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ABSTRACT OF THE DISSERTATION 

 

Affective Response to Exercise, Affective Style, Perceived Competence,  
and Physical Activity Behavior in Adolescents 

 
By 

 
Priel Schmalbach 

 
Doctor of Philosophy in Social Ecology 

 
University of California, Irvine, 2014 

 
Associate Researcher Margaret Schneider, Ph.D., CoChair 

 
Professor Daniel Stokols, Ph.D., CoChair 

 

The present study tests the hypothesis (derived from Competence Motivation 

Theory (CMT)) that affective response to exercise mediates the link between perceived 

competence for exercise and Physical Activity (PA). The relationship between affect and 

PA behavior likely depends on affective style, a trait that determines individuals’ 

affective responsivity to emotion-eliciting stimuli. Therefore, the link between affect and 

PA was hypothesized to be moderated by affective style.  

Healthy sixth grade students completed a perceived competence and an affective 

style (BIS/BAS scale) questionnaire, wore an Actigraph accelerometer to measure 

MVPA, and performed 30-minute exercise tasks on a cycle ergometer: (a) a moderate-

intensity exercise task, and (b) a “feels-good” task during which they were encouraged to 

maintain an intensity that felt good  (30 min). Outcome variables were (a) work rate, 

heart rate and rating of perceived exertion (RPE) as indicators of exercise intensity during 

the feels-good task, and (b) MVPA throughout the day and during PE. Affect was 
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measured every three minutes during the moderate exercise task; mean and lowest affect 

were used in analyses.  

Partial support for CMT was found. Affect mediated the association between 

competence and self-selected intensity. Competence was positively associated with 

MVPA, but affect did not mediate this relationship. The behavioral activation system 

(BAS) moderated the association between affect and RPE such that the link between 

affect and RPE was strongly attenuated in individuals with less sensitive BAS. The BAS 

also moderated the association between affect and MVPA such that individuals with less 

sensitive BAS had a positive association between affect and MVPA whereas those with 

more sensitive BAS had a negative association between affect and MVPA.  

The results suggest that the link between competence, affect, and exercise may be 

more complex than proposed. Interventions that are tailored to maximize competence 

may result in greater enjoyment and PA engagement. The differential association of 

affect and exercise across levels of BAS suggests that further investigation into the 

dynamics of affective style in relation to exercise may yield personalized approaches to 

promote PA. Integrating ecological assessment into research may lead to discoveries that 

will improve personalized interventions for PA promotion.
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Chapter 1: Introduction  

Statement of the Problem 

Philosophers since ancient times have espoused the importance of movement for 

the promotion of health. Plato allegedly said: “Lack of activity destroys the good 

condition of every human being, while movement and methodical physical exercise save 

it and preserve it.” Today, ample evidence supports the importance of physical activity 

for cognitive, emotional, and physical health, as summarized by the U.S. Department of 

Health and Human Services (USDHHS) (US Department of Health and Human Services, 

2008) and others (Expert Panel on Integrated Guidelines for Cardiovascular Health and 

Risk Reduction in Children and Adolescents, 2011; Strong et al., 2005). For example, the 

Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in 

Children and Adolescents concluded that “there is strong evidence that increases in 

MVPA are associated with lower systolic and diastolic blood pressures, decreased 

measures of body fat, decreased body mass index (BMI), improved fitness measures, 

lower total cholesterol, lower low-density lipoprotein, lower triglycerides, higher high 

density lipoprotein, and decreased insulin resistance in childhood and adolescence” 

(2011). In order to encourage the public to exercise at levels that have been shown to be 

associated with health benefits, the USDHHS issued a recommendation for adolescents to 

participate in at least 60 minutes per day of moderate to vigorous physical activity 

(MVPA) (US Department of Health and Human Services, 2008). Regardless of the metric 

used to monitor PA levels in national samples—telephone surveys, self-report 

questionnaires, or objective measures of PA—studies have consistently shown that PA 

levels decline during adolescence, and that by late adolescence a majority of individuals 
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do not achieve the USDHHS standard (Centers for Disease Control, 2011; Gordon-

Larsen, Nelson, & Popkin, 2004; Kahn et al., 2008; Nader, Bradley, Houts, McRitchie, & 

O’Brien, 2008). The public health impact of physical inactivity is substantial, and is 

likely to be aggravated as obesity levels in youth continue to climb (Expert Panel on 

Integrated Guidelines for Cardiovascular Health and Risk Reduction in Children and 

Adolescents, 2011; Kohl et al., 2012). Clearly, young people would benefit from regular 

physical activity, but most fall short of health-associated standards of daily exercise. 

Background 

Youth as a prime target audience. The importance of PA promotion in youth 

has never been so salient. Between 1970 and 2004, the prevalence of overweight youth 

between the ages 6 to 11 years more than quadrupled (from 4% (Ogden, Flegal, Carroll, 

& Johnson, 2002) to 18.8% (Ogden et al., 2006)) and nearly tripled in 12-19 year olds 

(from 6.1 (Ogden et al., 2002) to 17.4 (Ogden et al., 2006)). If these past trends continue, 

increasingly overweight youth may become overweight adults (Serdula et al., 1993), and 

public health costs will rise substantially since overweight adults are at much higher risk 

of morbidity and mortality compared to normal weight adults (K. F. Adams et al., 2006; 

Allison, Zannolli, & Narayan, 1999; Calle, Teras, & Thun, 2005; Finkelstein, Fiebelkorn, 

& Wang, 2003). Overall, to curb national trends in weight gain and their associated 

detriment to public health, large scale changes must take place to improve the 

population’s diet and/or increase total time spent in PA (Hill, Wyatt, Reed, & Peters, 

2003).  
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It is important to study PA behavior in adolescents1 for a number of reasons. First, 

adolescence is a time when many lifestyle habits are developed. In particular, studies 

have shown that PA habits of adolescents tend to track to adulthood (Huotari, Nupponen, 

Mikkelsson, Laakso, & Kujala, 2011; Rowland, 2007; Telama et al., 2005). If adolescents 

adopt healthy PA habits, then public health benefits are likely to accrue as adolescents 

enter adulthood and older adulthood (Warburton, Nicol, & Bredin, 2006). Therefore, 

identifying potential mechanisms for PA promotion is an important avenue for public 

health research. 

 One factor that may be important to consider for PA promotion is self-selected 

exercise intensity. National guidelines state that “it is important to encourage young 

people to participate in physical activities that are appropriate for their age, that are 

enjoyable, and that offer variety” (US Department of Health and Human Services, 2008, 

p. 16). These recommendations are wise for adolescents because, as youth, their taste in 

preferred activity will likely shift over the course of their lives. For example, an 

adolescent may originally enjoy soccer and later prefer running. Teaching youth how to 

self-select exercise intensities that are healthful and safe is an important goal of health 

promotion activists (Ekkekakis & Petruzzello, 1999; Perri et al., 2002). While high-

intensity activity has been associated with dropout from programs, (K. L. Cox, Burke, 

Gorely, Beilin, & Puddey, 2003; Dishman & Buckworth, 1996; Lee et al., 1996; Perri et 

                                                        
1 Adolescence is a term that describes the developmental period between childhood and 
adulthood. There are many age ranges used by professionals to define the limits of 
adolescence. In the present proposal, the exact age range is not particularly relevant 
compared to the physical, cognitive, and social-emotional development that characterizes 
the period. However, for interested readers, the USDHHS Office of Population Affairs 
uses 10-24 years-old as a working definition of adolescence (U.S. Department of Health 
and Human Services, n.d.) 
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al., 2002), it is also associated with important health outcomes (Parfitt, Pavey, & 

Rowlands, 2009; Sayers et al., 2011). Therefore, understanding determinants of self-

selected exercise intensity may help in the development of safe, adequately challenging, 

and healthful PA programs for youth.  

Adolescence also merits particular attention for understanding adoption and 

maintenance of an active lifestyle because it is a period of rapid brain development. The 

rapid brain development during adolescence is associated with cognitive maturation 

(Steinberg, 2005). While the cognitive maturation of adolescence is overwhelmingly 

adaptive—leading to enhanced intellectual growth, a burgeoning capacity to understand 

the long-term consequences of their actions, an ability to reflect on their behaviors, and 

ultimately an improved comprehension of health (Crockett & Peterson, 1993, pp. 16–18; 

Steinberg, 2005) —it may also have negative consequences. Researchers have found that 

adolescents’ perceptions of competence tend to be lower compared to childrens’ and 

adults’ (Wigfield & Wagner, 2005). Theorists postulate that, as adolescents begin to think 

abstractly, they develop a sense of self-identity and a capacity for self-reflection 

(Sebastian, Burnett, & Blakemore, 2008). As a consequence, adolescents begin to 

perceive their competencies in relation to those of others, which may lead to the decline 

in perceived competence for specific activities, including competence for PA, during 

adolescence (Eccles et al., 1989; Wigfield & Eccles, 2002, p. 97; Wigfield & Wagner, 

2005, pp. 228–229). Since perceived competence for PA has been associated with PA 

behavior in adolescents (Biddle, Whitehead, O Donovan, & Nevill, 2005; Sallis, 

Prochaska, & Taylor, 2000), the overall decline in perceived competence during 

adolescence may be linked to the epidemiological decrease in PA behavior during 
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adolescence (Nader et al., 2008). Therefore, the proposed study will explore the role of 

perceived competence for exercise in PA behavior among adolescents.  

Adolescence is also a time of dynamic changes in emotional structures of the 

brain (Spear, 2010; Steinberg, 2005). These changes may impact the degree that affective 

response to a behavior leads to future engagement in the behavior (Spear, 2010, pp. 206–

208). Much of the research that has examined the relationship between affect and 

behavior in adolescents was focused on pathological behaviors such as addiction (Spear, 

2010, pp. 191–231). It became apparent from studies of addiction that the salience of 

reward is heightened during adolescence, such that enjoyment of a behavior is more 

likely to lead to subconscious integration of positively valenced associations with the 

behavior, and subsequent pursuit of the behavior (Steinberg, 2007). Simultaneously, 

affective responses to cues of punishment tend to be attenuated, potentially contributing 

to greater risk-taking in adolescents (Spear, 2010, pp. 208–211). Recently, researchers 

have found that individuals differ in their affective experience of moderate-intensity 

exercise (Parfitt & Hughes, 2009; Rose & Parfitt, 2007). As a whole, the evidence 

suggests that adolescence may be a time when affective response to exercise could be 

especially influential in molding exercise behavior.  

Theoretical Models for the Study of PA Behavior 

Decades of research have been invested in identifying modifiable factors 

associated with exercise behavior in adolescents. Factors that have been studied include 

psychological (Dowda, Dishman, Porter, Saunders, & Pate, 2009; Hamilton & White, 

2008; Prochaska et al., 1994), affective (Schneider, Dunn, & Cooper, 2009; Williams, 

Dunsiger, Jennings, & Marcus, 2012), biological (Eisenmann & Wickel, 2009; Rowland, 
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1998), social (Beets, Cardinal, & Alderman, 2010; Duncan, Duncan, & Strycker, 2005; 

Reynolds et al., 1990; Robbins, Stommel, & Hamel, 2008), and environmental variables 

(Davison & Lawson, 2006; Ferreira et al., 2007; Sallis et al., 2003; Tucker et al., 2009). 

However, identifying independent factors that correlate with PA behavior is less effective 

compared to the use of theoretical models for understanding how to modify, or change, 

PA behavior (Glanz, Rimer, & Viswanath, 2008, p. 4). 

Currently, the dominant theories used in health behavior research are the Health 

Belief Model, Theory of Planned Behavior, Social Cognitive Theory, transtheoretical 

model, and theories of interpersonal health behavior (e.g., social networks and social 

support) (Painter, Borba, Hynes, Mays, & Glanz, 2008). More recently, the physical 

environment has been scrutinized as a potential determinant of PA behavior (Sallis et al., 

2009; Sallis, Bauman, & Pratt, 1998; Tucker et al., 2009). Finally, the Social Ecological 

Theory has gained much recognition in the recent decade for its ability to incorporate the 

complex nature of PA behavior (Sallis, Owen, & Fisher, 2008; Schneider & Stokols, 

2009; Stokols, 1992). The following sections will provide a brief introduction to these 

theories. Afterwards, a review of the evidence for these theories will be presented in the 

context of PA behavior. 

Brief overview of socio-cognitive theories. Within exercise psychology research, 

the dominant socio-cognitive theories (i.e., Health Belief Model, Theory of Planned 

Behavior, Social Cognitive Theory, and transtheoretical model) share common 

theoretical foundations (Maddux, 1993). These foundations evolved from behavioral 

learning theory and social learning theory. Behavioral learning theory, in exercise 

psychology research, usually refers to operant conditioning approaches to understanding 
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behavior (Bolles, 1979). In other words, behavioral learning theory supposes that people 

are more likely to exercise when reinforced, and these reinforcements are the outcome 

expectancy constructs that are so prominent in exercise psychology theories (Maddux, 

1993). Further, behavioral learning theory posits that the expected outcomes (e.g., health 

benefits or detriments) of exercise are more likely to influence behavior when they occur 

closer in time to the activity (Bolles, 1979, pp. 125–127).  

 Social learning theory (Rotter, 1954), similar to behavioral learning theory, posits 

that individuals engage in behaviors that are likely to result in desirable expected 

outcomes. However, social learning theory has a greater cognitive focus, as the subjective 

value placed on the expected outcome for a given individual is an integral part of the 

calculus for predicting behavior. This relationship between subjective value, expected 

outcome, and behavior underlies many of the popular theories used in exercise 

psychology research (Maddux, 1993).  

 Health Belief Model. The Health Belief Model was originally developed to 

understand people’s illness detection behaviors, specifically with regard to tuberculosis 

screening (Hochbaum, 1958; Rosenstock, 1966). The theory provides a model to explain 

why people take action to prevent, screen for, or control illness conditions by considering 

the following key constructs: (a) perceived susceptibility to illness related to a health 

behavior (or lack thereof), (b) perceived seriousness of the consequence of not engaging 

in the health behavior, (c) perceived benefits and barriers to the behavior, (d) cues to 

action that may trigger the health behavior, and, more recently, (e) self-efficacy for the 

behavior (Rosenstock, Strecher, & Becker, 1988). 
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The overarching Health Belief Model hypothesis, with regard to PA behavior, is 

that individuals who perceive themselves to be susceptible to health consequences of a 

sedentary lifestyle (e.g., cardiovascular disease or type 2 diabetes) will engage in PA 

behavior if they perceive the health consequences as serious. Further, in order to engage 

in PA behavior they must expect the benefits of PA behavior to outweigh the costs. 

Finally, they must perceive themselves as capable (self-efficacious) of overcoming 

barriers to PA, such as being able to afford gym memberships or able to allot sufficient 

time to exercise in daily routines. Finally, the Health Belief Model suggests that cues to 

action, such as automated e-mail reminders to exercise, are important components of PA 

promotion efforts. The Health Belief Model does not have substantial evidence for 

explaining PA in adolescents (Plotnikoff, Costigan, Karunamuni, & Lubans, 2013), 

possibly owing to its original intention to explain one-time or periodic health behaviors 

such as vaccinations or breast examinations rather than lifestyle behaviors.  

 Theory of Planned Behavior. The Theory of Planned Behavior, previously 

known as the Theory of Reasoned Action, was developed to understand the relationship 

between attitudes, intentions, and behaviors (Ajzen & Fishbein, 1973; Ajzen, 1991, 

2002). In terms of PA behavior, this theory specifies that an individual’s intention to 

perform PA is the proximal predictor of PA. Further, intention to perform PA is 

determined by three factors: (a) attitude toward PA, (b) subjective norms toward PA, or 

perception that others believe that the individual should or should not engage in PA, and 

(c) perceived control over PA (Ajzen, 1991). 

The theory further defines the determinants of attitudes, subjective norms, and 

perceived behavioral control (Montano & Kasprzyk, 2008). It posits that attitudes are 
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molded by behavioral beliefs and evaluations of behavioral outcomes. Thus, an 

individual who holds strong beliefs that a positively valued outcome will result from PA 

behavior (e.g., enjoyment of the activity, health benefits) will have a positive attitude 

toward PA behavior, whereas the opposite will be true of an individual who believes 

negatively valued outcomes will result from PA behavior (e.g., displeasure during the 

activity, pain the next day). An individual’s subjective norm of PA is purported to be 

determined by his or her normative beliefs, or, in other words, whether he or she 

perceives that important individuals approve or disapprove of the behavior. Subjective 

norm is also determined by motivation to comply with others’ normative beliefs. 

Therefore a person who believes that respected peers approve of PA behavior will likely 

engage in PA if he or she is motivated to comply with those respected peers. Finally, the 

theory posits that perceived behavioral control is determined by control beliefs and 

perceived power. Control beliefs are defined by the perception of barriers and facilitators 

to engage in PA behavior, whereas perceived power is the impact of control factor to 

inhibit or promote the health behavior. Taken together, the Theory of Planned Behavior 

assumes a causal chain that, if all the predefined conditions are fulfilled, leads to 

performance of the PA behavior. A recent meta-analysis of socio-cognitive theories 

found that the Theory of Planned Behavior explained between 23% and 44% of PA 

behavior in adolescents (Plotnikoff et al., 2013). 

Social Cognitive Theory. Social Cognitive Theory built on previous work by 

Miller and Dollard (Miller & Dollard, 1941) and (Rotter, 1954) and was originally known 

as social learning theory since it was used to explain learning within social contexts 

(Bandura, 1977). Five core assumptions of the theory hold that (a) people are capable of 
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symbolic or abstract reasoning; (b) behavior is goal oriented and driven by forethought; 

(c) people are able to self-regulate their behaviors; (d) people can learn from the 

behaviors of others, as well as from the consequences of others’ behaviors; and (e) there 

is reciprocal determinism (i.e., mutual influence) between personal (e.g., cognitive), 

environmental (e.g., built and social), and behavioral (e.g., previous and current) factors 

(Bandura, 1986, pp. 18–46).  

 One construct from Social Cognitive Theory has stood apart as possibly the most 

widely studied in exercise psychology (Williams & Marcus, 2012, p. 244): self-efficacy.  

In 1977, Bandura (Bandura A, 1977) introduced the concept of self-efficacy to his theory 

of health behavior. Self-efficacy is an individual’s belief that he or she has the capability 

to perform a behavior (Bandura, 1997). According to the theory, four factors influence 

self-efficacy (Bandura, 1986, pp. 399–401, 1997, pp. 79–115): modeling of the behavior, 

social persuasion to perform the behavior, past performance accomplishments, and 

physiological and affective states at the time the behavior is performed. Self-efficacy 

theory, a component of Social Cognitive Theory, focuses on the direct and indirect 

influence of self-efficacy on behavior through outcome expectancies (Bandura, 1997). 

Over time, other socio-cognitive theories have incorporated the concept of self-efficacy 

into their models since it has proven useful in explaining many types of health behaviors 

(AbuSabha & Achterberg, 1997; Strecher, DeVellis, Becker, & Rosenstock, 1986). 

Despite the substantial evidence for self-efficacy as a determinant of PA behavior in 

adolescents (Bauman et al., 2012), a recent meta-analysis found that, when Social 

Cognitive Theory was tested as a whole, there was wide variability in the proportion of 

PA that it explained (R2 = 0.37, 95% CI 0.01-0.55) (Plotnikoff et al., 2013). 



 

 11

Transtheoretical model. The transtheoretical model was developed by Prochaska 

and DiClemente to understand the processes of change related to smoking cessation 

(DiClemente & Prochaska, 1982; Prochaska & DiClemente, 1983). One of the 

characteristic differences that set the transtheoretical model apart from other health 

behavior theories is the assumption that different factors are important as individuals 

advance through the process of behavioral change. According to the TTM, the process of 

behavioral change involves five stages, which are precontemplation, contemplation, 

preparation, action, and maintenance (Prochaska & DiClemente, 1983).  Regarding 

exercise behavior, individuals in precontemplation do not currently exercise, nor do they 

plan to begin exercising in the next six months (Marcus, Rossi, Selby, Niaura, & Abrams, 

1992). Individuals in the contemplation stage do not exercise, but they do intend to start 

exercising in the next six months. Those in the preparation stage do exercise, but not 

regularly. Individuals in the action stage are regular exercisers, but have done so for less 

than six months. Finally, those in the maintenance stage have been regular exercisers for 

six months or more.  

The transtheoretical model posits that different processes of exercise behavioral 

change, selected from various theories of health behavior, determine progression across 

the stages of change (Glanz et al., 2008, pp. 97–121). These processes of change are 

organized as cognitive and behavioral. Cognitive processes peak in the preparation stage 

and include consciousness raising, dramatic relief, environmental reevaluation, self-

reevaluation, and social liberation, whereas behavioral processes peak in the action stage 

and include counterconditioning, helping relationships, reinforcement management, self-

liberation, and stimulus control (Marcus et al., 1992). The transtheoretical model also 
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considers decisional balance (i.e., perceived pros and cons of the behavior) and self-

efficacy as important factors for mobility through stages (Prochaska, Redding, & Evers, 

2008). On the whole, the transtheoretical model has been found to explain between 34% 

and 37% of PA behavior in adolescents (Plotnikoff et al., 2013). 

 Theories that account for the social and physical environment. 

Social support. For decades, researchers have recognized the importance of social 

support for health and longevity (House, Umberson, & Landis, 1988). More recently, the 

focus of research has shifted from the effect of social support on overall health to the 

mechanisms that translate the support of family and friends to good health. Social support 

for PA is one of these potential mechanisms. In general, social support for PA can be 

described as: (a) emotional support such as encouragement; (b) tangible support such as 

resources and transportation; (c) informational support such as suggestions; and/or (d) 

appraisal support such as constructive feedback and affirmation (Heaney & Israel, 2008).  

The potential influence of social support on adolescent PA behavior is not 

surprising given that adolescence is a period of rapid change in social structure. Unlike in 

adults and younger children, both peers and family heavily influence adolescents. 

Relationships with parents remain strong and influential throughout adolescence (Beets et 

al., 2010; Bradley et al., 2011; Crawford et al., 2010), but peer influence increases 

substantially as youth spend less time with family and more time away from adults 

(Larson & Richards, 1991; Sebastian et al., 2008). Across studies, there has been strong 

empirical evidence that social support for PA can promote PA behavior in adolescents 

(Bauer, Nelson, Boutelle, & Neumark-Sztainer, 2008; Beets et al., 2010; Bradley et al., 

2011; Crawford et al., 2010; Duncan et al., 2005). 
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Physical Environment. Research that investigates the relationship between the 

physical environment and PA behavior has proliferated in the recent decades (Ding, 

Sallis, Kerr, Lee, & Rosenberg, 2011; Giles-Corti & Donovan, 2002; Sallis et al., 1998). 

The physical environment holds promise as an influential factor for a number of reasons. 

Many studies show a significant association between adolescents’ physical environments 

(e.g., access to parks, proximity to schools) and their PA behaviors (Gordon-Larsen, 

Nelson, Page, & Popkin, 2006; Kligerman, Sallis, Ryan, Frank, & Nader, 2007; Norman 

et al., 2006). In addition, the physical environment has the potential to influence a large 

number of individuals. Therefore, changes in the physical environment can affect whole 

communities, such as schools (Sallis et al., 2003) and neighborhoods (Sallis et al., 2009). 

Since the physical environment can have a broad impact, even small statistical effects on 

PA behavior may translate to large aggregate effects on the population. Currently, there is 

mixed evidence for the relationship between the physical environment and PA behavior, 

possibly owing to the developing state of methodology in this relatively novel field (Ding 

et al., 2011; Ferreira et al., 2007).  

Social Ecological Theory. The Social Ecological Theory of health behavior 

proposes that complex health behaviors, such as PA, are influenced by factors nested in 

hierarchical levels (Sallis et al., 2008; Schneider & Stokols, 2009; Stokols, Allen, & 

Bellingham, 1996). These levels include the individual as the most proximal unit of 

health behavior. Moving outward in scale, the interpersonal level includes factors that 

affect PA behavior through the interaction of two or more individuals (i.e., social 

support/social networks). The physical environment is comprised of built and natural 

elements and provides a setting for individual and interpersonal factors. Finally, policy is 
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recognized as an important factor that impacts PA. For example, policy can impact 

walkability by requiring sidewalks in neighborhoods. Since the Social Ecological Theory 

of health behavior posits that factors from all levels have the potential to influence PA 

behavior, the implication is that interventions targeting multiple levels will be most 

effective in improving PA behavior (Sallis et al., 2008; Stokols, 1992). In addition, the 

Social Ecological Theory of health behavior recognizes that moderators may be found 

within levels, and between levels. For example, a study by Haerens et al. (2009) showed 

that both home and school environments were significant moderators of the association 

between psychosocial factors and PA behavior in adolescents. The complexity of the 

Social Ecological Theory is a strength, but has also been criticized as a weakness (Sallis 

et al., 2008). Since there is little consistency in the constructs tested at each level of the 

social ecological framework for PA behavior, it is difficult to determine the overall utility 

of the theory for explaining PA behavior across studies. However, a systematic review 

found that there was strong evidence for adolescent PA interventions that targeted 

multiple levels of the social ecological framework compared to interventions that only 

targeted one level (van Sluijs, McMinn, & Griffin, 2007).  

Brief overview of strength of evidence for socio-cognitive, social support, 

environment, and social ecology theories to explain PA behavior in adolescents. 

Socio-cognitive theories share the assumptions that humans are rational creatures who 

decide to engage in exercise based on the perceived pros and cons of exercise, 

competence to overcome barriers associated with engaging in exercise, and value of 

exercise (Maddux, 1993). Therefore, it is useful to group the socio-cognitive theories 

together when considering their explanatory power for PA behavior. A recent meta-
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analysis by Plotnikoff and colleagues (Plotnikoff et al., 2013) found that socio-cognitive 

theories, on average, explained between 24% and 35% of PA behavior. Clearly, with up 

to two-thirds of exercise behavior unexplained, socio-cognitive theories do not describe a 

complete picture of PA behavior.  

Despite the incomplete picture of PA behavior shown through the lens of socio-

cognitive theories, they have proven useful for our understanding of PA behavior. One 

construct in particular has been recognized as a consistent correlate and determinant of 

PA behavior across studies: self-efficacy (Bauman et al., 2012). Self-efficacy is a key 

component of Bandura’s (Bandura, 1986, 1997) Social Cognitive Theory and it is related 

to perceived competence (White, 1959) and perceived behavioral control (Ajzen, 2002). 

These constructs represent an individual’s belief that he or she can accomplish a specific 

task.  

A review of seven interventions for PA promotion in youth found that self-

efficacy was the most commonly assessed mediator of behavior change (Lubans, Foster, 

& Biddle, 2008). In five out of the seven studies, self-efficacy mediated changes in PA. 

In contrast, outcome expectancy/perceived benefits mediated the effect of the 

intervention in only one out of five studies and no other socio-cognitive mediators were 

found. The consistent ability of self-efficacy to predict health behavior change has likely 

contributed to its addition to other socio-cognitive theories (e.g., Health Belief Model and 

Theory of Planned Behavior) (AbuSabha & Achterberg, 1997; Strecher et al., 1986). 

These findings support a significant function of self-efficacy for PA behavior change and 

underscore the fact that socio-cognitive theories are useful in the understanding of PA 

behavior, despite providing an incomplete picture.  
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Another commonly assessed determinant, social support, has been found to be a 

consistent correlate of PA behavior in both cross-sectional and longitudinal studies 

(Bauer et al., 2008; Bauman et al., 2012; Beets et al., 2010; Bradley et al., 2011; 

Crawford et al., 2010; Duncan et al., 2005). Social support for PA can come from a 

variety of individuals, including peers, parents, or other adults (Duncan et al., 2005). 

Further, it can be tangible, such as money to buy sports equipment, or intangible, such as 

the presence of a parent at a tournament. Unlike self-efficacy, however, reviews that 

specifically evaluated whether social support mediated the impact of interventions on PA 

behavior found that social support did not meet the criteria of a mediator in any of the 

five studies evaluated (Lubans et al., 2008).  

The physical environment has gained much attention in recent decades as a 

potential determinant of PA behavior (Davison & Lawson, 2006; Humpel, Owen, & 

Leslie, 2002; King et al., 2000; Sallis et al., 1998; Sallis & Glanz, 2006). However, 

significant logistical and ethical barriers prohibit intervention studies that evaluate the 

influence of the environment on PA behavior (Sallis et al., 2008). For example, 

randomized, controlled trials of the impact of neighborhood walkability on exercise 

behavior are not feasible since it is clearly not ethical to transplant adolescents from their 

homes into other neighborhoods to evaluate whether the move results in changes to their 

behavior. Therefore, a majority of the studies that evaluate the relationship between the 

environment and PA behavior utilize cross-sectional designs, which tend to overestimate 

associations (Weinstein, 2007). Given the above limitations, a review of 103 

observational studies found that land-use mix and residential density were the most 

consistent correlates of PA behavior for adolescents (Ding et al., 2011).  
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Recent attempts at understanding the environment’s impact on PA behavior 

change have utilized “natural experiments” by measuring PA behavior before and after 

individuals move to new locations. One such study, performed in Australian adults, found 

that walking for transport increased an average of 6.1 minutes per week for each 

additional transport-related destination type proximal to the new home compared to the 

old home (Giles-Corti et al., 2013). Transport-related destinations included post offices, 

bus stops, delicatessens, neighborhood supermarkets, train stations, shopping centers, and 

music stores. Similarly, for each additional recreational facility near their new homes 

compared to their old homes, walking for recreation increased by an average of 21.1 

minutes per week. This study substantiates the potential link between the physical 

environment and PA behavior in adults. 

Overall, interventions that were based on socio-cognitive, social support, and 

environmental theories have shown little return for the investment (van Sluijs et al., 

2007). In addition, the long-term efficacy of these interventions has been limited 

(Kriemler et al., 2011). Even interventions that targeted multiple components of 

adolescents’ lives (i.e., social ecological interventions (Stokols, 1992)), an approach that 

has been found to be the most successful at improving PA behavior (van Sluijs et al., 

2007), did not increase PA in all participants (Pate et al., 2005; Webber et al., 2008). For 

example, project Lifestyle Education for Activity Program (LEAP), a school-based, 

randomized controlled trial, did not significantly improve the proportion of adolescent 

girls that performed 60 minutes per day or more of MVPA (Pate et al., 2005). The 

intervention successfully increased the proportion of girls who participated in greater 

than 30 minutes of vigorous PA per day, but only by a modest 3% (from 40.2% pre-
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intervention to 43.0% post interventions, p = .05). As small as it was, it is noteworthy that 

this effect was mediated by participant enjoyment of PA (Dishman et al., 2005). It seems, 

therefore, that although the established theories for PA promotion are insufficient to exact 

substantial improvements in PA for adolescents, PA enjoyment is a promising new factor 

that needs to be rigorously examined.  

Theories that posit a larger role for affective processes. Socio-cognitive 

theories implicitly acknowledge a role for affective processes in decision-making. 

Decisions based on pros and cons of exercise may account for the pleasure (i.e., pro) or 

displeasure (i.e., con) associated with the activity. Attitudes towards PA may be 

influenced by affective responses to PA behaviors or by affective responses to peers’ 

opinions of PA. Despite the implicit role of affective processes in health behavior, very 

few theories account for it directly. However, there has been a recent resurgence of affect 

as a construct of interest in PA research, coincident with an increased use of health 

behavior theories that highlight its function for shaping motivation and behavior. These 

theories share the common assumption that humans have an innate need to master their 

environments, and that mastery of the environment leads to an intrinsic sense of reward 

(White, 1959).  

Self-Determination Theory. Self-Determination Theory, first proposed in 1985 

(Deci & Ryan, 1985), has recently received substantial attention from exercise 

psychologists (Hagger, 2007; Ryan, Williams, Patrick, & Deci, 2009; Wilson, Mack, & 

Grattan, 2008). The Self-Determination Theory is based on the assumption that people 

are active organisms, with volition towards growing, conquering challenges, and 
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integrating new experiences into a coherent sense of self. However, in order to grow, the 

basic psychological needs of the individual must be fulfilled.  

According to Self-Determination Theory, the three basic psychological needs are 

perceived autonomy, relatedness, and competence (Ryan, 1995). Perceived autonomy, in 

the context of PA behavior, is the ability of a person to choose whether or not to engage 

in PA. It is also the individuals’ perception of choice over the type of PA and the 

conditions in which the PA is performed (Ryan & Deci, 2000; Wilson, Rodgers, 

Blanchard, & Gessell, 2003). Perceived competence is the ability of a person to master 

skills that are necessary to successfully engage in PA (White, 1959). Perceived 

relatedness refers to individuals’ connectedness with others while engaged in PA 

(Baumeister & Leary, 1995). When individuals’ psychological needs are fulfilled through 

the experience of being physically active, their motivation for PA becomes internalized. 

In other words, they become motivated to exercise for the sheer pleasure and enjoyment 

of it, in contrast to being motivated from external sources such as social pressures.  A 

recent study provides evidence for the Self-Determination Theory in adolescent PA 

behavior (Plotnikoff et al., 2013). Specifically, a meta-analysis found that, on average, 

Self-Determination Theory explained a greater proportion of PA behavior in adolescents 

(37%) compared to socio-cognitive theories (24-35%).  

Although there has been substantial support for Self-Determination Theory in the 

context of PA behavior in adolescents (Plotnikoff et al., 2013), most of these studies only 

tested the relationship between motivation and PA behavior while ignoring the role of 

psychological needs satisfaction in the relationship between behavioral motivation and 

PA behavior (Boiché & Sarrazin, 2007; Gillison, Standage, & Skevington, 2006; 
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Markland & Ingledew, 2007). Interestingly, in studies that did test the direct and indirect 

effect (through motivation) of psychological needs satisfaction on PA behavior, 

perceived competence for PA has stood apart as the most robust psychological need for 

PA (A. E. Cox, Smith, & Williams, 2008; Taylor, Ntoumanis, Standage, & Spray, 2010). 

A study by Cox and colleagues found that perceived competence for PA was the only 

basic psychological need that was indirectly related to PA behavior through enjoyment of 

Physical Education (PE) (an indicator of intrinsic motivation). Similarly, Schneider 

(personal communication) found that perceived competence, but not perceived 

relatedness or autonomy for PA, was indirectly related to PA levels through motivation 

for PA. In a longitudinal study by Taylor and colleagues (Taylor et al., 2010), adolescents 

with a higher perceived competence for PA had greater baseline levels of PA and had 

greater increases in PA over time compared to adolescents with lower perceived 

competence. In contrast, perceived relatedness or autonomy did not determine baseline or 

long-term PA levels. These studies indicate that perceived competence is the most robust 

basic psychological need for the direct and indirect measure of PA behavior in 

adolescents. Indeed, these findings are consistent with Competence Motivation Theory 

(CMT). 

Competence Motivation Theory (CMT). Competence Motivation Theory was 

developed by Harter (Harter, 1981) in response to White’s (White, 1959) influential 

article, “Motivation Reconsidered: the Concept of Competence.” White’s article 

challenged drive theory, the dominant theory of motivation in his time, by stating that 

motivations stemmed from more than just a need to maintain homeostasis for water, food, 

sex, and other basic needs. The mastery of one’s environment (i.e., competence) was 
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posited to be an intrinsic motivator, and successful mastery was associated with positive 

affective states. Harter (Harter, 1981) extended White’s theory to the study of children 

and adolescent behavior. Unlike Self-Determination Theory, CMT states that behavioral 

motivation, and therefore enjoyment of the behavior, stems directly from perceived 

competence for the behavior. Specifically, when youth believe that they are competent, 

then they will have an intrinsic drive to master the activity or challenge. For example, 

young people who believe they have the capacity to play a particular sport are more 

likely to enjoy it, and therefore to engage in it.  

Harter (Harter, 1981) emphasized the importance of affective experiences as 

youth engage in mastery efforts. When youth attain favorable perceptions of their 

competence then they are more likely to select intrinsically motivated, optimally 

challenging activities with potential to result in positive affective outcomes such as 

enjoyment, pride, pleasure, and satisfaction. In the context of exercise behavior, CMT 

hypothesizes that adolescents who have a higher perceived competence for exercise (i.e., 

believe that they are capable of mastering the exercise modality) will be more likely to 

enjoy exercising for the sheer, intrinsic pleasure of the PA compared to adolescents with 

lower perceived competence for the exercise. Furthermore, if the adolescents perceive 

that the activity is too easy or too hard for their competence level, than they will not 

enjoy it. Overall, CMT recognizes that perceived competence for PA is an important 

determinant of affective valence during PA, and that life-long PA behavior depends on 

successful mastery efforts that result in enjoyment of PA.  

There have been very few studies that directly tested the CMT in the context of 

PA behavior. However, two cross-sectional studies have examined the relationships 
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among perceived competence for PE, enjoyment of PE, and PA behavior (Carroll & 

Loumidis, 2001; Fairclough, 2003). Both of these studies found support for the 

association between perceived competence for PE and PE enjoyment. The study by 

Carroll and Loumidis (Carroll & Loumidis, 2001) also found support for an association 

between PE enjoyment and PA behavior outside of class, and perceived competence for 

PE and PA behavior outside of class. However, neither of these studies attempted a 

formal test of mediation to determine whether enjoyment mediated the relationship 

between perceived competence and PA behavior, as hypothesized by the CMT (Harter, 

1981). Also, these studies explored the CMT in the context of PE class, but not as it 

relates to overall PA. Therefore, their results do not inform future PA promotion efforts 

outside of PE classes, such as interventions that promote competence and enjoyment of 

PA in multiple environments (e.g., home, school, and transport). In order to test the CMT 

in a manner that will inform PA interventions both in and out of PE classes, the present 

study directly examines whether affective response to exercise mediates the relationship 

between perceived competence for PA and PA behavior.  

Hedonic Theory. Hedonic Theory posits that people are motivated to engage in 

behaviors that bring them pleasure and tend to avoid activities accompanied by 

displeasure (Kahneman, 1999; Young, 1952). Self-Determination Theory and CMT focus 

on the role of cognitive factors (i.e., perceived competence, among others) in the 

development of intrinsic motivation for the activity, and posit that internalization of 

motivation for an activity leads to spontaneous enjoyment of the activity. Therefore, these 

theories hypothesize that enjoyment of PA is a function of the locus of motivation 

(extrinsic versus intrinsic). In contrast, Hedonic Theory has a more narrow focus on the 
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function of pleasure and displeasure on behavioral motivation. The theory posits that 

enjoyment of exercise motivates individuals to exercise because humans are hedonic 

creatures with an affinity for pleasure and an aversion for displeasure (Ekkekakis & 

Dafermos, 2012).  

Hedonic Theory may be a particularly relevant framework for the study PA 

behavior in youth. Brain regions that are critical for inhibitory control have not yet fully 

developed in adolescents (Steinberg, 2007). In addition, brain regions that are responsible 

for attributing reward value and motivational salience to emotion-eliciting stimuli are 

wired differently in adolescents compared to children and adults (Spear, 2010, pp. 149–

154). Specifically, adolescents tend to have more robust affective responses to rewarding 

stimuli compared to adults, whereas their responses to punishing stimuli are similar to 

those of adults. These developmental differences in affective reactivity to emotion-

eliciting stimuli, and the effect of these differences on subsequent behavioral motivations, 

may make the link between affect and behavior more prominent in adolescents.  

A number of studies have investigated the sources of affective associations with 

PA in youth (Brustad, 2012; Scanlan & Lewthwaite, 1986; Wiersma, 2001). These 

studies identified at least three general sources of affective associations. The first source 

was the set of physiological responses associated with PA (Wiersma, 2001). Some 

participants appreciated the sensation of sweat, exertion, and rapid breathing, whereas 

others did not. The second source of affect during PA involved social relationships in the 

PA environment (Scanlan & Lewthwaite, 1986). For some, PA led to positive 

relationships with peers and adults, whereas others report negative interactions. Social 

source of affect toward PA may be particularly significant in adolescents since it is a 
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developmental period where social bonds and skills are formed (Brown, 2004; Collins & 

Laursen, 2004). The third source highlighted different affective responses to competitive 

games and activities, such that some youth enjoyed competition and others were 

intimidated by it (Brustad, 2012; Wiersma, 2001).  

In a study that investigated sources of affect in 286 athletes, aged 12 to 18 years-

old, the author concluded that “the most salient sources of enjoyment for this sample 

reflected those gained through self-derived perceptions of competence and the excitement 

of competition,” (Wiersma, 2001) an observation that was consistent with CMT. This 

observation highlighted the fact that perceptions and affect are fundamentally linked 

(Fox, 2008, pp. 156–190). Indeed, just as socio-cognitive theories either implicitly or 

explicitly incorporate affect into their models (Nasuti & Rhodes, 2013), the Hedonic 

Theory places its central construct, affect, in the context of undeniable cognitive, social, 

and environmental forces. Therefore, Hedonic Theory does not necessarily conflict with 

CMT or other theories of health behavior, but rather places the emphasis on affective 

response as the ultimate determinant of future behavior (Ekkekakis & Dafermos, 2012).  

The following sections will begin with a brief overview of the evidence for a link 

between affect and exercise, and then will describe methodological limitations that have 

been encountered and overcome in the study of affect and exercise, and finally will 

provide a detailed review of the evidence for affect as a potential determinant of PA 

behavior.  

Evidence for a Relationship between Affective Response to Exercise and PA 

Behavior 
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Brief overview.  Affective variables have gained substantial attention as potential 

determinants of exercise behavior. However, the definition of affect is broad (Table 1.1), 

and consistency in the form of affect that is used to explain PA behavior is lacking. Much 

of the research that has used affective variables to explain PA behavior was performed in 

the context of the Theory of Planned Behavior. In these studies, anticipated affect in 

response to exercise (e.g., anticipated regret for not exercising) and affective attitudes 

about exercise (e.g., exercise is enjoyable versus deplorable) have been found to be 

significant predictors of PA behavior (for a review, see (Rhodes, Fiala, & Conner, 2009)). 

One study (Kiviniemi, Voss-Humke, & Seifert, 2007) evaluated whether affective 

associations with PA were mediators of the relationship between cognitive  
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constructs and PA behavior. In this study, Kiviniemi, Voss-Humke, and Seifert asked 

participants to rate how they felt when considering PA. These affective associations with 

PA mediated the relationship between PA behavior (self report) and cognitive constructs 

Table 1.1 

 
Definitions of terms used in affective science  
  
Affective phenomena Definition 
  
Affect Often used interchangeably with emotion, but specifically refers 

to the topic of emotions, feelings, and moods.   
  
Emotion A coordinated pattern of physiological (e.g., heart rate, hormone 

release) and involuntary behavioral (e.g., facial expression, vocal 
inflection) changes in response to an external or internal event 
that holds significance for the individual.  

  
Feelings The subjective experience of emotions. In contrast to emotions 

that can be publically displayed, these are private to the 
individual experiencing them.  

  
Mood An affective state that persists for a relatively long duration 

compared to an emotion, but is typically of lower intensity.  
  
Other terms relevant to affective science. 
  
Attitudes Beliefs, preferences, and predispositions regarding stimuli. These 

are affectively valenced and endure for relatively long periods of 
time.  

  
Affective style A relatively stable, trait-like factor that predisposes an individual 

to respond to emotion-eliciting stimuli with a particular 
emotional quality, emotional dimension, or mood.  

  
Temperament Similar to affective style, but this term is typically reserved for 

infants and toddlers (early life). May be determined by genetic 
factors.  

  
Note. Adapted from Emotion science: cognitive and neuroscientific approaches to 

understanding human emotions, by E. Fox, 2008, Basingstoke; New York: Palgrave 

Macmillan. Copyright 2008 by Elaine Fox. 
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from both the Theory of Planned Behavior (attitudes, social norms, and perceived 

behavioral control) and the Health Belief Model (perceived benefits and barriers). 

Although this research was limited by its cross-sectional design, self-report assessment of 

PA, and recall of affective association with PA, it provides preliminary evidence of 

affective response to exercise as a mediator between cognitive factors and PA behavior. 

Recent work has focused on the potential of affect during exercise as a putative 

determinant of PA. This work was inspired by the “revolving door” effect, which 

describes the high levels of attrition from PA programs. The traditional notion that 

exercise ‘feels good’ is inconsistent with the fact that a majority of individuals who join 

PA programs ‘drop out’ prematurely (Backhouse, Ekkekakis, Bidle, Foskett, & Williams, 

2007; Ekkekakis & Dafermos, 2012). Specifically, researchers have found that, while a 

majority of individuals feel good after exercise, affect during exercise depends on the 

intensity of the PA, the individual’s fitness, genetic factors, and cognitive factors (Bryan 

et al., 2011; Bryan, Hutchison, Seals, & Allen, 2007; Ekkekakis & Acevedo, 2006) (e.g., 

perceived competence for PA). As the methodology in affective exercise science has 

improved, evidence has accrued to support affective response during exercise as a 

potential determinant of PA behavior (Bryan et al., 2007; Ekkekakis & Lind, 2006; 

Williams et al., 2008, 2012). 

Methodological considerations and the evolution of research into the affect-

PA association. Methodological issues in early research impeded progress in 

understanding the relationship between exercise and affect. In its early history, research 

examining affective response to exercise typically focused on mental health outcomes, 

such as the ability of exercise to reduce anxiety (Morgan & Ellickson, 1989). Researchers 
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were able to show that, on average, anxiety was reduced and mood was improved as a 

result of an acute exercise session (Byrne & Byrne, 1993; Yeung, 1996). The focus on 

mental health led to the widespread and accepted use of long questionnaires that were 

impractical for studying the link between affect during exercise and PA behavior 

(Backhouse et al., 2007). Many researchers failed to assess the affective trajectory during 

exercise because they were predominantly interested in the improvement of affect pre- to 

post-exercise. Since research participants’ attention before and after exercise was not split 

between the questionnaire and the exercise task, researchers were able to administer long 

questionnaires (from 12 to 65 items) to measure affect, and they sometimes administered 

multiple questionnaires in the same study. Although long questionnaires were helpful for 

measuring multiple dimensions of affect (e.g., tension, anxiety, happiness), researchers 

were unable to use these surveys to examine whether the exercise task proper impacted 

dimensions of affect, and whether these changes achieved during exercise affected future 

PA behavior.  

Moreover, researchers who did examine the relationship between PA behavior 

and affective change pre- to post-exercise found either no effect or weak results (Annesi, 

2002, 2005; Carels, Berger, & Darby, 2006; Klonoff, Annechild, & Landrine, 1994). One 

potential explanation for these mixed results is that most people experience a positive 

affective rebound immediately following the cessation of an exercise stimulus (Yeung, 

1996). Therefore, too little interindividual variability in affective response was present 

from pre- to post-exercise to explain differences in their PA patterns. It was not until 

methodological advances allowed researchers to measure affect during exercise that a 
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consistent pattern of association between PA behavior and affective response to exercise 

emerged.  

The development and validation of the Feeling Scale (Hardy & Rejeski, 1989), a 

single item measure of affect, enabled researchers to examine affective valence 

throughout an exercise task. Despite the recognized caveats of using single-item 

measures in research (Loo, 2002), measuring affect repeatedly during the exercise task 

was an important step in recognizing that there were large interindividual differences in 

affect during moderate-intensity exercise tasks (Ekkekakis, Hall, & Petruzzello, 2005b). 

Researchers recognized that these interindividual differences in affective response to 

moderate-intensity exercise might be key to understanding exercise adherence (Williams, 

2008).  

The dual-mode model of affect and exercise provides a theoretical framework for 

understanding the source of interindividual differences in affective response to exercise 

across different intensities (Ekkekakis, 2009a, 2009b). Briefly, the dual-mode model 

posits that at low exercise intensities, affective valence is typically positive and 

predominantly determined by cognitive factors (e.g., perceived competence for PA). 

Ekkekakis and colleagues (Ekkekakis et al., 2005b) speculated that, from an evolutionary 

perspective, affective response to exercise at low intensities tends to be positive in order 

to reinforce highly adaptive behaviors such as walking and foraging. In contrast, during 

high-intensity exercise, physiological cues such as rapid breathing, lactic acid 

accumulation, and sweating typically lead to displeasure. These negative affective 

responses to high-intensity exercise may protect the individual from metabolic acidosis, 

musculoskeletal damage, and cardiovascular injury. When exercise is performed at 
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moderate intensities, however, both physiological cues and cognitive factors determine 

affective response to exercise, and therefore studies have shown large interindividual 

differences in affect during exercise at moderate-intensity (Parfitt & Hughes, 2009; Rose 

& Parfitt, 2007).  

Evidence from observational studies. The recognition of large interindividual 

differences in affective response to moderate-intensity exercise was a critical milestone 

because it offered a plausible explanation for relatively low adherence to PA programs in 

adults and adolescents. The link between affective valence during exercise and future PA 

behavior was explored in two longitudinal studies by Williams et al. (Williams et al., 

2008, 2012). These studies showed that affective response to moderate-intensity exercise 

and during a walking task were associated with future PA behavior in adults, even when 

accounting for baseline PA behavior. However, affective valence after the exercise tasks 

was not associated with future exercise behavior, probably as a result of the pleasure 

most people experience after exercise regardless of intensity. These findings were 

consistent with the dual-mode model and Hedonic Theory. Although other studies found 

a direct relationship between affective response to exercise and PA in adults (Kiviniemi 

et al., 2007; Kwan & Bryan, 2010a), very few have studied that relationship in 

adolescents. 

One cross-sectional study examined the potential link between affective response 

to exercise and PA behavior in adolescents. The Mood and Exercise study was an 

observational study of 192 adolescent boys and girls from two high schools in Southern 

California (Schneider, Dunn, et al., 2009). In this study, enjoyment of PA was measured 

by asking participants to report their affect before, during, and after a moderate-intensity 
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exercise task. Schneider et al. found that the participants’ affective response during the 

moderate exercise task was significantly associated with objective measures of MVPA 

and moderate PA (p’s<0.05). Participants with a positive affective trajectory during 

exercise also engaged in at least 60 minutes of MVPA on a greater proportion of days 

compared to other participants (p <0.01). Overall, individuals who reported enjoying the 

moderate exercise were more likely to engage in MVPA in this cross-sectional analysis.  

Evidence from interventions. The failure of past interventions to substantially 

mobilize adolescents may be owing to the programs’ inattention to participants’ 

enjoyment of PA. Compared to interventions that did not target enjoyment of PA, 

interventions that aimed to address enjoyment were more likely to be successful 

(Wallhead & Buckworth, 2004). For example, The Child and Adolescent Trial for 

Cardiovascular Health (CATCH) was a three year, school-based intervention that aimed 

to increase PA in children by targeting their enjoyment of PA during PE (McKenzie et 

al., 1996). CATCH successfully increased PA not only during PE, but also outside of PE, 

and the results of the intervention persisted for three years following its termination 

(Nader et al., 1999).  

Project Fitness and Bone was an intervention to promote PA and fitness in 

sedentary, adolescent females (Schneider et al., 2007). The intervention was implemented 

in a school PE environment and targeted exercise-associated affect by exempting 

participants from the usual timed mile run requirement, excusing participants from 

wearing uniforms, and giving participants input into the choice of class activities. 

Overall, the intervention was successful in increasing physical activity, but it was 

especially effective for participants who reported low enjoyment of exercise at baseline 
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(Schneider & Cooper, 2011). It appears that enjoyment of exercise can be successfully 

targeted by PA interventions, and that interventions that target enjoyment are more likely 

to be successful compared to interventions that do not target enjoyment.  

The following section will introduce a model that describes the plausible 

psychobiological origins of affective response during exercise. Although the proposed 

research will not evaluate the specific neuronal pathways described in the following 

section, the discussion is included as background information.  

Psychophysiological evidence for the dual-mode model of affective response 

to exercise: effect of intensity on affective processing. Organisms function optimally 

when their internal milieu is maintained in tight control. This homeostasis is achieved 

through various mechanisms, but one of the dominant mechanisms is negative feedback. 

Negative feedback functions at all levels of the organism, from the level of the cell 

(sodium/potassium pump to maintain osmolarity) to the level of behavior (satiety owing 

to hormonal secretion after a meal). Physical activity is an adaptive health behavior, but it 

can also be harmful at high intensities because of risk of cardiovascular injury, 

musculoskeletal injury, and noxious physiological states such as acidosis and 

catecholamine upregulation (Ekkekakis et al., 2005b). The body benefits from monitoring 

physiological responses to PA in order to prevent harm as well as to encourage adaptive 

movement. 

Physical activity perturbs homeostasis in a number of ways. Exercise can deplete 

peripheral energy stores (Jones et al., 1985; Spriet, Lindinger, McKelvie, Heigenhauser, 

& Jones, 1989), can lead to accumulation of lactic acid in the muscles and blood (Beaver, 

Wasserman, & Whipp, 1986), and can increase body temperature (Saltin & Gagge, 1968, 
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1971). Researchers have identified neurons sensitive to these perturbations in muscle 

tissue (Craig, 2006). Muscles are wired with afferent neurons (neurons that send sensory 

signals towards the central nervous system) that are highly sensitive to mechanical 

changes such as length, stretch and tension, as well as metabolic changes such as 

increases in lactic acid (Ekkekakis & Acevedo, 2006, pp. 98–99). The complex network 

of sensory neurons is activated in a graded manner by muscular work, such that neuronal 

signals encode information about exercise intensity (Cervero & Jänig, 1992; Cervero, 

1994; Ekkekakis & Acevedo, 2006, p. 99). There are afferent neurons that have low 

thresholds and are therefore activated by small movements. This type of neuron is 

necessary for basic regulatory adjustments. Another type of sensory neuron has a high 

threshold for activation and therefore alerts the central nervous system of PA levels in the 

noxious range. Finally, there are neurons that are only activated after prolonged 

activation of the high-threshold neurons. The body’s ability to discriminate between PA 

in the normal range and PA in the higher, noxious range, suggests that there are 

evolutionary advantages in the capacity to make this distinction. The coding of these 

distinctions by the primary sensory neurons in the muscles allows for proper and reliable 

information transfer to higher order neurons. 

Afferent neurons that monitor the physiological status of muscles, tendons, and 

articulations have been shown to communicate downstream with the amygdala (the 

emotion processing center of the brain) (Ekkekakis & Acevedo, 2006, pp. 100–102). 

These signals can take two pathways, dubbed the “high road” and the “low road” 

(Ledoux, 1996, pp. 163–164). The existence of these two pathways substantiates the 

dual-mode model of affective response to exercise, which states that at light- and 



 

 34

moderate-intensity exercise, cognitive factors play a role in determining affective 

response to PA (Ekkekakis, 2005). However, at high-intensity exercise, only 

physiological cues determine affective response to PA. Ekkekakis and Acevedo (2006) 

proposed that affective signals elicited by light- and moderate-intensity exercise are 

processed by the “high road,” meaning that they are registered by the sensory and frontal 

cortex before entering the amygdala. In the sensory and frontal cortices, cognitive 

appraisal of the afferent signal takes place, which sets the affective valence of the 

exercise experience (LeDoux, 1994, 2002). At this stage, cognitive factors such as 

perceived competence for PA may influence an individual’s feelings about their 

physiological cues to exercise. 

In contrast, sensory signals in response to high-intensity exercise take the “low 

road” directly to the amygdala, effectively bypassing the sensory and frontal cortex. 

Ekkekakis and Acevedo (2006, p. 101) argue that, given the severe perturbations of 

homeostasis and potential injury associated with high-intensity exercise, the “low road” 

has been evolutionarily conserved to protect individuals from harm. The “low road” 

allows for affective processing to occur more rapidly compared to the “high road,” 

streamlining requisite behavioral adjustments to protect the body from potential 

cardiovascular, musculoskeletal, or other forms of exercise-related injuries. Currently, 

there is little neuroscience evidence for the “high road” versus “low road” hypotheses of 

affective response to exercise owing to methodological limitations for recording brain 

activity during PA. However, there is sufficient work from animal research and non-

exercise human models to substantiate the dual-mode model of affective response to 

exercise (Ekkekakis & Acevedo, 2006, p. 102).  
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In summary, most individuals have a predominantly negative affective response 

to high-intensity exercise owing to evolutionarily conserved pathways that protect the 

body from harm. There is wide interindividual variability, on the other hand, in affective 

responses toward moderate-intensity exercise, partially owing to cognitive appraisal from 

the “high road.” These interindividual differences in affective response to moderate-

intensity exercise may be a key to understanding PA behavior. The proposed research 

attempts to understand how cognitive (i.e., perceived competence for PA) and 

dispositional (i.e., affective style) factors relate to affective response to moderate-

intensity exercise in order to ultimately improve scientific understanding of PA behavior.  

Behavioral Inhibition System and Behavioral Activation System: Predispositions to 

Cues of Affective Significance and Indicators of Affective Style 

In order to understand patterns of affective response to exercise, one must 

consider how individuals differ in their capacity to experience affect. On the whole, 

personality refers to individual-specific patterns of thought, behavior, and action 

(McCrae, 2000). Historically, researchers have developed numerous theories to describe 

the spectrum of people’s personalities (Fox, 2008, pp. 56–71), including the Big Five 

(Digman, 1990; Goldberg, 1993) and Eysenck’s theories(Eysenck, 1960). The Big Five 

and Eysenck’s theories of personality have been widely studied, and both identify 

extraversion (experience positive emotions easily, seeks company of others, talkative, 

energetic, seeks stimulation) and neuroticism (experience negative emotions easily, often 

nervous or anxious) as traits. A recent meta-analysis by Rhodes and Smith (Rhodes & 

Smith, 2006) found that extraversion was the most consistent personality correlate of PA 

behavior (r=0.23), while neuroticism was negatively associated with PA behavior (r=-
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.11). Personality theorists have posited that these two personality traits, extraversion and 

neuroticism, overlap substantially with Gray’s Reinforcement Sensitivity Theory (Elliot 

& Thrash, 2002; Fowles, 2006, pp. 25–27; Gray, 1970, 1973). 

Briefly, Gray’s model posits that there are three fundamental emotion systems in 

the brain: a Behavioral Activation System (BAS), a Behavioral Inhibition System (BIS), 

and a flight/fight/freeze system (FFFS) (Carver, Sutton, & Scheier, 2000; Gray & 

McNaughton, 2000, pp. 83–93). Levels of activation of these systems determine how 

individuals respond to emotion-eliciting stimuli, and are therefore biological substrates of 

affective style (Wheeler, Davidson, & Tomarken, 1993). Affective style is defined as a 

relatively stable, trait-like factor that predisposes an individual to respond to emotion-

eliciting stimuli with a particular emotional quality, emotional dimension, or mood 

(Table 1.1) (Fox, 2008, pp. 71–83). 

The BIS, BAS, and FFFS have been well-characterized in animal and human 

studies (for reviews see (Corr, DeYoung, & McNaughton, 2013; Corr, 2004)). The BAS 

is activated by stimuli that are associated with reward, nonpunishment, and escape from 

punishment (Gray, 1994). This system is said to control appetitive motivation, or 

movement that may lead to positive outcomes. The BAS has been associated with 

impulsivity (Franken, Muris, & Rassin, 2005). The main feelings associated with the 

BAS are hope, elation, and happiness when rewarding stimuli are anticipated (Carver & 

White, 1994). On the other hand, the FFFS is activated in response to aversive stimuli 

(Gray & McNaughton, 2000). It is associated with defensive behaviors, including 

aggression and escape. Feelings of rage and fear have been linked with the FFFS (Gray, 

1987). The BIS is a more complex system. It is activated by conflict, most commonly 
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between approach (BAS) and avoidance systems (FFFS)2 (Gray & McNaughton, 2000). 

For example, the BIS would be activated if a child is passionate about joining the school 

volleyball team and is anticipating try-outs. The reward of being picked for the team 

(BAS) is counterbalanced with trepidation of rejection (FFFS). When the BIS is 

activated, current behavior stops, attention is directed to the sources of conflict, reward 

and punishment are weighed against each other, and finally the individual either 

approaches or withdraws from the stimulus (Keiser & Ross, 2011). The BIS is associated 

with feelings of anxiety and leads to states of worry and rumination (McNaughton & 

Corr, 2008). 

Although the most current version of Gray’s Reinforcement Sensitivity Theory 

distinguishes between BIS and FFFS (Gray & McNaughton, 2000), BIS and FFFS were 

conflated in early and contemporary research (Smillie, Pickering, & Jackson, 2006). The 

conflation of the two systems is not surprising, since they are difficult to distinguish 

except with pharmacological and direct lesion techniques (Gray & McNaughton, 1983; 

Hamm & Weike, 2005). In behavioral studies, it is difficult to distinguish anxiety (BIS) 

from fear (FFFS). Indeed, one of the most commonly used questionnaires to evaluate 

affective style, Carver and White’s BIS/BAS scale (Carver & White, 1994),  does not 

distinguish between BIS and FFFS. Recent attempts to adapt the BIS/BAS scale to 

measure FFFS have had limited success (Heym, Ferguson, & Lawrence, 2008), but 

reliability has been poor (Keiser & Ross, 2011). Consistent with the original 

                                                        
2 The BIS may also respond to conflict between two or more rewarding (BAS) 

situations or punishing situations (FFFS). To illustrate a situation where BIS is 

activated in response to two rewarding situations, consider the scenario where an 

individual must decide between offers from two prestigious universities. This 

individual may respond with anxiety over the decision, since the ultimate choice will 

impact the individual’s future in important ways.  
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conceptualization of the Carver and White BIS/BAS scale, the present study does not 

distinguish between BIS and FFFS. 

The reinforcement sensitivity theory specified that the BIS and BAS were 

orthogonal constructs, meaning that the activation of one system did not depend on the 

activation of the other and therefore an individual could have both a highly activated BIS 

and BAS (Gray, 1970) 3. As illustrated in Figure 1.1, experts (Elliot & Thrash, 2002; 

Gray, 1970, 1973, 1994) have suggested that BIS/BAS may be related to 

extroversion/introversion and high neuroticism/low neuroticism such that neuroticism 

may reflect increased sensitivities to both reward and punishment. On the other hand, 

extraversion may reflect greater sensitivity to reward than punishment, and introversion 

greater sensitivity to punishment than reward.  

                                                        
3 Experts have recently proposed that BIS and BAS do not always interact as 

orthogonal constructs, but may rather function as joint systems (i.e., the joint 
subsystems hypothesis) (Corr, 2004; Smillie, Pickering, & Jackson, 2006). The joint 
subsystem hypothesis has helped explain a substantial body of research that was 
originally inconsistent with the Reinforcement Sensitivity Theory. The joint subsystem 
hypothesis has been especially useful to explain results from human-subject research, 
where the rewarding versus punishing association of a stimulus is especially difficult to 
predict. 
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Figure 1.1. Relationship between Gray’s BIS/BAS constructs and Eysenck’s theory of 
personality. BIS = Behavioral Inhibition System, BAS=Behavioral Activation System. 
Adapted from “The psychophysiological basis of introversion-extraversion,” by J. A. 
Gray, Behaviour Research and Therapy, 8(3), p. 263. Copyright 1970 Elselvier B.V. 

 

 

In summary, affective style is associated with an individuals’ affective response to 

emotion-eliciting stimuli. It is also related to personality traits that have been correlated 

with PA behavior. The following discussion will review methods that have been used to 

measure affective style, and evidence supporting these measures for the investigation of 

affective response to exercise.  

Measures of affective style. Gray’s theory of approach (BAS) and avoidance 

(BIS) was developed based on animal studies. Human research on the role of approach 

and avoidance tendencies began with the advent of Carver and White’s BIS/BAS scale, a 

paper-and-pencil self-report instrument designed to assess BIS and BAS (Carver & 

White, 1994). Early research in humans was largely focused on understanding the 
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function of approach and avoidance in addictive and/or pathologic behavior (Franken, 

Muris, & Georgieva, 2006; Kasch, Rottenberg, Arnow, & Gotlib, 2002) or to identify 

physiological markers of BIS/BAS activation (Blair, Peters, & Granger, 2004; Brenner, 

Beauchaine, & Sylvers, 2005). Indeed, the BIS/BAS was eventually found to correlate 

with a psychophysiological indicator of affective style: an ElectroEncephaloGraphy 

(EEG) measure of frontal cortical activation (Harmon-Jones & Allen, 1997; Sutton & 

Davidson, 1997). Originally, individuals with more sensitive BAS were hypothesized to 

have relatively active left frontal cortices, and individuals with more sensitive BIS were 

hypothesized to have relatively active right frontal cortices. However, studies have found 

inconsistent support for these hypotheses. The BAS, as operationalized by the BIS/BAS 

scale, has been found to correlate with frontal cortical asymmetry (i.e., greater activation 

in the left compared to the right frontal cortex) (Coan & Allen, 2003; Harmon-Jones & 

Allen, 1997; Hewig, Hagemann, Seifert, Naumann, & Bartussek, 2004, 2006; Sutton & 

Davidson, 1997). A recent meta-analysis, however, concluded that there was inconsistent 

support for the association between BAS and frontal cortical asymmetry (Wacker, 

Chavanon, & Stemmler, 2010). The relationship between BIS and frontal cortical 

asymmetry has also received inconsistent support (Harmon-Jones, Gable, & Peterson, 

2010; Harmon-Jones, 2003b), with some studies finding a negative correlation with 

frontal cortical activation (Davidson, 2004; Sutton & Davidson, 1997), and others finding 

no support (Coan & Allen, 2003; Hewig et al., 2006). Since the scientific community is 

still characterizing the nature of frontal cortical asymmetry, the present study has only 

used the Carver and White (1994) BIS/BAS scale to operationalize affective style. 
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However, for the sake of completeness, the following literature review includes studies 

that have explored the link between frontal cortical asymmetry and affect.  

Frontal cortical asymmetry as indicator of affective style and relationship 

with affective response to exercise. Much of the research that tests whether there is a 

link between affective style and affective response to exercise utilized frontal cortical 

asymmetry as the indicator for affective style (Hall, Ekkekakis, & Petruzzello, 2007; 

Petruzzello, Hall, & Ekkekakis, 2001; Petruzzello & Landers, 1994; Petruzzello & Tate, 

1997; Schneider, Graham, Grant, King, & Cooper, 2009). Furthermore, most 

operationalized affective response to exercise as the change in affect from pre- to post-

PA, without considering affective trajectory during PA (Hall et al., 2007; Petruzzello et 

al., 2001; Petruzzello & Landers, 1994; Petruzzello & Tate, 1997). These studies found 

that frontal cortical asymmetry partially explained post-exercise affect when accounting 

for pre-exercise affect, and therefore provide evidence for a role of affective style in 

affective response to exercise. 

One study is particularly relevant to the proposed research because it evaluated 

whether frontal cortical asymmetry was associated with affective response to exercise 

during an acute bout of PA in adolescents (Schneider, Graham, et al., 2009). The 

participants of the Mood and Exercise study performed both a moderate- and hard-

intensity exercise task one week apart. The order of the tasks (moderate task followed by 

hard task, or vice versa) was randomly determined for each participant. Each exercise 

task was performed on a stationary bicycle for 30 minutes, and affect was determined 

with the Feeling Scale (Hardy & Rejeski, 1989) before the task (baseline), during the task 

(10 and 20 minutes post-baseline), and after the task (30 and 40 minutes post-baseline).  
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The hypothesis that a frontal cortical asymmetry measure of affective style would 

be associated with a more positive affective response to exercise in adolescents was 

supported in a nuanced manner (Schneider, Graham, et al., 2009). Specifically, affective 

style was associated with affective response to exercise during and after the moderate-

intensity task only in participants who completed the moderate-intensity task first. In 

contrast, the association was not found during or after the moderate-intensity exercise 

task when the hard task was completed first. Regardless of task order, the association was 

not found during or after the hard task.  

These results can be interpreted through the lens of the dual-mode model 

(Ekkekakis, 2005). Specifically, the results suggest that affective style modulates 

affective response to exercise through cognitive mechanisms since the association was 

present during moderate-intensity exercise, but not during hard-intensity exercise. 

According to the dual-mode model, affective responses to hard-intensity exercise are 

predominantly determined by physiological cues such as lactic acid accumulation, 

increase in muscle temperature, sweating, and rapid heartbeat. Since hard-intensity 

exercise perturbs homeostasis, especially when maintained for 30 minutes, affective 

responses are expected to be relatively negative in all individuals. During the moderate-

intensity exercise, however, cognitive factors partially determine affective response to 

exercise since physiological cues take the “high road,” allowing sensory signals to be 

processed by the cortex, and cognitive factors to influence affective valence before the 

neuronal signals are sent downstream to the emotion-centers of the brain.  

The moderating effect of task order provided additional support for the notion of a 

cognitive mechanism of affective style on affective response to exercise (Schneider, 
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Graham, et al., 2009). The only difference between participants who completed the 

moderate task first, versus those that completed it second, was prior exposure to the hard 

task in the latter group. The participants who completed the hard task first may have had 

altered expectations for the second task (i.e., the moderate task), since they were never 

told the type of task that they were going to perform. Potentially, adolescents that 

performed the hard task first thought that the moderate task would also be 

overwhelmingly difficult (79% of participants required reductions in work rate during the 

hard task owing to fatigue, compared to 4% during the moderate task), thus altering their 

expectation and subsequent affective response. Overall, affective style appears to 

influence affective response during moderate-intensity exercise through cognitive 

mechanisms, whereas affective style does not appear to be associated with affective 

response during hard-intensity exercise. The present study builds on these findings and 

uses a moderate-intensity exercise task to examine the relationship between affective 

style and the affective response to exercise.  

BIS and BAS as indicators of affective style and their relationship with 

affective response to exercise. The BAS, as operationalized by the BIS/BAS scale 

(Carver & White, 1994), has consistently been validated against the frontal cortical 

asymmetry measure of affective style (Coan & Allen, 2003; Harmon-Jones & Allen, 

1997; Hewig et al., 2004, 2006; Sutton & Davidson, 1997). The relationship between BIS 

and frontal cortical asymmetry has been supported (Davidson, 2004; Gray, 1970; 

Harmon-Jones, 2003a; Sutton & Davidson, 1997), although the link is somewhat 

ambiguous owing to conflicting results in the literature (Coan & Allen, 2003; Hewig et 

al., 2006). Despite a growing evidence-base bolstering a relationship between frontal 
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cortical asymmetry and affective response to exercise (Hall et al., 2007; Petruzzello et al., 

2001; Petruzzello & Landers, 1994; Petruzzello & Tate, 1997; Schneider, Graham, et al., 

2009), there is a dearth of studies that have used the BIS/BAS scale to evaluate the link 

between affective style and affective response to exercise. Such research would be useful 

since EEG is a relatively expensive and lengthy procedure, and therefore not amenable to 

measure affective style on the large-scale. Identifying rapid and cost-effective methods of 

measuring affective style may be critical for tailoring affect-driven interventions for 

youth. Indeed, the USDHHS PA guidelines emphasize the need “to encourage young 

people to participate in physical activities that are appropriate for their age, that are 

enjoyable, and that offer variety” (2008, p. 16) (emphasis added). Cost-effective tools for 

the measure of affective style may assist interventionists to tailor large-scale PA 

promotion efforts in a more efficient manner, given the potential of affective style to 

influence affective response to exercise (Schneider, Graham, et al., 2009; Schneider & 

Graham, 2009). As such, studies that investigate the relationship between affective style, 

as measured by the BIS/BAS scale, and affective response to exercise are badly needed. 

Only one study has explored the link between BIS and BAS with affective 

response to exercise in adolescents (Schneider & Graham, 2009). In this study, both BIS 

and BAS were significantly associated with affective response before, during and after 

PA behavior in a moderate-intensity exercise task. Specifically, participants were split 

into groups (median split) of high and low for both BIS and BAS. Those with high BIS 

tended to report more negative affect before, during and after an acute bout of moderate-

intensity exercise compared to participants with low BIS. When BAS was examined, 

participants with high BAS reported more positive affect before, during and after 
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moderate exercise compared to participants with low BAS. Taken together, these results 

substantiate the BIS/BAS scale as an effective tool to understand affective responses to 

exercise in adolescents. 

In summary, there is compelling evidence that affective style is associated with 

affective response to exercise (Hall et al., 2007; Petruzzello et al., 2001; Petruzzello & 

Landers, 1994; Petruzzello & Tate, 1997; Schneider, Graham, et al., 2009). However, in 

order to inform the translation of the basic research findings described above to 

interventions, additional questions need to be answered about the influence of affective 

style on both affective response to exercise, and, importantly, whether it may influence 

PA behavior. Research already shows that personality traits related to BIS and BAS are 

associated with PA behavior, albeit weakly (Rhodes & Smith, 2006). There is also 

substantial evidence for a link between affective response to exercise and PA behavior 

(Schneider, Dunn, et al., 2009; Williams et al., 2008, 2012). Potential mechanisms that 

may link affective style, affective response to exercise, and PA behavior have not been 

postulated by others and need to be explored; the present research fills this gap.   

The Case for CMT: Affective Response to Exercise as a Mediator of the Association 

between Competence and PA Behavior 

There are both theoretical and empirical sources of evidence that support affective 

response to exercise as a mediator between perceived competence and PA behavior. 

Competence Motivation Theory (Harter, 1981) and Self-Determination Theory (Deci & 

Moller, 2005; Deci & Ryan, 1985) both state that individuals with high perceived 

competence for a health behavior will spontaneously experience a positive affect and an 

internalized motivation to continue to engage in the health behavior. These theories 
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suggest that an individual with higher perceived competence for PA will be more likely 

to enjoy PA behavior and, furthermore, will be more likely to exercise compared to 

individuals with lower perceived competence. A study by Carroll and Loumidis (Carroll 

& Loumidis, 2001) found partial empirical support for CMT by demonstrating an 

association between perceived competence for PE and enjoyment of PE in British sixth 

grade students. Further, they showed that enjoyment of PE was correlated with PA 

behavior both in and out of school. However, Carroll and Loumidis did not formally test 

whether enjoyment mediated the relationship between competence and PA behavior.  

A more recent study by Kiviniemi and colleagues (Kiviniemi et al., 2007) found 

that affective associations with PA were significant mediators, but not moderators of the 

relationship between cognitive factors and PA behavior. In that study, cognitive 

constructs from the Health Belief Model and Theory of Planned Behavior were included 

(attitudes, social norms, perceived behavioral control, perceived severity and 

susceptibility, and benefits/barriers for PA), but perceived competence for PA was not 

tested as an independent variable despite substantial evidence for a link between 

perceived competence and PA behavior (Biddle et al., 2005; Sallis et al., 2000). Further, 

the study by Kiviniemi and colleagues tested whether affective associations, but not 

affective response to exercise, behaved as mediators for the relationship between 

cognitive factors and PA behavior. Affective associations with PA are subject to recall 

bias and affected by the participants’ mood at time of assessment, and therefore can lead 

to biased results. Affective response during exercise may be a more accurate assessment 

of enjoyment of PA since it captures affective trajectory throughout a bout of PA and 

accounts for baseline affect. The proposed study extends the above findings by testing the 
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CMT for PA behavior in a population of young adolescents. Specifically, it tests whether 

affective response to exercise is a mediator of the association between perceived 

competence and PA behavior.  

Affective Style, Affective Response to Exercise and PA Behavior 

The case for a moderating effect of affective style on the relationship between 

affective response to exercise and PA behavior. Moderate-intensity exercise is, both 

intuitively and empirically, an emotion-eliciting stimulus that has been shown to evoke 

both pleasure and displeasure among individuals (Ekkekakis et al., 2005b). According to 

Hedonic Theory (Ekkekakis & Dafermos, 2012), individuals who enjoy PA will be more 

likely to engage in PA for the sheer pleasure of the behavior, whereas those that 

experience displeasure owing to PA will avoid PA. However, Gray’s theory of affective 

style (Carver et al., 2000; Wheeler et al., 1993) posits that the BIS and BAS determine 

the robustness of an individual’s affective response to ‘punishment’ and ‘reward’, 

respectively, as well as their propensity to withdraw or approach the emotion-eliciting 

stimuli. As such, there is theoretical reason to believe that affective style (measured by 

BIS and BAS) is a moderator for the relationship between affective response to exercise 

and PA behavior. The present study tests the hypothesis that individuals who are 

particularly sensitive to cues of reward and/or punishment will show a stronger 

association between affective response to moderate exercise and PA (Figure 1.2). In 

contrast, in individuals who are less sensitive to cues of reward and/or punishment, the 

link between affect and PA behavior will be weaker. In summary, the proposed study 

tests Gray’s model as well as Hedonic Theory by evaluating whether affective style is a 
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moderator for the relationship between affective response to exercise and PA behavior in 

adolescents.  

 

Figure 1.2. The hypothesized moderation of the relationship between affective response 
to exercise and PA behavior according to levels of affective style. The figure should be 
considered an illustration of the structure of the moderation for either BAS or BIS. 
However, the absolute levels of PA may differ when examining BIS versus BAS. 
 

Specific Aims and Hypotheses 

The study pursues the following aims and tests the associated hypotheses. 

 Aim 1. Test the CMT to determine whether affective response to exercise is a 

mediator for the relationship between competence for exercise and PA behavior in sixth 

grade students (Figure 1.3).  

Hypothesis #1a. Perceived competence for PA will be positively associated with 

PA behavior such that adolescents with higher perceived competence will exhibit greater 

PA in a laboratory setting, in PE class, and in daily life.  
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 Hypothesis #1b. Affective response to exercise will be positively associated with 

PA behavior such that individuals with a more positive affective response to exercise will 

exhibit greater PA behavior compared to adolescents with a more negative affective 

response to exercise. 

 Hypothesis #1c. Perceived competence for PA will be positively associated with 

affective response to exercise such that adolescents with higher perceived competence 

will report a more positive affective response to exercise compared to adolescents with 

lower perceived competence. 

 Hypothesis #1d. The relationship between perceived competence and PA 

behavior will be mediated by affective response to exercise such that affective response 

to exercise will explain the association between perceived competence and PA behavior.  

 

Figure 1.3. Diagram of Aim 1: Test of Competence Motivation Theory to explain PA 
behavior in adolescents. PA = Physical Activity.  
 

Aim 2. Test the hypothesis that affective style moderates the relationship between 

affective response to exercise and PA behavior (Figure 1.4 for diagram, Figure 1.2 to 

visualize the hypothesized moderation effect). 
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Figure 1.4. Diagram of Aim 2: Affective style as moderator in the link between affective 
response to exercise and PA behavior.  
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Methods 

This study utilized data collected in an ongoing study. The present hypotheses 

were novel and extended the original project aims. The following discussion of 

methodology will focus on the present study only.  

Participants and Setting 

One-hundred and nine sixth grade students from Marshall Middle School, in Long 

Beach, CA, were recruited for the present study. These participants were recruited over 

three years, with about 35 participants recruited per year. To be eligible, participants had 

to be able to engage in regular exercise, be right handed, have no history of head trauma 

or depression, and not be members of sports teams at the time of recruitment. According 

to school district criteria, the student body at Marshall Middle School was over 80% 

economically disadvantaged.  

Study Design  

This cross-sectional study is part of a larger, longitudinal study that has been 

approved by UCI IRB (HS#: 2010-7898) and Long Beach Unified School District, and 

funded by the NIH. 

Recruitment. All incoming sixth grade students at Marshall Middle School were 

invited to join the study through letters mailed to their homes. Interested families were 

invited to attend an orientation session at the school where parents and prospective 

participants were informed about the details of the study requirements, intervention, and 

monetary incentives. Prospective participants also were assessed for eligibility. Eligible 

participants were enrolled in the study if participants assented and their parents provided 

written consent.  
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Procedures. Each cohort began assessments early in the fall semester. Over the 

course of approximately four weeks, participants visited the laboratory once a week in 

lieu of attending PE class. The laboratory was a converted school classroom. After 

recruitment, participants completed questionnaires and underwent a variety of physical 

activity assessents.  

Fitness test. During participants’ first visit, height and weight were obtained with 

a stadiometer and scale. Then, a progressive, graded fitness test was performed on a cycle 

ergometer to determine VO2peak (cardiorespiratory fitness). Breath-by-breath 

measurement of gas exchange was viewed online using a Sensor Medics®  metabolic 

system (CareFusion, San Diego, CA), and VO2peak  was subsequently identified by an 

exercise technician. Participants were encouraged to exercise to their limit. Heart rate and 

work rate were recorded every three minutes from a Polar® monitor (Polar Electro, 

Kempele, Finland).  

Moderate-intensity exercise task. On a subsequent visit, a moderate-intensity 

exercise task was performed on a cycle ergometer. The moderate task was calibrated to 

50% of the participants’ work rate at their VO2 reserve4. Participants pedaled at 60-80 

rotations per minute for thirty minutes, followed by a 6-minute rest period. In order to 

ensure that all participants completed the task, the intensity was lowered by 10 watts if 

participants were not able to maintain a cadence of at least 60 rotations per minute for at 

least one minute, or if their HR was observed to be above 170 beats per minute for at 

                                                        
4 The VO2 reserve is defined as the difference between baseline oxygen consumption 

and peak oxygen consumption (i.e., VO2peak – VO2baseline). In the present study, 0.45 

L/min was used as VO2baseline in all participants. This VO2baseline was determined in a 

pilot study representative of the study participants. It represents oxygen 

consumption when participants pedaled against no resistance.   
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least one minute. Forty-six percent of participants required a reduction in the exercise 

intensity, with an average reduction of 15.80 Watts (SD = 6.73 Watts). High HR rather 

than inability to maintain speed accounted for 82% of WR reductions. 

Heart rate during the moderate-intensity task was observed with a Polar® monitor 

and recorded by a research assistant at baseline and every 3 minutes. Similarly, at 

baseline, and every three minutes thereafter, participants provided a rating on Borg’s 

Rating of Perceived Exertion scale (RPE) and the Feeling Scale (FS) (Hardy & Rejeski, 

1989), which were displayed on a clipboard by research assistants. For the former, they 

were asked “how hard do you think you are working” and for the latter they were asked 

“how do you feel right now.” 

“Feels-good” task. At the next visit to the laboratory, the feels-good task was 

performed on a cycle ergometer, initially calibrated to 20% of the participants’ WR at 

VO2 reserve. The task was introduced as follows:  

“The goal of this task is for you to exercise at a level that feels good to 

you.  We want you to find a level that feels good to you, so if you need 

to increase or decrease the resistance to stay feeling good just let us 

know, okay?  We want to know how you are really feeling, so please be 

honest and tell us the number that truly reflects how you feel.  Do you 

have any questions?” 

Participants pedaled for 30 minutes at a cadence of 60-80 rotations per minute. 

Similar to the moderate exercise task, participants were asked to report their RPE and 

affect (Feeling Scale) every three minutes during the task. In addition, every three 

minutes participants were asked if they would like to change the resistance. If so, they 
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had the choice to increase or decrease the resistance by 10 watts in order to maintain an 

exercise intensity that felt pleasurable for them. Work rates were recorded every three 

minutes. Heart rate was obtained with a Polar® monitor, and recorded at baseline and 

every three minutes during the task.  

Actigraph accelerometer. In between visits one and two, participants wore an 

Actigraph accelerometer for 7 days. They were instructed to wear the accelerometer from 

the time they woke up to the time they went to sleep except for when they got wet (e.g., 

shower, swim). When they returned their accelerometers, a research assistant examined 

the data to assess whether they wore it for at least eight hours on four total days, 

including one weekend day. Four days has been suggested as the minimum number of 

days of monitoring to obtain a reliable estimate of PA in adolescents (Trost, McIver, & 

Pate, 2005). Actilife® software (version 6.8.1, Pensacola, FL) was used to validate wear 

time. The algorithm that was used to test wear time validity was modeled after the wear 

time validation approach of the National Health and Nutrition Examination Survey 

(National Cancer Institute, 2013; Troiano et al., 2008). An hour was considered non-valid 

(i.e., participant did not wear the device) if zero counts were recorded during that time. 

An hour was still considered non-valid if it contained one to two minutes of 0-100 counts. 

Accelerometer counts were computed as the vector magnitude from the three cardinal 

planes (up-down, left-right, forward-back). If participants did not wear the accelerometer 

for the minimum amount of days, they were reissued the device for another seven days.  

Questionnaires. The following questionnaires were completed by the 

participants’ guardian during the orientation session: (a) parent perceptions of exercise 

benefits for their child, (b) parent perceptions of neighborhood safety, and (c) parent 
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demographic questionnaires. Meanwhile, the participant completed the BIS/BAS scale 

during the orientation session. On a later visit to the laboratory, participants completed 

the perceived competence and demographics questionnaires. They were encouraged to 

ask questions whenever an item required clarification.  

Measures. A summary of measures is included in Table 2.1.  
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Table 2.1 
 
Summary of constructs, assessment tools, and variables 
 

Construct Assessment tools Variable Cronbach’s 
alpha 

    
Perceived 
Competence  

Perceived competence 
subscale of the Intrinsic 
Motivation Inventory 
(paper-and pencil survey) 
(McAuley, 1989; 
Schneider & Kwan, 2013) 
 

Perceived competence was computed as the 
mean of subscale’s five items  

0.89 

    
Affective 
response to 
exercise 

Feeling scale (FS) (Hardy 
& Rejeski, 1989) assessed 
every 3-min during a 30-
min moderate exercise 
task 
 

Mean FS: computed as the average of all 10 
feeling scale scores during the task 
 

N/A 

Low FS: the lowest FS score reported 
during the task.  

N/A 

    
BIS/BAS BIS/BAS Scale (Carver & 

White, 1994) (paper-and 
pencil survey) 

BIS was computed as the mean of the 7 BIS 
subscale items (sensitivity to cues of 
punishment) 

0.69 
 

BAS was computed as the mean of the 13 
BAS subscale items (sensitivity to cues of 
reward) 

0.85 
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Physical 
activity 
behavior 

Work rate, heart rate, and 
ratings of perceived 
exertion assessed every 3-
min during a feels-good 
exercise task.  

Difference in work rate between minutes 0 
to 9 as a percentage of peak work rate 
(%WRpeak9-0) 

N/A 

Difference in heart rate between minutes 0 
to 9 as a percentage of peak heart rate 
(%HRpeak9-0) 

N/A 

Rating of Perceived Exertion at minute 9 
(RPE9) 

N/A 

Actigraph accelerometer Proportion of total Actigraph wear time 
spent in MVPA (%MVPAtotal) 

N/A 

Proportion of PE class time spent in MVPA 
(%MVPAPE) 

N/A 

    

Covariates 

 

Gender Demographics 
questionnaire (self-report 
survey) 

Indicator variable: Male=0, Female=1 N/A 

    
Ethnicity Demographics 

questionnaire (self-report 
survey) 

Ethnicities were: Non-Hispanic White, 
Latino, Black, and Other.  
Indicator variables were: All other 
ethnicities=0, Ethnicity for indicator (e.g., 
Black)=1 

N/A 
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 Socioeconomic 
status 

Parent demographics 
questionnaire (self-report 
survey of parent) 

Parent highest level of education. An ordinal 
variable with 6 categories, from “less than 
high school” to “post graduate training or 
degree” 

N/A 

    

Body 
composition 

Stadiometer and scale Body mass index (kg/m2) transformed into 
percentiles according to nationally 
representative normative values provided by 
the Center for Disease Control “Children’s 
BMI Tool for Schools,” 2011) 

N/A 

    
Fitness Breath-by-breath analysis 

to peak endurance using a 
ramp-type fitness test on a 
cycle ergometer 

Peak oxygen consumption at the end of the 
fitness test in milliliters per kilogram of 
body weight per minute (VO2Peak (mL*kg-

1*min-1)) 

N/A 

    

Parent 
perceptions of 
exercise 
benefits for 
their child 

Perceived benefits of 
exercise scale (self-report 
survey of parent) (Calfas, 

Sallis, Lovato, & 

Campbell, 1994) 
 

Mean of 14 items 0.95 

    

Parent 
perception of 
neighborhood 
safety 

Neighborhood safety 
questionnaire (self-report 
survey of parent) (Weir, 

Etelson, & Brand, 2006) 
 

Mean of 7 items 0.88 
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Physical activity behavior. Physical activity behavior was assessed in multiple 

ways using the data from the “feels-good” task and from accelerometers.  

Exercise intensity. The feels-good task was used to determine self-selected 

exercise intensity. Exercise intensity was defined by (a) heart rate (HR), a physiological 

parameter, (b) work rate (WR), an objective indicator of intensity, and (c) Borg’s rating 

of perceived exertion (RPE), a self-reported parameter. These indicators of exercise 

intensity are among those recommended for use by the American College of Sports 

Medicine (2009, pp. 454–457).  

Moderate to vigorous PA (MVPA). An accelerometric approach was used to 

measure MVPA. This objective measure was used to capture the short bursts of PA that 

are characteristic of youth and to avoid recall bias owing to self-report (Cradock et al., 

2004; Dale, Welk, & Matthews, 2002; Reilly et al., 2008; Rowlands & Eston, 2007). 

Accelerometry was selected for field-based assessment of MVPA because it is well 

validated, widely used, and especially effective for field-based research (Freedson, Pober, 

& Janz, 2005; Trost et al., 2005).  

Two PA variables were calculated from the accelerometer data in terms of 

percentage of time in MVPA out of: (a) total accelerometer wear time (%MVPAtotal) and 

(b) total time in PE class (%MVPAPE). Percentage of total accelerometer wear time spent 

in MVPA, rather than average minutes of MVPA per day, was used to represent PA 

because it is not biased by variability in wear time. It captures the PA behavior of the 

adolescent while accounting for wear time differences.  

Perceived competence for PA. Perceived competence for PA was measured using 

five items from a modified version of the Intrinsic Motivation Inventory (McAuley, 
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1989; Schneider & Kwan, 2013). A sample item from the subscale is “I think I am pretty 

good at exercising.” Responses were indicated on a seven-point Likert scale anchored by 

1 (“strongly disagree”) and 7 (“strongly agree”). These responses were averaged across 

the five items for each participant. Other studies in adolescents have demonstrated 

acceptable reliability with the perceived competence subscale of the Intrinsic Motivation 

Inventory (Standage, Duda, & Ntoumanis, 2003; Vlachopoulos & Biddle, 1996).  

Feeling Scale. As a measure of the affective response to exercise, the Feeling 

Scale (Hardy & Rejeski, 1989) was used.  The Feeling Scale is a single-item, 11-point 

bipolar measure of pleasure-displeasure used to assess affective valence. It asks 

participants to rate “how do you feel right now?” It is only moderately related to RPE, 

suggesting that the two constructs are distinct, and it is sensitive to changes in exercise 

intensity among adolescents during exercise (Sheppard & Parfitt, 2008). The Feeling 

Scale is directly related to enjoyment of acute exercise (Robbins, Pis, Pender, & Kazanis, 

2004). Participants reported their affective response to exercise using the Feeling Scale 

immediately before and every 3 minutes during the moderate-intensity exercise task and 

the feels-good task.  

Behavioral inhibition system and behavioral activation system (BIS/BAS) 

scales. As a measure of affective style, participants completed the BIS/BAS scale (Carver 

& White, 1994). The BIS assesses sensitivity to cues of punishment whereas the BAS 

assesses sensitivity to cues of reward. The BIS/BAS scale is a 20-item questionnaire that 

has been shown to be valid and reliable in adults. It has convergent and discriminant 

validity with other measures of personality among college students, and it maintains its 

measurement and construct validity when used with adolescents (Cooper, Gomez, & 
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Aucote, 2007). Responses were indicated on a five-point Likert scale, indicating 

“strongly disagree, somewhat disagree, neither agree nor disagree, somewhat agree, or 

strongly agree”.  A sample question from the BIS subscale is, “if I think something 

unpleasant is going to happen, I usually get pretty ‘worked up’.” A sample from the BAS 

subscale is, “when I get something I want, I feel excited and energized.” Responses for 

the BIS and BAS scales, respectively, were averaged for each participant.  

Covariates. Potential covariates were categorized into three groups: 

demographics, physical attributes, and parent perceptions. Gender, ethnicity, and parent 

education were examined as potentially important demographic covariates.Parent 

education was considered as a proxy for socioeconomic status, and was assessed with a 

single item that asked, “what is the highest grade in school completed by the head of the 

household in which this child lives?” An ordinal spectrum of six responses included, 

“less than high school,” to “post graduate training or degree.”  

Physical attributes included physical fitness (VO2Peak (mL*kg-1*min-1)) and BMI 

percentile. Body mass index percentile was calculated with the Center for Disease 

Control’s Excel macro that can be downloaded from their website (“Children’s BMI Tool 

for Schools,” 2011). The macro converts raw BMI (kg/m2) into BMI percentile using 

nationally representative normative values, and accounts for participants’ age and sex.  

Finally, parental perceptions of factors that may be relevant to PA behavior in 

youth were assessed with two measures: (a) perceptions of exercise benefits for their 

child (Calfas et al., 1994) and (b) perceptions of neighborhood safety (Weir et al., 2006). 

The parent perceptions of exercise benefits survey asked parents to rate 14 items on a 

five-point, Likert-type scale in response to the following prompt: “if my child participates 
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in regular physical activity or sports, then…” An example item concluded the prompt 

with, “S/he will improve his or her self-esteem.” Neighborhood safety was measured with 

seven items on a five-point, Likert-type scale. A sample item included, “The crime rate in 

my neighborhood makes it unsafe for my child to play outdoors.” The mean of the 

responses were used in the analyses.  

Data Analysis 

 Feeling Scale data reduction. Affective response to a moderate-intensity 

exercise task was operationalized in two ways based on previous research and affective 

theory. The first indicator, the average affect during exercise (“mean FS”), was used 

since previous research suggested that it may be a significant predictor of PA behavior 

(Williams et al., 2012). Mean FS was the average of all ten recorded affective responses 

from minute 3 through minute 30.  

The second indicator was selected in agreement with the peak-end rule of 

affective processing. According to the peak-end rule of affective processing, the peak 

affective responses (high and low) and affect at the end of an affect-evoking procedure 

are most likely to be remembered (Ariely, 1998; Fredrickson & Kahneman, 1993). In the 

present study, low FS was used to represent the peak-end rule for the following reasons. 

A study by Hargreaves and Stych (2013) showed that the a) highest, or “high FS”, (b) 

lowest, or “low FS,” and (c) “end FS” are all associated with recall of the global affective 

experience of an exercise task over one week. The three factors were highly 

intercorrelated in the Hargreaves study and therefore their unique contribution to recall of 

the global affective experience was impossible to determine. Independent analyses of 

each affective construct found that low FS explained between 9 and 20% greater variance 
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in global affective experience compared to high FS. In the present study, high FS was 

also excluded because most participants (52%) reported a high FS of 5 on a scale of 1 to 

5, likely owing to a ceiling effect of the scale. End FS was ultimately excluded as well 

because there was strong intercorrelation between it and low FS and mean FS 

(respectively: R2=0.69, F(1, 107)=242.67, p<0.001; R2=0.85, F(1, 107)=586.28, 

p<0.001). Further, when bivariate associations between all variables of interest were 

examined, high and end FS did not correlate with key study variables (i.e., outcome and 

predictor variables) beyond correlations found between key study variables and low and 

mean FS. Consequently, mean and low FS were used to operationalize affective response 

to exercise in the present study.  

Exercise intensity data reduction. Initially, exploratory analyses were conducted 

to examine the shape of the mean response profiles during the feels-good task for the 

outcomes of (a) heart rate as a percentage of heart rate at VO2peak (%HRpeak), (b) work 

rate as a percentage of work rate at VO2peak (%WRpeak), and (c) RPE. Visually, these 

indicators of exercise intensity had similar mean response profiles suggesting a more 

rapid increase during the early part of the task (prior to minute 9) and a “flattening” of the 

response over time after minute 9. The mean response profiles are presented in Figure 

2.1. 

In analyses not shown, linear mixed models were used to empirically test the 

pattern of change over time for the three outcomes by using nine minutes as a point of 

inflection 5. Analyses indicated that each of the three outcomes increased from baseline 

                                                        
5 The trajectory of RPE during the task could also be described as quadratic or even 

as linear. However, so that results could be compared across outcome variables, RPE 

was also evaluated for an inflection point at minute 9.  
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to nine minutes.  Results suggested that %HRpeak increased at a rate of 1.48% per minute 

between baseline and minute nine. After minute nine, the rate of increase slowed 

substantially to 0.02% per minute. A similar pattern emerged for %WRpeak and RPE.  

Before minute 9, the rate of increase was 0.87% and 0.31 per minute, for %WRpeak and 

RPE, respectively. After minute nine the rate of change flattened substantially, to -0.02% 

and 0.08 for %WRpeak and RPE, respectively. Since we were interested in exercise 

intensity, and exercise intensity was largely determined by the early half of the feels-good 

task, the three outcomes were operationalized as change from the beginning of the task to 

minute 9 (%HRpeak9-0, %WRpeak9-0, and RPE9). Of note, RPE9 was operationalized as the 

absolute RPE reported for minute 9, because the baseline scores were all equivalent by 

design (i.e., “no exertion”, or 6, on Borg’s RPE scale). All indicators of exercise intensity 

were significantly correlated with one another (rs>0.24) with the exception of  %WRpeak9-

0 and RPE9. 
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Figure 2.1. Mean response profiles for indicators of self-selected exercise intensity 
during the feels-good task. Error bars represent standard deviations. Time is in minutes. 
(A) shows the mean of participants’ heart rates and work rates as a percentage of their 
heart rates and work rates at VO2peak (%HRpeak and %WRpeak, respectively), while (B) 
shows Rating of Perceived Exertion (RPE). Rating of Perceived Exertion at minute 0 was 
6, or “no exertion,” for all participants by design.  
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Actigraph data reduction. Actilife  software (version 6.8.1, Pensacola, FL) was 

used to reduce the raw accelerometer data to %MVPAtotal and %MVPAPE. The following 

are the parameters used to define the percentage of time spent in MVPA. First, the PA 

intensity of each 15-second bout of time was determined using a cutpoint identified in a 

validation study by Romanzini, Petroski, Ohara, Dourado, and Reichart (2014). This 

cutpoint defined a 15-second epoch of time as MVPA if the accelerometer recorded 

greater than 757 counts. Then, the Actilife software summed the total time spent in 

MVPA and reported it as a percentage of total valid wear time.  

There are many validated cutpoints to define MVPA in youth (Trost, Loprinzi, 

Moore, & Pfeiffer, 2011). The Romanzini, et al. (2014) cutpoint was selected because it 

was identified using the Actigraph model used in the present study. Also, the Romanzini 

et al. validation study adhered to very rigorous standards (Kim, Beets, & Welk, 2012).  

Specifically, the validation study was adequately powered and represented a diverse 

population of youth. Also, the participants performed a wide variety of activities that the 

population of the present study would engage in. Further, the accelerometer was validated 

against a biological standard (i.e., indirect calirometry). Finally, the validation study 

quantified PA in short, 15-second epochs that better represent the spontaneous PA of 

youth compared to traditional, 60-second epochs (Bailey et al., 1995; Baquet, Stratton, 

Van Praagh, & Berthoin, 2007). Therefore, the Romanzini et al. cutpoint was used to 

define MVPA in this study. 

To identify %MVPAPE, school records were used to determine the daily PE 

schedule of the student. Class times are consistent for each student to the extent that they 

only deviate from a consistent schedule on “minimum days” and holidays. The school 
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records were used to identify “minimum days” and holidays through the course of 

accelerometer assessments, and these days were considered invalid. The Actilife® 

software’s “date and time filter” was used to isolate accelerometer wear times during 

valid PE class times for each participant. Then, %MVPAPE was calculated in a manner 

identical to %MVPAtotal, as described above. A minimum of three PE days was required 

to be included in the %MVPAPE analysis. 

Statistical analysis. Stata Statistical Software: Release 13 (StataCorp, College 

Station, TX) was used for all quantitative analyses. Aim 1 tested the hypothesis that 

individuals with higher perceived competence for PA would perform greater amounts of 

PA compared to individuals with lower perceived competence (Figure 1.3). Further, the 

relationship between perceived competence for PA and PA behavior was hypothesized to 

be mediated by the participants’ affective response to a moderate-intensity exercise task. 

Aim 2 tested the hypotheses that either BIS and/or BAS would moderate the relationship 

between affective response to exercise and PA behavior (Figure 1.4). The structure of the 

moderation was expected to be similar for both BIS and BAS. Specifically, it was 

predicted that a more positive association between affective response to exercise and PA 

behavior would be found in participants with higher BIS and BAS (Figure 1.4). Product 

term interactions between disposition (BIS and BAS, separately) and affective response 

were used to evaluate this aim.  

Imputation of missing cases. Given the fact that all data were collected on the 

middle school campus and were immediately checked by research assistants, the data 

were largely complete. However, three variables were each missing one case. Two of 

these variables were continuous: %MVPAtotal, and parent perception of exercise benefits 
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for the child. For these variables, the missing value was estimated by regressing the 

variable on theoretically and empirically significant predictors: gender, ethnicity, fitness, 

and BMI percentile  (Cohen, Cohen, West, & Aiken, 2003, pp. 445–447). For the ordinal 

variable, parent education, the modal value was substituted for the missing case.  

Aim 1 (CMT): intensity. Preliminary analyses were performed to explore the 

trajectories of participants’ affective response to exercise during the moderate task and 

their HR, WR, and RPEs during the feels-good task.  

Theoretically relevant or statistically significant covariates were identified for 

purposes of inclusion in the various regression models in the following manner. Potential 

covariates were grouped based on their theoretical relevance. The first group consisted of 

the demographic characteristics of the adolescents (i.e., gender, ethnicity, and parent 

education), the second group included the physical characteristics of the participants (i.e 

physical fitness and BMI percentile), and the third group was only comprised of the pre-

moderate task affect. To select emprically appropriate covariates, the outcome variables 

(%HRpeak9-0, %WRpeak9-0, RPE9 for feels-good task outcomes, %MVPAtotal and MVPAPE 

for accelerometer outcomes) were regressed on each group in consecutive order. 

Variables from each group with p-values less than 0.10 were flagged. Next, the outcome 

variable was regressed on all three groups combined in order to observe relevant 

phenonena such as suppression of a significant covariate by the presence of another 

covariate. Utilizing this procedure, the final models were specified using theoretically 

relevant as well as statistically significant covariates. 

The causal step approach and the Sobel test were used to test for mediation 

(Baron & Kenny, 1986; Sobel, 1982). To demonstrate mediation with the causal step 
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approach, the following conditions must hold (Figure 2.2): (1) the independent variable 

(i.e., perceived competence for PA) must be associated with the mediator (i.e., mean and 

low FS during the moderate task) (path “a”); (2) the mediator (path “b”) and independent 

variable (path “c”) must both be associated with the dependent variable (i.e., %HRpeak9-0, 

WRpeak9-0, and RPE9); and (3) the mediator, when included in the model, must 

significantly reduce the association between the independent variable and the dependent 

variable 6. 

The Sobel-Goodman test for mediation was used to formally test the indirect 

effect between perceived competence and PA behavior (the product of paths a and b, 

referred to as a*b in Figure 2.2) (Sobel, 1982). The user-written Stata command, 

sgmediation, was used to test the indirect pathway (Ender, 2012). Inferential tests were 

performed using resampling methods (i.e., resampled 5000 times using bias-corrected 

bootstrap) for a robust estimate of confidence intervals and statistical significance 

(MacKinnon, Lockwood, & Williams, 2004; MacKinnon, 2008, pp. 333–335). 

                                                        
6 The requirement that the independent variable must be associated with the dependent 
variable is not always appropriate (Kenny, Kashy, & Bolger, 1998, p. 260; MacKinnon, 
Krull, & Lockwood, 2000; MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002; 
Shrout & Bolger, 2002). According to Shrout and Bolger (2002, p. 429), when the 
independent variable becomes temporally distant from the dependent variable, the effect 
size for the relationship between them tends to wane. The effect size likely decreases 
over time because it is “(a) transmitted through additional links in a causal chain, (b) 
affected by competing causes, and (c) affected by random factors.” In other words, the 
statistical power to test an associaton between two factors that are distantly related in 
time is attenuated. On the other hand, when the relationship between the independent 
variable and mediator, and the mediator and dependent variable are both relatively 
proximal in time compared to independent variable and dependent variable, the statistical 
power to detect a distal effect is often improved. Given that perceived competence for PA 
may have developed early in life, the requirement that the independent variable must be 
associated with the dependent variable has been relaxed in the present study.  



 

 70

Unstandardized partial regression coefficients are presented when describing regression 

findings.  

 

 

Figure 2.2. The causal step approach to test for mediation. The indirect effect between 
the independent variable and dependent variable is represented by the product of paths a 
and b, referred to as a*b. Adapted from “The moderator-mediator variable distinction 

in social psychological research: Conceptual, strategic, and statistical 

considerations,” by R.M Baron and D.A. Kenny, 1986, Journal of Personality and 

Social Psychology, 51(6), pgs. 1173–1182. Copyright 1986 by the American 

Psychological Association. 
 

Aim 1 (CMT): MVPA. Two outcome variables were assessed as indicators of 

MVPA: (a) %MVPAtotal and (b) %MVPAPE. However, 9 out of 109 participants (8%) 

were missing Actigraph data for PE class and were therefore excluded from the 

%MVPAPE analyses. The Wilcoxon rank-sum test (continuous) and Fischer’s exact test 

(categorical) were used to test differences in variable distributions between participants 

with and without complete %MVPAPE data. No significant differences were found.  

To test whether affective response was a mediator in the potential association 

between perceived competence and MVPA, the steps as described in “Aim 1 (CMT): 

intensity” were performed. However, additional covariates were considered in the CMT 
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analysis of MVPA. Unlike exercise intensity during the feels-good task, %MVPAtotal and 

%MVPAPE were measured outside of a controlled laboratory environment. Therefore, 

environmental influences on participants’ exercise behavior were considered as 

covariates. Specifically, in addition to demographic characteristics, physical 

characteristics, and pre-task FS, a fourth group of covariates was considered for inclusion 

in each model. This fourth group of covariates represented parents’ perceptions relevant 

to PA, including (a) exercise benefits for their child and of (b) neighborhood safety.  

Aim 2 (BIS/BAS): intensity. Descriptive analyses and covariate selection were 

performed in an identical manner as Aim 1 (CMT): MVPA, detailed above. For the 

moderation analysis, all continuous variables were mean-centered to avoid 

multicollinearity between main effect terms and interaction terms (Cohen et al., 2003, pp. 

261–266). Next, the interaction terms were computed by taking the product of BIS and 

BAS, respectively, with affective response to exercise. A hierarchical variable entry 

strategy was used with the covariates entered first, followed by the main effects (mean-

centered affective style and affective response to exercise). Finally, the interaction term 

was entered to test whether affective style was a significant moderator of affective 

response to exercise and PA behavior. If the interaction term was significant, then an 

interaction plot was used to evaluate the structure of the the relationship between 

affective response to exercise and exercise intensity comparing individuals with low 

BIS/BAS (1 SD below and above the mean) and high BIS/BAS (1 SD above the mean). 

Unstandardized partial regression coefficients are presented when describing regression 

findings. 
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Aim 2 (BIS/BAS): MVPA. Descriptive analyses and covariate selection were 

performed in an identical manner as Aim1, Section 2. Moderation analysis was similar as 

described in “Aim 2 (BIS/BAS): intensity”, except the outcome variables were the two 

versions of MVPA as measured by accelerometer.  

Post-hoc analyses. Regression assumptions for all models were examined using 

residual plots and casewise residual diagnostics. Sensitivity analyses revealed no 

inferential differences in models fit with and without unusual cases. Variance inflation 

factors were screened and none exceeded 5. Based on this information the assumptions 

were deemed sufficiently met for the purposes of inference.  
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Results 

Descriptive Statistics 

Participant and Parent Characteristics. Participant and parent characteristics 

are presented in Table 3.1. A majority of participants were 11 years old and half were 

female. There was good representation across ethnicities, with 54% Latino, 15% Black 

and 18% non-Hispanic White. A vast majority of students’ parents held high school 

diplomas (88%), and almost 40% had completed college.  

With regard to physical characteristics, males had significantly higher VO2peak 

(Mean[SD]=39.23[1.07] mL/kg/min) compared to females (Mean[SD]=35.27[0.94] 

mL/kg/min; t[107]=2.79, p=0.006). However, there were no significant gender 

differences for BMI percentile (t[107]=0.34, p=0.737). Out of all the participants, 43% 

were overweight (BMI greater than 85th percentile), and of the overweight participants, 

57% were obese (BMI greater than 95th percentile).  

Female guardians completed a majority of the parental questionnaires (82% 

female). Most parents rated exercise as highly beneficial for their children, with 90% 

rating the benefits as 3.50 or greater out of 5. On the other hand, perceptions of 

neighborhood safety were mixed, with parents reporting perceived safety anywhere from 

1 to 4.43 out of 5.  
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Table 3.1 
 
Participant characteristics (N=109 unless noted 
otherwise) 
 
 Mean (SD) 

or  
Freq (%) 

Min-Max 

   
Sociodemographic   
   Age    

 
     10 7 (6) NA 
     11 88 (81) NA 
     12 14 (13) NA 
   Gender (% Male) 54 (50) NA 
   Ethnicity   
     Latino 54 (50) NA 
     White 18 (17) NA 
     Black 15 (14) NA 
     Other 22 (20) NA 
   Parent education   

Less than high 
school 

5 (4.59) NA 

Some high school 8 (7.34) NA 
High school 
graduate 

19 (17.43) NA 

Some college or 
specialized 
training 

36 (33.03) NA 

College or 
university 
graduate 

28 (25.69) NA 

Post graduate 
training or degree 

13 (11.93) NA 

   Physiologic   
   VO2Peak (mL*kg-

1*min-1) 
37.24 (7.64) 21.13-54.34 

   VO2peak 1.71 (0.31) 1.06-1.89 
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(L/min) 
   BMI %ile  66.79 

(31.04) 
0.50-99.40 

   Parental 
perceptions 

  

   Parent perception of 
exercise benefits for 
child 

4.32 (0.83) 1.07-5.00 

   Parent perception of 
neighborhood safety 

3.33(0.69) 1.00-4.43 

   Affect    
   Pre-task FS 3.61 (1.93) 0.00-5.00 
   Mean FS 2.73 (2.01) -2.50-5.00 
   Low FS 0.94 (2.76) -5.00-5.00 
   Perceived 
competence 

5.23 (1.25) 1.80-7.00 

   BIS/BAS   
   BIS 3.24 (0.66) 2-5 
   BAS 4.30 (0.78) 1-5 
 
Note. BMI%ile = Body mass index transformed 
according to normative values provided by the Center 
for Disease Control(“Children’s BMI Tool for 
Schools,” 2011). FS = Feeling Scale. BIS = 
Behavioral Inhibition Scale. BAS = Behavioral 
Activation Scale. 

 

 

Accelerometer compliance and PA behavior. The accelerometer compliance 

and physical activity behavior of study participants are presented in Table 3.2. All 

participants included in the analysis wore an Actigraph for at least eight hours a day over 

a minimum of four days. Indeed, over 50% of participants wore the Actigraph for at least 

seven valid days and 80% for at least two valid weekend days. One participant did not 
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wear the accelerometer on the weekend so the data were considered invalid and 

approximated by imputation. Overall, there was wide variability in total wear time, from 

58 to 188 hours.  

Most participants (76%) engaged in at least 60 minutes or more of MVPA per day 

on average. Participants engaged in MVPA for about 9.69% (SD=3.15%) of the day. 

Participants engaged in MVPA for about 30% of PE, consistent with expectations that 

there would be greater amounts of activity during PE compared to overall.  

Table 3.2 
 
Actigraph compliance and MVPA 
    
Actigraph 
Compliance 

Mean (SD)  Min-Max 

    
Total wear time 
(hrs) 

94.93 (21.78)  57.93-187.61 

    
Total valid days 6.85 (1.09)  5-10 
    
Valid weekend days 1.85 (0.51)  0-4 
    
PA participation Mean(SD)  Min-Max 
    
Average min of 
MVPA per day 

79.65 (25.35)  18.54-159.59 

    
%MVPAtotal 9.69 (3.15)  2.20-20.40 
    
Average min of 
MVPA in PE* 

13.01 (4.28)  3.94-23.13 

    
%MVPAPE*  27.24 (9.03)  8.10-47.90 
    
Note. MVPA = moderate to vigorous physical activity. 
* N = 100 
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Bivariate Associations 

Bivariate associations between main study variables are presented in 

Supplementary Table 1 (Appendix 1) for the interested reader.  

Aim 1: CMT and PA Behavior 

Aim 1 (CMT): intensity. The formal mediation analysis tested whether affective 

response during a moderate exercise task accounted for the association between 

perceived competence and exercise intensity during the feels-good task. Tables 3.3-3.5 

show the results of the regression models used to examine the causal steps for mediation. 

Models for %HRmaxchng0-9 controlled for gender, ethnicity, fitness, BMI percentile, and 

pre-task FS. For %WRpeak9-0 or RPE9, only pre-task FS was selected as a covariate. 

Figure 3.1 summarizes the findings from Tables 3.3-3.5, and provides information 

about the indirect effect of perceived competence on PA behavior, or the product of paths 

“a” and “b”. Results suggested that perceived competence was positively associated with 

mean FS, but not with low FS, during the moderate task. Mean and low FS were 

positively associated with all indicators of exercise intensity (i.e., %HRpeak9-0, 

%WRpeak9-0, and RPE). The indirect effect between perceived competence and exercise 

intensity through mean FS, but not low FS, was significant for all indicators of exercise 

intensity (all ps<0.05). 
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Table 3.3 
 
Causal step approach to test Competence Motivation Theory in heart rate as an indicator of exercise intensity  
        

   Outcome variable: %HRpeak9-0 

        

 Mediator  Mediator 

        

 Mean FS Low FS  Mean FS  Low FS  

            

 Path a Path c Path b Path c’ Path b Path c’ 

          

Competence 0.35* 

[0.07,0.63] 

0.33 

[-0.12,0.77] 

0.74 

[-0.43,1.91] 

 

 

0.34 

[-0.82,1.51] 

 

 

0.43 

[-0.68,1.54] 

        

Mean FS  

 

 

 

 

 

1.20** 

[0.43,1.97] 

1.15** 

[0.35,1.94] 

 

 

 

 

        

Low FS  

 

 

 

 

 

 

 

 

 

0.98*** 

[0.50,1.46] 

0.96*** 

[0.47,1.44] 

        

Pre-task FS 0.48*** 

[0.31,0.66] 

0.30* 

[0.02,0.58] 

-0.34 

[-1.07,0.39] 

-0.89* 

[-1.68,-0.09] 

-0.89* 

[-1.69,-0.09] 

-0.59+ 

[-1.28,0.10] 

-0.63+ 

[-1.32,0.07] 

        

Gender (ref: 

male) 

0.28 

[-0.41,0.97] 

0.47 

[-0.63,1.56] 

-3.28* 

[-6.15,-0.40] 

-3.57* 

[-6.34,-0.79] 

-3.60* 

[-6.39,-0.81] 

-3.67** 

[-6.36,-0.98] 

-3.72** 

[-6.43,-1.02] 

        

Latino† 0.15 

[-0.80,1.09] 

-0.18 

[-1.68,1.31] 

1.74 

[-2.19,5.67] 

1.57 

[-2.22,5.36] 

1.57 

[-2.23,5.37] 

1.93 

[-1.75,5.60] 

1.91 

[-1.77,5.60] 

        
Black† 0.34 

[-0.88,1.55] 

-0.31 

[-2.24,1.61] 

5.19* 

[0.13,10.26] 

5.00* 

[0.17,9.84] 

4.81+ 

[-0.09,9.71] 

5.78* 

[1.10,10.45] 

5.49* 

[0.75,10.24] 

        

78 
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Other† 0.24 

[-0.86,1.34] 

0.48 

[-1.27,2.22] 

1.40 

[-3.19,5.98] 

1.01 

[-3.39,5.42] 

1.12 

[-3.31,5.56] 

0.80 

[-3.47,5.08] 

0.94 

[-3.36,5.24] 

        

VO2peak 

(mL*kg-

1*min-1) 

-0.01 

[-0.06,0.03] 

0.01 

[-0.06,0.08] 

0.17+ 

[-0.02,0.36] 

0.19* 

[0.01,0.38] 

0.18+ 

[-0.00,0.37] 

0.17+ 

[-0.01,0.34] 

0.16+ 

[-0.02,0.34] 

        

Constant 1.98 

[-0.66,4.62] 

1.01 

[-3.17,5.19] 

7.13 

[-3.85,18.11] 

5.74 

[-4.52,16.00] 

4.86 

[-5.86,15.59] 

7.42 

[-2.32,17.17] 

6.17 

[-4.13,16.46] 

        

F (dfm, dfr) 6.40 (7, 101) 1.37 (7, 101) 2.78 (7, 101) 4.14 (7, 101) 3.64 (8, 100) 5.29 (7, 101) 4.68 (8, 100) 

        

p 0.00 0.23 0.01 0.00 0.00 0.00 0.00 

        

R2 0.31 0.09 0.16 0.22 0.23 0.27 0.27 

        

N 109 109 109 109 109 109 109 

        
Note. Effect sizes are all unstandardized betas. 95% Confidence intervals in square brackets. Covariates were selected separately 
for each outcome from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, and pre-
task affect. Covariates were retained in the model if they satisfied empirical and theoretical criteria. %HRpeak9-0 = change in 
%HRpeak from baseline to minute 9 of the feels-good task.  
† Reference = Non-Hispanic Whites. 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001. 
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Table 3.4 
 
Causal step approach to test Competence Motivation Theory in work rate as an indicator of exercise intensity  
        

   Outcome variable: %WRpeak9-0 

        

 Mediator  Mediator 

        

 Mean FS Low FS  Mean FS  Low FS  

            

 Path a Path c Path b Path c’ Path b Path c’ 

          

Competence 0.34* 

[0.08,0.61] 

0.30 

[-0.12,0.72] 

1.37 

[-0.44,3.18] 

 

 

0.84 

[-0.99,2.66] 

 

 

0.96 

[-0.79,2.70] 

        

Mean FS  

 

 

 

 

 

1.70** 

[0.45,2.95] 

1.56* 

[0.27,2.85] 

 

 

 

 

        

Low FS  

 

 

 

 

 

 

 

 

 

1.42*** 

[0.63,2.20] 

1.36*** 

[0.56,2.15] 

        

Pre-task FS 0.48*** 

[0.31,0.65] 

0.28* 

[0.01,0.56] 

0.32 

[-0.85,1.49] 

-0.39 

[-1.69,0.91] 

-0.42 

[-1.72,0.88] 

0.04 

[-1.09,1.16] 

-0.06 

[-1.20,1.08] 

        

Constant 1.85* 

[0.01,3.69] 

1.91 

[-1.00,4.82] 

-2.04 

[-

14.63,10.55] 

-1.94 

[-12.64,8.77] 

-4.93 

[-17.48,7.62] 

-0.87 

[-10.85,9.12] 

-4.63 

[-16.74,7.48] 

        

F (dfm, dfr) 22.12 (2, 

106) 

3.95 (2, 106) 1.49 (2, 106) 4.03 (2, 106) 2.96 (3, 105) 6.77 (2, 106) 4.92 (3, 105) 

        

p 0.00 0.02 0.23 0.02 0.04 0.00 0.00 
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R2 0.29 0.07 0.03 0.07 0.08 0.11 0.12 

        

N 109 109 109 109 109 109 109 

        

Note. Effect sizes are all unstandardized betas. 95% Confidence intervals in square brackets. Covariates were selected separately 
for each outcome from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, and pre-
task affect. Covariates were retained in the model if they satisfied empirical and theoretical criteria. %WRpeak9-0 = change in 
%WRpeak from baseline to minute 9 of the feels-good task.  
† Reference = Non-Hispanic Whites. 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001. 
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Table 3.5 
 
Causal step approach to test Competence Motivation Theory in perceived exertion as an indicator of exercise intensity  
        

   Outcome variable: RPE9 

        

 Mediator  Mediator 

        

 Mean FS Low FS  Mean FS  Low FS  

            

 Path a Path c Path b Path c’ Path b Path c’ 

          

Competence 0.34* 

[0.08,0.61] 

0.30 

[-0.12,0.72] 

-0.08 

[-0.59,0.43] 

 

 

-0.32 

[-0.81,0.17] 

 

 

-0.17 

[-0.67,0.33] 

        

Mean FS  

 

 

 

 

 

0.64*** 

[0.31,0.98] 

0.70*** 

[0.35,1.04] 

 

 

 

 

        

Low FS  

 

 

 

 

 

 

 

 

 

0.29* 

[0.06,0.51] 

0.30* 

[0.07,0.53] 

        

Pre-task FS 0.48*** 

[0.31,0.65] 

0.28* 

[0.01,0.56] 

-0.16 

[-0.49,0.16] 

-0.51** 

[-0.86,-0.16] 

-0.50** 

[-0.84,-0.15] 

-0.27 

[-0.59,0.05] 

-0.25 

[-0.57,0.08] 

        

Constant 1.85* 

[0.01,3.69] 

1.91 

[-1.00,4.82] 

12.43*** 

[8.90,15.95] 

9.99*** 

[7.12,12.87] 

11.13*** 

[7.77,14.49] 

11.19*** 

[8.34,14.03] 

11.86*** 

[8.40,15.31] 

        

F (dfm, dfr) 22.12 (2, 

106) 

3.95 (2, 106) 0.63 (2, 106) 7.89 (2, 106) 5.85 (3, 105) 3.85 (2, 106) 2.71 (3, 105) 

        

p 0.00 0.02 0.54 0.00 0.00 0.02 0.05 

        

R2 0.29 0.07 0.01 0.13 0.14 0.07 0.07 
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N 109 109 109 109 109 109 109 

        

Note. Effect sizes are all unstandardized betas. 95% Confidence intervals in square brackets. Covariates were selected separately 
for each outcome from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, and pre-
task affect. Covariates were retained in the model if they satisfied empirical and theoretical criteria. RPE9= RPE at minute 9 of the 
feels-good task.  
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001.  
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Figure 3.1. Test of the Competence Motivation Theory for self-selected exercise intensity during the feels-good task. Effect sizes 
are all unstandardized betas. ba*bb is the effect size of the indirect effect. Inferential tests for indirect effect were performed 

using bias-corrected bootstrap, resampled 5000 times. Outcomes are (A) and (B) the difference in heart rate as a percentage of 

peak heart rate from minutes 0 to 9 (%HRpeak9-0), (C) and (D) the difference in work rate as a percentage of peak work rate 
from minutes 0 to 9 (%WRpeak9-0), and (E) and (F) RPE at minute 9 (RPE9). Covariates were selected separately for each outcome 
from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, and pre-task affect. 
Covariates were retained in the model if they satisfied empirical and theoretical criteria. Covariates retained for %HRpeak9-0 ((A) and 

(B)) were gender, ethnicity, fitness, and pre-task affect. The covariate retained for %WRpeak9-0 and RPE9 ((C), (D), (E), and (F)) 

was pre-task affect. Mediators are (A), (C), and (E) the lowest Feeling Scale score reported during the moderate task (low FS), 

and (B), and (D), and (F) the mean Feeling Scale score reported during the moderate task (mean FS).  
+ p < 0.10, * p < 0.05, ** p < 0.01,  *** p < 0.001. 
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Aim 1 (CMT): MVPA 

Percentage of total time in MVPA. Included covariates for the %MVPAtotal 

regression model were gender, ethnicity, fitness, and BMI percentile. Pre-task FS was 

also included as a baseline control to account for interindividual differences in initial 

affect. The results of the regression models used to examine the causal steps for 

mediation are presented in Table 3.6. As reported in “Aim 1 (CMT): intensity,” results 

for path “a” suggest that perceived competence was associated with mean FS but not with 

low FS. Path “b,” which tests whether the mediator is associated with the dependent 

variable, does not support the hypothesis of mediation because neither mean nor low FS 

were associated with %MVPAtotal. Path “c,” on the other hand, shows a relationship 

between participants’ perceived competence for PA and %MVPAtotal. Owing to the lack 

of association between the mediator and the dependent variable, a key requirement for 

mediation (Baron & Kenny, 1986), there is no evidence to support an indirect effect of 

perceived competence with %MVPAtotal through affective response to exercise. 

Therefore, the Sobel-Goodman test of the indirect effect was not applied.  

 Percentage of PE time in MVPA. Covariates for the %MVPAPE model included 

gender, parent education, fitness, BMI percentile, and pre-task FS. Results of the causal-

step approach for mediation are presented in Table 3.7. There was no evidence for 

mediation, since paths “b” and “c” were non-significant. The indirect effect was not 

formally tested since there was insufficient evidence to justify further analysis. 
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Table 3.6 
 
Causal step approach to test Competence Motivation Theory in percentage of total time spent in moderate to vigorous physical 
activity (%MVPAtotal)  
    
   Outcome variable: %MVPAtotal 

        

 Mediator  Mediator 

        

 Mean FS Low FS  Mean FS  Low FS  

            

 Path a Path c Path b Path c’ Path b Path c’ 

          

Competence 0.36* 

[0.08,0.64] 

0.33 

[-0.12,0.78] 

0.90*** 

[0.47,1.33] 

 

 

0.96*** 

[0.52,1.40] 

 

 

0.95*** 

[0.52,1.38] 

        

Mean FS  

 

 

 

 

 

-0.00 

[-0.32,0.31] 

-0.16 

[-0.46,0.14] 

 

 

 

 

        

Low FS  

 

 

 

 

 

 

 

 

 

-0.09 

[-0.30,0.11] 

-0.15 

[-0.34,0.04] 

        

Pre-task FS 0.48*** 

[0.31,0.66] 

0.30* 

[0.02,0.58] 

0.18 

[-0.09,0.44] 

0.28+ 

[-0.05,0.60] 

0.26+ 

[-0.05,0.56] 

0.31* 

[0.02,0.60] 

0.22 

[-0.04,0.49] 

        

Gender (ref: 

male) 

0.38 

[-0.34,1.09] 

0.44 

[-0.70,1.58] 

-1.25* 

[-2.34,-0.16] 

-1.15+ 

[-2.34,0.04] 

-1.19* 

[-2.28,-0.09] 

-1.10+ 

[-2.28,0.07] 

-1.18* 

[-2.26,-0.10] 

        
Latino† 0.09 

[-0.86,1.04] 

-0.17 

[-1.68,1.35] 

0.74 

[-0.71,2.19] 

0.79 

[-0.78,2.36] 

0.75 

[-0.69,2.20] 

0.77 

[-0.79,2.34] 

0.71 

[-0.72,2.15] 
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Black† 0.35 

[-0.87,1.56] 

-0.32 

[-2.25,1.62] 

1.49 

[-0.36,3.34] 

2.09* 

[0.10,4.07] 

1.55 

[-0.31,3.40] 

2.07* 

[0.10,4.05] 

1.44 

[-0.39,3.28] 

        
Other† 0.25 

[-0.85,1.35] 

0.47 

[-1.28,2.23] 

0.57 

[-1.11,2.24] 

0.29 

[-1.52,2.11] 

0.61 

[-1.07,2.29] 

0.33 

[-1.47,2.13] 

0.64 

[-1.02,2.31] 

        

VO2peak 

(mL*kg-

1*min-1) 

0.01 

[-0.06,0.07] 

0.01 

[-0.10,0.11] 

0.14** 

[0.04,0.24] 

0.16** 

[0.05,0.26] 

0.14** 

[0.04,0.24] 

0.16** 

[0.05,0.26] 

0.14** 

[0.04,0.24] 

        

BMI%ile 0.01 

[-0.01,0.02] 

-0.00 

[-0.03,0.02] 

0.03** 

[0.01,0.06] 

0.03* 

[0.00,0.06] 

0.03** 

[0.01,0.06] 

0.03* 

[0.00,0.06] 

0.03** 

[0.01,0.06] 

        

Constant 0.56 

[-3.33,4.45] 

1.35 

[-4.83,7.54] 

-4.00 

[-9.91,1.90] 

-0.66 

[-6.85,5.53] 

-3.91 

[-9.82,1.99] 

-0.42 

[-6.58,5.74] 

-3.80 

[-9.66,2.07] 

        

F (dfm, dfr) 5.72 (8, 100) 1.19 (8, 100) 7.12 (8, 

100) 

4.00 (8, 100) 6.43 (9, 99) 4.10 (8, 100) 6.65 (9, 99) 

        

p 0.00 0.31 0.00 0.00 0.00 0.00 0.00 

        

R2 0.31 0.09 0.35 0.24 0.36 0.25 0.37 

        

N 109 109 109 109 109 109 109 

        

Note. Effect sizes are all unstandardized betas. 95% Confidence intervals in square brackets. Covariates were selected separately 
for each outcome from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, pre-task 
affect, parent perceptions of exercise benefits for child, and parent perceptions of neighborhood safety. Covariates were retained in 
the model if they satisfied empirical and theoretical criteria. %MVPAtotal = Time spent in MVPA as percentage of total day. NHW 
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= non-Hispanic White. VO2peak (mL*kg-1*min-1) = peak oxygen consumption, in milliliters, per kilogram of body weight per 

minute. BMI%ile = Body mass index transformed according to normative values provided by the Center for Disease 

Control(“Children’s BMI Tool for Schools,” 2011). 
† Reference = Non-Hispanic Whites.   
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 3.7 
 
Causal step approach to test Competence Motivation Theory in percentage of PE class spent in moderate to vigorous physical 
activity (%MVPAPE) 
    
   Outcome variable: %MVPAPE 

        

 Mediator  Mediator 

        

 Mean FS Low FS  Mean FS  Low FS  

            

 Path a Path c Path b Path c’ Path b Path c’ 

          

Competence 0.09 

[-0.12,0.30] 

-0.04 

[-0.45,0.38] 

0.64 

[-0.86,2.14] 

 

 

0.66 

[-0.86,2.17] 

 

 

0.64 

[-0.86,2.15] 

        

Mean FS  

 

 

 

 

 

-0.11 

[-1.56,1.35] 

-0.16 

[-1.63,1.30] 

 

 

 

 

        

Low FS  

 

 

 

 

 

 

 

 

 

0.01 

[-0.74,0.75] 

0.01 

[-0.74,0.76] 

        

Pre-task FS 0.10 

[-0.06,0.26] 

-0.11 

[-0.42,0.21] 

0.20 

[-0.93,1.34] 

0.21 

[-0.94,1.36] 

0.22 

[-0.93,1.37] 

0.20 

[-0.94,1.35] 

0.20 

[-0.94,1.35] 

        

Gender (ref: 

male) 

0.13 

[-0.40,0.67] 

0.16 

[-0.89,1.22] 

-2.12 

[-5.94,1.69] 

-2.06 

[-5.90,1.77] 

-2.10 

[-5.94,1.74] 

-2.08 

[-5.91,1.75] 

-2.12 

[-5.96,1.72] 

        

VO2peak 

(mL*kg-

0.03 

[-0.02,0.07] 

0.02 

[-0.08,0.11] 

0.31+ 

[-0.03,0.66] 

0.33+ 

[-0.02,0.68] 

0.32+ 

[-0.03,0.67] 

0.33+ 

[-0.02,0.68] 

0.31+ 

[-0.04,0.66] 
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1*min-1) 

        

BMI%ile 0.00 

[-0.01,0.02] 

-0.01 

[-0.03,0.01] 

0.10* 

[0.02,0.18] 

0.10* 

[0.02,0.18] 

0.10* 

[0.02,0.18] 

0.10* 

[0.02,0.18] 

0.10* 

[0.02,0.18] 

        

Parent 

education 

1.04*** 

[0.80,1.29] 

1.14*** 

[0.65,1.62] 

-0.11 

[-1.86,1.65] 

0.21 

[-2.10,2.52] 

0.06 

[-2.27,2.40] 

0.09 

[-1.80,1.98] 

-0.12 

[-2.08,1.84] 

        

Constant 1.19 

[-0.26,2.63] 

1.33 

[-1.51,4.16] 

23.64*** 

[13.40,33.8

8] 

26.14*** 

[17.18,35.10

] 

23.83*** 

[13.39,34.27] 

25.97*** 

[17.24,34.71] 

23.62*** 

[13.28,33.96] 

        

F (dfm, dfr) 24.91 (6, 93) 5.18 (6, 93) 1.88 (6, 93) 1.75 (6, 93) 1.60 (7, 92) 1.75 (6, 93) 1.60 (7, 92) 

        

p 0.00 0.00 0.09 0.12 0.14 0.12 0.15 

        

R2 0.62 0.25 0.11 0.10 0.11 0.10 0.11 

        

N 100 100 100 100 100 100 100 

        

Note. Effect sizes are all unstandardized betas. 95% Confidence intervals in square brackets. Covariates were selected separately 
for each outcome from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, pre-task 
affect, parent perceptions of exercise benefits for child, and parent perceptions of neighborhood safety. Covariates were retained in 
the model if they satisfied empirical and theoretical criteria. %MVPAPE = Time spent in MVPA as percentage of PE class. NHW = 

non-Hispanic White. VO2peak (mL*kg-1*min-1) = peak oxygen consumption, in milliliters, per kilogram of body weight per 

minute. BMI%ile = Body mass index transformed according to normative values provided by the Center for Disease 

Control(“Children’s BMI Tool for Schools,” 2011).  
† Reference = Non-Hispanic Whites.   
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 
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Aim 2 (BIS/BAS): Intensity 

The hypothesis that BIS and/or BAS would moderate the association between 

affective response to exercise and exercise intensity during the feels-good task was tested 

using multiple regression; the results are presented in Table 3.8-3.10. Covariates for each 

outcome variable were identical to those selected in “Aim 1 (CMT): intensity.”  

For both %HRpeak9-0 and %WRpeak9-0, the interaction terms (i.e., BIS X affect and 

BAS X affect) were not significant, suggesting that BIS and BAS were not likely 

moderators of the association between affect and exercise intensity as assessed by 

%HRpeak9-0 and/or %WRpeak9-0. For RPE9, however, there was a significant interaction 

between BAS and low FS (b=0.39, p=0.013). Among participants with low BAS (e.g., 1 

SD below the mean), there was no association between low FS and RPE. On the other 

hand, participants with high BAS (e.g., 1 SD above the mean) had a positive relationship 

between low FS and RPE such that those who reported more positive affect also tended 

to report higher RPE at minute 9 compared to participants with high BAS and a more 

negative affect (Figure 3.2).
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Table 3.8 
         
The role of BIS and BAS in the moderation of the relationship between affect and heart rate as an indicator of exercise intensity 

         

Outcome variable: %HRpeak9-0 

   

 BIS BAS 

         

 Mean FS Low FS Mean FS Low FS 

            

BIS 0.36 

[-1.75,2.47] 

0.34 

[-1.77,2.46] 

0.43 

[-1.60,2.47] 

0.40 

[-1.64,2.43] 

    

         

BAS     0.96 

[-1.10,3.01] 

1.02 

[-1.20,3.24] 

0.64 

[-1.36,2.63] 

0.67 

[-1.34,2.67] 

         

Mean FS 1.22** 

[0.44,2.01] 

1.25** 

[0.46,2.04] 

 

 

 

 

1.24** 

[0.46,2.01] 

1.24** 

[0.46,2.02] 

 

 

 

 

         

BIS x Mean 

FS 

 

 

-0.32 

[-1.38,0.74] 

 

 

 

 

 

 

  

 

 

 

         

BAS x Mean 

FS 

     -0.08 

[-1.17,1.00] 

  

         

Low FS  

 

 

 

1.00*** 

[0.51,1.48] 

1.02*** 

[0.53,1.50] 

 

 

 

 

0.98*** 

[0.50,1.46] 

0.98*** 

[0.50,1.47] 

         

BIS x Low 

FS 

 

 

 

 

 

 

-0. 47 

[-1.24,0.30] 
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BAS x Low 

FS 

       0.15 

[-0.53,0.83] 

         

Pre-task FS -0.88* 

[-1.68,-0.08] 

-0.88* 

[-1.68,-0.08] 

-0.57 

[-1.27,0.12] 

-0.58 

[-1.27,0.11] 

-0.89* 

[-1.69,-0.09] 

-0.89* 

[-1.70,-0.09] 

-0.58+ 

[-1.27,0.11] 

-0.58 

[-1.27,0.11] 

         

Gender (ref: 

male) 

-3.59* 

[-6.38,-0.80] 

-3.74* 

[-6.58,-0.90] 

-3.70** 

[-6.41,-0.99] 

-3.86** 

[-6.57,-1.14] 

-3.81** 

[-6.63,-0.98] 

-3.85** 

[-6.75,-0.95] 

-3.82** 

[-6.56,-1.08] 

-3.89** 

[-6.67,-1.12] 

         
Latino† 1.55 

[-2.25,5.36] 

1.47 

[-2.36,5.30] 

1.92 

[-1.77,5.61] 

1.80 

[-1.89,5.49] 

1.60 

[-2.19,5.39] 

1.55 

[-2.32,5.42] 

1.95 

[-1.74,5.64] 

1.98 

[-1.73,5.68] 

         
Black† 5.06* 

[0.19,9.92] 

5.02* 

[0.14,9.91] 

5.86* 

[1.15,10.57] 

6.06* 

[1.35,10.77] 

4.67+ 

[-0.22,9.56] 

4.63+ 

[-0.32,9.58] 

5.57* 

[0.84,10.31] 

5.67* 

[0.90,10.45] 

         
Other† 1.04 

[-3.39,5.46] 

1.06 

[-3.38,5.50] 

0.83 

[-3.47,5.13] 

0.97 

[-3.32,5.27] 

1.20 

[-3.23,5.63] 

1.17 

[-3.29,5.63] 

0.93 

[-3.38,5.24] 

1.00 

[-3.34,5.34] 

         

VO2peak 

(mL*kg-

1*min-1) 

0.20* 

[0.02,0.38] 

0.20* 

[0.02,0.39] 

0.17+ 

[-0.00,0.35] 

0.18* 

[0.00,0.36] 

0.21* 

[0.02,0.39] 

0.21* 

[0.02,0.39] 

0.18+ 

[-0.00,0.35] 

0.18+ 

[-0.00,0.36] 

         

Constant 7.21+ 

[-1.19,15.60] 

7.20+ 

[-

1.22,15.62] 

7.95+ 

[-

0.20,16.11] 

7.61+ 

[-

0.54,15.77] 

7.11+ 

[-1.19,15.42] 

7.18+ 

[-

1.21,15.58] 

7.99+ 

[-0.10,16.08] 

7.95+ 

[-0.18,16.08] 

         

F (dfm, dfr) 3.60 (8, 100) 3.22 (9, 99) 4.61 (8, 

100) 

4.28 (9, 99) 3.72 (8, 100) 3.28 (9, 99) 4.65 (8, 100) 4.12 (9, 99) 
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p 0.001 0.002 0.000 0.000 0.001 0.002 0.000 0.000 

         

R2 0.22 0.23 0.27 0.28 0.23 0.23 0.27 0.27 

         

N 109 109 109 109 109 109 109 109 

         

Note. Effect sizes are all unstandardized betas. 95% Confidence intervals in square brackets. Covariates were selected separately for each 
outcome from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, and pre-task affect. Covariates 
were retained in the model if they satisfied empirical and theoretical criteria. %HRpeak9-0 = change in %HRpeak from baseline to minute 9 of the 
feels-good task. BIS = Behavioral Inhibition System. BAS = Behavioral Activation System.  
† Reference = Non-Hispanic Whites.   
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 3.9 

         
The role of BIS and BAS in the moderation of the relationship between affect and work rate as an indicator of exercise intensity 

         

Outcome variable: %WRpeak9-0 

   

 BIS BAS 

         

 Mean FS Low FS Mean FS Low FS 

            

BIS -1.93 

[-5.28,1.43] 

-1.92 

[-5.30,1.46] 

-1.76 

[-5.03,1.52] 

-1.78 

[-5.08,1.52] 

    

         

BAS     0.85 

[-2.35,4.05] 

1.09 

[-2.33,4.50] 

0.60 

[-2.52,3.72] 

0.62 

[-2.52,3.76] 

         

Mean FS 1.59* 

[0.32,2.85] 

1.59* 

[0.31,2.86] 

 

 

 

 

1.72** 

[0.46,2.98] 

1.74** 

[0.47,3.00] 

 

 

 

 

         

BIS x Mean 

FS 

 

 

0.03 

[-1.67,1.73] 

 

 

 

 

 

 

  

 

 

 

         

BAS x Mean 

FS 

     -0.35 

[-2.08,1.37] 

  

         

Low FS  

 

 

 

1.35** 

[0.56,2.15] 

1.36** 

[0.56,2.16] 

 

 

 

 

1.42*** 

[0.63,2.21] 

1.42*** 

[0.62,2.21] 

         

BIS x Low FS  

 

 

 

 

 

-0.13 

[-1.38,1.12] 
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BAS x Low 

FS 

       0.08 

[-1.03,1.20] 

         

Pre-task FS -0.44 

[-1.74,0.86] 

-0.44 

[-1.74,0.87] 

-0.04 

[-1.18,1.09] 

-0.04 

[-1.18,1.10] 

-0.39 

[-1.69,0.91] 

-0.39 

[-1.70,0.91] 

0.05 

[-1.09,1.18] 

0.05 

[-1.09,1.18] 

         

Constant 7.89*** 

[5.73,10.05] 

7.90*** 

[5.67,10.12] 

7.89*** 

[5.78,10.00] 

7.84*** 

[5.68,10.00] 

7.89*** 

[5.72,10.06] 

7.86*** 

[5.68,10.04] 

7.89*** 

[5.77,10.01] 

7.89*** 

[5.76,10.02] 

         

F (dfm, dfr) 3.12 (3, 

105) 

2.32 (4, 

104) 

4.90 (3, 

105) 

3.65 (4, 104) 2.76 (3, 

105) 

2.09 (4, 

104) 

4.53 (3, 105) 3.37 (4, 104) 

         

p 0.029 0.062 0.003 0.008 0.046 0.087 0.005 0.012 

         

R2 0.08 0.08 0.12 0.12 0.07 0.07 0.11 0.11 

         

N 109 109 109 109 109 109 109 109 

         

Note. Effect sizes are all unstandardized betas. 95% Confidence intervals in square brackets. Covariates were selected separately for each 
outcome from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, and pre-task affect. Covariates 
were retained in the model if they satisfied empirical and theoretical criteria. %WRpeak9-0 = change in %WRpeak from baseline to minute 9 of the 
feels-good task. BIS=Behavioral Inhibition Scale. BAS = Behavioral Activation System.  
† Reference = Non-Hispanic Whites.   
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 
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Table 3.10 

         
The role of BIS and BAS in the moderation of the relationship between affect and perceived exertion as an indicator of exercise intensity 

 

Outcome variable: RPE9 

   

 BIS BAS 

         

 Mean FS Low FS Mean FS Low FS 

            

BIS -0.44 

[-1.34,0.46] 

-0.44 

[-1.35,0.47] 

-0.53 

[-1.47,0.40] 

-0.48 

[-1.40,0.45] 

-1.93 

[-5.28,1.43] 

-1.92 

[-5.30,1.46] 

-1.76 

[-5.03,1.52] 

-1.78 

[-5.08,1.52] 

         

BAS     -0.62 

[-1.47,0.24] 

-0.60 

[-1.51,0.31] 

-0.70 

[-1.58,0.18] 

-0.64 

[-1.50,0.22] 

         

Mean FS 0.62*** 

[0.28,0.96] 

0. 62*** 

[0.27,0.96] 

 

 

 

 

0.63*** 

[0.30,0.97] 

0.63*** 

[0.30,0.97] 

 

 

 

 

         

BIS x Mean 

FS 

 

 

0.02 

[-0.44,0.48] 

 

 

 

 

 

 

  

 

 

 

         

BAS x Mean 

FS 

     -0.03 

[-0.49,0.43] 

  

         

Low FS  

 

 

 

0.27* 

[0.04,0.49] 

0.26* 

[0.03,0.48] 

 

 

 

 

0.29* 

[0.07,0.51] 

0.29* 

[0.07,0.51] 

         

BIS x Low FS 

 

 

 

 

 

 

 

0.35+ 

[-0.00,0.70] 

 

 

 

 

 

 

 

98 



 

 99

         

BAS x Low 

FS 

 

       0.39* 

[0.08,0.69] 

         

Pre-task FS -0.52** 

[-0.87,-0.17] 

-0.52** 

[-0.87,-0.17] 

-0.29+ 

[-0.61,0.03] 

-0.29+ 

[-0.61,0.03] 

-0.51** 

[-0.86,-0.16] 

-0.51** 

[-0.86,-0.16] 

-0.28+ 

[-0.59,0.04] 

-0.27+ 

[-0.58,0.04] 

         

Constant 10.60*** 

[10.02,11.18

] 

10.60*** 

[10.00,11.20

] 

10.60*** 

[10.00,11.20

] 

10.71*** 

[10.11,11.31

] 

10.60*** 

[10.02,11.17

] 

10.59*** 

[10.01,11.18

] 

10.60*** 

[10.00,11.19] 

10.60*** 

[10.02,11.18] 

         

F (dfm, dfr) 5.57 (3, 

105) 

4.14 (4, 

104) 

3.00 (3, 

105) 

3.28 (4, 104) 6.00 (3, 

105) 

4.46 (4, 

104) 

3.44 (3, 105) 4.29 (4, 104) 

         

p 0.001 0.004 0.034 0.014 0.001 0.002 0.020 0.003 

         

R2 0.14 0.14 0.08 0.11 0.15 0.15 0.09 0.14 

         

N 109 109 109 109 109 109 109 109 

         

Note. Effect sizes are all unstandardized betas. 95% Confidence intervals in square brackets. Covariates were selected separately for each 
outcome from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, and pre-task affect. Covariates 
were retained in the model if they satisfied empirical and theoretical criteria. RPE9= RPE at minute 9 of the feels-good task. BIS = Behavioral 
Inhibition System. BIS=Behavioral Inhibition Scale. BAS = Behavioral Activation System. 
† Reference = Non-Hispanic Whites.   
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 
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Figure 3.2. Interaction between Behavioral Activation System (BAS) score and affective 
response to exercise (Low FS) in a model for Rating of Perceived Exertion at minute 9 of 
the feels-good task (RPE9). Pre-task FS was the only covariate included in the model out 
of the theoretically relevant variables that were evaluated (i.e., gender, ethnicity, parent 
education, fitness, BMI percentile, and pre-task FS). 
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Aim 2 (BIS/BAS): MVPA 

The hypothesis that BIS and/or BAS would moderate the relationship between 

affective response to exercise and MVPA was evaluated using multiple regression (Table 

3.11-3.12). Covariates for the %MVPAtotal regression model included gender, ethnicity, 

fitness, and BMI percentile. Pre-task FS was also included as a baseline control to 

account for interindividual differences in initial affect. Covariates for the %MVPAPE 

model included gender, parent education, fitness, BMI percentile, and pre-task FS. 

 No evidence for an interaction between BIS and affect was found for %MVPAtotal 

or %MVPAPE. Unlike BIS, however, participants’ BAS did show indications of an 

interaction with mean FS in predicting  %MVPAtotal (b=-0.70, p<0.001). The model for 

%MVPAPE that contained the interaction term between BAS and mean FS was trending 

toward significance (F(8, 91)=2.00, p=0.056). The interaction term was significant (b=-

1.50, p=0.040). Additionally, there was a significant interaction between BAS and low 

FS in the prediction of %MVPAtotal (b=-0.31, p=0.037). The directions of these 

interactions were similar and are graphed as interaction plots presented in Figure 3.3. 

Among participants with relatively low BAS (e.g., 1 SD below the mean) there was a 

positive association between affect and percentage of time in MVPA. In contrast, among 

participants with relatively high BAS (e.g., 1 SD above the mean) there was a negative 

association between affect and MVPA, such that the more positive participants’ affective 

response to exercise, the less MVPA they tended to engage in.  
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Table 3.11 
         
The role of BIS and BAS in the moderation of the relationship between affect and percent of total time spent in Moderate to Vigorous Physical 
Activity (%MVPAtotal) 
         

Outcome variable: %MVPAtotal 

   

 BIS BAS 

         

 Mean FS Low FS Mean FS Low FS 

            

BIS -0.47 

[-1.34,0.40] 

-0.48 

[-1.34,0.39] 

-0.53 

[-1.39,0.34] 

-0.53 

[-1.40,0.34] 

    

         

BAS     -0.26 

[-1.11,0.59] 

0.27 

[-0.60,1.13] 

-0.26 

[-1.09,0.58] 

-0.32 

[-1.15,0.50] 

         

Mean FS -0.03 

[-0.35,0.29] 

-0.01 

[-0.33,0.31] 

 

 

 

 

-0.01 

[-0.33,0.31] 

0.04 

[-0.27,0.34] 

 

 

 

 

         

BIS x mean 

FS 

 

 

-0.24 

[-0.67,0.20] 

 

 

 

 

 

 

  

 

 

 

         

BAS x mean 

FS 

     -0.70** 

[-1.13,-0.28] 

  

         

Low FS  

 

 -0.11 

[-0.32,0.09] 

-0.11 

[-0.32,0.10] 

 

 

 

 

-0.09 

[-0.30,0.11] 

-0.09 

[-0.29,0.11] 

         

BIS x low FS    -0.06     
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   [-0.39,0.27]    

         

BAS x low 

FS 

       -0.32* 

[-0.60,-0.03] 

         

Pre-task FS 0.27 

[-0.06,0.59] 

0.26 

[-0.06,0.59] 

0.29+ 

[-0.01,0.58] 

0.28+ 

[-0.01,0.58] 

0.03+ 

[0.00,0.06] 

0.03* 

[0.01,0.06] 

0.03+ 

[0.00,0.06] 

0.03* 

[0.01,0.06] 

         

Gender -1.14+ 

[-2.33,0.04] 

-1.24* 

[-2.43,-0.04] 

-1.10+ 

[-2.28,0.07] 

-1.11+ 

[-2.30,0.07] 

-1.08+ 

[-2.29,0.13] 

-1.44* 

[-2.61,-0.26] 

-1.04+ 

[-2.24,0.15] 

-0.83 

[-2.03,0.36] 

         

Latino† 0.82 

[-0.75,2.39] 

0.75 

[-0.83,2.32] 

0.80 

[-0.75,2.36] 

0.78 

[-0.79,2.35] 

0.78 

[-0.80,2.35] 

0.32 

[-1.21,1.85] 

0.76 

[-0.80,2.33] 

0.67 

[-0.87,2.21] 

         
Black† 2.01* 

[0.02,4.00] 

1.99* 

[0.00,3.98] 

1.97+ 

[-0.00,3.95] 

2.00* 

[0.01,3.99] 

2.18* 

[0.16,4.19] 

1.82+ 

[-0.12,3.76] 

2.16* 

[0.16,4.16] 

1.95+ 

[-0.02,3.92] 

         
Other† 0.26 

[-1.55,2.07] 

0.28 

[-1.53,2.09] 

0.30 

[-1.51,2.10] 

0.31 

[-1.50,2.13] 

0.24 

[-1.58,2.07] 

0.03 

[-1.71,1.78] 

0.28 

[-1.54,2.10] 

0.13 

[-1.66,1.92] 

         

VO2peak 

(mL*kg-

1*min-1) 

0.14* 

[0.03,0.25] 

0.15** 

[0.04,0.26] 

0.14* 

[0.03,0.25] 

0.14* 

[0.03,0.25] 

0.15** 

[0.05,0.26] 

0.16** 

[0.05,0.26] 

0.15** 

[0.05,0.26] 

0.16** 

[0.06,0.27] 

         

BMI%ile 0.03* 

[0.00,0.05] 

0.03* 

[0.00,0.06] 

0.03* 

[0.00,0.05] 

0.03* 

[0.00,0.05] 

0.03* 

[0.00,0.06] 

0.03** 

[0.01,0.06] 

0.03* 

[0.00,0.06] 

0.03** 

[0.01,0.06] 

         

Constant 9.50*** 

[7.98,11.02] 

9.51*** 

[7.99,11.03] 

9.49*** 

[7.98,11.00] 

9.47*** 

[7.96,10.99] 

9.47*** 

[7.94,11.00] 

9.91*** 

[8.43,11.40] 

9.45*** 

[7.93,10.97] 

9.45*** 

[7.96,10.94] 

         

103 



 

 104

F (dfm, dfr) 3.71 (9, 99) 3.52 (10, 

98) 

3.85 (9, 99) 3.48 (10, 

98) 

3.56 (9, 99) 4.60 (10, 

98) 

3.65 (9, 99) 3.85 (10, 98) 

         

p 0.000 0.001 0.000 0.001 0.001 0.000 0.001 0.000 

         

R2 0.25 0.26 0.26 0.26 0.24 0.32 0.25 0.28 

         

N 109 109 109 109 109 109 109 109 

         

Note. Effect sizes are all unstandardized betas. 95% Confidence intervals in square brackets. Covariates were selected separately for each 
outcome from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, pre-task affect, parent 
perceptions of exercise benefits for child, and parent perceptions of neighborhood safety. Covariates were retained in the model if they satisfied 
empirical and theoretical criteria. BIS = Behavioral Inhibition System. BAS = Behavioral Activation System. %MVPAtotal = percentage of time 
out of total day spent in MVPA.  
† Reference = Non-Hispanic Whites. 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001. 
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Table 3.12 

         

The role of BIS and BAS in the moderation of the relationship between affect and the percent of PE spent in Moderate to Vigorous Physical 
Activity (%MVPAPE) 
         

Outcome variable: %MVPAPE 

   

 BIS BAS 

         

 Mean FS Low FS Mean FS Low FS 

            

BIS -1.47 

[-4.29,1.35] 

-1.49 

[-4.28,1.29] 

-1.38 

[-4.18,1.42] 

-1.48 

[-4.28,1.32] 

    

         

BAS     -0.73 

[-3.33,1.88] 

0.61 

[-2.22,3.44] 

-0.70 

[-3.30,1.90] 

-0.70 

[-3.32,1.91] 

         

Mean FS -0.22 

[-1.30,0.86] 

-0.02 

[-1.11,1.07] 

  -0.15 

[-1.62,1.32] 

0.19 

[-1.28,1.66] 

  

         

BIS x mean 

FS 

 

 

-1.30+ 

[-2.70,0.10] 

 

 

  

 

  

 

 

 

         

BAS x mean 

FS 

     -1.57* 

[-3.00,-0.15] 

  

         

Low FS  

 

 

 

-0.05 

[-0.72,0.62] 

-0.02 

[-0.69,0.65] 

 

 

 

 

0.00 

[-0.75,0.75] 

0.00 

[-0.75,0.76] 

         

BIS x low FS    -0.64     
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   [-1.67,0.40]    

         

BAS x low 

FS 

       -0.02 

[-0.94,0.90] 

         

Pre-task FS 0.32 

[-0.74,1.38] 

0.31 

[-0.74,1.35] 

0.23 

[-0.70,1.16] 

0.22 

[-0.71,1.14] 

0.10+ 

[0.02,0.18] 

0.10+ 

[0.02,0.18] 

0.10+ 

[0.02,0.18] 

0.10+ 

[0.02,0.18] 

         

Gender -2.75 

[-6.55,1.05] 

-3.17+ 

[-6.95,0.61] 

-2.76 

[-6.57,1.04] 

-2.86 

[-6.66,0.94] 

-1.86 

[-5.78,2.06] 

-2.82 

[-6.76,1.12] 

-1.89 

[-5.80,2.02] 

-1.87 

[-5.85,2.10] 

         

Parent 

education 

-1.33+ 

[-2.73,0.06] 

-1.28+ 

[-2.66,0.10] 

-1.32+ 

[-2.72,0.08] 

-1.34+ 

[-2.73,0.05] 

0.24 

[-2.08,2.56] 

-0.21 

[-2.52,2.10] 

0.08 

[-1.82,1.98] 

0.08 

[-1.83,1.99] 

         

VO2peak 

(mL*kg-

1*min-1) 

0.25 

[-0.10,0.60] 

0.26 

[-0.09,0.60] 

0.25 

[-0.10,0.61] 

0.27 

[-0.08,0.62] 

0.32+ 

[-0.03,0.67] 

0.32+ 

[-0.03,0.66] 

0.32+ 

[-0.03,0.67] 

0.32+ 

[-0.03,0.67] 

         

BMI%ile 0.08+ 

[-0.00,0.16] 

0.08* 

[0.00,0.16] 

0.08+ 

[-0.00,0.16] 

0.08* 

[0.00,0.16] 

0.10+ 

[0.02,0.18] 

0.10+ 

[0.02,0.18] 

0.10+ 

[0.02,0.18] 

0.10+ 

[0.02,0.18] 

         

Constant 33.97*** 

[27.50,40.44

] 

33.46*** 

[27.05,39.87

] 

33.92*** 

[27.45,40.38

] 

33.79*** 

[27.34,40.25

] 

26.91*** 

[14.99,38.82

] 

29.40*** 

[17.51,41.30

] 

27.72*** 

[17.86,37.58] 

27.71*** 

[17.80,37.63] 

         

F (dfm, dfr) 2.31 (7, 92) 2.50 (8, 91) 2.28 (7, 92) 2.20 (8, 91) 1.53 (7, 92) 2.00 (8, 91) 1.53 (7, 92) 1.32 (8, 91) 

         

p 0.033 0.017 0.034 0.035 0.166 0.056 0.168 0.243 

         

R2 0.15 0.18 0.15 0.16 0.10 0.15 0.10 0.10 
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N 100 100 100 100 100 100 100 100 

         

Note. Effect sizes are all unstandardized betas. 95% Confidence intervals in square brackets. Covariates were selected separately for each 
outcome from the following pool: gender, ethnicity, parent education, fitness, body mass index (BMI) percentile, pre-task affect, parent 
perceptions of exercise benefits for child, and parent perceptions of neighborhood safety. Covariates were retained in the model if they satisfied 
empirical and theoretical criteria. BIS = Behavioral Inhibition System. BAS = Behavioral Activation System. %MVPAPE = percentage of time 
out of PE spent in MVPA. 
† Reference = Non-Hispanic Whites. 
+ p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001. 

 

107 



 

 108

Figure 3.3. Interaction between Behavioral Activation System (BAS) score and affective response to exercise in models for MVPA. 
(A) and (B) model the percentage of total accelerometer wear time spent in MVPA (%MVPAtotal). (C) models the percentage of PE 
class time spent in MVPA (%MVPAPE). (A) and (C) show the interaction of BAS with mean FS, and (B) shows the interaction with 
low FS. Theoretically relevant covariates were evaluated for inclusion in the models (i.e., gender, ethnicity, parent education, fitness, 
BMI percentile, pre-task affect, parent perceptions of neighborhood safety and parent perceptions of exercise benefits for child). 
Covariates for (A) and (B) included gender, ethnicity, fitness, BMI percentile and pre-task affect. Covariates for (C) included gender, 
parent education, fitness, BMI percentile, and pre-task affect. 
 

 

 

 

 

 

 

 

108 



 

 109

 

109 



 

 110

DISCUSSION 

This study examined the relationship between affective response to exercise and 

PA behavior in adolescents. This relationship was investigated within the framework of 

CMT. The role of affective style (i.e., BIS and BAS) in moderating the relationship 

between affect and PA also was examined. With regard to CMT, support was found for 

the hypothesis that affective response to exercise mediates the relationship between 

competence and intensity. On the other hand, no evidence of mediation was found for 

percent of time spent in MVPA. However, perceived competence, but not affect, was 

associated with total MVPA. Therefore, results from this study support CMT, and key 

variables from CMT, for explaining PA behavior in adolescents.  

When the relationships between affective response to exercise and PA behaviors 

were examined across levels of BAS, two significant findings emerged. First, the 

association between affect and perceived exertion was moderated by BAS such that the 

association was positive in individuals with higher BAS but absent in individuals with 

lower BAS. Second, participants with lower BAS had a positive association between 

affective response to exercise and total MVPA, whereas those with higher BAS 

demonstrated a negative association between affect and MVPA. The following discussion 

will elaborate on these findings to put them in the context of the current literature.  

Aim 1 (CMT): Intensity  

Self-selected exercise intensity is an important behavior to understand, 

particularly because no study has systematically investigated this behavior in youth. The 

primary hypotheses of the present study are concerned with explaining variance in self-

selected intensity, so it is worth asking whether there was indeed substantial variability in 
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self-selected intensity in these adolescents. This study, consistent with research in adults, 

found that adolescents self-select a variety of exercise intensities, ranging from light- to 

vigorous-intensity (Lind, Joens-Matre, & Ekkekakis, 2005; Parfitt, Rose, & Burgess, 

2006; Rose & Parfitt, 2010a). At minute 9, the average HR as a percentage of HRpeak was 

70.68% (SD=7.80), and ranged from 50.51-94.07%. The average WR as a percentage of 

WRpeak was 30.23 (SD=11.62), and ranged from 5.21-60.98%. Their RPE was 10.60 

(SD=3.25) and ranged from 6 to 19. Also in line with studies in adults, most but not all 

participants in this study self-selected intensities that have been associated with health 

benefits (Dishman, Farquhar, & Cureton, 1994; Lind, Ekkekakis, & Vazou, 2008; Vazou-

Ekkekakis & Ekkekakis, 2009). Clearly, participants in the present study self-selected a 

variety of exercise intensities.  

Although no studies aside from the present study have explored potential 

determinants of self-selected exercise intensity in youth, a few have done so in adults 

(Cunningham, Rechnitzer, Pearce, & Donner, 1982; Dishman et al., 1994; Malatesta et 

al., 2004; Michael & Leroy, 1972; Parise, Sternfeld, Samuels, & Tager, 2004; Zamparo, 

Perini, Peano, & di Prampero, 2001). Consistent with the studies in adults, physical 

fitness was associated with heart rate, the physiological indicator of intensity. Even fewer 

studies have examined psychological determinants of self-selected exercise intensity 

(Ekkekakis, Lind, & Joens-Matre, 2006; Ewart et al., 1986). The present study extends 

prior studies that have investigated correlates of self-selected exercise intensity. Unlike 

prior studies, this study tested psychological correlates within the framework of plausible 

theoretical models: CMT and Hedonic Theory. Previous studies suggested a role for 

perceived competence in both affective response to exercise and self-selected exercise 
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intensity (Ewart et al., 1986; Rose & Parfitt, 2010b). They also suggested that affective 

response to exercise partially determines preference for high-intensity exercise 

(Ekkekakis, Hall, & Petruzzello, 2005a; Ekkekakis et al., 2006). Overall, the findings 

from the present study integrate findings from prior studies and suggest that CMT is a 

plausible model to explain self-selected exercise intensity.  

A point of interest in the present study concerns the differential results for mean 

and low affect. The mean affect during the moderate task (i.e., mean FS), but not the low 

affect reported during the moderate task (i.e., low FS), mediated the association between 

perceived competence and exercise intensity. These findings evince differences between 

mean and low affect with regard to their relationship with perceived competence. Indeed, 

affective response during exercise has been shown to be influenced by a number of 

different factors, including physiological cues (Ekkekakis, Hall, & Petruzzello, 2004) and 

cognitions (Welch, Hulley, & Beauchamp, 2010, p. 201). Positive affective experiences 

tend to be attributed to cognitive forces such as perceptions of ability, preferred intensity, 

and attentional focus, while negative affective experiences tend to be attributed to 

interoceptive cues, such as feeling hot (Rose & Parfitt, 2007, 2010b). In the present 

study, the mean affect represents a combination of positive and negative affective 

responses to exercise across 30-minutes. On the other hand, low affect provides a crisper 

picture of a specific point in time where physiological cues dominated perceptions. 

Therefore, mean affect may have mediated the link between competence and exercise 

intensity because mean affect is determined by more positive affective experiences, 

which are determined by cognitive forces (e.g. perceived competence). On the other 
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hand, low affect is likely determined by negative affective experiences that are primarily 

determined from interoceptive cues. 

Aim 1 (CMT): MVPA 

The present study only found partial support for CMT as it was related to MVPA. 

Although perceived competence was associated with affective response to exercise and 

MVPA, there was no association between affective response to exercise and MVPA. That 

CMT is useful for understanding adolescents’ PA behavior has been suggested in other 

studies (Carroll & Loumidis, 2001; Fairclough, 2003). A study by Humbert et al. (2008) 

asked 160 West Canadian students how they would increase the physical activity levels 

of their peers. Based on their answers, a prominent finding was the importance of 

competence for cultivating fun: 

Youth reported that an activity was fun if they felt they had the 

competence and confidence to participate. These two features greatly 

affected not only the choice of activity but also whether kids were active 

at all! (p 163) 

The qualitative analysis, therefore, concluded that competence was an important 

determinant of affective valence associated with PA (namely, fun), and that both of these 

factors influenced PA behavior. However, the present study only found support for the 

links between competence and affect, and between competence and MVPA. 

The lack of association between affective response to exercise and MVPA in this 

study diverges from recent research in high-school students and adults (Schneider, Dunn, 

et al., 2009; Williams et al., 2012). Methodological differences may explain the different 

results. The study in high-school students operationalized affective response to exercise 
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as the difference between mean FS and pre-task FS. Also, the sample size was larger 

(n=124, compared to 109 in the present study), plausibly affording additional power to 

detect an association. The study in adults differed from the present study in that it was 

performed in the context of an intervention for PA promotion. In contrast, participants in 

the present study were not encouraged to engage in PA. Perhaps an association between 

affect and PA behavior would emerge in the context of an intervention for PA promotion.  

Differences in age across the populations may also explain the disparate results. 

Perhaps sixth-graders have less autonomy in their ability to pursue activities that they 

enjoy compared to high-school students and adults. If younger adolescents have less 

autonomy to pursue enjoyable activities, then their affective response to exercise would 

not translate to greater MVPA.  

The lack of association between affect and MVPA in this study may also be 

owing to differential activity patterns between youth and older individuals. Youth obtain 

much of their PA from spontaneous activity and unstructured play, and during 

adolescence there is a shift from unstructured PA (e.g., independent play) to structured 

PA (e.g., sports participation) (Bailey et al., 1995; Mota & Esculcas, 2002). Indeed, the 

measurement of affective response to exercise in this study was performed while the 

participants were engaging in a structured activity: a moderate-intensity cycle ergometry 

task supervised by a research assistant. Since many of the activities performed by young 

adolescents are unstructured (Mota & Esculcas, 2002), an association between affect and 

MVPA may emerge if affect is measured in response to unstructured activity such as 

play.  
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Overall, the ecological validity of the measure of affective response to exercise 

may be especially important to link affect and MVPA in young adolescents since they 

engage in more unstructured activity compared to older individuals. Future studies could 

measure affective response during exercise in a more ecologically valid way by utilizing 

real-time data capture strategies such as ecological momentary assessment (EMA) 

(Kanning, Ebner-Priemer, & Schlicht, 2013). Recent EMA studies have focused on the 

role of exercise with respect to mood (Dunton, Huh, & Riggs, 2013; Kanning & Schlicht, 

2010), rather than on the influence of affective response to exercise on PA behavior. The 

unidirectional analysis of the link between exercise and affect may be a result of the 

specific limitations of EMA. Measurement of affective response during exercise with 

EMA would require participants to stop PA to respond to questionnaires, thus 

interrupting the activity. To avoid interruption of PA, current EMA studies tend to assess 

affect either before or after an activity, rather than during an activity. Technological 

advances, however, are rapidly evolving in the field of ecological momentary assessment. 

For instance, digital earpieces with microphones may be developed for active youth. 

Accelerometers, which are becoming ubiquitous and smaller, may recognize when 

participants are mid-activity, and initiate a questionnaire. The questionnaire may be 

wirelessly transmitted through the earpiece with audible prompts for participants to 

respond to verbally, mid-activity. As such, the association between affective response to 

a particular type of activity (e.g., structured or unstructured) and its respective behavior 

(e.g., sports versus play) may be more rigorously examined in youth. A hands-free 

approach to answering brief questionnaires mid-activity has not been applied in the field 
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and has potential to improve understanding of the role of affective response to exercise 

on PA patterns of youth.  

Aim 2 (BIS/BAS): Intensity 

The overall hypothesis that BIS and/or BAS would moderate the relationship 

between affect and exercise intensity was partially supported in the present study. As 

expected, participants with relatively high BAS had a significant and positive association 

between affective response during exercise and perceived exertion. In contrast, 

participants with relatively low BAS had no association between affect and perceived 

exertion. Contrary to the hypothesis, levels of BAS did not influence the positive 

association between affect and heart rate or work rate during the feels-good task. Further, 

BIS had no effect on the positive association between affect and all indicators of exercise 

intensity (i.e., heart rate, work rate, and perceived exertion).  

Although other studies have shown that perceived exertion may be associated 

with affect (Sheppard & Parfitt, 2008) and disposition (Hall, Ekkekakis, & Petruzzello, 

2000; Morgan, 1973), the present study is the first to provide evidence of the moderating 

role of BAS on the association between affect and perceived exertion during exercise. 

Although BAS was a significant moderator of the link between affect and perceived 

exertion, it did not moderate the link between affect and HR or WR. There is no obvious 

explanation for this finding. However, one explanation hinges on the fact that moderate-

intensity exercise elicits both positive and negative affect in individuals (Rose & Parfitt, 

2010b). A study by Wanigasekera et al. (2012) has shown that emotion processing 

centers of the brain were more responsive to thermal stimulus (i.e., punishment) in high-

BAS individuals compared to low-BAS individuals. High-BAS individuals also reported 
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a greater reduction in pain when administered an opioid analgesic (i.e., reward). Although 

responsivity to cues of punishment is theoretically associated with BIS, the study by 

Wanigasekera suggests that high-BAS individuals experience the unpleasant 

interoceptive cues of exercise (i.e., punishment; which partially determine perceived 

exertion) more prominently compared to low-BAS individuals. However, the high-BAS 

individuals also experience the positive afferent cues of exercise (i.e., reward) more 

robustly compared to low-BAS individuals, and therefore tolerate higher perceived 

exertions.  Participants with low BAS may be less sensitive to interoceptive cues 

associated with exercise, and therefore do not have a link between affective response to 

exercise and perceived exertion. The localized influence of BAS to the central nervous 

system (i.e., emotion processing centers of the brain) may explain the differential 

modulation of the association between affect and the cognitive construct, perceived 

exertion, but not with heart rate or work rate.  

Although BAS moderated the association between affect and perceived exertion, 

the same was not found for BIS. There are two potential explanations for the discrepancy 

between BAS and BIS. First, revisions to the original Reinforcement Sensitivity Theory 

may explain the disparities between these affective styles with regard to their role in the 

link between affect and exercise. Second, the link between affective response to exercise 

and the rewarding/punishing nature of exercise has not yet been established and may not 

have been adequately captured with the feeling scale. These alternative explanations are 

expanded upon below. 

In Gray’s original Reinforcement Sensitivity Theory (Gray, 1970), BIS was 

proposed as being responsible for withdrawal behavior, specifically in response to cues of 
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punishment. A recent update to the Reinforcement Sensitivity Theory, the Revised 

Reinforcement Sensitivity Theory (Corr, 2004; Gray & McNaughton, 2000), may shed 

light on the findings from the present study. Unlike the original theory, the revised theory 

postulates that the role of BIS is to resolve conflict in the face of two or more punishing 

or rewarding stimuli. Most commonly, a rewarding and a punishing stimuli cause the 

conflict, but sometimes the conflict can be between two rewarding stimuli or two 

punishing stimuli (e.g., to decide between two lucrative jobs or between two traffic 

congested roads). When the BIS is activated, it inhibits ongoing behavior, and shifts 

focus to the conflict. The individual then weighs the potential reward and punishment to 

resolve whether to approach or withdraw from the situation. Therefore, according to the 

Revised Reinforcement Sensitivity theory, BAS is a simple system that only processes 

cues of reward, and if a stimulus is perceived as rewarding then an individual with a 

sensitive BAS will approach that stimulus.  On the other hand, the BIS is a more complex 

system, and when conflicts arise, rather than approaching/avoiding a rewarding/punishing 

stimulus, an individual may remain passive.  

Studies in the health promotion literature have shown that, while individuals with 

sensitive BAS approach “rewards”, individuals with sensitive BIS could be passive in the 

face of “punishment” (Hevey & Dolan, 2013; Mussap, 2006). In one such study, two 

outcomes were assessed: (1) intentions to use sunscreen, and (2) a mailed request for free 

sunscreen (Hevey & Dolan, 2013). Participants that received concordant messages (i.e., 

messages that matched their disposition, such as a gain-framed message for a high BAS 

participants or a loss-framed message for a high BIS participant) did, indeed, have higher 

intentions to use sunscreen. However, only participants with high BAS that received the 
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gain-framed message mailed the researchers to request free sunscreen. It seems that high-

BAS participants are more likely to approach a positive health behavior in response to 

gain-framed messages, and high-BIS participants tend to remain passive even though 

they have intentions for action. It may be, therefore, that when simultaneously confronted 

with the positive and negative sensations accompanying exercise, adolescent behavior is 

more a product of their BAS activation than their BIS activation.  

Another possible explanation for the moderation by BAS of the association 

between affect and exercise may be the rewarding/punishing properties of exercise. Other 

studies that have tested the Reinforcement Sensitivity Theory in humans have also found 

results that were inconsistent with Gray’s original model (see Matthews & Gilliland, 

1999 for review). These inconsistencies may be owing to differences between the 

conditioning of stimuli for animals compared to humans (Corr, 2002).  In animals, 

rewarding stimuli can be conditioned equally between subjects using consistent schedules 

under controlled conditions. Further, inbred animal lines reduce interindividual 

differences in responsivity to cues of reward and punishment. People, on the other hand, 

have varying degrees of conditioning with regard to cues of reward and punishment. Corr 

(2001, 2004) has stated that clear, separable effects of BIS and BAS should be found 

when the stimulus of reward and punishment are strong and studies don’t mix appetitive 

and aversive stimuli. Such may be the case among animals evaluated under laboratory 

conditions. In the present study, however, human participants enter the assessments with 

a history of idiosyncratic experiences. Moreover, the feeling scale is a crude measure of 

affect that does not independently assess the positive and negative sensations and/or 

cognitions that may inform the individuals’ omnibus rating of affect. Thus, the extent to 



 

 120

which the feeling scale represents reward versus punishment has not yet been established. 

To address the difficulties of gauging the extent of perceived reward or punishment in 

humans, Corr (2002) recommends the following (note, although Corr writes about 

reward, his recommendations extend to punishment): 

First, expectations of reward should be taken before the actual delivery of 

reward. Second, subjective reports should be taken from participants at the 

end of the reinforcement manipulations to assess the degree to which 

actual reward matched, exceeded, or fell short of, expectations of reward. 

Third, different levels of reward, ranging from low (putatively frustrating) 

to high (pleasurable) reward should be employed to examine the levels at 

which manipulations become rewarding for different levels of BAS 

sensitivity. p 1252 

Future studies could further elaborate the connection between exercise as rewarding or 

punishing for individuals by incorporating Corr’s suggestions. These studies could 

improve our understanding of the role BIS and/or BAS may play in PA behavior. 

Another point of interest in the present study concerns the differential results for 

mean and low affect. The BAS moderated the link between the lowest affect reported 

during the moderate task (i.e., low FS) and perceived exertion, but not between the mean 

affect during the moderate task (i.e., mean FS) and perceived exertion. These findings 

evince differences between low affect and mean affect with regard to their processing by 

the BAS. Similar to the findings from Aim 1, the differential results across low and mean 

affect may be owing to the role of cognitive versus physiological cues in determining 

these indicators of affect (Rose & Parfitt, 2007, 2010b). Mean affect is shaped by 
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affective responses to cognitive as well as physiological cues, whereas low affect is likely 

determined by predominantly physiological cues. Given the plausible role of BAS in 

processing of physiological cues (Wanigasekera et al., 2012), this fundamental difference 

between mean and low affect may explain the differential moderation by BAS of low 

affect, but not mean affect, and RPE in the present study.  

Aim 2 (BIS/BAS): MVPA 

An unexpected finding emerged from the present study. Contrary to the 

hypothesis that individuals with higher BAS would have a more positive association 

between affect and MVPA, we found that the reverse was true. Individuals with higher 

BAS were expected to be more responsive to cues of reward and therefore approach to 

the rewarding stimulus (i.e., exercise) with greater exuberance compared to participants 

with low BAS. For that reason it was surprising that individuals with high sensitivity to 

cues of reward exercised for a lesser proportion of the day when reporting higher 

affective response to acute exercise.  

 One possible explanation for this finding may be the modified link between affect 

and perceived exertion in relation to BAS. Specifically, this study showed that 

participants with more sensitive BAS who felt better during exercise reported higher 

perceived exertion compared to those who did not feel as good. In other words, 

individuals who felt better during moderate-intensity exercise also perceived themselves 

to be working harder during the “feels-good” task, even though on average their work 

rate and heart rate were no different from those who did not respond to moderate-

intensity exercise with positive affect. This pattern is consistent with evidence that 

individuals with more sensitive BAS are also more sensitive to interoceptive cues 
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(Wanigasekera et al., 2012). Perhaps the higher perceived exertion in participants with 

high BAS who enjoyed exercise made them more vulnerable to this “revolving door 

effect”. The revolving door effect is a euphemism for the tendency of individuals to 

abandon PA programs after the first few months, particularly if the intensity of the 

activities are perceived as too high (Dishman, 2001; Parfitt & Hughes, 2009). Individuals 

with high sensitivity to cues of reward may have more acute perceptions of the 

physiological responses to exercise, causing them to perceive exercise to be more intense 

and leading to subsequent reductions in activity levels. In the present study, lower levels 

of MVPA in high BAS individuals that enjoy exercise suggest the revolving door effect. 

Since this study is cross-sectional, the influence of BAS on attrition from exercise 

programs cannot be determined. Future longitudinal studies may improve understanding 

of the influence of BAS on the association between affect and MVPA, specifically with 

regard from attrition from PA programs.  

 An alternative explanation for the findings with regard to BAS, affect, and MVPA 

may be that participants with high BAS may be more active at focal points of the day, 

which may result in compensatory rest and lower MVPA overall. The controversial idea 

of an activitystat—an internal homeostatic mechanism that regulates activity—has gained 

much interest recently (Gomersall, Rowlands, English, Maher, & Olds, 2013). The 

activitystat hypothesis posits that each individual has an internal set point for energy 

expenditure. If the individual expends more energy via PA at an earlier point in time, 

they may preserve energy by engaging in less PA at a later point in time. In this study, 

participants with high BAS perceived greater exertion during the feels-good task as a 

function of their enjoyment of the moderate task. Results of this study provides some 
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evidence that perceived exertion may be part of the activitystat’s sensor mechanism, 

which has otherwise not been satisfactorily identified (Gomersall et al., 2013). If this is 

the case, then it is plausible that higher perceived exertion as a function of affect in 

participants with high BAS would have led to an inverse association between affect and 

MVPA. In other words, in certain settings (e.g., PE class), participants with higher BAS 

who also feel good when exercising may experience PA as more intense (compared to 

participants with lower BAS who feel good when exercising) and subsequently 

compensate by engaging in less PA during the day as a whole, summing to relatively less 

time spent in MVPA. The activitystat research is in its nascent stages, so future studies 

should explore perceived exertion as a potential activitystat sensor.  

Physical Activity During PE 

In the present study, it was hypothesized that greater perceived competence for 

PA (a basic psychological need for intrinsic motivation) would result in a more positive 

affective response to exercise, which in turn would lead to a greater proportion of time 

spent in MVPA during PE class. The rationale for this hypothesis was that adolescents 

who were intrinsically motivated to exercise would engage in the activities offered during 

PE with more exuberance, and therefore would accrue a greater overall proportion of PE 

time in MVPA. From that perspective, I hypothesized that perceived competence and 

affective style would influence the percent of time spent in MVPA during PE.  

 In actuality, however, the proportion of variance explained by the proposed model 

in percent of PE in MVPA was small compared to that of percent of time spent in MVPA 

in general. For example, the model of the interaction between mean affect and BAS 

explained only 15% of variance in MVPA during PE in contrast to 32% of variance in 
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MVPA overall. Furthermore, the model including the mean affect and BAS interaction 

was only marginally significant (p=0.056). Therefore, variables that are not assessed in 

the present study may better explain PA levels during PE compared to CMT and Hedonic 

Theory.  

 It is worth noting some of the variables that were outside the scope of this 

research and may exert an influence on PA during PE; specifically, policy, physical 

environment, and social environment. First, depending on jurisdiction, schools are subject 

to varying policy and laws which influence PA levels (National Research Council, 2013, 

pp. 51–52). Second, MVPA during PE is likely determined by environmental differences 

across institutions (National Research Council, 2013, pp. 58–61). Third, autonomy 

supportive environments, which are created by teachers, are also important for MVPA 

during PE (Hagger et al., 2009; Shen, 2010). To find differences in MVPA during PE, 

perhaps the scope of future studies should be expanded beyond students’ psychological 

determinants of MVPA to incorporate policy-, environment-, and interpersonal-level 

factors.  

Strengths and Limitations 

This study has a number of strengths, but must be interpreted in light of certain 

limitations. In terms of strengths, the study sample was diverse with regard to gender, 

ethnicity, body composition, and fitness. This diversity allows for the results to be more 

externally valid, extending the study’s significance to future investigations. The 

population, however, represented healthy sixth grade students from a single school in 

Southern California. Therefore, it is not clear whether results can be generalized to 

adolescents of different ages, living in different regions of the US, or those with physical 
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or mental health conditions. Also, despite the diversity of the sample, it was relatively 

small (n=109), which may have limited the power to detect existing associations. As a 

result, further study is needed to help clarify the complex relationships between 

competence, affect, and exercise in adolescents.  

An additional strength was the variety of indicators for self-selected intensity that 

were examined. An objective (work rate), a physiologic (heart rate), and a cognitive 

(perceived exertion) measure of exercise intensity were used. This variety allowed 

associations to be compared across the indicators for intensity in order to pinpoint 

potential mechanisms for the associations (e.g., cognitive mechanism for the impact of 

the interaction between BAS and affect on perceived exertion). However, the feels-good 

task was performed on a cycle ergometer in a laboratory setting. Determinants of exercise 

intensity may differ in a naturalistic setting (Focht & Hausenblas, 2003), in the presence 

of peers (Worringham & Messick, 1983), or across activity types (Glass & Chvala, 

2001).  

The objective measurement of MVPA with accelerometry was both a strength and 

limitation of the present study. Although self-report measures are better suited to 

understand the context and purpose of PA, objective measures of activity (i.e., 

accelerometers) quantify the amount of movement performed by the participant with 

greater precision (Troiano, Gabriel, Welk, Owen, & Sternfeld, 2012). Self-report 

measures are subject to recall bias (Cradock et al., 2004) and social desirability bias (S. 

A. Adams et al., 2005) such that their estimates of MVPA are often higher compared to 

objective measures. On the other hand, accelerometers are unable to capture certain types 

of activities, such as swimming, cycling, and weightlifting, so they systematically 
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underestimate those activities. To quantify PA levels in adolescents, future studies may 

find it useful to combine self-report and objective measures of PA. In addition, novel 

technologies such as wearable cameras may more accurately identify activities such as 

weight lifting that are difficult to measure with accelerometers (Doherty et al., 2012). 

Therefore, future investigators may wish to combine accelerometery with wearable 

cameras to improve PA measurement (Doherty et al., 2013; Gurrin et al., 2013).  

In the present study, inferences about relationships between study variables 

cannot be made with regard to causality. Predictors (i.e., affect, competence, and 

affective style) and outcomes (i.e., work rate, heart rate, and perceived exertion) were not 

measured multiple times across many visits and therefore we cannot make assertions 

about temporal relationships. If these measures would have been measured at multiple 

time points, a more rigorous evaluation of a potentially causal relationship between CMT 

and PA could have been conducted (Weinstein, 2007). 

Affective response to exercise was only measured with the Feeling Scale, not with 

more elaborate scales of affect. The Feeling Scale is a bipolar, unidimensional measure of 

affect. Some other measures of affect account for activation, fatigue, tranquility, or other 

dimensions of affect (e.g., Activation Deactivation Adjective Check List (Thayer, 1986)). 

However, respondent burden is lessened with the single-item Feeling Scale 

(c.f.(Ekkekakis, Hall, & Petruzzello, 2008)). Also, other studies have found associations 

between FS and affective associations to an exercise task (Hargreaves & Stych, 2013) 

and MVPA (Kwan & Bryan, 2010b; Schneider, Dunn, et al., 2009; Williams et al., 2012). 

Therefore, the use of the Feeling Scale in the present study allows for the results to be 

compared to a growing body of literature.  
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The laboratory procedure used to measure affective response to exercise does not 

correspond with naturalistic PA experiences of adolescents, thereby limiting its 

ecological validity. However, measurement of affect in the laboratory allows for greater 

experimental control, such as the ability to control exercise intensity. An additional 

limitation of the single measure of affective response is that affective response to exercise 

may vary throughout the day, depending on factors such as nutrition, activity type, or 

mood (Dunton et al., 2013). For example, affect may differ while cycling, treadmill 

running, hiking outdoors, playing soccer, or dancing (Bixby, Spalding, & Hatfield, 2001). 

Future studies may use momentary assessment coupled with wearable cameras and 

accelerometry to test for intraindividual differences in affective response to exercise 

across environments, time of day, nutrition status, and activity types.  

Conclusions/Implications 

 This study tested the CMT in relation to PA behavior in sixth grade students. In 

addition, the role of disposition in the link between affective response to exercise and PA 

behavior was evaluated. Self-selected exercise intensity was indirectly associated with 

perceived competence through the mediator, affective response to exercise. Moderate to 

vigorous PA was associated with perceived competence for PA. Overall, the study yields 

partial support for Hedonic Theory, and provides evidence for CMT as a theoretical 

model of PA behavior.  

Interestingly, sensitivity to cues of reward moderated the association between 

affective response to moderate-intensity exercise and perceived exertion during the feels-

good task. The perceived exertion reported by participants who were less sensitive to 

cues of reward was not associated with their affective response to exercise. In contrast, 
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perceived exertion was positively associated with affective response to exercise in 

participants with more sensitive BAS. Given that a similar interaction between BAS and 

affect was not found for other indicators of exercise intensity (i.e., affect was positively 

associated with both work rate and heart rate regardless of levels of BAS), this finding 

suggests that BAS may influence processing and perception of interoceptive cues 

associated with exercise.  

The results of this study suggest that the link between competence, affect, and 

exercise may be more complex than currently assumed in the field. Affect during exercise 

mediated the association between competence and intensity during a laboratory task but 

not with MVPA outside the laboratory. This pattern of results suggests that future studies 

may find stronger support for CMT if affective response to exercise is measured in 

response to particular outcomes (e.g., laboratory PA, or PA outside of the laboratory). 

Novel technologies such as Ecological Momentary Assessment and wearable cameras 

have the potential to improve correspondence between measures of affect and PA type in 

real time. 

Mobile technologies that utilize Ecological Momentary Assessment may also be 

useful as intervention tools for PA. Built-in motion sensors can monitor the intensity and 

amount of PA, and provide feedback to participants that encourages them to maintain a 

level of activity that they have reported they feel competent maintaining while feeling 

good. Interventions that use these types of devices may personalize recommendations for 

exercise intensity based on sensitivity to cues of reward. These types of interventions 

may be especially beneficial for particular at-risk populations of youth, including 

sedentary, overweight, and pre-diabetic youth. Further, synchronization of these 
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technologies with patient records in the healthcare setting may allow providers to 

personalize management according to affective response to exercise, competence, 

disposition, and established PA behavior of these youth.  
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Appendix A: Bivariate Associations 
 

Supplementary Table 1 

 

Pairwise associations between exercise intensity during the feels-good task, MVPA, perceived competence, BIS/BAS, affective response to exercise, and 

covariates  (i.e., all variables in dissertation).  

                  

 1  2 3 4 5◊ 6 7 8 9 10 11 12 13 14 15 16 17 

                  

1. 

%HRmaxchng0-

9 

1.00                 

                  2. 

%WRmaxchng0

-9 

0.52*

** 

1.00                

                  3. RPE9 0.24* 0.15 1.00               

                  4. %MVPAtotal 0.11 0.01 -0.08 1.00              

                  5. %MVPAPE
◊ 0.11 -0.11 -0.07 0.36*

** 

1.00             

                  6. 

Competence 

0.17 0.16 -0.05 0.41*

** 

0.08 1.00            

                  7. BIS -0.08 -0.16 -0.12 -

0.22* 

-0.18 -0.10 1.00           

                  8. BAS 0.02 0.03 -0.14 -0.10 -0.11 0.09 0.26*

* 

1.00          

                  9. Mean FS 0.21* 0.26*

* 

0.25*

* 

0.11 0.04 0.30*

* 

-

0.22* 

-0.06 1.00         

                  10. Low FS 0.31*

* 

0.34*

** 

0.21* -0.05 0.01 0.18 -0.18 -0.00 0.81*

** 

1.00        

                  11. Pre-task 

FS 

-0.02 0.08 -0.10 0.22* 0.07 0.20* -0.17 -0.03 0. 
50*** 

0.23* 1.00       
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Supplementary Table 1, cont.  

 1  2 3 4 5◊ 6 7 8 9 10 11 12 13 14 15 16 17 

                  

                  12. Gender 

(ref: male) 

-

0.26*

* 

-0.06 0.01 -

0.32*

** 

-

0.20* 

-0.00 0.08 0.21* 0.06 0.07 -0.06 1.00      

                  13. NHW† -0.11 0.03 -0.04 -0.13 -0.20 0.01 0.00 0.01 -0.03 0.02 0.00 0.09 1.00     

                  14. Latino† 0.02 -0.04 0.06 0.10 0.11 -0.02 0.07 -0.07 -0.01 -0.06 0.03 -0.16 -

0.44*

** 

1.00    

                  15. Black† 0.19* 0.14 0.09 0.15 -0.05 0.21* -0.10 0.20* 0.11 0.01 0.07 0.02 -0.18 -

0.40*

** 

1.00   

                  16. Other† -0.08 -0.10 -0.11 -0.13 0.09 -0.17 0.00 -0.10 -0.05 0.05 -0.10 0.09 -

0.22* 

-

0.50*

** 

-

0.20* 

1.00  

                  17. VO2max 

(mL*kg-

1*min-1) 

0.24* 0.08 0.05 0.24* 0.09 0.19* -

0.19* 

-0.16 -0.00 0.05 0.07 -

0.26*

* 

0.09 0.02 0.00 -0.10 1.00 

                  18. BMI%ile -0.11 -0.13 -0.01 0.04 0.15 -0.19 0.04 0.07 0.03 -0.07 -0.04 -0.03 -0.13 0.16 -0.08 -0.01 -

0.68**

* 

                  Notes: %MVPAtotal = percentage of time out of total day spent in MVPA. %MVPAPE = percentage of time out of PE spent in MVPA. NHW = non-Hispanic 

White. VO2max (mL*kg-1*min-1) = peak oxygen consumption, in milliliters, per kilogram of body weight per minute. BMI%ile = Body mass index 

transformed according to normative values based on national statistics. 
◊N=100. † The ethnic group as an indicator variable. 1=the ethnic group identified by name. 0=all other ethnic groups.  

* p < 0.05, ** p < 0.01, *** p < 0.001. 
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Appendix B: Participant Materials 

Eligibility Questionnaire 
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CDI 
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Demographics Form 
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BIS/BAS Scale 
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Perceived Competence Subscale of the Intrinsic Motivation Inventory 
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Moderate-Intensity Exercise Task Data Collection Sheet 

 
 

 

 

 



 

 164

Feeling Scale 
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Preferred-Intensity Exercise Task Data Collection Sheet 
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Borg’s Rating of Perceived Exertion 
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