodate 2-level data 

structures [38], separate multilevel models were initially computed for the 3-level data 

structure (i.e., observations nested within time-of-day nested within individuals) to assess 
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the x-y, x-m, and m-y (controlling for x) relationships. For each model, a random 

intercept model was first generated to fit the data and consequently compared to a 

random intercept, random slope model to achieve the best fit for the 3-level data 

structure. A random intercept, fixed slope model best fit the data assessing the x-y 

relationship.  For the x-m and m-y relationships, random intercept, random slope models 

provided the best fit.  

Results from each 3-level model were compared with the results of a random-

intercept multilevel mediation model using only the 2-level structure (i.e., observations 

nested within individuals) to determine if multilevel mediation was statistically 

appropriate. In all cases, the 3-level multilevel models produced identical results to the 2-

level multilevel mediation model. Thus, given there was no observable effect associated 

with nesting within time-of-day, results from the 2-level multilevel mediation model 

including nesting of observations within individuals were considered appropriate for the 

primary analyses.  

Primary Analyses  

The first multilevel model included MVPA minutes as the dependent variable and 

mental fatigue as the independent variable. Higher levels of mental fatigue were 

associated with less MVPA (coef. = -.032, SE = .016, p = .043, 95% C.I. = -.062 to -

.00099, ICC = 9.5%). The multilevel model including benefit vs. cost score as the 

dependent variable and mental fatigue as the independent variable indicated higher levels 

of mental fatigue were associated with lower benefit vs. cost scores (coef. = -.013, SE = 

.0034, p < .001, 95% C.I. = -.019 to -.0062, ICC = 42.2%). The final multilevel model 
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included MVPA minutes as the dependent variable and benefit vs. cost score and mental 

fatigue as independent variables. Higher benefit vs. cost scores were associated with 

engaging in more MVPA (coef. = .40, SE = .11, p < .001, 95% C.I. = .18 to .61, ICC = 

9.7%). The unadjusted model including MVPA as the dependent variable and benefit vs. 

cost score as the independent variable revealed a significant association (coef. = .45, SE = 

.10, p < .001, 95% C.I. = .24 to .65, ICC = 11.8%). See Electronic Supplemental Material 

1 for model coefficients for fixed and random effects. 

Mediation Analysis 

 In the mediation analysis, (see Figure 3), MVPA minutes during the 180-minute 

time window was specified as the dependent variable, mental fatigue as the independent 

variable, and benefit vs. cost score as the mediator. The overall results revealed a non-

significant indirect (mediation) effect (coef. = -.005, SE = .0026, p = .053, 95% C.I. = -

.010 to .00007); however, it is noteworthy that this effect barely exceeded the 

conventional p = .05 level. Further, the strength of the direct effect of mental fatigue to 

MVPA was weakened from -.032 to -.026 when benefit vs. cost score was included in the 

model (coeff = -.026, SE = .016, p = .092, 95% C.I. = -.057 to .0043) showing the 

relationship between mental fatigue and MVPA minutes is partially mediated by benefit 

vs. cost scores. As recommended by Shrout and Bolger ([40], pp. 434), PM: an estimate 

of the “effect proportion mediated”, was calculated to assess the strength of the partial 

mediation effect attributable to benefits vs. costs using the ratio of the indirect effect over 

the total effect.  The resulting PM value indicated 16.2% of the effect between mental 

fatigue and MVPA was accounted for by benefits vs. costs. 
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Discussion 

In this study we examined associations between real-time variations in mental 

fatigue, perceived costs/benefits of engaging in MVPA, and MVPA using EMA and 

accelerometry. Building on previous lab-based research using an acute decision-making 

paradigm, we investigated the association between mental fatigue and MVPA and 

whether that association was mediated by benefit vs. cost valuations of engaging in 

MVPA over seven consecutive days. Results demonstrated greater mental fatigue was 

associated with significantly lower benefit vs. cost scores and significantly fewer minutes 

of MVPA, while higher benefit vs. cost scores were significantly associated with 

engaging in more minutes of MVPA. Results of the mediation analysis were not 

significant, however, an estimate of the strength of the effect indicated a partial mediation 

such that benefits vs. cost valuations accounted for 16.2% of the effect between mental 

fatigue and MVPA minutes.  

The effects of mental fatigue on physical performance is a burgeoning topic of 

interest in the fields of sport and exercise psychology. However, existing evidence is 

largely based on data from controlled experimental methods which limits applicability to 

real-world contexts. Previous research examining the role of mental fatigue on PA 

decision-making has been mixed, with some studies demonstrating higher mental fatigue 

leads to greater likelihood of selecting a sedentary task rather than engaging in MVPA 

[23, 24] and other studies showing the probability of choosing to engage in an effortful 

hand-grip exercise task was not reduced with higher mental fatigue [22]. In this study, we 

set out to extend results from studies using lab-based experimental methods and examine 
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the mental fatigue – PA relationship using methods with stronger ecological validity. 

Thus, this study acts as an important step to further our understanding of the effects of 

mental fatigue on PA decision-making based in people’s real-time lived experiences.  

Study findings demonstrate greater mental fatigue is associated with engaging in 

fewer minutes of MVPA in naturalistic, everyday environments. While previous research 

has demonstrated a small-to-medium sized negative effect of mental fatigue on 

subsequent physical performance [18], these results do not explain the effect of mental 

fatigue on people’s decisions to engage or not engage in PA. Previous cross-sectional 

studies show feeling tired/fatigued is a barrier to engaging in PA in the general 

population (Farah et al., 2021; Salmon et al., 2003) and lack of sleep is a barrier in first-

year university students [41]. Findings are consistent with these observations as they 

demonstrate people engage in less MVPA when feeling fatigued in their everyday lives. 

To the best of our knowledge, this is the first study to demonstrate the negative effect of 

mental fatigue on physical activity in people’s regular day-to-day experiences. 

As predicted, higher benefit vs. cost valuations were associated with engaging in 

more minutes of MVPA, but are perhaps better contextualized in terms of lower benefit-

cost valuations being associated with fewer minutes of MVPA. This relationship is 

consistent with theorizing using cost/benefit valuations to represent motivation for 

engaging in effortful tasks [10, 11, 25] and previous research demonstrating cost/benefit 

valuations predict PA decision-making between a MVPA and sedentary task in 

experimental settings [23, 24]. Importantly, cost/benefit valuations are constructs in some 

models of health behavior (e.g., Health Belief Model; [42, 43]), however, these models 
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have focused on the benefits and costs of the health outcomes rather than those associated 

with engaging in the behaviours themselves. The present study extends these ideas in a 

novel way by showing cost/benefit valuations predict MVPA in people’s daily lives. 

According to the framework proposed by Müller and Apps [10], fatigue leads to a 

decline in motivation to exert effort and reduced performance on subsequent physical 

tasks which is consistent with effects observed in the a and b mediation model pathways 

in this study. More specifically, this study’s results suggest under conditions of higher 

mental fatigue there is a bias of cost/benefit valuations in favor of amplified cost 

perceptions, which in turn predicts engagement in fewer minutes of MVPA. This finding 

also extends findings from previous laboratory-based work [23, 24], being the first to 

demonstrate this effect outside of controlled, laboratory settings. 

The indirect mediation effect of mental fatigue on MVPA through benefit vs. cost 

valuations was not significant; however, findings indicate partial mediation at a 

probability of p < .06, in which benefits vs. cost valuations accounted for 16.2% of the 

overall effect of mental fatigue on MVPA. Given the significant independent pathways 

observed, the non-significant indirect effect may be due to model misspecification as 

described by Shrout and Bolger [42]. Specifically, if groups exist within the data in which 

different mediation mechanisms apply to different groups, the mediator may mediate the 

relation for one group but not the other. For example, there are many potential 

moderators that may influence people’s ability or opportunity to engage in MVPA which 

were not measured in this study. Contextual factors such as what participants were doing 

at the time of the prompt (e.g., eating, watching TV/movies, socializing, etc…), where 
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participants were at the time of the prompt (e.g., at home vs. at work/school; inside vs. 

outside), and who they were with at the time of the EMA prompt (e.g., alone, with 

spouse/partner, friends, etc…) have been shown to affect PA engagement [32, 33, 44]. 

Thus, despite low levels of mental fatigue and high motivation, people may be unable to 

engage in MVPA within the hours after responding to the prompt if they are not in a 

behavioral or social context that allows opportunities for PA (e.g., at work/school or with 

family/peers engaging in alternate behaviors). Therefore, future exploration using 

additional measures and more complex modeling parameters is needed to understand the 

dynamic nature of these data in real-world contexts. 

In addition to their theoretical relevance, results from this study hold practical 

relevance towards understanding real-time correlates of PA and can inform health 

promotional efforts targeting PA behaviors. Specifically, since higher mental fatigue is 

related to engaging in fewer minutes of MVPA, more emphasis can be placed on 

encouraging people to engage in PA during times of the day when fatigue is likely to be 

lower, such as earlier in the day or prior to completing long work shifts [45]. 

Additionally, PA promotional efforts should target behaviors with lower perceived costs 

to adjust the effort cost/benefit ratio. For example, considering evidence showing 

important health benefits of engaging in light-intensity PA [46] and current 24-hour 

movement guidelines encouraging participating in light-intensity PA [3], promoting light-

intensity PA as a lower effort PA option may increase the likelihood that people will 

choose to engage in PA when experiencing higher levels of mental fatigue. 
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There are several strengths and limitations of the present research that should be 

noted. Using real-time data capture methodologies such as EMA and accelerometry 

builds on previous experimental work by examining the associations and sequential 

relationships between mental fatigue, motivation, and MVPA in real-time, real-world 

settings. Notably, mental fatigue, as measured in this study was not experimentally 

manipulated which has stronger ecological validity than fatigue manipulated using 

cognitive tasks in laboratory settings. In addition, passive monitoring of MVPA using 

accelerometers can be seen as a strength as participants were able to engage in PA 

consistent with their preferences and what they would normally engage in based on 

parameters including type, duration, and context rather than examining limited PA 

options in controlled lab settings such as stationary cycling [16, 23, 24] or a hand-grip 

exercise task [22]. However, use of accelerometry does not distinguish between 

engagement in planned and purposeful PA which involves a deliberate decision-making 

process versus incidental bouts of MVPA. To address this, future work should use a 

combination of tools to assess PA including device-based and self-reported techniques 

consistent with recommendations by Nigg et al. [47].  

The study limitations include the fact that not all contextual factors which may 

affect one’s PA choices were accounted for in the present study. As mentioned above, 

evidence of partial mediation suggests a more complex statistical model including 

physical, social, and/or behavioral contextual information may be needed to better 

understand real-time associations between variables which we were unable to examine in 

this study. In addition, this study did not control for individual-level factors shown to be 
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significant covariates in other decision-making paradigms such as PA enjoyment and 

habitual MVPA [48].  

Despite these limitations, the present study provides a strong foundation for future 

research exploring associations between psychological factors and real-time decision-

making for PA to provide a holistic view of factors influencing decisions to engage in 

PA. By identifying psychological factors associated with real-time decisional balances 

and behavior, future work along these lines should be useful in the development of PA 

interventions. For example, mental fatigue, cost/benefit valuations, and other variables 

can inform optimal decision rules for digital interventions known as “just-in-time” 

adaptive interventions (JITAIs; [49, 50]). JITAIs are individually tailored to a person’s 

current and unique context and can adapt based on their psychological status to address 

changing needs. For example, lower-intensity PA such as yoga or light walking may be 

promoted for someone experiencing higher mental fatigue whereas higher-intensity PA 

may be promoted for someone experiencing lower mental fatigue. Future research should 

define other important components of JITAIs including decision points and intervention 

options [49, 51] to increase the efficacy of real-time interventions targeting PA. 

 To the best of our knowledge this study is the first to use real-time data capture 

methods to examine associations between mental fatigue, benefit vs. cost valuations, and 

MVPA to advance our understanding of conditions influencing PA decision-making in 

real-time. Results showed greater mental fatigue was associated with fewer MVPA 

minutes and lower benefit vs. cost valuations, and higher benefit vs. cost valuations were 

associated with more MVPA minutes. Overall, study findings provide insight into real-
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time predictors of motivation and PA and highlight the complex relationships between 

psychological variables and behavioral outcomes in the real world. 
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Table 1. 

Descriptive Statistics for Demographic Variables, EMA Measures 

 M (SD) % Missing data 

Age 20.60 (2.61) 0 

Habitual MVPA 290.04 (267.27) 0 

Mental fatigue 41.00 (26.47) 32.48% 

Benefit vs. cost score 2.72 (4.03) 25.20% 

MVPA  16.56 (16.49) 0 

Note. M = mean, SD = standard deviation, MVPA = moderate-to-vigorous physical 

activity during 180 minutes post EMA prompt. Scores for Mental fatigue can range from 

0-100; scores for Benefit vs. cost can range from -9 to +9. 
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Figure 1. Flow diagram of included participants. 

8 participants did not respond to emails 
for coordinating accelerometer drop off 

110 completed online demographics questionnaire 

112 participants were eligible 

102 participants received accelerometers  

100 participants returned accelerometers and data 
uploaded to CentrePoint to include in analyses 

1 accelerometer lost by participant 
1 participant did not respond at the end of 
the study 

2 participants did not complete the online 
baseline demographic questionnaire 
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Figure 2. Timeline of study procedures. 
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Figure 3. Mediation (indirect effect) analysis results. MVPA = moderate to vigorous 

physical activity.  Values for a, b, c, c’ are model coefficients (standard error). *p < .05, 

** p < .001. 

MVPA minutes 
(Y) 

Mental fatigue 
(X) 

Benefit vs. cost 
(M) 

c’ = -.026 (.02)  

a = -.013 (.003)** b = .40 (.11)** 

c = -.032 (.02)* 
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Electronic Supplemental Material 1 

Table A1.  

Model coefficients analyzing the fixed effects of mental fatigue on MVPA 

 Coefficient SE z p 95% C.I. 

Mental fatigue -.032 .016 -2.02 .043 -.062 to -.00099 

Constant 18.29 .90 20.33 < .001 16.53 to 20.05 

 

Table A2.  

Model coefficients analyzing the random effects of mental fatigue on MVPA 

 Estimate SE 95% C.I. 

Between-subject SD 4.94 .56 3.96 to 6.18 

Within-subject SD 15.11 .27 14.59 to 15.64 

 

Table A3.  

Model coefficients analyzing the fixed effects of mental fatigue on benefit vs. cost score 

 Coefficient SE z p 95% C.I. 

Mental fatigue -.013 .0034 -3.82 < .001 -.019 to -.006 

Constant 3.15 .31 10.14 < .001 2.54 to 3.76 
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Table A4.  

Model coefficients analyzing the random effects of mental fatigue on benefit vs. cost score 

 Estimate SE 95% C.I. 

Between-subject SD 2.62 .21 2.24 to 3.07 

Within-subject SD 3.06 .05 2.95 to 3.16 

 

Table A5.  

Model coefficients analyzing the fixed effects of benefit vs. cost score on MVPA 

 Coefficient SE z p 95% C.I. 

Benefit vs. cost score .45 .10 4.33 < .001 .24 to .65 

Constant 15.70 .71 22.03 < .001 14.31 to 17.10 

 

Table A6.  

Model coefficients analyzing the random effects of benefit vs. cost score on MVPA 

 Estimate SE 95% C.I. 

Between-subject SD 5.44 6.01 19.91 to 44.09 

Within-subject SD 14.89 7.40 207.74 to 236.79 
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Table A7.  

Model coefficients analyzing the fixed effects of mental fatigue and benefit vs. cost score 

on MVPA 

 Coefficient SE z p 95% C.I. 

Benefit vs. cost score .40 .11 3.66 < .001 .18 to .61 

Mental fatigue -.026 .016 -1.68 .09 -.057 to .0043 

Constant 17.04 .96 17.69 < .001 15.15 to 18.93 

 

Table A8.  

Model coefficients analyzing the random effects of mental fatigue and benefit vs. cost 

score on MVPA 

 Estimate SE 95% C.I. 

Between-subject SD 4.99 .57 4.00 to 6.23 

Within-subject SD 15.05 .27 14.54 to 15.58 
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CHAPTER 5: 

GENERAL DISCUSSION 
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The negative effects of mental fatigue on physical performance outcomes have 

been widely documented (e.g., Brown et al., 2020).  However, effects of mental fatigue 

on people’s choices to engage in PA or not has received limited attention. The 

overarching objective of this dissertation was to examine the associations between mental 

fatigue, motivation, and physical activity decision-making using experimental, 

hypothetical, and real-world decision-making paradigms.  

Overall, results from the studies in this dissertation extend prior knowledge in 

several important areas. Importantly, in addition to consistent evidence demonstrating 

mental fatigue impairs subsequent performance on a variety of physical tasks, results 

show people are less likely to engage in PA when reporting higher levels of mental 

fatigue (Studies 1, 2, & 3). Higher mental fatigue was also shown to decrease the 

likelihood of engaging in MVPA indirectly through a sequential pathway consisting of 

psychological mediators: perceived effort and benefit vs. cost valuations (Study 1) and 

decreased motivation for engaging in vigorous-intensity PA (Study 2). Higher mental 

fatigue was also associated with fewer MVPA minutes and lower benefit vs. cost 

valuations assessed in real-world settings (Study 3). In addition, results show motivation 

measured by one’s subjective valuations of perceived costs and benefits of engaging in a 

bout of MVPA predicts choice in acute experimental (Study 1) and real-world decision-

making (Study 3) scenarios. Parameters frequently used to prescribe exercise such as 

intensity and duration were shown to influence people’s subjective valuations and 

willingness to engage in PA (Study 2).  
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Qualitative results from Study 1 align with quantitative findings from the 

dissertation studies which demonstrates higher mental fatigue decreases motivation for 

engaging in PA (Studies 1, 2, & 3). Finally, qualitative results from Study 1 revealed 

“increased feelings of fatigue resulting from the cognitive task” was most frequently 

reported in participants who chose not to exercise after engaging in a high cognitive 

demand task. This finding aligns with results from Study 3 showing higher mental fatigue 

was associated with engaging in fewer MVPA minutes. In the following sections, the 

conceptual and theoretical implication of this work will be addressed along with 

remaining gaps and considerations for future areas of research stemming from this work. 

5.1 Conceptual Implications 

The studies in this dissertation were conducted to examine and extend 

theoretical propositions and conceptual frameworks suggesting subjective perceptions of 

effort, costs, and benefits influence subsequent effort-based decision-making. The 

emerging body of research examining the role of mental fatigue on physically effortful 

decision-making has shown mixed findings (Abdel et al., 2021; Harris & Bray, 2019; van 

As et al., 2021, 2022). Study 1 was the first study to directly examine the mediating role 

of perceptions of effort on the relation between mental fatigue and effort-based choice 

between engaging in a physically effortful task or a non-effortful task. Consistent with 

research demonstrating mental fatigue increases perceptions of effort during a physically 

demanding task (Marcora, et al, 2009; Smith, et al, 2015; Zering, et al, 2017), this study 

provides the first evidence that mental fatigue amplifies perceived effort in anticipation of 

a bout of PA and these increased effort perceptions make people less likely to volitionally 
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engage in MVPA. These findings are consistent with conceptualizations of effort by 

Shenhav et al. (2017) suggesting effort mediates the relation between one’s capacity and 

ability to successfully perform a task and task performance. According to this 

conceptualization, effort determines the level of performance that will be achieved based 

on a person’s ability levels. Extending this perspective, results from Study 1 highlight 

perceptions of effort predict not only performance on a task but also predict one’s 

willingness to engage in a physically effortful task such that greater perceived effort for 

engaging in an acute bout of MVPA will shift one’s decisional balances making them less 

likely to choose to exercise when less-effortful alternatives are available. Further, results 

from Study 1 suggest mental fatigue leads to a lower capacity to exert physical effort 

which aligns with theorizing by Shenhav et al. (2017). 

In addition to demonstrating the role of perceived effort on PA decision-

making, Study 1 used qualitative methods to examine the conscious reasoning behind 

participants’ subjective perceptions and choices to engage or not engage in MVPA and 

how their choice was affected by completion of cognitively demanding or non-

demanding tasks. Much of the qualitative data mapped, conceptually, onto the 

hypothesized mediation pathways in Studies 1 and 3 showing increased feelings of 

fatigue and changes in motivation (i.e., benefits and costs) influenced choice. However, 

some of the qualitative insights provide perspective into alternative explanations 

explaining people’s decision-making, which challenges the hypotheses of the studies 

within this dissertation. For example, following a high cognitively demanding task, some 

participants expressed having a “desire to switch from mental to physical (task)” as well 
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as “increased alertness resulting from cognitive task” as reasons justifying their choice to 

engage in a MVPA task. Interestingly, while the low cognitive demand task used in Study 

1 has been shown to be affectively neutral (Zering et al., 2017), some participants 

mentioned “increased feelings of fatigue/feeling tired,” “aversive feelings towards the 

cognitive task,” and experiences of a “deactivated state following the cognitive task” as 

reasons why the low cognitive demand task led to their choice to not engage in exercise.  

With these latter findings in mind, it is interesting to note that research has 

shown participants reported higher levels of fatigue after completing tasks designed to be 

cognitively boring compared to tasks requiring greater cognitive effort (Milyavskaya et 

al., 2019), which may help explain some of these contradictory findings. For instance, 

engaging in the documentary viewing task may have increased feelings of boredom in 

some participants, resulting in the negative changes in affect/activation mentioned in the 

qualitative responses. Although boredom was not measured in Study 1, it is possible that 

the low cognitive demand task may have increased feelings of boredom which is 

phenomenologically similar to feelings of fatigue (Milyavskaya et al., 2019) leading to 

the choice to not engage in MVPA. Future work using cognitive manipulations should be 

mindful of the different psychological or affective states caused by each task (i.e., fatigue, 

boredom, affect, etc…) and include measures to examine their potential influence on 

outcomes of interest such as physical performance and decision-making. 

Studies 1 and 3 provide evidence supporting the utility of using cost/benefit 

calculations as an indirect measure of motivation (Chong et al., 2016) and measure of the 

subjective value of producing effort (Pessiglione, et al 2018). Results showed a positive 
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relation between benefit vs. cost valuations and physical activity decision-making in both 

laboratory and field settings such that higher benefit vs. cost valuations are associated 

with engaging in more minutes of MVPA and predict the choice to engage in a MVPA 

task versus a sedentary task. Importantly, the cost/benefit measure used in Studies 1 and 3 

allowed participants to consider the perceived costs and benefits most salient to them 

rather than existing questionnaire measures developed to evaluate beliefs around specific 

factors associated with engaging in exercise (e.g., Exercise Benefits/Barriers Scale 

(EBBS); Sechrist, et al, 1987). For example, the EBBS contains nine items specific to 

physical performance benefits compared to three items related to family encouragement 

suggesting a disproportionate role of both factors on cost/benefit valuations. However, 

some people may weigh both factors similarly when considering PA decision-making 

which is not reflected by the EBBS. Assessing the perceived costs and benefits using an 

open-ended measure can account for individual differences in the subjective valuations 

associated with engaging in PA. 

Drawing upon recommendations by Massar, et al (2018) to use insights from 

the field of effort-based decision-making to examine the influence of fatigue on 

motivation, Study 2 used an effort discounting paradigm to investigate the effects of two 

primary characteristics of PA: intensity and duration; on motivation to engage in PA and 

examine the effect of mental fatigue on PA motivation. While previous research has used 

effort discounting paradigms to investigate the role of cognitive fatigue on cognitively 

effortful decision-making (van As et al., 2021) and physical fatigue on physically 

effortful decision-making (Iodice et al., 2017), Study 2 is the first to examine the 
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crossover effects of mental fatigue on physically effortful decision-making using effort 

discounting.  

Although the conceptual bases for the dissertation and most of the data were 

collected prior to publication of the theory of effort minimization in physical activity 

(TEMPA; Cheval & Boisgontier, 2021) evidence from all three studies provide support 

for the proposition that effort demands involved with engaging in PA is perceived as a 

cost which leads to effort minimization processes in favour of behaviors that are more 

cost-effective. Study 1 showed effort perceptions associated with engaging in a MVPA 

task was a strong predictor of MVPA and mediated the relation between mental fatigue 

and choice where higher effort perceptions led to a reduced likelihood of choosing to 

engage in MVPA. In addition, Study 2 demonstrated decreased willingness to engage in 

PA behaviors as a function of increased effort requirements defined as activities of higher 

intensities or longer durations. Taken together, results from these studies support the 

interpretation that effort is costly and people are less likely to engage in tasks with greater 

physical effort demands and more likely to choose to engage in alternate tasks with lower 

effort requirements as suggested by TEMPA. 

5.2 Practical Implications 

While current PA guidelines recommend engaging in at least 150 minutes of 

MVPA and two muscle-strengthening activities each week, several hours of light 

intensity physical activity including standing, and muscle strengthening activities at least 

twice a week (Ross et al., 2020), recent estimates suggest the majority of Canadian adults 

are not meeting these guidelines (Clarke et al., 2019). The findings from this dissertation 
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highlight many practical implications for contexts which involve decision-making related 

to physical activity and exercise behaviors and recommendations which aim to increase 

PA levels in adults. 

Findings from this dissertation provide evidence suggesting mental fatigue is a 

barrier to engaging in PA in a young adult population which is consistent with previous 

cross-sectional data (Farah et al., 2021; Salmon et al., 2003). Based on findings 

demonstrating higher mental fatigue leads to decisions to avoid engaging in MVPA and 

is associated with engaging in fewer minutes of MVPA, people should be encouraged to 

engage in PA during times of the day when they are experiencing lower fatigue such as 

earlier in the day (Micklewright et al., 2017). Promoting PA earlier in the day and at 

times when people are experiencing lower levels of mental fatigue may increase the 

likelihood people will choose to engage in MVPA. However, there are many factors that 

may limit a person’s ability to engage in PA earlier in the day such as school, work, or 

family commitments. Thus, strategies shown to attenuate the negative effects of mental 

fatigue on physical performance such as consuming caffeine (Azevedo et al., 2016), 

offering financial incentives (Brown & Bray, 2017), providing autonomy supportive 

instructions (Graham et al., 2014), and use of behavioral monitoring (Brown & Bray, 

2019) should be investigated as potential mechanisms to overcome mental fatigue and 

encourage choices in favour of engaging in MVPA when experiencing high levels of 

mental fatigue. 

Findings from Study 2 demonstrate physical activity enjoyment is a significant 

predictor of motivation for engaging in PA of different intensities and durations. 
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Specifically, participants with higher PA enjoyment reported higher motivation than 

those with lower PA enjoyment. While PA guidelines and exercise prescriptions provide 

recommendations on important parameters including the frequency, intensity, time, and 

type of exercise (i.e., FITT principle; Riebe et al., 2018), recent recommendations suggest 

including a measurement of fun or enjoyment in PA prescriptions which may be an 

important factor for the initiation and maintenance of PA (Burnet et al., 2019). In 

addition, people should be encouraged to engage in a wide variety of physical activities 

(e.g., competitive/recreational/leisure; weight bearing/non-weight bearing) in different 

environments (inside/outside; home/work/gym facility; alone/with people) and contexts 

(e.g., leisure/transportation/household) as performing new and challenging exercises 

could be one strategy to increase enjoyment and interest (Lakicevic et al., 2020). 

Consistent with findings from this dissertation suggesting people are more willing to 

engage in PA if they have higher enjoyment, personal trainers, strength and conditioning 

coaches, qualified exercise professionals, and other health professionals responsible for 

providing exercise prescriptions should present clients with a diverse range of PA options 

and consider their personal preferences and enjoyment levels in their recommendations. 

Consistent with suggestions to consider fun and enjoyment in PA and exercise 

prescriptions, PA promotion should continue promoting lower-intensity PA and 

emphasize an “every minute counts” perspective for engaging in PA (Fan et al., 2013). A 

growing body of research has identified numerous health benefits of engaging in light-

intensity PA (Chastin et al., 2019; Füzéki et al., 2017) demonstrating the importance of 

engaging in some versus no PA, even at lower intensity levels. Further, current 24-hour 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 134 

movement guidelines highlight the benefits of engaging in several hours of light intensity 

PA such as standing and recommend trading in sedentary behavior with light-intensity 

PA (Ross et al., 2020). Findings from Study 2 provide additional support for encouraging 

people engage in PA of lower intensities as results show greater motivation for light-

intensity PA than both moderate- and vigorous-intensity PA at each duration level. 

Importantly, there were no changes in one’s willingness to engage in light-intensity PA 

with increased mental fatigue. Thus, engaging in lower-intensity PA may be a more 

realistic expectation than MVPA for people who are currently inactive of insufficiently 

active, or those experiencing higher levels of mental fatigue. Consequently, encouraging 

participation in light-intensity PA may increase PA participation and subsequent health 

benefits. 

Based on findings demonstrating the utility of a cost/benefit ratio in predicting 

PA behavior, strategies which aim to increase perceived benefits and minimize perceived 

costs should be targeted to encourage decisions to engage in PA. One such strategy for 

increasing the immediate benefits associated with engaging in PA is the use of incentives. 

Previous research demonstrates positive effects of modest financial incentives on short-

term PA behavior in adults (Mitchell et al., 2013, 2020). Additionally, as financial 

incentives have been shown to mitigate the negative effects of mental fatigue on physical 

performance (Brown & Bray, 2019) there may be additional benefits of using incentives 

to encourage PA decision-making under conditions of mental fatigue. However, as there 

is limited evidence demonstrating the efficacy of longer-term incentive interventions 

(Mitchell et al., 2013), future work must continue to investigate the post-intervention 
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effects of incentive interventions and how to maintain PA behaviors once the incentive is 

no longer being provided.  

Another strategy that may increase the salience of perceived benefits for 

cost/benefit valuations involves the use of message framing. Message framing is a 

technique used to present factually identical information by highlighting either the gains 

associated with partaking in a particular behavior or the losses associated with not 

partaking in the behavior (Tversky & Kahneman, 1981) and has been used for health 

behaviors including PA (Gallagher & Updegraff, 2012; Latimer et al., 2010). Previous 

research has shown gain frame messages may be more effective at increasing motivation 

than loss frame messages at higher levels of mental fatigue (Harris et al., 2022) 

suggesting gain frame messages may increase perceived benefits and be particularly 

useful for PA decision-making when experiencing mental fatigue. 

Other strategies aiming to decrease the perceived effort/cost requirements 

involved with planning to engage in a bout of PA include engaging in action and coping 

planning (Michie et al., 2011) which have been shown to facilitate PA behavior (Carraro 

& Gaudreau, 2013). Evidence suggests making decisions may impair one’s ability to 

make subsequent decisions and control future behavior through a phenomenon known as 

decision fatigue (Pignatiello et al., 2020). Thus, the effortful decision-making process 

involved with engaging in PA (e.g., what type of activity to engage in, where, when, for 

how long, etc…) may factor into one’s cost valuations of engaging in PA and decrease 

the likelihood of choosing to exercise. Automating the process of engaging in PA by 
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developing action and coping plans may minimize cost perceptions involved with 

engaging in PA to increase the likelihood people will choose to exercise.  

Finally, findings from this dissertation demonstrate people have a greater 

preference for engaging in PA of lower durations and people spent on average 16 minutes 

engaging in MVPA within a 3-hour time window in real-world settings. These results 

provide some support for prescribing exercise “snacks” which involve engaging in 

several shorter bouts of PA throughout the day rather than longer continuous bouts 

(Francois et al., 2014). Previous work has demonstrated positive health effects of a brief 

stair climbing exercise “snack” in overweight/obese adults (Rafiei et al., 2021) and 

modest increases in cardiorespiratory fitness in sedentary young adults over a 6-week 

intervention (Jenkins et al., 2019). Importantly, shorter bouts of PA may be easier to 

incorporate within one’s day and require no specialized equipment. Thus, prescribing 

exercise “snacks” may be of use to encourage engagement in some PA within one’s 

everyday life. 

5.3 Limitations and Future Directions 

While this dissertation addresses many gaps in the literature and extends 

current ways of thinking, there are several limitations which should be noted. First, 

participants from the current studies consisted of samples of young adults enrolled in a 

post-secondary institution in Southwestern Ontario. The homogeneity of study 

participants limits the generalizability of study findings to more diverse populations 

including children, middle-older adults, pregnant people, and people with chronic 

conditions. Along these lines, the limited demographic information collected makes it 
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unclear whether factors such as ethnicity, gender identity, gender expression, and 

disability status may uniquely affect PA decision-making. When considering physical 

activity in real-world contexts, different demographic groups may experience unique 

barriers which may influence their motivation to engage in PA such as lack of accessible 

equipment and programs for people with disabilities (Rimmer et al., 2004), inadequate 

changing rooms and showering facilities for transgender people (Jones et al., 2017) or 

perceived safety (Rees-Punia et al., 2018). Future work should collect more demographic 

data to increase generalizability and examine the effects of these barriers on motivation 

and decision-making.  

Another important limitation from this dissertation is that the measure of 

perceived benefits and costs was developed specifically for these studies and lacks 

psychometric development and evaluations of reliability and validity. While benefit vs. 

cost valuations were calculated based on recommendations by Pessiglione et al. (2018), 

the evaluation of measurement instruments for reliability and validity is necessary to 

determine the consistency of a measure and the extent to which the measure accurately 

represents the variable they are intended to (Price et al., 2015). Future research should 

examine the psychometric properties of the cost/benefit measure in an adult population. 

In this dissertation we examined perceived effort, costs, and benefits as 

potential mechanisms (mediators) to explain how mental fatigue affects physical activity 

decision-making. However, alternate models are also potentially viable and one 

possibility would be to examine the moderating effects of mental fatigue on the relation 

between effort, benefit vs. cost valuations, and decision-making. A moderator has been 
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defined as a “variable that affects the direction and/or strength of the relation between an 

independent or predictor variable and a dependent or criterion variable” (Baron & 

Kenny, 1986, pp. 1174). Thus, an alternative perspective is that higher levels of mental 

fatigue may moderate the relations between perceived effort, subjective perceptions of 

costs and benefits, and decision-making. For example, mental fatigue may moderate the 

relation between perceived effort and benefit vs. cost valuations such that the association 

would be stronger at higher levels of mental fatigue due to amplified cost perceptions. 

Future work should examine the potential moderating effects of mental fatigue to explain 

the relation between variables shown to predict PA decision-making. 

In addition to alternative theoretical perspectives that may account for people’s 

PA decision making, there are alternate conceptualizations of perceived effort than the 

perspective applied in these studies, which warrant future investigation. Specifically, 

studies in this dissertation assume effort is aversive and costly (Kurzban, 2016) which is 

supported by quantitative and qualitative results from Study 1. However, in certain 

instances, effort can be experienced as valuable or rewarding (Inzlicht et al., 2018). 

Previous work has shown people assign greater value to self-made products that were 

completed with effort than comparable products requiring no effort to complete (Norton 

et al., 2011). Further, learned industriousness describes the process in which the sensation 

of effort is paired with a reinforcer, which over repeated exposures can lead to effort 

being a secondary reinforcer with its own rewarding properties (Eisenberger, 1992). 

Based on this theorizing, effort perceptions may increase perceived benefit valuations, 

leading to choices in favor of engaging in an effortful bout of PA. Future work should try 
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to capture and explain how the rewarding properties of effort and learned industriousness 

factor into decision-making for PA and exercise behaviors. 

Building from the findings from Study 3 demonstrating real-time associations 

between psychological factors, decisional balances, and decision-making, an exciting 

area of future research is in the development and evaluation of real-time interventions to 

encourage decisions to engage in physical activity. “Just-in-time” adaptive interventions 

(JITAIs; Nahum-Shani et al., 2015; Spruijt-Metz & Nilsen, 2014) are a suite of digital 

interventions that are individually tailored to a person’s current and unique context. By 

integrating real-time data capture techniques, JITAIs can address an individual’s 

changing need for support to intervene in ways which encourage engagement of physical 

activity behaviors throughout the day. There are six elements of a JITAI: 1) the distal 

outcome, 2) the proximal outcomes, 3) decision points, 4) intervention options, 5) 

tailoring variables, and 6) decision rules (Müller et al., 2017; Nahum-Shani et al., 2015; 

Nahum-Shani et al., 2018). In this dissertation, the distal (i.e., MVPA) and proximal 

outcomes (i.e., perceived costs and benefits) have been examined, however, future 

research should work on operationalizing the other parameters of JITAIs aimed to 

increase PA in real-time. 

5.4 Conclusion 

This dissertation furthers current understanding of the associations between 

mental fatigue, motivation, and effort-based decision-making related to PA behavior 

using experimental, hypothetical, and real-world decision-making paradigms. Results 

from this dissertation demonstrate mental fatigue decreases motivation for engaging in 
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MVPA measured using cost/benefit evaluations (Studies 1 & 3) and vigorous-intensity 

PA measured using an effort discounting paradigm (Study 2). Further, changes to 

subjective valuations of perceived costs and benefits of engaging in MVPA in turn makes 

people less likely to engage in MVPA (Studies 1, 3). Quantitative results from Study 1 

demonstrate the relation between mental fatigue and exercise choice is sequentially 

mediated by increased perceptions of anticipated effort and reductions in benefit vs. cost 

valuations. In addition, qualitative results from Study 1 demonstrate how completing high 

and low cognitively demanding tasks influences subsequent choice between engaging in 

an acute bout of MVPA versus a competing sedentary task. Study 2 found lower 

motivation for engaging in PA of longer durations and higher intensities. Finally, Study 3 

is the first to demonstrate that mental fatigue experienced in everyday life may alter 

subjective valuations of benefits and costs, with both factors being associated with 

minutes of MVPA people choose to engage in. Taken together, these studies demonstrate 

that mental fatigue decreases people’s motivation for engaging in physical activity and 

makes them less likely to choose to engage in exercise behaviors rather than competing 

sedentary alternatives. 
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APPENDIX A: STUDY 1 MATERIALS 

 

A.1 Physical Activity Readiness Questionnaire 

A.2 Ratings of Perceived Exertion  

A.3 Ratings of Perceived Mental Exertion  

A.4 Subjective Mental Fatigue Visual Analogue Scale 

A.5 Perceived Effort Visual Analogue Scale 

A.6 Subjective Evaluation of Exercise 

A.7 International Physical Activity Questionnaire 

A.8 Physical Activity Enjoyment Scale 
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A.1 Physical Activity Readiness Questionnaire 

 

1. Do you have a medical condition that requires you to avoid strenuous exercise?  

 

2. Has your doctor ever said that you have a heart condition and that you should only 

do physical activity recommended by a doctor?   

 

3. Do you feel pain in your chest when you do physical activity?    

 

4. In the past month, have you had chest pain when you were not doing physical 

activity?  

 

5. Do you lose balance because of dizziness or do you lose consciousness?  

 

6. Do you have a bone or joint problem (for example, back, knee or hip) that could 

be made worse by a change in your physical activity? 

  

7. Is your doctor currently prescribing drugs (for example, water pills) for your 

blood pressure or heart condition?  

 

8. Do you know of any other reason why you should not do physical activity? 

 

9. Are you colour blind? 
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A.2 Ratings of Perceived Exertion 

 

Please report how much effort you exerted during the task. 

 
 

0     Nothing at all 

 

0.3 

 

0.5  Extremely weak 

 

1      Very weak 

 

1.5 

 

2      Weak 

 

2.5 

 

3      Moderate 

 

4 

 

5      Strong 

 

6 

 

7      Very Strong 

 

8 

 

9 

 

        10    Absolute Maximum 
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A.3 Ratings of Perceived Mental Exertion 

 

Please report how much mental effort you exerted during the task. 

 
 

0     Nothing at all 

 

0.3 

 

0.5  Extremely weak 

 

1      Very weak 

 

1.5 

 

2      Weak 

 

2.5 

 

3      Moderate 

 

4 

 

5      Strong 

 

6 

 

7      Very Strong 

 

8 

 

9 

 

        10    Absolute Maximum 



Ph.D Thesis – S. Harris; McMaster University – Kinesiology 
 

 155 

A.4 Subjective Mental Fatigue Visual Analogue Scale 

 

Please mark (X) on the line the point that you feel represents your perception of your 

current state of MENTAL FATIGUE. 
 

None at all         0  ________________________________________________________  100 Maximal 
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A.5 Perceived Effort Visual Analogue Scale 
 

Effort Scale 

 

Effort can be thought of as the “subjective intensification of either mental or physical 

activity in the service of meeting some goal.” Effort is related to, but different from, task 

demand or task difficulty.  We want you to think about effort as representing how hard 

you will have to work throughout the task. 

 

In thinking about the exercise task, please mark on the 0-100 line, how much effort you 

feel it would take for you to complete the task. 

 
No effort at all       0  __________________________________________________  100     Maximal effort 
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A.6 Subjective Evaluation of Exercise 

 

Please answer each of the following items as they apply to you by circling the number 

that best represents your opinions at this moment. Please be honest, there is no right or 

wrong answer. 

 

1. For the exercise option, there are: 

1             2             3            4             5             6             7             8             9             10 

no                         many 

advantages               advantages 

 

2. For the exercise option, there are: 

1             2             3            4             5             6             7             8             9             10 

no                         many 

disadvantages          disadvantages 
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A.7 International Physical Activity Questionnaire 

 

How active are you usually?  Please consider your usual activity level during a 

typical 7 day period in the past 6 months and answer the following about moderate 

and vigorous activity participation. 

 

MODERATE Physical Activity Definition 

Moderate physical activity or exercise includes activities such as brisk walking, light 

swimming, dancing, biking, gardening, and yardwork.  You should be able to carry on a 

conversation when doing moderate activities.  Please consider a TYPICAL week for you 

and answer the following questions about moderate activities.  

 

1. How many days per week are you moderately physically active or do 

you exercise moderately? 

 

 _____ days per week 

2. Approximately how many minutes are you moderately physically 

active or do you exercise moderately each day? 
 

 

 _____ minutes per day 

VIGOROUS Physical Activity Definition: 

Vigorous physical activity or exercise includes hard activities such as jogging, aerobics, 

swimming, and fast biking.  You may have a hard time carrying on a conversation when 

doing vigorous activities.  Please consider a TYPICAL week for you and answer the 

following questions about vigorous activities.  

 

1. How many days per week are you vigorously active or do you exercise 

vigorously? 

 

    _____ days per week 

2. Approximately how many minutes are you vigorously active or do you 

exercise vigorously each day? 

 

   _____ minutes per day 
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A.8 Physical Activity Enjoyment Scale 

 

Please rate how you feel while engaging in your preferred type of physical activity. 

 

*1                    2                    3                    4                    5                    6                    7 

I enjoy it                    I hate it 

 

1                    2                    3                    4                    5                    6                    7 

I feel bored                        I feel  

        interested 

 

1                    2                    3                    4                    5                    6                    7 

I dislike it          I like it 

 

*1                    2                    3                    4                    5                    6                    7 

I find it pleasurable                               I find it 

 unpleasurable 

 

*1                    2                    3                    4                    5                    6                    7 

I am very absorbed in          I am not at all  

this activity                     absorbed in this 

activity 

 

1                    2                    3                    4                    5                    6                    7 

It’s no fun at all        It’s a lot of fun 

 

*1                    2                    3                    4                    5                    6                    7 

I find it energizing          I find it tiring  

 

1                    2                    3                    4                    5                    6                    7 

It makes me depressed           It makes me happy 

 

*1                    2                    3                    4                    5                    6                    7 

It’s very pleasant           It’s very unpleasant 

 

*1                    2                    3                    4                    5                    6                    7 

I feel good physically          I feel bad physically 

while doing it            while doing it 

 

*1                    2                    3                    4                    5                    6                    7 

It’s very invigorating           It’s not at all 

              invigorating 

 

1 
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                    2                    3                    4                    5                    6                    7 

I am very frustrated                    I am not at all 

by it          frustrated by it 

 

 

*1                    2                    3                    4                    5                    6                    7 

It’s very gratifying                It’s not at all gratifying 

 

 

*1                    2                    3                    4                    5                    6                    7 

It’s very exhilarating                      It’s not at all 

              exhilarating  

 

1                    2                    3                    4                    5                    6                    7 

It’s not at all           It’s very stimulating 

stimulating 

 

*1                    2                    3                    4                    5                    6                    7 

It gives me a strong            It does not give me 

sense of              any sense of 

accomplishment                accomplishment 

at all 

 

*1                    2                    3                    4                    5                    6                    7 

It’s very refreshing                It’s not at all refreshing 

 

1                    2                    3                    4                    5                    6                    7 

I felt as though I would         I felt as though there 

rather be doing              was nothing else I 

something else        would rather be doing 

 

 

*Item is reversed scored (i.e., 1=7, 2=6, … 6=2, 7=1). 
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APPENDIX B: STUDY 2 MATERIALS 

 

B.1 Ratings of Perceived Exertion  

B.2 Subjective Mental Fatigue 

B.3 International Physical Activity Questionnaire  

B.4 Daily Physical Activity Questionnaire 

B.5 Physical Activity Enjoyment Scale 
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B.1. Ratings of Perceived Exertion 

 

Please report how much effort you exerted during the task. 

 
 

0     Nothing at all 

 

0.3 

 

0.5  Extremely weak 

 

1      Very weak 

 

1.5 

 

2      Weak 

 

2.5 

 

3      Moderate 

 

4 

 

5      Strong 

 

6 

 

7      Very Strong 

 

8 

 

9 

 

        10    Absolute Maximum 
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B.2 Subjective Mental Fatigue 

 

On a scale of 0 (energetic/no fatigue) to 10 (worst possible fatigue), please indicate the 

point that you feel represents your perception of your current state of mental fatigue. 
 

 

0            1            2            3             4             5            6            7            8            9          10             

energetic/               mild                                           moderate                                             severe            worst 

no fatigue             fatigue                                           fatigue                                              fatigue        possible  

          fatigue 
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B.3 International Physical Activity Questionnaire 

 

How active are you usually?  Please consider your usual activity level during a 

typical 7 day period in the past 6 months and answer the following about moderate 

and vigorous activity participation. 

 

MODERATE Physical Activity Definition 

Moderate physical activity or exercise includes activities such as brisk walking, light 

swimming, dancing, biking, gardening, and yardwork.  You should be able to carry on a 

conversation when doing moderate activities.  Please consider a TYPICAL week for you 

and answer the following questions about moderate activities.  

 

1. How many days per week are you moderately physically active or do 

you exercise moderately? 

 

 _____ days per week 

2. Approximately how many minutes are you moderately physically 

active or do you exercise moderately each day? 
 

 

 _____ minutes per day 

VIGOROUS Physical Activity Definition: 

Vigorous physical activity or exercise includes hard activities such as jogging, aerobics, 

swimming, and fast biking.  You may have a hard time carrying on a conversation when 

doing vigorous activities.  Please consider a TYPICAL week for you and answer the 

following questions about vigorous activities.  

 

1. How many days per week are you vigorously active or do you exercise 

vigorously? 

 

    _____ days per week 

2. Approximately how many minutes are you vigorously active or do you 

exercise vigorously each day? 

 

   _____ minutes per day 
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B.4 Daily Physical Activity Questionnaire 

 

Please think about any physical activity that you have done today that was planned and 

purposeful. 

 

Moderate physical activity or exercise includes activities such as brisk walking, light 

swimming, dancing, biking, gardening, and yardwork.  You should be able to carry on a 

conversation when doing moderate activities.   

  

Approximately how many minutes of planned and purposeful moderate 

physical activity have you engaged in today? 

 
 

 

 _____ minutes  

 

 

Vigorous physical activity or exercise includes hard activities such as jogging, aerobics, 

swimming, and fast biking.  You may have a hard time carrying on a conversation when 

doing vigorous activities.   

  

Approximately how many minutes of planned and purposeful vigorous 

physical activity have you engaged in today? 

 
 

 

 _____ minutes  
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B.5 Physical Activity Enjoyment Scale 

 

Please rate how you feel while engaging in your preferred type of physical activity. 

 

*1                    2                    3                    4                    5                    6                    7 

I enjoy it                    I hate it 

 

1                    2                    3                    4                    5                    6                    7 

I feel bored                        I feel  

        interested 

 

1                    2                    3                    4                    5                    6                    7 

I dislike it          I like it 

 

*1                    2                    3                    4                    5                    6                    7 

I find it pleasurable                               I find it 

 unpleasurable 

 

*1                    2                    3                    4                    5                    6                    7 

I am very absorbed in          I am not at all  

this activity                     absorbed in this 

activity 

 

1                    2                    3                    4                    5                    6                    7 

It’s no fun at all        It’s a lot of fun 

 

*1                    2                    3                    4                    5                    6                    7 

I find it energizing          I find it tiring  

 

1                    2                    3                    4                    5                    6                    7 

It makes me depressed           It makes me happy 

 

*1                    2                    3                    4                    5                    6                    7 

It’s very pleasant           It’s very unpleasant 

 

*1                    2                    3                    4                    5                    6                    7 

I feel good physically          I feel bad physically 

while doing it            while doing it 

 

*1                    2                    3                    4                    5                    6                    7 

It’s very invigorating           It’s not at all 

              invigorating 
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1                    2                    3                    4                    5                    6                    7 

I am very frustrated                    I am not at all 

by it          frustrated by it 

 

 

*1                    2                    3                    4                    5                    6                    7 

It’s very gratifying                It’s not at all gratifying 

 

 

*1                    2                    3                    4                    5                    6                    7 

It’s very exhilarating                      It’s not at all 

              exhilarating  

 

1                    2                    3                    4                    5                    6                    7 

It’s not at all           It’s very stimulating 

stimulating 

 

*1                    2                    3                    4                    5                    6                    7 

It gives me a strong            It does not give me 

sense of              any sense of 

accomplishment                accomplishment 

at all 

 

*1                    2                    3                    4                    5                    6                    7 

It’s very refreshing                It’s not at all refreshing 

 

1                    2                    3                    4                    5                    6                    7 

I felt as though I would         I felt as though there 

rather be doing              was nothing else I 

something else        would rather be doing 

 

 

*Item is reversed scored (i.e., 1=7, 2=6, … 6=2, 7=1). 
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APPENDIX C: STUDY 3 MATERIALS 

 

C.1 International Physical Activity Questionnaire 

C.2 Physical Activity Readiness Questionnaire 

C.3 Subjective Mental Fatigue  

C.4 Subjective Evaluation of Exercise 
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C.1 International Physical Activity Questionnaire 

 

How active are you usually?  Please consider your usual activity level during a 

typical 7 day period in the past 6 months and answer the following about moderate 

and vigorous activity participation. 

 

MODERATE Physical Activity Definition 

Moderate physical activity or exercise includes activities such as brisk walking, light 

swimming, dancing, biking, gardening, and yardwork.  You should be able to carry on a 

conversation when doing moderate activities.  Please consider a TYPICAL week for you 

and answer the following questions about moderate activities.  

 

1. How many days per week are you moderately physically active or do 

you exercise moderately? 

 

 _____ days per week 

2. Approximately how many minutes are you moderately physically 

active or do you exercise moderately each day? 
 

 

 _____ minutes per day 

VIGOROUS Physical Activity Definition: 

Vigorous physical activity or exercise includes hard activities such as jogging, aerobics, 

swimming, and fast biking.  You may have a hard time carrying on a conversation when 

doing vigorous activities.  Please consider a TYPICAL week for you and answer the 

following questions about vigorous activities.  

 

1. How many days per week are you vigorously active or do you exercise 

vigorously? 

 

    _____ days per week 

2. Approximately how many minutes are you vigorously active or do you 

exercise vigorously each day? 

 

   _____ minutes per day 
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C.2 Physical Activity Readiness Questionnaire 

 

1. Do you have a medical condition that requires you to avoid strenuous exercise?  

 

2. Has your doctor ever said that you have a heart condition and that you should only 

do physical activity recommended by a doctor?   

 

3. Do you feel pain in your chest when you do physical activity?    

 

4. In the past month, have you had chest pain when you were not doing physical 

activity?  

 

5. Do you lose balance because of dizziness or do you lose consciousness?  

 

6. Do you have a bone or joint problem (for example, back, knee or hip) that could 

be made worse by a change in your physical activity? 

  

7. Is your doctor currently prescribing drugs (for example, water pills) for your 

blood pressure or heart condition?  

 

8. Do you know of any other reason why you should not do physical activity? 
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C.3 Subjective Mental Fatigue 
 

Please use the sliding scale to indicate what you feel represents your perception of your 

current state of MENTAL FATIGUE 
 
 

None at all     0  _________________________________________________________  100   Maximal 
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C.4 Subjective Evaluation of Exercise 

 

Please answer each of the following items as they apply to you by circling the number 

that best represents your opinions at this moment. Please be honest, there is no right or 

wrong answer.  

 

1. In general, I think that exercising for 10+ minutes sometime within the next few hours 

has: 

1             2             3            4             5             6             7             8             9             10 

no                         many 

advantages               advantages 

 

2. In general, I think that exercising for 10+ minutes sometime within the next few hours 

has:  

1             2             3            4             5             6             7             8             9             10 

no                         many 

disadvantages          disadvantages 
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D.2 Permission from Human Kinetics (Chapter 3) 
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