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Physical activity (PA) has mental and physical health benefits, yet many emerging adults 

(aged 18-29) are not meeting PA recommendations and thus, not reaping those benefits. 

Emerging adulthood is marked by new life experiences (e.g., changing residence) that are 

related to negative health effects which may be mitigated by PA. Affect may be one way to 

promote PA as hedonic theories posit that people are more likely to participate in behaviors that 

make them feel more pleasurable. Laboratory-based studies provide support for hedonic 

theories; however, laboratory investigations may not represent affective responses during PA in 

everyday life. Ecological Momentary Assessment (EMA) can overcome laboratory limitations by 

using accelerometers and mobile phones to repeatedly capture affective responses during PA in 

real-time and -world settings. This study sought to examine (1) how PA influences affective 

responses during the behavior in real-world settings and (2) how affective responses during PA 

predicts minutes of PA the following day. Physically active emerging adults completed a 10-day 

study in which participants responded to EMA prompts randomly throughout the day and during 

PA bouts to assess affect. Participants wore an accelerometer during waking hours to assess 

PA and trigger EMA prompts during bouts of PA. Emerging adults (n = 80; Mage = 22.8; 79% 

Female; 56% White, 41% Black or African American; MBMI = 25.38) completed the 10-day study. 

Results for Aim 1 revealed that at the between-person level, emerging adults who, on average, 

engaged in a greater proportion of occasions of PA experienced increases in positive affect (b = 

24.901, SE = 10.384, p = 0.017) and decreases in negative affect (b = -39.693, SE = 14.533, p 

= 0.006) but no difference in feelings of energy (b = 13.721, SE = 13.084, p = 0.295) or feelings 

of fatigue (b = -21.541, SE = 16.441, p = 0.190). At the within-person level, on occasions when 

emerging adults engaged in PA, they experienced a decrease in negative affect (b = -4.808, SE 

= 1.306, p < 0.001) and feelings of fatigue (b = -7.224, SE = 1.900, p < 0.001) and increases in 



 

 

feelings of energy (b = 14.231, SE = 2.065, p < 0.001) but no difference in positive affect (b = 

1.414, SE = 1.359, p = 0.298). Results for Aim 2 revealed that at the between-person level, 

emerging adults who, on average, experienced an increase in their average negative affect and 

feelings of energy during PA compared to non-PA occasions tended to engage in more next day 

PA (b = 0.025, SE = 0.011, p = 0.023) and less next day PA (b = -0.016, SE = 0.008, p = 0.036), 

respectively. At the between-person level, average changes in positive affect (b = 0.007, SE = 

0.011, p = 0.502) and feelings of fatigue (b = 0.006, SE = 0.011, p = 0.596) during PA compared 

to non-PA occasions were not associated with next day PA. At the within-person level, on days 

when an individual experienced a larger than usual increase in feelings of fatigue during a bout 

of PA compared to during non-PA occasions, they engaged in less PA time the following day (b 

= -0.025, SE = 0.008, p = 0.002). At the within-person level, changes in positive affect (b = -

0.009, SE = 0.009, p = 0.321), negative affect (b = -0.041, SE = 0.023, p = 0.077), and feelings 

of energy (b = 0.001, SE = 0.005, p = 0.855) during a bout of PA compared to during non-PA 

occasions were not associated with next day PA. Current findings suggests that interventions 

may consider promoting PA based on affective recommendations for immediate health benefits. 

Future work should examine differences in the association across the lifespan, in insufficiently 

active individuals, and across varying timescales to elucidate the pathway for effective health 

promotion. 
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CHAPTER I: INTRODUCTION 

An accumulation of evidence has shown both the mental and physical health benefits of 

physical activity (Physical Activity Guidelines Advisory Committee, 2018). For example, physical 

activity has demonstrated the ability to decrease risk of depression and anxiety in both clinical 

and non-clinical populations (Rebar et al., 2015). Physical activity also has the ability to 

immediately improve individuals’ affect, or more generally, emotions (Ekkekakis et al., 2011; 

Liao et al., 2015). Physiologically, physical activity has been shown to help reduce the risk of 

many physiological diseases such as cardiovascular disease, type 2 diabetes, and all-cause 

mortality (Warburton & Bredin, 2016). Together, physical activity has both short- and long-term 

health benefits which are advantageous to promote for increased lifelong quality of life. 

Despite the numerous health benefits of physical activity, the majority of adults do not 

meet the recommended levels of physical activity (Piercy et al., 2018). As individuals transition 

from the developmental period of adolescences to adulthood, physical activity declines by about 

7 minutes of moderate-to vigorous-physical activity (MVPA) per day (Winpenny et al., 2020). 

Additionally, only 28% of adults aged 18-29, meet the physical activity guidelines for adults 

(Poobalan et al., 2012). Individuals in the transition from adolescence to adulthood are not 

meeting physical activity guidelines and are susceptible to the maladaptive health effects. 

Emerging adulthood (aged 18-29; Arnett, 2000) is a life stage marked by the transition 

from adolescence into adulthood and has received attention as an independent life stage due to 

the increased exploration in a variety of life domains (e.g., work/education, social structures, 

leisure-time activities; Arnett et al., 2014; Tanner & Arnett, 2016). Further, emerging adulthood 

is also related to the onset of many mental health illnesses (e.g., depression, anxiety; Kessler et 

al., 2007) and an age of rapid weight gain which is a risk factor for a multitude of physical health 

diseases (e.g., cardiovascular disease, diabetes mellitus; Ogden et al., 2006). Determining the 
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psychosocial motivational determinants of physical activity has important health implications for 

emerging adults in both the short- and long-term. 

Affect, Hedonic Theories, and Physical Activity 

Popular physical activity motivation theories have focused on how individual’s behavioral 

cognitions (e.g., intentions, attitudes) influence their behavior (e.g., Theory of Planned Behavior; 

Rhodes et al., 2019). Across all populations, including emerging adults, current physical activity 

motivation theories have shown modest utility in promoting physical activity (Rhodes et al., 

2019). The discrepancies between theory and participation have yielded criticism, in part, 

because current theories largely omit affect from their models which may limit the utility of 

theories to promote physical activity (Rhodes et al., 2019; Stevens et al., 2020). More recently, 

there have been increasing efforts to understand how affect is linked to physical activity 

participation in real-time and in real-world settings to elucidate how to promote and maintain 

physical activity behaviors overtime (Rhodes et al., 2019; Stevens et al., 2020). 

Affect refers to the subjective interpretations of emotions which can range in both 

valence (i.e., positive, negative) and arousal (i.e., high, low; Russell, 1980). Hedonic theories of 

behavior (e.g., Theory of Hedonic Motivation) rely on the principle that people will engage in 

behaviors that make them feel more pleasurable and avoid behaviors in which they experience 

displeasure (Williams et al., 2018). This principle is built upon associative learning behaviors, 

which relate past feelings of pleasure, for example, as a determinant of future physical activity 

behaviors. Built upon the Theory of Hedonic Motivation, the Exercise-Affect-Adherence pathway 

frames the relation between affect and physical activity for the promotion of future physical 

activity (Lee et al., 2016; Williams, 2008). The Exercise-Affect-Adherence pathway, highlights: 

(A) how physical activity influences affective responses (i.e., Pathway A) and (B) how affective 

responses during a bout of physical activity leads to future physical activity participation (i.e., 

Pathway B; see Figure 1; Lee et al., 2016; Williams, 2008). Together, the basic premise of 
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hedonic theories and, more specifically, the Exercise-Affect-Adherence pathway, help to frame 

how affect can be used to promote short- and long-term health benefits of physical activity.  

Figure 1. The Exercise-Affect-Adherence Pathway 

 

Note. The figure is adapted from: Williams, D. M. (2008). Exercise, affect, and 

adherence: an integrated model and a case for self-paced exercise. Journal of Sport and 

Exercise Psychology, 30(5), 471-496. 

Laboratory Investigations of the Exercise-Affect-Adherence Pathway 

Laboratory investigations of the Exercise-Affect-Adherence pathway have found 

promising evidence in the support of the pathway (Ekkekakis et al., 2011; Ekkekakis, 2013). In 

support of the first pathway of the Exercise-Affect-Adherence Model, physical activity has been 

shown to improve affect (i.e., increases in positive affect) during a bout of physical activity 

(Ekkekakis et al., 2011; Reed & Ones, 2006). Further, the intensity (e.g., intensities at or below 

ventilatory threshold (VT)) rather than the duration of physical activity have been linked to 

increases in more pleasurable affective responses during physical activity (Ekkekakis et al., 

2011). The second pathway of the Exercise-Affect-Adherence pathway has also been supported 

in laboratory-based studies which highlights that more pleasurable affective responses during 

physical activity leads to greater overall physical activity participation months later (Kwan & 

Bryan, 2010; Rhodes & Kates, 2015; Williams et al., 2008, 2012). Overall, laboratory-based 

evidence has shown support for the utility of the Exercise-Affect-Adherence pathway. 

Despite the promising laboratory-based evidence in support of both pathways of the 

Exercise-Affect-Adherence pathway, there are several important limitations to this work. 

Although there is evidence to support the first pathway in the Exercise-Affect-Adherence model, 
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(Lee et al., 2016; Reed & Ones, 2006) previous work has occurred inside of laboratory spaces. 

This is a limitation to understanding associations between physical activity and affect because 

such an approach lacks ecological validity (Dunton, 2018; Gunes et al., 2008; Reichert et al., 

2020). Laboratory investigations have imposed restrictions (e.g., intensity, duration, modality) 

that may be different from how people engage in physical activity in the real-world. For example, 

evidence has shown that imposing an intensity that is too strenuous (i.e., exceeds an 

individual’s VT), can lead to less pleasurable affective responses during physical activity 

(Ekkekakis et al., 2011; Ekkekakis & Brand, 2019). To combat this limitation, some 

investigations have allowed participants to self-select their own intensity of physical activity 

(Ekkekakis et al., 2011; Parfitt & Hughes, 2009). Allowing individuals to self-select intensity can 

overcome limitations of constraining physical activity intensity, but being physically active in a 

controlled laboratory space where the setting, people, situation, and task are unfamiliar likely 

alters basic affect and affective responses to physical activity (Gunes et al., 2008). While 

laboratory investigations have provided valuable information about how physical activity 

influences affective responses (i.e., first pathway), the inherent situation and surroundings likely 

alters associations that may exist in the real-world, thus limiting the ecological validity and 

obscuring the relation. 

Laboratory-based evidence also supports the second pathway in the Exercise-Affect-

Adherence pathway which highlights how affective responses during physical activity in a given 

bout predicts future participation (Lee et al., 2016; Rhodes & Kates, 2015). However, laboratory 

investigations have predicted future physical activity based on limited occurrences (e.g., a single 

bout) for how affective responses to physical activity lead to future participation (Rhodes & 

Kates, 2015). Based on the Theory of Hedonic Motivation, repeated occurrences of affective 

responses to physical activity are needed to create hedonic desire or dread for future physical 

activity (Williams et al., 2018). Thus, repeated assessments of the affect-physical activity link 

are needed to elucidate how to better predict future physical activity (Brand & Ekkekakis, 2018). 
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Further, previous laboratory investigations have examined how affective responses to a single 

bout of physical activity predicts future participation months later (Rhodes & Kates, 2015). This 

evidence suggests that more favorable affective responses (e.g., increased positive affect) 

during physical activity has a long-term impact across macro-time scales (e.g., months), yet the 

association may also exist across micro-timescales (e.g., days). Recent evidence has 

demonstrated a reciprocal within-day relationship where feeling more positive affect led to 

greater physical activity later in the day and greater physical activity led to improved affect later 

in the day (Emerson et al., 2018). While this study did not investigate affective responses to 

physical activity to predict future physical activity, it does show that the temporal relationship 

likely exists on micro-timescales. Investigating how affective responses during physical activity 

predicts future participation (i.e., second pathway) across repeated occurrences and within 

micro-timescales likely provides valuable information for the improved promotion of physical 

activity across days of the week, consistent with the physical activity recommendations. 

Ecological Momentary Assessment (EMA) and the Exercise-Affect-Adherence Pathway 

Ecological Momentary Assessment (EMA) is an intensive longitudinal data capture 

strategy aimed at repeatedly assessing phenomena of interest (e.g., affect, physical activity) in 

real-time and real-world settings (Shiffman et al., 2008). EMA has numerous advantages which 

include enhancing ecological validity (i.e., better translation to everyday life) by repeatedly 

assessing individuals in real-time to capture their affect and physical activity in their real-world 

settings (Shiffman et al., 2008; Stone & Shiffman, 1994). While there are many different EMA 

methodologies, physical activity research using EMA have utilized activity monitors (e.g., 

accelerometers) and mobile devices (e.g., smartphones) to capture physical activity and affect, 

respectively (Dunton, 2018).  

EMA studies have shown than physical activity can improve affective responses and that 

improved affective responses during a bout of physical activity can lead to increased physical 

activity participation (Liao et al., 2015, 2017b). However, current EMA methodologies 
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predominantly asks individuals to report their affect at random EMA prompting schedules (e.g., 

an EMA prompt asks an individual to report their affect once randomly between 8:00-10:00am) 

or at fixed time points (e.g., an EMA prompt asks an individual to report their affect once every 

90 minutes). Affective responses during, rather than after, physical activity have been shown to 

predict future physical activity participation (Rhodes & Kates, 2015; Stevens et al., 2020). Yet, 

assessing affective responses at random or fixed time points likely misses affective responses 

during more rare bouts of physical activity at a moderate-to vigorous-intensity which have the 

greatest health benefit (Dunton, 2018; Piercy et al., 2018). For instance, one study using a 

random prompting schedule captured adults’ self-reported physical activity participation on only 

7.7% of all occasions across a 4-day monitoring period (Dunton et al., 2018). Further, national 

panel data suggest that the total unbouted minutes of MVPA for females in their 20’s is near 18 

minutes/day, while, for an average male in their 20’s is near 20 minutes/day (Wolff-Hughes et 

al., 2015). To overcome this limitation of inadequately capturing affective responses during 

physical activity at a recommended intensity (i.e., MVPA), triggered EMA prompting schedules 

are needed (Dunton, 2018). Triggered sensor-informed context-sensitive EMA (CS-EMA) 

prompting schedules can use accelerometers to determine when an individual is engaging in 

physical activity and subsequently trigger an CS-EMA prompt for individuals to report their affect 

(Dunton, 2018). Using accelerometry and a triggered CS-EMA prompting schedule combines 

the advantages of EMA to capture the affective responses during physical activity in real-time 

and real-world settings while overcoming the limitations of laboratory and current EMA studies. 

Currently, the uncertainty of affective responses during a bout of physical activity in real-time 

and real-world settings undercuts the understanding of the Exercise-Affect-Adherence pathway 

and the utility of affect as a method to promote physical activity for the health benefits. 

It is unclear how affective responses during physical activity predict future physical 

activity across micro-timescales (e.g., days). There is EMA evidence that demonstrates that 

more pleasurable affective responses during physical activity leads to greater physical activity 
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months later (e.g., macro-timescales; Liao et al., 2017b). Yet, the timescale of the association 

between affective responses and future health behaviors are not well understood as hedonic 

theories do not specify nor hypothesize a timescale for the relation to unfold (Williams et al., 

2018). The Theory of Hedonic Motivation posits that more pleasurable affective responses to a 

behavior (e.g., physical activity) produces a neurobiological responses of ‘liking’ the behavior 

(Williams, 2019). In turn, this neurobiological ‘liking’ produces a neurobiological ‘desire’ to 

engage in the behavior again in the future. Therefore, it is likely that more pleasurable 

experiences during health behaviors may influence future engagement on both micro- and 

macro-timescales. Across repeat occurrence health behaviors, there is some evidence to 

suggest that relations between affective responses and future health behavior engagement may 

occur at varying micro-timescales (e.g., days). For example, one study found that midlife adults 

who reported greater positive affect during fruit and vegetable consumption on a given day 

predicted next-day fruit and vegetable consumption (Fredrickson et al., 2020). Fruit and 

vegetable consumption is recommended daily which is different than the recommendations for 

physical activity as current physical activity recommendations specify total weekly volume of 

physical activity and therefore may not need to occur daily to achieve recommended levels. 

However, there is some emerging evidence that the association between affect and future 

behavior engagement may occur on other micro-timescales (e.g., within-day) as one study 

found that greater positive affect in the morning predicted greater physical activity participation 

throughout the rest of the day (Emerson et al., 2018). Because physical activity 

recommendations only suggest, but do not require, that physical activity be accrued across 

most days of the week (Physical Activity Guidelines Advisory Committee, 2018) it is unclear 

whether affective response during physical activity on a given day would necessarily predict 

physical activity the following day. While previous affect and physical activity relations are 

examined across different operationalizations of micro-timescales, previous work does suggest 

the likelihood of the association between affective responses and future physical activity 
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participation unfolding across days (i.e., micro-timescales; e.g., Emerson et al., 2018; 

Fredrickson et al., 2020). Days are a natural unit of time in which theories and interventions may 

be able to target for health behavior engagement rather than more sporadically promoting 

across a week period. Additionally, specifying the timescale of the Exercise-Affect-Adherence 

pathway have important implications for how to best promote physical activity engagement. 

Together, theory and emerging evidence underscore the likelihood that the affect-physical 

activity link exists on micro-timescales; however, more rigorous investigations are warranted. 

Investigating the relation on micro-timescales is important as physical activity participation is 

recommended across multiple days per week, therefore, the need to understand how affect can 

be used to promote future physical activity likely has a greater impact from day-to-day (i.e., 

micro-timescale) than across months (i.e., macro-timescale). 

Purpose and Aims 

The purpose of the dissertation was to examine affective responses during physical 

activity and model how those affective responses predict next day physical activity behaviors to 

enhance emerging adults’ short- and long-term mental and physical health benefits. There are 

two aims of this study: (Aim 1) to determine the extent of change in affective responses during 

MVPA, and (Aim 2) to determine the extent to which EMA-derived affective responses during 

MVPA predicts future minutes of MVPA the following day. 

The first aim of the dissertation seeks to determine the extent of change in affective 

responses during MVPA in real-time and real-world settings to inform the first pathway in the 

Exercise-Affect-Adherence pathway. To accomplish the first aim, accelerometers (i.e., move3 or 

move4) triggered a CS-EMA prompt to capture affective responses after an individual has 

engaged in ³10 minutes of physical activity at 3.0 metabolic equivalents (METs) or higher (i.e., 

MVPA; Ainsworth et al., 2000). The triggered CS-EMA prompting schedule also allows for <2 

minutes out of the ³10 minutes to be below the 3.0 MET mark. METs, or metabolic equivalents, 
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is a measurement of energy expenditure that is defined by the ratio of metabolic rate at work 

compared to a metabolic rate at rest and is a common measurement standard for classifying 

intensities of physical activity (Ainsworth et al., 2000). Utilizing a triggered CS-EMA prompting 

schedule helps to ensure that bouts of physical activity are adequately captured, and affective 

responses are captured during the behavior, thus overcoming current limitations of EMA 

investigations. It was hypothesized that physical activity at a self-selected intensity, at or above 

3.0 METs for ³10 minutes with <2 minutes below the 3.0 MET limit, will lead to more 

pleasurable affect (i.e., increased positive affect and feelings of energy, decreased negative 

affect and feelings of fatigue) compared to an individual’s typical level of affect. 

The second aim of the dissertation seeks to determine the extent to which EMA-derived 

affective responses during MVPA predicts future minutes of MVPA on the following day to 

inform the second pathway in the Exercise-Affect-Adherence pathway. To accomplish the 

second aim, the average difference between EMA derived affective responses during physical 

activity and affect from non-physical activity occasions (from Aim 1) predicted the minutes of 

MVPA on the following day. Daily minutes of MVPA was captured using accelerometers (i.e., 

move3 or move4). Predicting physical activity participation on micro-timescales, rather than 

macro-timescales provides valuable information about how to promote physical activity in 

meaningful increments (e.g., days) for health promotion and resemble the hypothesized 

proximal time frame, thus overcoming limitations of recent investigations. It is hypothesized that 

more pleasurable affective changes (i.e., increased positive affect and feelings of energy, 

decreased negative affect and feelings of fatigue) during physical activity compared to non-

physical activity occasions will positively predict overall minutes of MVPA on the following day. 

The dissertation holds methodological, theoretical, and practical implications for the 

promotion of physical activity in emerging adulthood. Methodologically, the dissertation 

overcomes limitations of previous laboratory and EMA work by capturing more rare bouts of 

MVPA with the use of CS-EMA prompts triggered via accelerometers to provide a nuanced 
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understanding of affective responses during physical activity in real-world settings. This 

dissertation also advances current theory by assessing affective responses to promote future 

physical activity across micro-timescales which more closely aligns with the physical activity 

recommendations compared to examinations across macro-timescales. Lastly, the dissertation 

has important practical implications as elucidating how to structure physical activity 

recommendations for the greatest affective responses during physical activity will likely lead to 

continued participation and overall health benefits for emerging adults. 
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CHAPTER II: REVIEW OF THE LITERATURE 

The purpose of the dissertation was to elucidate the Exercise-Affect-Adherence pathway 

by utilizing accelerometry and Ecological Momentary Assessment (EMA) to (1) to determine the 

extent of change in affective responses during moderate-to vigorous-intensity physical activity 

(MVPA) and (2) to determine the extent to which EMA-derived affective responses during MVPA 

predicts future minutes of MVPA the following day. Clarifying both pathways of the Exercise-

Affect-Adherence pathway holds important health promotion implications for at-risk emerging 

adults. 

Physical Activity Participation in Emerging Adulthood 

Physical activity has numerous mental and physical health benefits (Physical Activity 

Guidelines Advisory Committee, 2018). Despite the benefits, only 28% of emerging adults (aged 

18-29) meet the recommended levels of MVPA (Arnett, 2000; Poobalan et al., 2012; Tanner & 

Arnett, 2016). MVPA is the recommended intensity of the physical activity guidelines due to the 

evidence which shows this intensity range has the greatest health benefit (Physical Activity 

Guidelines Advisory Committee, 2018). MVPA decreases throughout the lifespan, and in 

particular, decreases in emerging adulthood as individual’s transition from adolescence to 

adulthood (Corder et al., 2019; Hayes et al., 2019; Troiano et al., 2008). The low rates of MVPA 

and further declines in MVPA throughout the lifespan place emerging adults at-risk for 

immediate mental health detriments and delayed physical health consequences (Corder et al., 

2019; Hayes et al., 2019; Physical Activity Guidelines Advisory Committee, 2018). Determining 

the psychosocial factors that can help to increase MVPA participation and curb the decline have 

important implications for immediate and prolonged health and well-being. 

Emerging Adulthood and Related Health Consequences 

Emerging adulthood is marked by the transition from adolescence into adulthood and is 

typically referred to as ages 18-29 (Arnett, 2000; Tanner & Arnett, 2016). The prolonged 
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transition into adulthood has been theorized by the Theory of Emerging Adulthood to have 

several key themes. While these themes are not unique to individuals transitioning into 

adulthood, they collectively and distinctively relate specifically to emerging adults (Arnett, 2015). 

This collection of distinct themes of emerging adulthood have been linked to maladaptive health 

consequences and warrant targeted health promotion efforts. 

Identity exploration is the first theme of emerging adulthood and is characterized as a 

period of experimenting with various life possibilities especially in the domains of ideologies, 

career, and love relationships (Erikson, 1993). Traditionally, identify exploration has been tied to 

adolescent years, however, as the transition period increased, identity exploration too has 

increased to span into emerging adulthood (S. J. Schwartz et al., 2014). Identity exploration has 

several health consequences, for example, uncertainty in one’s identity has been linked to 

feelings of depression, anxiety, and overall decreased psychological well-being (Arnett et al., 

2014; Samuolis et al., 2015; S. J. Schwartz et al., 2014). As the period of identity exploration is 

prolonged, so too is the possibility of experiencing worsened health. Physical activity can reduce 

risk and symptoms of maladaptive mental health consequences (e.g., depression, anxiety; 

Rebar et al., 2015). Therefore, physical activity promotion during the transition into adulthood is 

imperative to help individuals cope with the maladaptive side effects of identify exploration in 

emerging adulthood. 

The second theme is experiencing instability in jobs/careers, relationships, residence, 

and finances, for example, which underline the core features of uncertainty during the transition 

period of emerging adulthood (Arnett, 2015). Individuals aged 18-29 experience more job 

changes than any other period during the lifespan (U.S. Bureau of Labor Statistics., 2019). 

Related to identity exploration, romantic and platonic relationships change across time with new 

social networks (Barry et al., 2016). Further, transitioning into adulthood is also marked by 

changes in residence from their adolescent home and financial instability through work and 

limited financial independence (Arnett, 2015; Vosylis & Klimstra, 2020). Importantly, this 
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instability is not always chosen, for example, a romantic partner ending a relationship, losing a 

seasonal job, or changing residences at the end of a school semester (Reifman et al., 2007). 

Together, instability in emerging adulthood has been linked to worsened life satisfaction and 

overall mental health (Howard et al., 2010). Physical activity participation has been correlated 

with greater life satisfaction and improved mental health (Grant et al., 2009; Rebar et al., 2015). 

Therefore, promoting physical activity during emerging adulthood may help to alleviate negative 

mental and physical health symptoms because of life instability. 

The third theme focuses on how emerging adults may feel ‘in-between’ adolescence and 

adulthood and may struggle with not identifying as a younger version of themselves yet not 

identifying as an adult either (Arnett, 2015). Feeling in-between and substance abuse in 

emerging adulthood have been positively correlated (Bergman et al., 2016). Physical activity 

has shown to be an effective preventative tool (i.e., decreased substance abuse risk) and 

enhance traditional treatment interventions (Bardo & Compton, 2015). As emerging adults feel 

in-between, and therefore susceptible to negative health effects, understanding the 

psychosocial factors that influence physical activity participation may help to promote healthy 

coping behaviors in the short-term along with delayed long-term health benefits. 

Theme four highlights the increase in self-focus among emerging adults which includes 

experiencing new responsibilities alongside their new independence (Arnett, 2015). During this 

time, emerging adults have obligations (e.g., work, school) but the demand and strength of the 

obligation might be different than those later in life (e.g., family, financial, career), thus, allowing 

for greater autonomy in daily routines and schedule. Further, emerging adults may still have ties 

to their parental figures yet, parental figures may not have the same influence as in 

adolescence. Navigating new responsibilities and obligations allows for greater flexibility in 

leisure-time activities and may be partially responsible for the decrease physical activity time 

and increase sedentary time in emerging adulthood (Nelson et al., 2008). As emerging adults’ 

daily and long-term responsibilities evolve, physical activity promotion efforts should target this 
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time to not only enhance immediate health behaviors but also develop long-term health 

behaviors throughout life (Nelson et al., 2008). 

Optimism is the fifth theme, and final theme, of emerging adulthood where many 

individuals report feeling optimistic about the future and feel the opportunity to create the life 

they want to live (Lapsley & Hill, 2010). Optimism is likely a benefit for some emerging adults as 

they navigate the transition into adulthood yet, for some the discrepancy between optimism and 

reality may be difficult. This discrepancy in optimism and reality is not unique to emerging 

adulthood as it is seen throughout adolescence as well. However, the resources to cope with 

the discrepancy in emerging adulthood (e.g., social support) might be more limited thus leading 

to an increased risk of depression and/or anxiety (Arnett et al., 2014). Additionally, the optimism 

may lead some to experience anxiety in the pursuit of lofty goals set for themselves (Arnett et 

al., 2014). Physical activity can help emerging adults cope with the negative side effects (e.g., 

depression, anxiety) from unfulfilled optimism and/or demanding self-set goals (Rebar et al., 

2015). 

As the transition into adulthood has increased in time, the experiences and exploration 

of individuals can be distinctively related to a life stage known as emerging adulthood (Arnett, 

2015). This life stage has received attention as a critical period to promote healthy behaviors to 

reduce immediate health risks (e.g., mental health) but to also promote life-long health 

behaviors for the reduction of physiological symptoms (e.g., cardiovascular disease; Barlett et 

al., 2020; Wood et al., 2018). Therefore, determining the psychosocial factors that influence 

physical activity participation during emerging adulthood and beyond can likely lead to more 

effective interventions, and ultimately, improved health and well-being across the lifespan. 

Affect, Hedonic Theories, and Physical Activity 

Theories of physical activity promotion have largely focused on cognitive tenets (e.g., 

Theory of Planned Behavior) which place the greatest importance on rational thought regarding 

decisions to be physically active (e.g., intentions to be active; Ajzen, 2015). However, popular 
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physical activity theories have been heavily criticized due to the reliance on rational thought 

(Rhodes et al., 2019). Especially, due to the discrepancy between rational thought and behavior 

(McEachan et al., 2011; Ntoumanis et al., 2021; Plotnikoff et al., 2013; Prestwich et al., 2014). 

For example, The Theory of Planned Behavior posits that intentions to be physically active will 

lead to physical activity behaviors, but this is seldom the case (Rhodes & Bruijn, 2013). 

Consistently, intentions to be physically active have been one of the strongest determinants of 

behavior but still leave over half of the variance in the behavior unexplained (Rhodes & Bruijn, 

2013). Given that the most widely utilized physical activity theories have a small effect on 

increasing physical activity participation, new considerations are needed that move beyond 

rational thought determinants (Ekkekakis & Zenko, 2016). Focusing on affect, which 

encompasses non-rational thought, and relies on individuals’ feeling states (e.g., affect, 

emotion, mood) is likely a promising avenue for health promotion (Ekkekakis & Zenko, 2016). 

Affect and Physical Activity 

Affect is the subjective interpretations of emotions that vary in both valence (i.e., 

pleasure, displeasure) and activation/arousal (i.e., low, high; Russell, 1980). Affect can be 

decomposed into two main components: valence and activation/arousal which are orthogonal 

dimensions (Posner et al., 2005; Russell, 1980). The Circumplex Model of Affect can help to 

organize the two independent dimensions of valence and activation/arousal to better understand 

complex emotions by mapping affect by both valence (on the x-axis) and activation/arousal (on 

the y-axis) together on a grid (Russell, 1980). Therefore, affective adjectives (e.g., happy, calm) 

can be easily mapped onto the Circumplex Model of Affect to better understand how the two 

neurophysiological underpinnings (i.e., valence, activation/arousal) differ from one affective 

adjective from another (e.g., happy vs. calm). The utility of the Circumplex Model of Affect is 

two-fold, first, the conceptualization that complex emotions (e.g., happy) have two 

neurophysiological underpinnings (i.e., valence, activation/arousal) which help to describe affect 

(Posner et al., 2005; Russell, 1980). Second, the ability to group adjectives into similar 
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categories of emotion (e.g., happy, excited) which may only slightly vary in either valence or 

activation/arousal (Posner et al., 2005; Russell, 1980). The Circumplex Model of Affect is widely 

used to both conceptualize and classify affect in both general psychology and within the 

physical activity literature (Ekkekakis, 2013; Evmenenko & Teixeira, 2020; Posner et al., 2005).  

Within the Circumplex Model of Affect framework, affect has been typically decomposed 

into both positive and negative affect which classifies affect by valence rather than by 

activation/arousal (Ekkekakis, 2013). Physical activity inherently increases arousal (e.g., heart 

rate) and therefore, the classification of affect by valence can capture shifts in affect rather than 

classifying by activation/arousal (Ekkekakis, 2013). The assessment of affect with physical 

activity has been to create composite scores which are derived from combining scores of 

affective adjectives (e.g., happy, sad) to represent both positive and negative affect. Positive 

affect has been captured by asking participants to report, for example, how happy, cheerful, 

calm, and relaxed they were feeling (Dunton et al., 2014, 2015, 2018; Hevel et al., 2020; Liao et 

al., 2017b). Then, based on internal consistencies of positive affect adjectives, studies have 

combined adjectives of positive affect (e.g., happy, cheerful, calm, relaxed) into a single 

composite score (Dunton et al., 2014, 2015, 2018; Hevel et al., 2020; Liao et al., 2017b). These 

procedures mirror those used for negative affective adjectives (e.g., sad, anxious, stressed, 

angry). Assessing affective adjectives in relation to physical activity align with the Circumplex 

Model of Affect by capturing the two dimensions of valence and activation/arousal (Posner et 

al., 2005). 

Related to the Circumplex Model of Affect, feelings of energy and fatigue have received 

specialized attention given the distinctiveness of their relation to health behaviors like physical 

activity (Loy et al., 2013, 2018). Feelings of energy and fatigue are hypothesized to have 

physiologic origins that may capture sensory experiences (Liao et al., 2015; Loy et al., 2018). 

Further, it is hypothesized that feelings of energy and fatigue are separate states that likely have 

separate neurophysiology as the associations of these states in relation to the same health 
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behaviors (e.g., physical activity) are not direct opposites (Loy et al., 2013, 2018). In several 

studies, feelings of energy have shown distinctive patterns beyond the differences in other 

positive affective adjectives (e.g., happy, excited) in relation to physical activity (Hevel et al., 

2020; Liao et al., 2015, 2017b). Some conceptualizations of affect include feelings of energy in 

the broader positive affect domain while classifying feelings of fatigue in the negative affect 

domain (Thayer, 1986). It is not explicitly clear how positive and negative affect differ from 

feelings of energy and fatigue, yet given the hypothesized difference in neurophysiologic origins, 

the distinct relation to health behaviors, and the existing literature which examines feelings of 

energy and fatigue as separated states compared to positive and negative affect, it is likely 

beneficial to elucidate these states as separate in their relation to physical activity. For 

consistent nomenclature purposes, the term affect will encompass domains of positive and 

negative affect and feelings of energy and fatigue. Investigating the relations of affect (i.e., 

positive and negative, feelings of energy and fatigue) and physical activity have important 

mental and physical health benefit implications (Rhodes & Kates, 2015; Williams et al., 2018). 

Hedonic Theories and Physical Activity 

Hedonic theories are based on the principle that individuals will engage in behaviors that 

feel more pleasurable (i.e., increases in positive affect and feelings of energy, decreases in 

negative affect and feelings of fatigue) and avoid behaviors that make them feel less 

pleasurable (Kahneman et al., 1999; Williams et al., 2018). This basic premise has been related 

to human behaviors and more specifically to health behaviors like physical activity (Williams, 

2019). The Theory of Hedonic Motivation helps to frame how immediate hedonic responses 

during a behavior (e.g., feeling happier during physical activity) is related to hedonic motivation 

(e.g., the desire to engage in physical activity in the future; Williams et al., 2018). Related to the 

Incentive Salience Theory, hedonic responses during a behavior (e.g., physical activity) create a 

neurobiological signal of ‘liking’ if the behavior is pleasurable and ‘disliking’ if the behavior is not 

pleasurable (Williams et al., 2018). It is important to note that the terms ‘liking’, and ‘disliking’ 
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are complex neurobiological processes rather than the feeling of simply liking or disliking the 

behavior, thus the quotes are added to emphasize the specific hypothesized processes. In 

relation to physical activity, the hedonic response of ‘liking’ or ‘disliking’ is most likely influenced 

by the intensity of the physical activity, where lower intensities may be more likely to create a 

hedonic response of ‘liking’ during the behavior (i.e., feeling less pleasurable; Ekkekakis et al., 

2011; Williams et al., 2018). In turn, hedonic responses during a behavior create hedonic 

motivation to participate in the behavior again in the future or the neurobiologically based 

‘desire’ or ‘dread’ for the behavior (Williams et al., 2018). Again, ‘desire’ and ‘dread’ are 

terminology for specific hypothesized neurobiological processes rather than the simple feeling of 

desire or dread and thus are quoted to emphasize the difference. For example, if an individual 

engages physical activity and experiences a process of ‘liking’, it is most likely that they will 

‘desire’ the physical activity behavior in the future. Further, it is hypothesized that people do not 

actually seek pleasurable opportunities but rather behaviors that invoke neurobiological ‘desire’ 

that then lead to immediate hedonic responses of pleasure or the neurobiological process of 

‘liking’ (Williams et al., 2018). While the Theory of Hedonic Motivation is consistent with 

Incentive Salience Theory which are based on neurobiological underpinnings, it is not explicitly 

clear how the neurobiological process unfolds (Lee et al., 2016; Williams, 2008; Williams et al., 

2018). Still, the hypothesized pathway has been supported for how hedonic responses (i.e., 

‘liking’, ‘disliking’) lead to hedonic motivation (i.e., ‘desire’, ‘dread’) as posited in the Exercise-

Affect-Adherence pathway (Lee et al., 2016; Williams et al., 2008, 2018). Ultimately the Theory 

of Hedonic Motivation helps to specify how affective responses can lead to future physical 

activity participation.  

Built on the Theory of Hedonic Motivation, the Exercise-Affect-Adherence pathway (see 

Figure 1) is a dyadic relationship between: (A) how physical activity influences affective 

responses and (B) how affective responses during physical activity lead to future participation 

(i.e., adherence; Lee et al., 2016; Williams, 2008). This pathway model helps to organize 
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physical activity-affect relations for health promotion. Each pathway has theoretical backings 

which need to be considered to better enhance the utility of the pathway. Intensity is a major 

consideration for how physical activity can lead to more pleasurable affective responses during 

the behavior (i.e., the first pathway; Ekkekakis et al., 2011; Lee et al., 2016; Williams, 2008). 

The Dual-Mode Model helps to contextualize how the intensity of physical activity leads to 

changes in affect responses during the behavior (Ekkekakis et al., 2005). The Dual-Mode Model 

posits that the influence of intensity on affective responses is based on ventilatory threshold 

(VT). Specifically, individuals are more likely to experience uniformly more pleasurable affective 

responses below their VT, heterogeneity in individual’s affective responses approaching, but not 

exceeding, their VT, and uniformly unpleasurable affective responses when the VT is exceeded. 

VT is the point in which the body creates more lactic acid than what can be cleared, thus it is 

hypothesized that the body creates a neurobiological signal (i.e., ‘disliking’) to cease the 

behavior as a protective mechanism to prevent from adverse effects (e.g., exhaustion; 

Ekkekakis et al., 2005; Palange et al., 2006; Williams, 2008). Intensities below and above the 

VT demonstrate uniformity across individuals due to the hypothesized interoceptive factors 

(e.g., ventilatory drive) which share universal neurobiological processes (Ekkekakis et al., 

2005). However, intensities approaching, but not exceeding, VT show heterogeneity in affective 

responses and are likely dependent on cognitive factors (e.g., attitudes, intentions; Ekkekakis et 

al., 2005). A review of laboratory studies found that affective responses during various 

intensities of physical activity follow the Dual-Mode Model’s VT-affect relation (Ekkekakis et al., 

2011). Thus, based on the Dual-Mode Model, the intensity appears to be the primary driver of 

more pleasurable affective responses during physical activity (Ekkekakis et al., 2011). Together, 

the Dual-Mode Model helps to provide a framework for how physical activity influences affective 

responses during the behavior in the first pathway of the Exercise-Affect-Adherence Pathway. 

The temporality of the affective assessment and physical activity have important 

implications for future participation (i.e., the second pathway in the Exercise-Affect-Adherence 
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pathway; Rhodes & Kates, 2015; Williams et al., 2018). There is a large body of research which 

examines affective responses after a bout of physical activity (Reed & Ones, 2006). Yet, based 

on the Theory of Hedonic Motivation, affective responses during physical activity have important 

neurobiological implications (i.e., ‘liking’, ‘disliking’) which are associated in real-time rather than 

a feeling state that occurs after a behavior has ceased (Williams et al., 2018). The importance of 

affective responses captured during the behavior have ties to operant conditioning which posits 

that more distal affective responses (i.e., after physical activity) would be less predictive of 

future physical activity than proximal affective responses to activity (i.e., during physical activity; 

Hall, 1976; Rhodes & Kates, 2015). In further support of this consideration, the Dual-Mode 

Model focuses on affective responses during physical activity as affective responses after a 

bout of physical activity typically rebound and are more pleasurable regardless of the intensity 

(Ekkekakis et al., 2011). Thus, assessing affective responses during physical activity have 

important theoretical backings for the second pathway of the Exercise-Affect-Adherence. 

Laboratory Investigations of the Exercise-Affect-Adherence Pathway 

Early investigations of the two dyadic pathways of the Exercise-Affect-Adherence 

pathway have largely occurred inside of laboratories. There is a large body of literature that has 

examined how affective responses shift from pre- to post-physical activity (Ekkekakis et al., 

2011; Reed & Ones, 2006). However, this methodology has received criticism mainly because 

assessing affect before and after a bout of physical activity fails to capture shifts in affect during 

the bout which are important for the link in future physical activity (Ekkekakis, 2013; Rhodes & 

Kates, 2015). Studies investigating affective responses during a bout of physical activity are 

better suited to better understand how the Dual-Mode Model can lead to pleasurable affective 

responses (Ekkekakis et al., 2011). Across different modalities of physical activity, different 

physical activity intensities (i.e., prescribed, self-selected), changing vs. constant workloads, 

and various levels of physical activity status, the Dual-Mode Model shows that as the intensity 

increases above VT, affective responses during physical activity leads to less pleasurable affect 
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(Ekkekakis et al., 2004, 2005, 2011; Hall et al., 2002). When physical activity intensities are kept 

below individuals’ VT, there is more uniformly pleasurable affective response during the bout 

(Bixby et al., 2001; Ekkekakis et al., 2008; Parfitt et al., 2006; Rose & Parfitt, 2007). Lastly, there 

is heterogeneity in affective responses during physical activity that is near, but not exceeding 

individuals’ VT (Backhouse et al., 2007; Ekkekakis et al., 2004; Parfitt et al., 2006; Rose & 

Parfitt, 2010; Van Landuyt et al., 2000; Welch et al., 2007). This variability in affective responses 

during physical activity near or at individual’s VT is likely due to motivational factors that might 

influence the relation (Ekkekakis et al., 2005, 2011). For example, one study found that for 

adolescents categorized as having a high sensitivity to rewards experienced greater pleasurable 

affective responses during physical activity at their VT compared to adolescences categorized 

as having a low sensitivity to rewards (Schneider & Graham, 2009). Altogether, affective 

responses during physical activity follow the Dual-Mode Model and when intensities are below 

an individual’s VT, or in some cases near or at VT, can lead to more pleasurable affective 

responses.  

Across different measures of affect and physical activity intensities, there is early support 

for the feasibility of the second pathway in the Exercise-Affect-Adherence pathway to predict 

future physical activity based on evidence from laboratory studies (Kwan & Bryan, 2010; 

Williams et al., 2008, 2012). For example, Williams et al. (2008) found that in a sample of 

healthy but low-fit adults, a single bout of moderate-intensity physical activity yielded more 

pleasurable affect (i.e., aggregated ratings of valence). In turn, more pleasurable affective 

responses during physical activity predicted minutes of self-reported MVPA 6 and 12 months 

later. Williams et al. (2008) concluded that for every one-unit increase in affective responses 

during physical activity led to an increase of 38 minutes of MVPA at 6 months and 41 minutes of 

MVPA at 12 months from baseline physical activity. It seems that laboratory investigations 

support the Exercise-Affect-Adherence pathway and demonstrate promising evidence that 
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affective responses during physical activity can help to promote future physical activity 

participation.  

Together, laboratory evidence has shown that physical activity at intensities below VT, or 

in some cases near or at VT, lead to more pleasurable affective responses during the behavior. 

Subsequently, more pleasurable affective responses during physical activity have been shown 

to lead to increased physical activity participation months later. While the laboratory evidence is 

promising for both pathways in the Exercise-Affect-Adherence pathway, the associations 

observed in laboratories and from few occurrences of physical activity likely do not demonstrate 

the relation in real-world settings and across repeated behaviors. Overcoming limitations of 

laboratory investigations can help to better inform how to promote physical activity participation 

for the mental and physical health benefits in everyday life. 

Limitations of Laboratory Investigations of the Exercise-Affect-Adherence Pathway 

Studies in laboratory settings have demonstrated support for the Exercise-Affect-

Adherence pathway; however, these studies are not without limitations. Previous laboratory 

studies have relied on the association observed after a bout of physical activity at a prescribed 

intensity. For example, some studies have prescribed moderate-intensity physical activity (i.e., 

running) based on a graded exercise test (Kwan & Bryan, 2010; Williams et al., 2008). As the 

Dual-Mode Model suggests, the intensity of physical activity have important implications for 

affective responses during physical activity, and thus future physical activity participation 

(Ekkekakis et al., 2011). While the Dual-Mode Model uses VT as a reference point, VT likely 

does not always relate to the moderate-intensity. For some individuals VT might be surpassed 

in the moderate-intensity category while for others they might not approach or reach their VT in 

moderate-intensity physical activity (Palange et al., 2006; Williams, 2008). Ultimately, 

prescribing the intensity of physical activity based on moderate-intensity, rather than based on 

their VT may obscure the relation of the Exercise-Affect-Adherence pathway as posited by the 

Dual-Mode Model (Ekkekakis et al., 2005). 
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Other laboratory studies have attempted to address the issue of prescribed intensity by 

allowing more choice in the physical activity intensity. For instance, one study increased the 

intensity of a treadmill to 3mph and then allowed participants to adjust the intensity (i.e., mph) 

but did not allow individuals to exceed 4mph and did not use data from those who lowered the 

intensity to less than 2.5mph (Williams et al., 2012). The range of walking intensity was chosen 

to represent a moderate-intensity physical activity bout which would be equivalent to 3-5 METs 

(Ainsworth et al., 2000). This protocol is partially consistent with increased evidence that self-

paced exercise intensities are related with more pleasurable affective responses (Williams, 

2008). When studies have allowed for individuals to self-select the intensity of their exercise, 

they have both (A) approached their VT, but not exceeded, and (B) reported more pleasurable 

responses during physical activity compared to prescribed bouts of moderate-intensity physical 

activity (Ekkekakis et al., 2006; Rose & Parfitt, 2010). However, the modality of the physical 

activity bouts was prescribed in these laboratory studies (i.e., running, walking). While walking is 

a common form of physical activity, one study demonstrated that when individuals have a 

choice in their physical activity modality, they experienced more pleasurable affective responses 

during exercise compared to imposed modalities (Daley & Maynard, 2003; Parfitt & Gledhill, 

2004). Together, when individuals self-select the intensity of their physical activity and the 

modality, it can influence their affective responses during physical activity. Previous 

examinations of the Exercise-Affect-Adherence pathway have by-in-large restricted the intensity 

and modality, likely attenuating the utility of the pathway for physical activity prescription and 

overall health benefits.  

In addition to potential limitations resulting from prescribing physical activity intensity and 

modality, another limitation of previous research is that current associations are based on a few 

bouts of physical activity (i.e., one or two) rather than repeated occurrences (Kwan & Bryan, 

2010; Williams et al., 2008, 2012). Physical activity is a repeat occurrence behavior and the 

current physical activity recommendations call for participation across most of the days of the 
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week (Physical Activity Guidelines Advisory Committee, 2018). There is a wealth of evidence 

which repeatedly examines affective responses after a bout of physical activity across multiple 

observations/weeks, yet affective responses after a bout of physical activity have not been 

associated with future physical activity and do not align with the hypothesized association of the 

Exercise-Affect-Adherence pathway (Lee et al., 2016; Rhodes & Kates, 2015; Williams, 2008). 

Limited measures of affective responses during few bouts of physical activity likely to not 

represent how the association unfolds across time and addressing this limitation in future work 

is consistent with calls in previous research (Rhodes & Kates, 2015; Williams et al., 2016).  

Ecological Momentary Assessment (EMA) Methodologies 

Ecological Momentary Assessment (EMA) is an intensive longitudinal data capture 

strategy which repeatedly assesses phenomena of interest (e.g., affect, physical activity) across 

time and captures the phenomena in real-time and real-world settings (Shiffman et al., 2008). 

EMA methodologies have utilized accelerometry and smartphone based questionnaires (i.e., 

EMA prompts) to assess physical activity and affect, respectively (Dunton, 2018).  

Overcoming Laboratory Limitations with EMA 

The use of EMA methodologies to investigate the Exercise-Affect-Adherence pathway 

have several advantages that can overcome limitations of laboratory studies. First, laboratory 

studies alter the environment in which participants interact in and thus have the potential to 

fundamentally alter affective responses (Gunes et al., 2008). The laboratory environment likely 

includes a physical environment that is novel to the participant, machinery (e.g., treadmills) that 

are unfamiliar to the participant, and researchers that may be unfamiliar and/or influence their 

general affect (i.e., incidental affect). These novel elements of the environment may not change 

aspects of the physical activity but rather participants’ affect before and/or during the bout 

(Gunes et al., 2008). It is likely that individuals differ in their emotional response based on their 

ability to regulate or adapt their affect/emotions to new environments and vary in their affective 

responses during physical activity in the controlled setting (Russell & Lanius, 1984). Further, the 
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researcher’s emotions, demeanor, and/or expressions likely have the ability to alter affective 

responses before, during, and after a bout of physical activity (Gunes et al., 2008). Given the 

complex origins of affect, face and/or body expressions of the researcher(s) may inadvertently 

have an impact on general affect and thus altering the results observed (Gelder et al., 2015; 

Russell, 1980). Together, it is likely that the controlled laboratory settings alter elements of basic 

affect compared to observations in real-world settings, but EMA methodologies can overcome 

this limitation by observing affective response as they unfold in real-time and real-world contexts 

for individuals.  

Laboratory studies have largely constrained the intensity of physical activity which has 

important implications in affective responses according to the Dual-Mode Model (Ekkekakis et 

al., 2005, 2011). Self-selected physical activity is more likely to lead to more pleasurable 

affective responses during physical activity and is therefore, the recommended method of 

selecting intensity to increase pleasurable responses (Williams, 2008). Yet, self-selecting a 

physical activity intensity in a laboratory setting likely still does not replicate self-selected 

intensities in real-world settings. For example, even when autonomy in physical activity intensity 

is provided (e.g., Williams et al., 2012), it is possible that individuals experience social 

desirability and/or social approval and thus, feel obligated to engage in a particular intensity that 

may differ from what they would select in natural settings. Social desirability and social approval 

represent the idea that participants would desire or seek approval to be seen as more physically 

active/fit than they might actually be (Adams et al., 2005). In the presence of research staff, 

participants may engage in an intensity that is higher than they would typically engage in to 

appear more physically active/fit. EMA methodologies can overcome laboratory limitations and 

allow individuals to self-select their physical activity intensity in naturalistic, real-world setting, 

and capture affective responses in real-time. 

The modality of physical activity has been largely constrained in laboratory studies 

investigating the Exercise-Affect-Adherence pathway (Ekkekakis et al., 2011). Providing 
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autonomy in physical activity modality in laboratory studies has been shown to increase 

pleasurable affective responses during the bout compared to when the modality is constrained 

(Daley & Maynard, 2003; Parfitt & Gledhill, 2004). It is possible that the act of allowing 

participants to choose their physical activity modality, rather than the opportunity of choice in 

everyday life, may activate dopaminergic reward mechanisms and increase more pleasurable 

affective responses (Leotti et al., 2010; Rose et al., 2014). When researchers actively provide 

participants with a choice in the physical activity modality, the effects are likely dissimilar to the 

choice processes that occur in the real-world and may artificially alter affective responses. But 

EMA methodologies can capture affective responses during physical activity across modalities 

that are derived from the individual in real-world settings. 

Limited observations of the physical activity-affect link that have occurred within 

laboratory-based studies likely does not best represent the association that unfolds repeatedly 

across time. Laboratory evidence has been able to examine both (1) how individuals vary from 

one another and (2) how individuals vary across different conditions (e.g., various physical 

activity intensities) in their affective responses during physical activity (Ekkekakis et al., 2011; 

Reed & Ones, 2006; Rhodes & Kates, 2015). Unlike laboratory investigations that have 

examined differences in individual responses across conditions, repeated assessments via EMA 

methodologies can better elucidate how affective responses change across more or less active 

occasions within individuals across time (Dunton, 2018). Investigating occasion-based 

differences across repeated behaviors can understand (1) how physical activity leads to 

occasion-based deviations in individual’s typical level of affect, compared to non-physically 

active occasions, and (2) how the occasion-based deviations in affective response during 

physical activity, compared to non-physically active, predicts future physical activity. 

Inadequately considering how occasions of physical activity alters affective responses in 

everyday life, compared to non-physical activity, across time precludes the effectiveness of the 
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Exercise-Affect-Adherence pathway to promote repeated occasions of physical activity and the 

accrual of health benefits.  

EMA Investigations of the Exercise-Affect-Adherence Pathway 

EMA has been used to overcome limitations of laboratory research (e.g., controlled 

environment) to better understand the Exercise-Affect-Adherence pathway. For example, one 

investigation used a random EMA prompting schedule (i.e., an EMA prompt that occurs 

randomly within a pre-demined time window), with 8 EMA prompts/day for a 4-day monitoring 

period, to capture adults’ affective responses during self-reported physical activity and 

subsequently predicted accelerometer derived MVPA 6 and 12 months later (Liao et al., 2017b). 

Results revealed that (a) greater feelings of energy during physical activity, compared to 

feelings of energy during non-physical activity, predicted greater MVPA time 6 and 12 months 

later, (b) increased negative affect (i.e., composite score of the feelings of anxious, stressed, 

depressed, and angry) during physical activity, compared to negative affect during non-physical 

activity, led to decreased MVPA time 6, but not 12, months later, and (c) neither positive affect 

(i.e., composite score of the feelings of happy, cheerful, calm, and relaxed) nor feelings of 

fatigue predicted future MVPA time months later. The association between feelings of energy 

and physical activity increasingly demonstrate a strong and consistent pattern (Hevel et al., 

2020; Liao et al., 2015; Loy et al., 2013, 2018). These findings suggest the need to investigate 

feelings of energy as independent states provided the differing association from other affective 

states (e.g., positive affect). Given the low average ratings of negative affect (M = 1.40) on a 1-4 

scale, it is also possible that the measure experienced floor effects and were unable to 

determine how lowered negative affect (i.e., more pleasurable affect) during physical activity 

leads to future physical activity participation. Lastly, as the author’s note, it is not clear why more 

pleasurable positive affect and feelings of fatigue were unrelated with future physical activity 

participation. There are a few limitations to this study which likely provides an explanation to the 

null results and the advancement of the Exercise-Affect-Adherence pathway. However, this is 
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one of the few studies to examine this pathway and the results are promising but need 

refinement. 

In partial support for the Exercise-Affect-Adherence pathway, Liao and colleagues’ 

(2017) study provide evidence in favor of the pathway, yet the results should be interpreted with 

caution due to the small sample size. The associations observed in Liao and colleagues’ (2017) 

study are based on less than 2 observations per person out of the 32 possible observations. 

The association observed in this study, while promising, are based on limited observations with 

a randomly timed EMA prompting schedule (e.g., an EMA questionnaire randomly occurring 

between 8:00-10:00am) which likely does not overcome the limitations of the limited 

occurrences in laboratory studies. In fact, many EMA studies of affect and physical activity have 

relied on random EMA prompting, similar to Liao and colleagues’ (2017) study (see Liao et al., 

2015). Given the paucity of observations of affective responses during physical activity, a 

random EMA prompting schedule is likely not advantageous to capture the association (Liao et 

al., 2015, 2017b).  

Randomly timed EMA prompts (i.e., questionnaires) have captured affective responses 

during self-reported physical activity participation at a single EMA prompt like Liao and 

colleagues’ (2017) study. However, physical activity, especially MVPA, is a rare occurrence 

behavior which may only occur up to a few times per day (Dunton, 2018). Data from a national 

panel suggest that the total unbouted time of MVPA is 18 minutes/day for females and 20 

minutes/day for males in their 20’s (Wolff-Hughes et al., 2015). Together, random EMA 

prompting schedules are likely more inclined to miss bouts of MVPA or general physical activity 

and thus obscure the underlying relation of the Exercise-Affect-Adherence pathway.  

Previous studies have attempted to better capture bouts of physical activity by asking 

participants to self-initiate an EMA prompt before and after a bout of physical activity. For 

example, one study asked participants to self-initiate an EMA prompt at the beginning of their 

prescribed exercise session and self-initiate another EMA prompt after the exercise session has 
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concluded to report affective responses (Guérin et al., 2013). However, this EMA prompting 

schedule is likely unable to reliably capture affective responses during physical activity. Further, 

this method only captures intentional bouts of physical activity as opposed to all bouts of 

physical activity. Asking participants to self-initiate EMA prompts likely fail to adequately capture 

affective responses during all physical activity bouts and thus limit the potential to investigate 

the Exercise-Affect-Adherence pathway.  

A sensor-informed context-sensitive EMA (CS-EMA) prompting schedule is 

advantageous to better inform the Exercise-Affect-Adherence pathway. Generally, CS-EMA 

prompting schedules seek to trigger an EMA prompt after a predefined event has occurred (i.e., 

context-sensitive). In relation to physical activity, CS-EMA prompting could be used to trigger an 

EMA prompt after a predefined physical activity time and intensity is reached (e.g., after 10 

minutes of physical activity at a moderate-to vigorous-intensity). Then, a triggered CS-EMA 

prompt might then ask for participants to report the phenomena of interest (e.g., affect). 

Recently, technology has developed to better link between EMA prompting software and 

sensors (e.g., accelerometers) to inform the EMA prompting schedule. CS-EMA prompting 

schedules are needed to better capture affective responses during all bouts of physical activity 

in real-time and real-world contexts. 

CS-EMA Prompts to Capture Bouts of Physical Activity and Affect 

Prior investigations have inadequately captured bouts of physical activity, thus, clouding 

the association of affective responses during physical activity in real-time and real-world settings 

and the overall potential for the Exercise-Affect-Adherence pathway. One CS-EMA feasibility 

study attempted to overcome prior limitations by prompting adolescents (aged 14-18) to 

respond CS-EMA prompts after 15+ minutes of high-intensity activity followed by 10+ minutes of 

low-intensity activity (Dunton et al., 2016). While this study did not report affective responses, 

the CS-EMA prompting schedule does provide valuable information about the feasibility of 

adequately capturing bouts of physical activity. The activity triggered CS-EMA prompts were 
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statistically more likely to capture bouts of physical activity compared to other random EMA 

prompts. Further, the compliance of responding to CS-EMA prompts were higher (i.e., 87%, on 

average) than compliance with random EMA prompts (i.e., 79%, on average). While this 

feasibility study suggests the utility of using CS-EMA prompting to capture valuable information 

(e.g., affect) after a predefined threshold, the activity thresholds used in this study are likely set 

at an undesirable threshold. Out of the roughly 3,600 total EMA prompt data points participants 

provided, there were only 40 occasions when a CS-EMA prompt triggered after 15+ minutes of 

high-intensity followed by 10+ minutes of low-intensity activity. Further, the intensities that the 

CS-EMA prompts used were not specified and while the intensities matched accelerometers 

worn concurrently with MVPA time, it is unclear how the intensities were operationalized to 

trigger the CS-EMA prompts. Additionally, the CS-EMA prompting schedule would capture 

phenomena of interest (e.g., affect) after the target behavior of physical activity decreased in 

intensity (i.e., 10+ minutes after the high-intensity bout ceased). To better address the Exercise-

Affect-Adherence pathway, affective responses would need to be captured during the target 

behavior rather than after the behavior ceased.  

Asking participants to respond to an EMA prompt has been shown to not statistically 

alter their behavior which is an important consideration in capturing repeated behaviors like 

physical activity. An EMA feasibility study with adults found that their MVPA time in the 15-

minute window before a random EMA prompt did not statistically change their MVPA time in the 

15-minute window after the random EMA prompt (Dunton et al., 2012). This suggests that 

responding to a random EMA prompt, and theoretically a CS-EMA prompt, during physical 

activity likely does not change their overall behavior. Thus, using a CS-EMA prompting schedule 

that could better capture physical activity bouts and affective responses during the behavior 

would yield valuable information for the pathway while not altering their behavior. 

CS-EMA prompts have been used to capture affective responses during a bout of 

physical activity. In the only known study of its kind, older adults received CS-EMA prompts 
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after engaging in 10 minutes of physical activity to capture affective responses (i.e.,  across a 

three day monitoring period; Kanning et al., 2015). Overall, older adults experienced greater 

feelings of energy and calmness, but not more feelings of pleasure, during a bout of physical 

activity. While the conceptualization of affect (i.e., dimensions of tension, energy, and valence) 

differs from more common conceptualizations (i.e., Circumplex Model of Affect; Posner et al., 

2005; Russell, 1980), it is not clear why older adults did not experience greater feelings of 

pleasure during a bout of physical activity. One possible explanation is the operationalization of 

physical activity used in this study as CS-EMA prompts were triggered when participant’s 

acceleration exceeded 100 milli-g/min for 10 minutes. For reference, sitting registers at 10 milli-

g/min and walking registers as 350 milli-g/min (Ebner-Priemer et al., 2013; Kanning et al., 

2015). The average acceleration across the study was 105 milli-g/min, suggesting that the level 

of physical activity needed to trigger CS-EMA prompt was well below MVPA, which is the 

recommended intensity for the greatest health benefits (Kanning et al., 2015; Piercy et al., 

2018). Further, the physical activity threshold was adaptive, meaning that the acceleration of 

physical activity needed to trigger a CS-EMA prompt individually changed across the three-day 

study. While the adaptive threshold limits participant burden, it seems that the adaptive 

threshold was too low to adequately capture physical activity at an intensity that has the 

greatest health impact (i.e., MVPA; Piercy et al., 2018). It is also likely that the association for 

those engaging in more intense physical activity that would trigger a CS-EMA prompt may be 

driving the association compared to the association in the overall sample given the 

individualized threshold. CS-EMA prompting is feasible, but it is unclear how physical activity 

with the greatest health benefit influences affective responses during the behavior. This is the 

only known investigation utilizing CS-EMA prompts to investigation an aspect of the Exercise-

Affect-Adherence pathway but is limited and provides a partial picture (i.e., only the first 

pathway). 
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The Time Scale of the Exercise-Affect-Adherence Pathway 

Both laboratory and EMA studies suggest the utility of using affective responses during 

limited occurrences of physical activity to predict future physical activity months later (e.g., Liao 

et al., 2017; Williams et al., 2008). However, the association across macro-time scales of 

months likely does not match the hypothesized relation which unfolds across micro-timescales 

(e.g., across days). Based on The Theory of Hedonic Motivation and operant conditioning 

principles, the association of affective responses during physical activity should predict future 

physical activity behaviors more proximally rather than distally (Hall, 1976; Williams et al., 

2018). For example, experiencing more pleasurable affective responses during physical activity 

creates a sense of ‘liking’ which then leads to ‘desire’ but this association is likely built across 

repeated behaviors (Williams et al., 2018). Theoretically, assessing this relation across macro-

time scales likely does not represent the underlying processes of how ‘liking’ leads to ‘desire’ 

but rather the general association. Uncovering the micro-timescale relation likely provides 

nuanced and valuable theoretical information for how to best promote physical activity across 

the recommendation of being physically active across most days of the week.  

In support of the hypothesized micro-timescale relation, one study of healthy, but low-

active, adults sought to examine how recommendations of either a prescribed versus self-

selected intensity physical activity altered affective responses and subsequently predicted future 

physical activity across days (Williams et al., 2016). Participants in a prescribed-intensity or self-

paced intensity condition, were asked to report affect at a self-initiated EMA prompt before, 

every 10 minutes during, and at the conclusion of a walking bout. Results revealed that the self-

selected intensity condition yielded more pleasurable affect than the prescribed moderate-

intensity bout, consistent with the Dual-Model Model and previous evidence (Ekkekakis et al., 

2005; Lee et al., 2016; Williams, 2008). Further, more pleasurable affective responses during 

self-selected intensity walking were associated with increased physical activity duration at their 

next physical activity bout. The analysis used latency measures to predict physical activity 
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across multiple days as their intervention asked participants to engage in one 30–60-minute 

exercise session (i.e., walking) on 5 days of the week. Together, Williams and colleagues 

(2016) show that more pleasurable affective responses during a bout of self-selected intensity of 

walking led to increased physical activity participation across micro-timescales. 

While the Williams and colleagues’ (2016) study provides valuable information about the 

association occurring across micro-timescales, there are still some limitations to their work that 

should be addressed. First, the observed associations are from an intervention study which 

ultimately prescribed both physical activity and intensity. Comparing moderate-intensity physical 

activity versus self-selected intensity is advantageous, yet the self-selected intensity condition 

limited their intensity to a maximum heart rate for safety and therefore likely impacted the 

chosen intensity of the self-selected bout. Second, in the interest of comparing the moderate-

intensity and self-selected intensity groups, the modality was emphasized to be walking. 

Walking is a common form of exercise that can be done by most, however, constraining the 

modality of physical activity, similar to most laboratory studies, has been shown to lessen 

pleasurable affective responses during physical activity (Daley & Maynard, 2003; Parfitt & 

Gledhill, 2004). Allowing greater autonomy in physical activity modality not only likely has 

implications for affective responses during the bout but might also artificially alter the 

association and not fully inform the utility of the Exercise-Affect-Adherence pathway. 

Present Study 

In sum, previous laboratory-based and EMA studies have demonstrated support for the 

Exercise-Affect-Adherence pathway (e.g., Liao et al., 2017; Williams et al., 2008, 2016). 

However, this evidence is based on the associations observed in controlled laboratory settings, 

with prescribed intensities and modalities, across few observations, and on macro-time scales 

which likely do not best inform the utility of the Exercise-Affect-Adherence pathway. To better 

inform the pathway, accelerometry and CS-EMA prompting is needed to capture affective 

responses repeatedly during MVPA in real-world settings. Subsequently, accelerometers can 
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capture continuous physical activity participation each day during the monitoring period to 

examine the pathway across micro-timescales (i.e., across days). 

The dissertation sought to investigate the Exercise-Affect-Adherence Pathway using 

EMA methodologies of accelerometry and CS-EMA prompting to examine (1) how occasions of 

physical activity at a moderate-to vigorous-intensity influences affective responses during the 

behavior, compared to occasions of non-physical activity and (2) how affective responses during 

occasions of moderate-to vigorous-intensity physical activity, compared to occasions of non-

physical activity, predicts future physical activity participation on the following day.  

To address the aims of the current study, participants wore an accelerometer (i.e., 

move3 or move4) around their hips and carried a mobile phone (i.e., moto G5) during all waking 

hours for a 10-day monitoring period. The accelerometer triggered a CS-EMA prompt to capture 

affective responses (i.e., positive and negative affect, feelings of energy and fatigue) after the 

participant had engaged in at least 10 minutes of physical activity at an intensity greater than or 

equal to 3.0 METs (i.e., moderate-to vigorous-intensity) with an allowed 2-minute buffer below 

the 3.0 MET threshold. Participants also were asked to complete 4 random EMA prompts per 

day to capture their typically levels of affect in everyday life. Further, accelerometers captured 

continuous physical activity participation across the monitoring period to examine how affective 

responses during physical activity predicts physical activity participation on the following day. 
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CHAPTER III: METHODS 

Participants 

Physically active emerging adults (aged 18-29) were recruited to participate in the study. 

Participants were recruited from University of North Carolina at Greensboro’s (UNCG) 

undergraduate and graduate courses, from local fitness gyms, and by word-of-mouth. Interested 

participants were asked to contact the principal investigator and were provided with more 

information about the study and screened to determine if they were eligible to participate. The 

inclusion for the study included: (1) between the ages of 18-29, (2) categorized as active or 

highly active based on individuals’ self-reported physical activity (i.e., engaging in at least 150 

minutes of moderate-intensity physical activity/week, at least 75 minutes of vigorous-intensity 

physical activity/week, or a combination of moderate-intensity and vigorous-intensity (multiplied 

by 2) to total at least 150 minutes of physical activity/week) as determined by the Behavioral 

Risk Factor Surveillance System Physical Activity Questionnaire (Centers for Disease Control 

and Prevention, 2011), (3) did not have any physical limitations that would preclude them from 

engaging in physical activity across the 10-day monitoring period, and (4) were not a collegiate 

student-athlete. 

A power analysis was conducted a priori to determine the sample size needed to 

examine the aims of the current investigation using the EMAtools (Kleiman, 2017) and simr 

(Green & MacLeod, 2016) packages in R (R Core Team, 2020). The power analysis was 

conducted based on previous evidence of the affect and physical activity relation including a 

medium effect size (i.e., 0.5) and a momentary intraclass correlation coefficient of 0.51 based 

on previous evidence (Hevel et al., 2020; Reed & Ones, 2006). The monitoring period was set 

to 10 days with an estimated average of 10 bouts of moderate-to vigorous-intensity physical 

activity (MVPA) per participant (i.e., an average of 1 bout of MVPA per day). Therefore, efforts 

were directed to focus on a sample of sufficiently active individuals to optimize the chances of 
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capturing MVPA bouts. Further, alpha was set to 0.05 and power was set at 0.80 to observe the 

probability of a medium between- and within-person effect. The power analysis yielded that a 

total of 80 participants would be needed to adequately observe the hypothesized relation.  

Procedures 

Prior to the monitoring period, participants were asked to complete an electronic 

informed consent and a brief questionnaire which captured basic physical activity participation, 

motivation, and demographic information. Then, participants attended an introductory session 

where they were trained on how to: wear an accelerometer around their hips, use a mobile 

phone, and charge the accelerometer half-way through the monitoring period (i.e., on Day 5). 

During the 10-day period, participants were asked to wear an accelerometer (i.e., move3 or 

move4; movisens GmbH, Karlsruhe, Germany) on their right hip during all waking hours. 

Participants were asked to remove the accelerometer when it could get wet (e.g., swimming, 

showering, bathing). Participants were also asked to keep a paper/pencil log, which was 

provided to them at the introductory session, to track times in which they were not wearing the 

accelerometer (i.e., when sleeping or getting wet). A mobile phone (Moto g5, Motorola, Inc.) 

was loaned to participants during the 10-day monitoring period with preloaded EMA software 

(movisensXS, GmbH, Karlsruhe, Germany). During the 10-day period, participants were asked 

to respond to two schedules of EMA prompting (i.e., brief questionnaires). First, participants 

were asked to respond to 4 random EMA prompts per day during their waking hours to report 

everyday affect (i.e., incidental affect). Random EMA prompts auditorily signaled participants to 

respond to the EMA prompt and took about 1-2 minutes to complete. Participants had 15 

minutes to complete the random EMA prompt and were reminded to complete the prompt in 5-

minute intervals by another auditory signal. Second, after participants engaged in ≥10 minutes 

of ≥3.0 METS (with a 2-minute buffer below the 3.0 MET threshold) captured by the hip worn 

accelerometer (i.e., move3 or move4), a sensor-informed CS-EMA prompt was triggered and 

auditorily signaled the participant to respond to the EMA prompt to report constructs of interest 
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(e.g., affect). CS-EMA prompts took less than 1 minute to complete and were only available for 

the participant to complete within a 2-minute window after the first auditory signal. There was an 

imposed 60-minute buffer between CS-EMA prompts to limit participant fatigue/burden. Further, 

CS-EMA prompts were limited to no greater than 5 per day (i.e., a total of 9 random and CS-

EMA prompts per day). At the end of the monitoring period (i.e., after Day 10) participants 

returned their study equipment and completed a brief electronic questionnaire about their 

health, behaviors, and perceptions of the study.  

Measures 

Affect 

Measures of affect were captured at both random EMA and CS-EMA prompts. At the 

prompt, participants self-reported their ratings of positive affect, negative affect, feelings of 

energy, and feelings of fatigue. In total, 12-items captured affective responses including four 

positive affect adjectives (i.e., happy, excited, calm, relaxed), four negative affect adjectives 

(i.e., anxious, stressed, sad, bored), two feelings of energy adjectives (i.e., energy, full of pep), 

and two feelings of fatigue adjectives (i.e., fatigue, tired). Affective adjectives were reported 

individually on a unipolar sliding scale ranging from 0 (“not at all”) to 100 (“extremely”). Internal 

consistencies were calculated to determine the need to create composite scores which is 

consistent with previous evidence (Dunton et al., 2014, 2018; Geldhof et al., 2014; Hevel et al., 

2020). Internal consistencies revealed a high degree of consistency for the CS-EMA triggered 

prompts of positive affect (w = 0.693, 95%CI [0.635, 0.751]), negative affect (w = 0.700, 95%CI 

[0.643, 0.757]), feelings of energy (w = 0.698, 95%CI [0.629, 0.766]), and feelings of fatigue (w 

= 0.636, 95%CI [0.553, 0.719]). Additionally, internal consistencies revealed a high degree of 

consistency for the random EMA prompts of positive affect (w = 0.620, 95%CI [0.549, 0.645]), 

negative affect (w = 0.669, 95%CI [0.647, 0.691]), feelings of energy (w = 0.817, 95%CI [0.802, 

0.833]), and feelings of fatigue (w = 0.773, 95%CI [0.754, 0.792]). Therefore, the affective items 
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were combined to create composite scores for each of the four affective states for both the CS-

EMA and random EMA prompts. This composite score represents affect at each EMA prompt 

and is consistent with both the Circumplex Model of Affect and previous EMA literature (Dunton 

et al., 2018; Liao et al., 2017b; Posner et al., 2005; Russell, 1980). 

Accelerometer-Derived Physical Activity 

Physical activity participation was captured by either the move3 or move4 accelerometer 

worn on the right hip of the participant during waking hours during the 10-day monitoring period. 

The move3 accelerometer (movisens GmbH, Karlsruhe, Germany) has been previously used to 

assess energy expenditure in free-living settings and are consistent with other accelerometer-

derived measures of physical activity (Anastasopoulou et al., 2014; Manuel et al., 2018; Richert, 

2017). The two different versions of the move accelerometers, the move3 and move4 

accelerometers, share the same hardware and software/firmware that determines energy 

expenditure in the current study (i.e., calculations of metabolic equivalents). Metabolic 

equivalents (METs) are a common measure of physical activity intensity and a value of ≥3.0 

METs is considered to be the threshold for MVPA (Ainsworth et al., 2000; Physical Activity 

Guidelines Advisory Committee, 2018). The differences between the monitors are the added 

features in the newer move4 accelerometer such as: angular rate (i.e., rotation), the ability to 

tap on the monitor and create a mark to examine during an analysis (i.e., mark the 

beginning/end of an event), and a redesign of the exterior and charging capabilities to make the 

monitor more water-resistant (movisens GmbH, 2018, 2020). However, the move3 and move4 

accelerometers share the same hardware and software/firmware which determine energy 

expenditure (i.e., METs). While there is no explicit peer-reviewed documentation of the 

similarities between the two monitors, a research consultant with the company assured the 

research team that the energy expenditure component of the monitors are the same via email 

(D. J. Hevel, personal communication, July 19, 2020). 
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The move3 and move4 accelerometers triggered a CS-EMA prompt after ≥10 minutes of 

MVPA with a 2-minute buffer below the 3.0 MET threshold. Specifically, the accelerometers 

aggregated average METs across each 30-second interval and ≥10 minutes of ≥3.0 METs, 

with a 2-minute buffer below the 3.0 MET threshold, triggered a CS-EMA prompt. The monitors 

used self-reported age, height (in meters), and weight (in kilograms) to determine the level of 

physical activity that would surpass ≥3.0 METs. The threshold of ≥3.0 METs was selected to 

trigger a CS-EMA prompt because this is the threshold which, when surpassed, represents 

MVPA and has the greatest health benefit (Ainsworth et al., 2000; Physical Activity Guidelines 

Advisory Committee, 2018). 

Covariates 

Time-invariant and time-varying covariates in the association between affect and 

physical activity were collected at the beginning and throughout the 10-day monitoring period, 

respectively. The covariates were identified due to links to physical activity and affect in 

previous literature (Dunton et al., 2018; Ekkekakis et al., 2011; Liao et al., 2017b; Trost et al., 

2005; Williams et al., 2008). 

Participants self-reported time-invariant covariates of gender and Body Mass Index 

(BMI) at the baseline questionnaire prior to the 10-day monitoring period. Gender was dummy-

coded as female vs. non-female with the females as the reference. BMI was calculated based 

on self-reported height and weight using the formula kg/m2. BMI was grand mean centered to 

account for comparison to the average BMI in the sample. 

EMA-derived time-varying covariates included time of day, day of week, time in study, 

and incidental affect (i.e., an individual’s typical everyday affect). Time of day, day of week, and 

time in study were automatically captured by the EMA software (movisensXS, GmbH, 

Karlsruhe, Germany). Time of day was coded as morning (12:00am – 12:29pm), early afternoon 

(12:30pm – 3:59pm), late afternoon (4:00pm – 7:29pm), and evening (7:30pm – 11:59pm) with 

the morning as the reference. The dummy-coded time of day variable was created to have a 
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four 3.5-hour windows between the random EMA prompting window of 9:00am to 11:00pm. The 

morning and evening time windows were extended to the beginning and end of day, 

respectively, to accommodate triggered CS-EMA prompts that occurred before and after the 

random EMA prompting schedule. The creation of the time-of-day variable with these windows 

allowed for a more even distribution of prompts across each category. Day of week was coded 

as weekdays vs. weekend days with weekdays as the reference. Time in study was coded as a 

continuous variable with Day 1 as the reference. Incidental affect was captured at the 4 random 

EMA prompts per day and use the same affective measures as the CS-EMA prompting. 

Composite scores were created for incidental positive affect, negative affect, feelings of energy, 

and feelings of fatigue. 

Accelerometer-derived time-varying covariates included the physical activity intensity 

and was captured via the move3 or move4 accelerometer in METs. The average intensity, in 

METs, during the 10 minutes prior to the CS-EMA triggered prompt was used to assess the 

intensity of physical activity. There was no difference in daily MVPA time captured between the 

move3 and move4 monitors (c2(134) = 149.49, p = 0.168). 

Data Preparation 

The outcome variables of interest including affective responses during a bout of physical 

activity (Aim 1) and MVPA time on the following day (Aim 2) were screened for internal 

consistency and normality. Accelerometer data was screened for valid wear time. To be 

included in the final analysis for Aim 1 and 2, participants needed to have at least four days with 

at least 10 hours of wear time/day which is consistent with accelerometer recommendations and 

previous EMA investigations (Dunton et al., 2018; Liao et al., 2017b; Troiano et al., 2008). 

Additionally, for Aim 2, valid wear time of at least 10 hours per day was screened for the day 

after triggered CS-EMA prompts were completed. MVPA time on the following day (Aim 2) was 

positively skewed (Skew = 2.13), therefore, the log transformed version were used for the 

models where MVPA was the outcome variable (Skew = 0.90). 
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Intraclass correlation coefficients were calculated for key predictors in the final 

estimation models to determine the need of partitioning the variance (Curran & Bauer, 2011). 

Intraclass correlation coefficients of key predictors (e.g., affective responses during a bout of 

MVPA) were examined to determine the proportion of variance at both the between- (i.e., 

difference between the person-mean and the grand mean) and within-person level (i.e., 

difference between the occasion and the person-level mean). There is no set threshold of the 

intraclass correlation coefficients to determine disaggregation of between- and within-person 

predictors (Hox et al., 2010). However, previous literature has demonstrated there is a 

considerable amount of variability at the between-person level for key variables of momentary 

affect (e.g., 12 – 56%; Dunton et al., 2014; Hevel et al., 2020; Yang et al., 2020) and daily 

physical activity (e.g., 33-51%; Conroy et al., 2013; Fredrickson et al., 2020). It has been 

suggested that the use of disaggregation for multilevel modeling be used when the data 

structure is inherently nested rather than by any thresholds of intraclass correlation coefficients 

(Nezlek, 2012). Yet, intraclass correlation coefficients that are in line to previous literature 

provides additional support for the use of disaggregation. 

Lastly, a new variable was created for Aim 2 to represent daily average change between 

during physical activity affective responses (i.e., affect captured at triggered CS-EMA prompts) 

compared to non-physical activity affective responses (i.e., affect captured at Random EMA 

prompts). To create this variable, first, affective responses during physical activity and affective 

responses during non-physical activity occasions were each averaged across all occasions on a 

given day. Second, a difference was taken by subtracting averaged during physical activity 

affective responses from averaged non-physical activity affective responses each day. Thus, 

this new variable represents the daily difference of during physical activity affective responses 

and non-physical activity affective responses. An example calculation of this new variable can 

be found in Appendix A, which outlines the procedures described above. 
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Statistical Analyses 

Statistical analyses were conducted in R version 4.1.3, (R Core Team, 2020) with the 

lme4 package (Bates et al., 2015). The statistical analyses utilized multilevel modeling which is 

advantageous for intensive longitudinal data captured across repeated observations (Curran & 

Bauer, 2011; Dunton, 2018; Hoffman, 2015). Given the repeated observations from individuals 

across time, multilevel modeling can account for the clustering of data which allows for a 

nuanced understanding of how constructs of interest (e.g., affect, physical activity) are driven by 

individual differences and/or momentary reactions (Hox et al., 2010; Schwartz & Stone, 2007).  

Analyses for Study Compliance 

Separate logistic multilevel models were used to examine time-varying (i.e., time of day, 

day of week, physical activity intensity, day in study) and time-invariant (i.e., gender, BMI) 

factors that may influence both random EMA (i.e., non-physical activity occasions) and triggered 

CS-EMA prompt (i.e., physical activity occasions) compliance. Specifically, separate models for 

random EMA and triggered CS-EMA prompting schedules regressed EMA a dummy-coded 

answered vs. non-answered variable (answered EMA prompts were the reference group) on 

time-varying and time-invariant predictors. 

Analyses for Aim 1 

Separate linear multilevel models were used to examine the first pathway in the 

Exercise-Affect-Adherence pathway. The outcome of interest for the first aim is affective 

responses (i.e., positive and negative affect, feelings of energy and fatigue). Key predictors of 

affective responses were dummy-coded occasions of affective responses during physical 

activity compared to occasions of non-physical activity and time-invariant (i.e., gender, BMI) and 

time-varying covariates (i.e., time of day, day of week, physical activity intensity, time in study). 

Disaggregation at the between- and within-person level follow the procedures outlined in the 

Data Preparation section, however, the between-person dummy-coded occasions of affective 

responses during physical activity compared to occasions of non-physical activity represent the 
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proportional difference rather than a continuous difference. Within-person dummy-coded 

occasions represent whether the individual was engaged in physical activity vs. not engaged in 

physical activity at the prompt. 

Equations 1-6 represents an example of a linear multilevel modeling which regressed 

positive affective responses on occasions of physical activity vs. non-physical activity where i 

represents the individual and t represents the occasion. The model below represents how the 

occasion (i.e., during physical activity vs. non-physical activity) and covariates of day of week, 

time of day, intensity of physical activity, gender, and centered BMI predicted predict positive 

affect. 

Level 1 Equation 

"#$%&%'(	*++(,&!" = .#" + .$""ℎ1$%,23	*,&%'%&1	4,,2$%#5!" + .%"621	#+	7((8!" +

.&"9%:(	#+	621!" + .'""ℎ1$%,23	*,&%'%&1	;5&(5$%&1!"+.("9%:(	%5	<&=>1!" + (!"   (1) 

Level 2 Equation 

.#" =	?## + ?#$"ℎ1$%,23	*,&%'%&1	4,,2$%#5" + ?#%@(5>(A" +

														?#&BC;	(E(5&(A(>)" + G#"                         (2) 

.$" =	?$# + G$"                  (3) 

.%" =	?%#                (4) 

.&" =	?&#                (5) 

.'" =	?'#                (6) 

.(" =	?(#                (7) 

Analyses for Aim 2 

Linear multilevel models were used to examine the second pathway in the Exercise-

Affect-Adherence pathway. The outcome of interest for the second aim was the amount of time 

spent in MVPA on the day following affective responses during physical activity were provided. 

MVPA time on the following day was positively skewed (Skew = 2.13). Therefore, MVPA the 
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following day was log transformed (Skew = 0.90) to reduce the skew. A two-step approach has 

been suggested when the outcome variable of physical activity is positively skewed (Baldwin et 

al., 2016). However, across all valid observations, there was only 9.98% of days with zero-

minutes of MVPA. The two-step approach was designed to investigate the outcome variable of 

physical activity when there was a considerable amount of zero-minute physical activity (e.g., 

~30%; Baldwin et al., 2016). Given the few days of zero-minutes of MVPA coupled with the 

ability of log transforming the next day MVPA to reduce the skew to an acceptable level (i.e., < 

1), the two-step approach was not used. Therefore, final models regressed log transformed 

minutes of MVPA on average changes in affective responses during physical activity compared 

to non-physical activity on the previous day. 

Key predictors of MVPA time on the following day were the difference of during physical 

activity affective responses (i.e., positive and negative affect, feelings of energy and fatigue) and 

non-physical activity affective responses across a day. Disaggregation at the between- and 

within-person level follow the procedures outlined in the Data Preparation section, however, the 

between-person variable represents the average daily difference between during physical 

activity affective responses and non-physical activity affective responses. The within-person 

variable represents the difference of during physical activity affective responses and non-

physical activity affective responses on a given day. For both the between- and within-person 

variable higher scores represent greater increases in affective states (e.g., positive affect) 

during physical activity compared to non-physical activity. Models also included time-varying 

(i.e., day of week, day in study, and incidental affect) and time-invariant covariates (i.e., gender, 

BMI).  

Equations 1-6 represents a linear multilevel modeling regressing log transformed 

minutes of MVPA on average affective responses from the previous day during physical activity 

compared to non-physical activity where i represents the individual across all days in the study 

and t +1 represents the following day in the study. The model below represents how positive 
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affect and covariates including: day of week, time of day, time in study, incidental affect, gender, 

and BMI predicted log transformed minutes of MVPA on the following day. 

Level 1 Equation 

H(I&	621	CJ"*	&%:(	(3#K)!)$" = .#" + .$""#$%&%'(	*++(,&	6%++(A(5,(!" + 

	.%"621	#+	7((8!" + .&"9%:(	%5	<&=>1!" + .'";5,%>(5&23	*++(,&!" + (!" (1) 

Level 2 Equation 

																													.#" =	?## + ?#$"#$%&%'(	*++(,&	6%++(A(5,(" + ?#%@(5>(A" + 

?#&BC;" + G#"         (2) 

.$" =	?$# + G$"        (3) 

.%" =	?%#         (4) 

.&" =	?&#         (5) 

.'" =	?'#         (6) 
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CHAPTER IV: RESULTS 

Participant Characteristics 

A total of 81 participants were enrolled in and completed the 10-day monitoring period. 

One participant was excluded for analysis due to having less than 10% EMA compliance and 

only one day of valid physical activity data, suggesting a deviation in the study procedures. 

Previous literature has removed participants for study non-compliance and low response rates 

which might make the interpretation of overall compliance biased (Ponnada et al., 2021). Given 

the participant’s severe deviation from study procedures, the inclusion of their information would 

likely lead to less accurate compliance information compared to the rest of the sample if they 

were kept in the analytic sample. Therefore, the participant was removed and the final analytic 

sample of 80 emerging adults was used in the analyses. The average age of the analytic 

sample was 22.84 years (SD = 2.96; Range: 18-28). The emerging adults were mostly female 

(n = 63; 78.75%) with the remaining individuals identifying as male (n = 16; 20.00%) and one 

individual preferred not to respond (n = 1; 1.25%). More than half of the sample self-identified as 

White (n = 45; 56.25%) with the remaining identifying at Black or African American (n = 33; 

41.25%), or two or more races (n = 2; 2.50%). Approximately a fifth of the sample (n = 15; 

18.75%) reported being of Hispanic, Spanish, or Latino origin. Based on self-reported height 

and weight, the average BMI was 25.38 (SD = 5.48) and most were categorized in a Normal 

Weight category (n = 36; 45.00%) followed by Overweight (n = 25; 31.25%), Underweight (n = 

6; 7.50%), Obese Class 1 (n = 6; 7.50%), Obese Class 2 (n = 4; 5.00%), and Obese Class 3 (n 

= 3; 3.75%). Most participants were undergraduate students (n = 34; 42.50%) with the 

remaining participants self-reporting as graduate students (n = 24; 30.00%) and non-students (n 

= 22; 27.50%). Out of the 22 non-students, most self-reported their highest level of education to 

be a bachelor’s degree (n = 15; 68.18%), followed by a master’s degree (n = 3; 13.64%), a 

Doctoral or professional degree (n = 3; 13.64%), and an associate degree (n = 1; 4.55%). 
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Data Availability and Compliance 

Across the 10-day study, participants received, on average, 38.52 random EMA prompts 

(SD = 2.80; Range: 37-40) due to some participants starting later in the day on Day 1. On 

average, emerging adults completed 77.66% of the random EMA prompts across the 10-day 

study (Median # of occasions = 30.0; Mean # of occasions = 29.92; SD # of occasions = 5.74; Range = 17-40). 

On average, it took participants 96.16 seconds (SD = 189.63) to start the random EMA prompt 

after the first signal and took, on average, 53.88 seconds (SD = 65.69) to complete all items in 

the prompt. Across the 10-day study, participants triggered, on average, 9.89 CS-EMA triggered 

prompts (SD = 6.91; Range: 1-39). On average, emerging adults completed 80.05% of the 

triggered CS-EMA triggered prompts during the 10-day study. Participants completed, on 

average, 7.92 of the triggered CS-EMA prompts (SD # of occasions = 7.19; Range = 0-39). On 

average, it took participants 36.86 seconds (SD = 35.87) to start the CS-EMA prompt after the 

first signal and took, on average, 42.52 seconds (SD = 26.27) to complete all items in the 

prompt. 

Outcome and Key Predictor Variable Descriptive Statistics 

On average, across all occasions of random EMA prompts (i.e., non-physical activity 

prompts), levels of positive affect (n = 2,281 responses; M = 57.78; SD = 15.03), negative affect 

(n = 2,280 responses; M = 30.13; SD = 17.08), feelings of energy (n = 2,278 responses; M = 

43.38; SD = 20.76), and feelings of fatigue (n = 2,277 responses; M = 46.59; SD = 23.55) 

ranged from low to the middle of the 0-100 response scale. Intraclass correlation coefficients for 

random EMA affective items were as follows 0.29 for positive affect, 0.44 for negative affect, 

0.16 for feelings of energy, and 0.23 for feelings of fatigue. Therefore, 29% for positive affect, 

44% for negative affect, 16% for feelings of energy, and 23% for feelings of fatigue variance is 

at the between-person level with the remaining variance attributed to the within-person level and 

measurement error. 
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On average, across all occasions of CS-EMA prompts (i.e., during physical activity 

prompts), levels of positive affect (n = 634 responses; M = 60.05; SD = 16.02), negative affect 

(n = 634 responses; M = 23.92; SD = 16.38), feelings of energy (n = 634 responses; M = 62.06; 

SD = 19.03), and feelings of fatigue (n = 634 responses; M = 36.07; SD = 23.37) ranged from 

low to the middle of the 0-100 response scale. Intraclass correlation coefficients for the CS-EMA 

affective items were as follows: 0.44 for positive affect, 0.60 for negative affect, 0.54 for feelings 

of energy, and 0.51 for feelings of fatigue. Therefore, 44% for positive affect, 60% for negative 

affect, 54% for feelings of energy, and 51% for feelings of fatigue variance is at the between-

person level with the remaining variance attributed to the within-person level.  

At answered CS-EMA prompts, the average length of the total MVPA bout was 17.290 

minutes (SD = 11.082) at an average intensity of 4.323 METs (SD = 1.540). Eighty-nine percent 

of bouts of physical activity had an average intensity falling within the moderate-intensity 

classification (i.e., 3.00 – 5.99 METs) while 11% of bouts averaged an intensity falling within the 

vigorous-intensity classification (i.e., > 6.0 METs). The average number of answered triggered 

CS-EMA bouts per day across the entire sample were 0.658 (SD = 0.977). Full CS-EMA MVPA 

bout characteristics are listed in Table 1. 

Table 1. Triggered CS-EMA Physical Activity Bout Descriptives 

MVPA Characteristics M SD Min Max 

MVPA Intensity (Mets) 4.323 1.540 3.215 18.418 

MVPA Duration (Minutes) 17.290 11.082 10 87 
Number of MVPA Bouts in a 
Day 0.658 0.977 0 5 

Total Triggered CS-EMA Bouts n %   
0 - 5 30 37.50%   

6 - 10 26 32.50%   
11 - 15 16 20.00%   

16 + 8 10.00%     
Note. MVPA = Moderate-to Vigorous-Intensity Physical Activity, CS-EMA = 
Context-Sensitive Ecological Momentary Assessment Prompt. Total Triggered 
CS-EMA Bouts represent the total number of bouts across all individuals in 
the analytic sample (n = 80). 
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 On average, participants provided 9.600 days (SD = 0.565; Median = 10, Range = 8-10) 

of valid accelerometer wear. Nearly two-thirds of participants had 10 valid days (n = 51; 

63.75%) with the remaining having either 9 valid days (n = 26; 32.50%) or 8 valid days (n = 3; 

3.75%). All 80 participants had at least four days with at least 10 hours of wear time/day which 

is consistent with accelerometer recommendations and previous EMA investigations (Dunton et 

al., 2018; Liao et al., 2017b; Troiano et al., 2008). There were 29 days removed across 29 

participants due to non-wear for at least 10 hours per day based on self-reported wear times.  

On average, the time spent engaged in MVPA per day was 47.85 minutes (SD = 45.96, 

Median = 37, Range: 0-376). Intraclass correlation coefficients for time engaged in MVPA per 

day was 0.53, thus, indicating that 53% of the variance is at the between-person level with the 

remaining variance at the within-person level and measurement error. 

 Table 2 displays the correlations between outcomes for Aim 1 and 2 along with the key 

study predictors for each aim. Between-person correlations are above the diagonal while within-

person correlations are below the diagonal. For Aim 1 at both the between- (BP) and within-

person (WP) level, the key predictors of the occasions of MVPA are significantly correlated with 

the outcomes of positive affect (rBP = 0.396, rWP = 0.074), negative affect (rBP = -0.126, rWP = 

0.120), feelings of energy (rBP = 0.349, rWP = 0.297), and feelings of fatigue (rBP = -0.327, rWP = -

0.153). For Aim 2 at both the between- (BP) and within-person (WP) level, the key predictors of 

differences in positive affect (rBP = 0.128, rWP = 0.031), negative affect (rBP = 0.050, rWP = -0.014), 

feelings of energy (rBP = -0.018, rWP = 0.007), and feelings of fatigue (rBP = -0.018, rWP = -0.035) 

are significantly correlated with the outcome of next day physical activity. 
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Table 2. Correlations of Key Study Outcome and Predictor Variables. 

 Correlations 
Construct 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

1. MVPA Occasion - 0.396* -0.126* 0.349* -0.327* 0.464* -0.213* 0.240* -0.355* 0.519* 
2. Positive Affect  
    During MVPA 0.074* - -0.588* 0.636* -0.527* 0.499* -0.297* 0.199* -0.178 0.064* 
3. Negative Affect  
    During MVPA 

-
0.120* -0.598* - -0.512* 0.591* -0.160* 0.363* -0.276* 0.195* 0.022 

4. Feelings of Energy  
    During MVPA 0.297* 0.439* -0.388* - 0.591* 0.371* -0.374* 0.451* -0.230 -0.059* 
5. Feelings of Fatigue  
    During MVPA 

-
0.153* -0.304* 0.296* -0.537* - -0.413* 0.435* -0.301 0.422* 0.061 

6. Average Change in 
    Positive Affect 0.006 0.610* -0.316* 0.294* -0.122* - -0.393* 0.323* -0.393* 0.128* 
7. Average Change in  
    Negative Affect -0.019 -0.216* 0.579* -0.316* 0.096 -0.551* - -0.566* 0.275* 0.050* 
8. Average Change in  
    Feelings of Energy 0.013 0.294* -0.315* 0.511* -0.197* 0.515* -0.483* - -0.335* -0.018* 
9. Average Change in  
    Feelings of Fatigue -0.014 -0.152* 0.139* -0.140* 0.436* -0.324* 0.292* -0.467* - -0.018* 
10. Next Day MVPA (log) 0.183* 0.150 0.099* -0.119* 0.016 0.031* -0.014* 0.007* -0.035* - 
Note. MVPA = moderate-to vigorous-intensity physical activity. Between-person correlations are above the diagonal. Within-
person correlations are below the diagonal. * p < 0.05 
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Factors Influencing Compliance with EMA Study Procedures 

Across 80 participants and 2,937 prompts, a few time-varying and time-invariant factors 

influenced participant compliance in responding to random EMA prompts (see Table 3). 

Participants were more likely to miss a random EMA prompt in the evening compared to the 

morning (OR = 1.564, 95%CI: [1.249, 1.958], p < 0.001). Yet, there was no difference in the 

likelihood of missing a random EMA prompt in the early afternoon (OR = 0.956, 95%CI: [0.758, 

1.206], p = 0.706) or late afternoon (OR = 1.135, 95%CI: [0.901, 1.431], p = 0.282) compared to 

the morning. There was no difference in the likelihood of missing a random EMA prompt on 

weekends compared to weekdays (OR = 1.055, 95%CI: [0.863, 1.289], p = 0.602). Participants 

were more likely to miss random EMA prompts as they progressed through the 10-day study 

monitoring period (OR = 1.032, 95%CI: [1.003, 1.062], p = 0.032). There was no difference in 

the likelihood of missing random EMA prompts by gender (OR = 1.054, 95%CI: [0.680, 1.635], p 

= 0.813) or BMI (OR = 1.017, 95%CI: [0.985, 1.049], p = 0.300). 

Across 80 participants and 792 prompts, a few time-varying and time-invariant factors 

influenced participant compliance in responding to triggered CS-EMA prompts (see Table 3). 

Participants were less likely to miss a triggered CS-EMA prompt in the late afternoon (OR = 

0.621, 95%CI: [0.419, 0.921], p =0.018) and evening (OR = 0.609, 95%CI: [0.407, 0.910], p = 

0.016) compared to the morning but no difference when compared to the early afternoon (OR = 

0.853, 95%CI: [0.596, 1.221], p = 0.385). Participants were less likely to miss a CS-EMA prompt 

on weekends compared to weekdays (OR = 0.280, 95%CI: [0.166, 0.473], p < 0.001). On 

occasions in which participants engaged in physical activity at higher intensities (i.e., higher 

METs), they were more likely to miss a triggered CS-EMA prompt (OR = 1.950, 95%CI: [1.330, 

2.858], p < 0.001). Participants were more likely to miss triggered CS-EMA prompts as they 

progressed through the 10-day study monitoring period (OR = 1.124, 95%CI: [1.069, 1.182], p < 

0.001). Regarding demographic factors, participants with a higher BMI were less likely to miss a 

triggered CS-EMA prompt (OR = 0.866, 95%CI: [0.810, 0.927], p < 0.001). There was no 
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difference between females and non-females in their likelihood of missing a triggered CS-EMA 

prompt (OR = 0.523, 95%CI: [0.234, 1.169], p = 0.114). 

Table 3. Factors Influencing Compliance with EMA Study Protocols. 

 OR 95% CI p 
Random EMA Prompts    

Time-Varying    
Early Afternoon 3.956 0.758, 1.206 0.706 
Late Afternoon 1.135 0.901, 1.431 0.282 

Evening 1.564** 1.249, 1.958 <0.001 
Weekend 1.055 0.863, 1.289 0.602 

Day in Study 1.032* 1.003, 1.062 0.032 
Time-Invariant    

Gender 1.054 0.680, 1.635 0.813 
BMI 1.017 0.985, 1.049 0.300 

 OR 95% CI p 
Triggered CS-EMA Prompts    

Time-Varying    
Early Afternoon 0.853 0.596, 1.221 0.385 
Late Afternoon 0.621* 0.419, 0.921 0.018 

Evening 0.609* 0.407, 0.910 0.016 
Weekend 0.280* 0.166, 0.473 <0.001 

Physical Activity Intensity 1.950** 1.330, 2.858 <0.001 
Day in Study 1.124** 1.069, 1.182 <0.001 

Time-Invariant    
Gender 0.523 0.231, 1.169 0.114 

BMI 0.866** 0.81, 0.927 <0.001 
Note. OR = Odds Ratio, 95% CI = 95% Confidence Interval, BMI = 
Body Mass Index. Multilevel logistic regression model coefficients 
represent fixed effects and answered prompts were the reference 
group. Time-varying and time-invariant predictors of compliance were 
handled as followed: Early Afternoon (i.e.,12:30-3:59pm), Late 
Afternoon (i.e., 4:00-7:29pm), and Evening (i.e., 7:30-11:59pm) were 
compared to Morning (i.e., 12:00am-12:29pm; morning was reference 
group), Weekend (weekdays were reference group), Day in Study (Day 
1 was reference group), gender (female was reference group), BMI 
(grand mean centered). Random EMA prompt models included 2,937 
observations across 80 persons. Triggered CS-EMA prompt models 
included 792 observations across 80 persons. **p<0.001, *p <0.05. 
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Aim 1: Affective Responses During Physical Activity Compared to Non-Physical Activity 

Model covariates were chosen based on their relation to outcomes of interest, model fit, 

and observed relations in previous work. Model diagnostics were also visually checked for 

linearity, homogeneity of variance, normality of residuals, and normality of random effects in 

each of the final models. Across all models, collinearity diagnostics indicated little 

multicollinearity among the predictors and covariates with a Variance Inflation Factor of < 5 

across all models. 

Positive Affective Responses During Physical Activity 

Table 4 displays the results from the multilevel model that was used to test the extent to 

which occasions of physical activity influenced positive affective responses during physical 

activity compared to occasions of non-physical activity. Emerging adults who, on average, 

engaged in a greater proportion of occasions of physical activity, experienced an increase in 

positive affect from during physical activity compared to their non-physical activity positive affect 

ratings (b = 24.901, SE = 10.384, p = 0.017; i.e., between-person association). To rephrase, for 

every 0.5-unit increase in the average proportion of occasions of physical activity was 

associated with nearly a 12.5-point increase in positive affect during physical activity compared 

to non-physical activity ratings, when all other variables held constant. A 0.5-unit increase was 

used instead of a typical 1-unit increase because the units are in proportions, and therefore, a 1-

unit change in the proportion would be beyond a reasonable scope. However, on occasions 

when emerging adults engaged in a bout of physical activity, there was not a statistically 

significant change in positive affect compared to their non-physical activity positive affect ratings 

(b = 1.414, SE = 1.359, p = 0.298; within-person association). Model diagnostics were 

examined for linearity, homogeneity of variance, normality of residuals, and normality of random 

effects (see Appendix B).  
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Negative Affective Responses During Physical Activity 

Table 4 displays the results from the multilevel model that was used to test the extent to 

which occasions of physical activity influenced negative affective responses during physical 

activity compared to occasions of non-physical activity. Emerging adults who, on average, 

engaged in a greater proportion of occasions of physical activity, experienced a decrease in 

negative affect during physical activity compared to their non-physical activity ratings (b = -

39.693, SE = 14.533, p = 0.006; i.e., between-person association). Meaning, that for every 0.5-

unit increase in the average proportion of occasions of physical activity was associated with 

nearly a 20-point decrease in negative affect during physical activity compared to non-physical 

activity ratings, when all other variables held constant. A 0.5-unit increase was used instead of a 

typical 1-unit increase because the units are in proportions, and therefore, a 1-unit change in the 

proportion would be beyond a reasonable scope. Further, on occasions when emerging adults 

engaged in a bout of physical activity, they experienced a statistically significant decrease in 

negative affect compared to their non-physical activity ratings (b = -4.808, SE = 1.306, p < 

0.001; within-person association). Therefore, occasions of physical activity were associated with 

nearly a 5-point decrease in negative affect compared to non-physical activity occasions. Model 

diagnostics were examined for linearity, homogeneity of variance, normality of residuals, and 

normality of random effects (see Appendix C).  

Feelings of Energy Responses During Physical Activity 

Table 4 displays the results from the multilevel model that was used to test the extent to 

which occasions of physical activity influenced feelings of energy responses during physical 

activity compared to occasions of non-physical activity. Emerging adults who, on average, 

engaged in a greater proportion of occasions of physical activity, did not experience a change in 

feelings of energy during physical activity compared to their non-physical activity ratings (b = 

13.721, SE = 13.084, p = 0.295; i.e., between-person association) compared to non-physical 

activity. However, on occasions when emerging adults engaged in a bout of physical activity, 
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they experienced an increase in feelings of energy compared to their non-physical activity 

ratings (b = 14.231, SE = 2.065, p < 0.001; within-person association). That is, occasions of 

physical activity were associated with nearly a 14-point increase in feelings of energy compared 

to non-physical activity occasions. Model diagnostics were examined for linearity, homogeneity 

of variance, normality of residuals, and normality of random effects (see Appendix D).  

Feelings of Fatigue Responses During Physical Activity 

Table 4 displays the results from the multilevel models that were used to test the extent 

to which occasions of physical activity influenced feelings of fatigue responses during physical 

activity compared to occasions of non-physical activity. Emerging adults who, on average, 

engaged in a greater proportion of occasions of physical activity, did not experience a 

statistically significant change in feelings of fatigue during physical activity compared to their 

non-physical activity ratings (b = -21.541, SE = 16.441, p = 0.190; i.e., between-person 

association). However, on occasions when emerging adults engaged in a bout of physical 

activity, they experienced a decrease in feelings of fatigue compared to their non-physical 

activity ratings (b = -7.224, SE = 1.900, p < 0.001; within-person association). Occasions of 

physical activity were associated with nearly a 7-point decrease in feelings of fatigue compared 

to non-physical activity occasions. Model diagnostics were examined for linearity, homogeneity 

of variance, normality of residuals, and normality of random effects (see Appendix E).  
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Table 4. Effects of Bouts of Moderate-to Vigorous-Intensity Physical Activity on Affective Responses During the Behavior. 

 Positive Affect Negative Affect Feelings of Energy Feelings of Fatigue 
Effect Coefficient (SE) p Coefficient (SE) p Coefficient (SE) p Coefficient (SE) p 
Fixed Effects         

Intercept 48.337 (3.818)† < 0.001 36.474 (4.450)† < 0.001 44.052 (5.465)† < 0.001 41.605 (6.175)† < 0.001 
BP Physical 

Activity 24.901 (10.384)* 0.017 -39.693 (14.533)† 0.006 13.721 (13.084) 0.295 -21.541 (16.441) 0.190 

WP Physical 
Activity 1.414 (1.359) 0.298 -4.808 (1.306)† < 0.001 14.231 (2.065)† < 0.001 -7.224 (1.900)† < 0.001 

Time of Day 0.759 (0.294)* 0.010 -0.686 (0.299)* 0.022 -1.060 (0.447)* 0.018 2.286 (0.478)† < 0.001 
Weekend 1.628 (0.814)* 0.046 -0.830 (0.830) 0.318 2.045 (1.238) 0.099 -0.604 (1.329) 0.649 
Intensity 3.033 (3.040) 0.319 0.550 (3.116) 0.860 -1.677 (4.600) 0.716 2.061 (4.958) 0.678 

Day in Study 0.235 (0.116)* 0.043 0.318 (0.118)* 0.007 0.096 (0.176) 0.588 0.483 (0.189)* 0.011 
Gender 4.992 (2.531)* 0.049 -10.144 (3.535)* 0.004 3.126 (3.167) 0.324 -5.804 (4.018) 0.149 

BMI 0.091 (0.183) 0.620 -0.201 (0.258) 0.436 0.025 (0.231) 0.914 -0.501 (0.288) 0.082 
Random 
Effects 

        

Intercept 6.672 (0.877)† < 0.001 9.851 (1.336)† < 0.001 8.232 (1.051)† < 0.001 10.442 (1.374)† < 0.001 
WP Physical 

Activity 4.277 (0.284) 0.212 3.679 (0.283) 0.311 6.532 (0.448) 0.185 3.607 (0.331) 0.442 

Note. SE = standard error, BP = Between-persons, WP = Within-Persons, BMI = Body Mass Index. Covariates were handled as 
follows: Time of Day (morning was reference group), Weekend (weekdays were reference group), Intensity (average Metabolic 
Equivalent of the bout of MVPA), Day in Study (Day 1 was reference group), gender (female was reference group), BMI (grand 
mean centered). n observations for models = 634. n persons for models = 78. †p<0.001, *p <0.05. 
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Aim 2: Affective Responses During Physical Activity Predicting Next Day Physical 

Activity 

Model covariates were chosen based on their relation to outcomes of interest, model fit, 

and observed relations in previous work. Model diagnostics were also visually checked for 

linearity, homogeneity of variance, normality of residuals, and normality of random effects in 

each of the final models. Across all models, collinearity diagnostics indicated little 

multicollinearity among the predictors and covariates with a Variance Inflation Factor of < 5 

across all models. 

Positive Affect Predicting Next Day Physical Activity 

Table 5 displays the results from the linear multilevel model that was used to test the 

extent to which average changes in positive affective responses during physical activity 

compared to non-physical activity across study days and on a given day predicted next day 

MVPA. Across all study days, results revealed that there was no difference in next day MVPA 

engagement regardless of the average difference in positive affective responses during physical 

activity compared to during non-physical activity occasions (b = 0.007, SE = 0.011, p = 0.502; 

i.e., between-person association). Similarly, there was no difference in next day MVPA 

engagement regardless of the difference between positive affective responses during physical 

activity compared to during non-physical activity occasions on a given day (b = -0.009, SE = 

0.009, p = 0.321; within-person association). Model diagnostics were examined for linearity, 

homogeneity of variance, normality of residuals, and normality of random effects (see Appendix 

F).  

Negative Affect Predicting Next Day Physical Activity 

Table 5 displays the results from the linear multilevel model that was used to test the 

extent to which average changes in negative affective responses during MVPA compared to 

non-physical activity predicted next day MVPA. Across all study days, emerging adults who, on 

average, experienced an increase in their average negative affect during physical activity 
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compared to non-physical activity occasions tended to engage in more MVPA time on the 

following day (b = 0.025, SE = 0.011, p = 0.023; i.e., between-person association). In other 

words, emerging adults who, on average experienced a 1-unit increase in their negative affect 

during physical activity compared to non-physical activity occasions experienced about a 2.53% 

increase in their physical activity on the following day. Since the dependent variable of physical 

activity was log transformed, the interpretation is provided as a percent change as a back-

transformation to the original units of minutes would lead to biased predictions (see Wooldridge, 

2010). There was no difference in next day MVPA engagement regardless of the difference 

between negative affective responses during physical activity compared to during non-physical 

activity occasions on a given day (b = -0.041, SE = 0.023, p = 0.077; within-person association). 

Model diagnostics were examined for linearity, homogeneity of variance, normality of residuals, 

and normality of random effects (see Appendix G).  

Feelings of Energy Predicting Next Day Physical Activity 

Table 5 displays the results from the linear multilevel model that was used to test the 

extent to which average changes in feelings of energy responses during MVPA compared to 

non-MVPA predicted next day MVPA. Across all study days, emerging adults who, on average, 

experienced an increase in their feelings of energy during physical activity compared to during 

non-physical activity occasions tended to engage in less MVPA time on the following day (b = -

0.016, SE = 0.008, p = 0.036; i.e., between-person association). Specifically, emerging adults 

who, on average experienced a 1-unit increase in their feelings of energy during physical activity 

compared to non-physical activity occasions experienced about a 1.59% decrease in their 

physical activity on the following day. Since the dependent variable of physical activity was log 

transformed, the interpretation is provided as a percent change as a back-transformation to the 

original units of minutes would lead to biased predictions (see Wooldridge, 2010). There was no 

difference in next day MVPA engagement regardless of the difference between feelings of 

energy responses during physical activity compared during non-physical activity occasions on a 
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given day (b = 0.001, SE = 0.005, p = 0.855; within-person association). Model diagnostics were 

examined for linearity, homogeneity of variance, normality of residuals, and normality of random 

effects (see Appendix H).  

Feelings of Fatigue Predicting Next Day Physical Activity 

Table 5 displays the results from the linear multilevel model that was used to test the 

extent to which average changes in feelings of fatigue responses during MVPA compared to 

non-MVPA predicted next day MVPA. Across all study days, results revealed that there was no 

difference in next day MVPA engagement regardless of the average difference in feelings of 

fatigue responses during physical activity compared to during non-physical activity occasions (b 

= 0.006, SE = 0.011, p = 0.596; i.e., between-person association). Yet, on days when an 

individual experienced a larger than usual increase in feelings of fatigue during a bout of 

physical activity compared to during non-physical activity occasions, they engaged in less 

MVPA time the following day (b = -0.025, SE = 0.008, p = 0.002; within-person association). 

That is, on days when an individual experienced a 1-unit increase in their feelings of fatigue 

compared to their usual levels during physical activity compared to non-physical activity 

occasions, they experienced about a 2.47% decrease in their physical activity on the following 

day. Since the dependent variable of physical activity was log transformed, the interpretation is 

provided as a percent change as a back-transformation to the original units of minutes would 

lead to biased predictions (see Wooldridge, 2010). Model diagnostics were examined for 

linearity, homogeneity of variance, normality of residuals, and normality of random effects (see 

Appendix I).  
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Table 5. Effects of the Average Difference in Affective Responses During Physical 

Activity Compared to Non-Physical Activity Predicting Next Day MVPA. 

 Log Transformed Minutes of MVPA 
Fixed Effects Coefficient (SE) p 

Intercept 4.350 (0.221)† < 0.001 
BP Positive Affect 0.007 (0.011) 0.502 
WP Positive Affect -0.009(0.009) 0.321 

Weekend 0.023 (0.119) 0.848 
Day in Study -0.017 (0.016) 0.266 

Incidental Positive Affect -0.001 (0.003) 0.798 
Gender -0.513 (0.192)* 0.008 

BMI -0.051 (0.033) 0.117 
Random Effects   

Intercept 0.403 (0.162)† < 0.001 
WP Positive Affect 0.002 (0.0001) 0.061 

Fixed Effects Coefficient (SE) p 
Intercept 3.974 (0.185)† < 0.001 

BP Negative Affect 0.025 (0.011)* 0.023 
WP Negative Affect -0.042 (0.023) 0.077 

Weekend 0.195 (0.099)* 0.049 
Day in Study 0.001 (0.013) 0.992 

Incidental Negative Affect 0.003 (0.002) 0.149 
Gender -0.478 (0.187)* 0.011 

BMI -0.079 (0.030)* 0.010 
Random Effects   

Intercept 0.158 (0.397)† < 0.001 
WP Negative Affect 0.007 (0.0004) 0.580 

Fixed Effects Coefficient (SE) p 
Intercept 4.185 (0.179)† < 0.001 

BP Feelings of Energy -0.016 (0.008)* 0.036 
WP Feelings of Energy 0.001 (0.005) 0.855 

Weekend 0.140 (0.118) 0.238 
Day in Study 0.016 (0.015) 0.273 

Incidental Feelings of Energy -0.003 (0.002) 0.139 
Gender -0.324 (0.204) 0.112 

BMI -0.053 (0.030) 0.076 
Random Effects   

Intercept 0.361 (0.130)† < 0.001 
WP Feelings of Energy 0.010 (0.0001) 0.851 

Fixed Effects Coefficient (SE) p 
Intercept 4.060 (0.296)† < 0.001 

BP Feelings of Fatigue 0.006 (0.011) 0.596 
WP Feelings of Fatigue -0.025 (0.008)* 0.002 

Weekend 0.056 (0.153) 0.713 
Day in Study -0.132 (0.019)† < 0.001 
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Incidental Feelings of Fatigue 0.001 (0.002) 0.825 
Gender -0.016 (0.291) 0.955 

BMI 0.056 (0.041) 0.172 
Random Effects   

Intercept 1.032 (1.065)† < 0.001 
WP Feelings of Fatigue 0.010 (0.0001) 0.392 

Note. MVPA = Moderate-to Vigorous-Intensity Physical Activity, SE = standard error, 
BP = Between-persons, WP = Within-Persons, BMI = Body Mass Index. Covariates 
were handled as follows: Weekend (weekdays were reference group, Day in Study 
(Day 1 was reference group), Incidental Affect (average levels of affect on the 
previous day), Gender (female was reference group), BMI (grand mean centered). n 
observations for models = 352. n persons for models = 78. †p<0.001, *p <0.05. 
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CHAPTER V: DISCUSSION 

To the best of the author’s knowledge, this is the first study to examine both how 

affective responses during physical activity (i.e., MVPA), compared to non-physical activity, and 

how changes in affective responses during physical activity predict next day MVPA using the 

pairing of Context Sensitive (CS-EMA) and random EMA prompting schemes. Overall, the 

results align with similar work and show somewhat consistent findings in support of Pathway A 

of the Exercise-Affect-Adherence pathway (e.g., Liao et al., 2017; Williams et al., 2008, 2016). 

However, the current study findings were generally not supportive of Pathway B of the Exercise-

Affect-Adherence pathway (e.g., Liao et al., 2017; Williams et al., 2008, 2016).  

Aim 1: Positive Affective Responses During Physical Activity 

 Results regarding differences in positive affect during physical activity compared to non-

physical activity are in partial support of the hypothesized association. Emerging adults who, on 

average, engaged in a greater proportion of physical activity experienced an increase in positive 

affect during physical activity compared to their non-physical activity ratings (i.e., between-

person association). This finding is in line with the conceptual framework of hedonic theories 

and previous laboratory studies. Hedonic theories posit that individuals will engage in behaviors 

that make them feel more pleasurable (Williams et al., 2018). It is likely that when emerging 

adults engaged in more physical activity, they would experience more favorable positive affect 

and, thus, engage in the behavior again. Laboratory studies have shown that positive affective 

responses during physical activity, compared to baseline, become more positive when the 

intensity is either self-selected and/or below their ventilatory threshold (Ekkekakis et al., 2011; 

Reed & Ones, 2006). Laboratory-based studies analyzing positive affective responses across 

individuals have also shown that more physically activity individuals experience a greater 

increase in positive affect during physical activity compared to those who are less physically 

active (Backhouse et al., 2007; Ekkekakis & Lind, 2006). It may be that more active individuals 
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can both better gauge their self-selected physical activity intensity as to not lead to less 

favorable positive affect during physical activity and have more clear expectations of positive 

affective experiences during physical activity because of behavior repetition (Backhouse et al., 

2007; Ekkekakis & Lind, 2006). The current between-person findings align with the 

hypothesized association, theory, and previous laboratory-based findings. 

 The current study did not find a statistically significant association between occasions of 

physical activity and improvements in positive affect during physical activity compared to non-

physical activity positive affect (i.e., within-person associations). In a previous study and in the 

current study, there seems to be mixed and inconclusive findings among real-world and real-

time assessments at the occasion level (i.e., within-person association; Kanning et al., 2015). In 

the only other known study to assess affective responses during physical activity via triggered 

CS-EMA prompts, occasions of older adults’ physical activity did not predict a change in valence 

during the behavior (Kanning et al., 2015). Kanning and colleagues (2015) did find, that while 

valence responses (i.e., positive affect) during physical activity did not increase in comparison to 

typical levels, the association was moderated by concurrent satisfaction with life. Thus, 

suggesting that valence during physical activity was more positive for those with concurrent 

higher ratings of satisfaction with life (Kanning et al., 2015). The relation of positive affective 

responses during bouts of physical activity may be moderated by unmeasured concurrent 

constructs like life satisfaction. Alternatively, positive affective responses during bouts of 

physical activity may be moderated by the unmeasured contexts (e.g., social, physical) in which 

physical activity occurred. A study among adults found that positive affective responses during 

occasions of physical activity were higher when with others compared to when alone (Dunton et 

al., 2015). Similarly, in an examination of affect and physical activity among children found that 

positive affective ratings were higher on occasions when outdoors compared to indoors and at 

home (Dunton et al., 2011). Therefore, it is possible that positive affective responses during 

occasions of physical activity among emerging adults may too be moderated by the 
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unaccounted-for social and physical contexts. Despite the possibility for other moderating 

factors, this study is among the first to examine affective responses during physical activity and 

extends previous work. Future work should seek to examine the moderating factors (e.g., life 

satisfaction, contexts) during occasions of physical activity that may help to explain the relation 

and ultimately, bolster the health benefits. 

Aim 1: Negative Affective Responses During Physical Activity 

Results regarding differences in negative affect during physical activity compared to non-

physical activity revealed statistically significant decreases at both the between- and within-

person level, aligning with the hypothesized association. These findings align with previous 

laboratory-based work which has observed decreases in negative affect during a bout of 

physical activity in comparison to baseline physical activity, while controlling for physical activity 

intensity (Ekkekakis et al., 2011; Magnan et al., 2013; Oliveira et al., 2015). For example, one 

laboratory-based study demonstrated that during a bout of moderate-intensity physical activity, 

negative affect has decreased when compared to their baseline levels (Magnan et al., 2013). 

The intensity of physical activity is an important consideration as the Dual-Mode Model suggests 

that as the intensity of physical activity increases so too does negative affective (i.e., becomes 

more negative; Ekkekakis, 2009). In the current study, the average intensity of a bout of MVPA 

was 4.323 METs (SD = 1.540) which falls near the middle of the moderate-intensity category 

(i.e., between 3.0 and 5.99 METs). While individual ventilatory thresholds (VTs) are variable 

based on several personal factors (e.g., sex, training), intensities in the moderate-intensity 

category are likely below individual’s VTs (Succi et al., 2020). Together, the current study aligns 

with previous work as physical activity at intensities lower than an individual’s ventilatory 

threshold and/or at self-selected intensities led to a decrease in negative affect during physical 

activity compared to their baseline ratings (Oliveira et al., 2015). The current study also adds to 

the existing literature because it was able to examine these associations in real-world setting 

and in real-time thus improving ecological validity. Further, the current study elucidates the 
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relatively short temporal sequence of negative affect and physical activity by capturing negative 

affective responses after 10 minutes of the onset of physical activity.  

Conceptually, more favorable affective responses during physical activity are likely to 

lead to future physical activity, and therefore it is important to assess negative affect during 

physical activity (Williams et al., 2018). Yet, many previous EMA investigations have examined 

negative affective responses after a bout of physical activity and found inconclusive and mixed 

results (Liao et al., 2015, 2017a). In the only other known study to examined affective responses 

during physical activity in real-world settings and in real-time by Kanning and colleagues (2015), 

the protocol did not assess negative affect per se, but instead captured overall valence (i.e., 

unipolar shifts in affect from very bad to very good). Kanning et al. (2015) observed null within-

person valence associations but true relations between negative affect during a bout of physical 

activity were likely obscured because of the bipolar scale. Possible confirmation of this may be 

evident by the differential findings between positive and negative affect in the current study. 

Nevertheless, positive and negative affect are distinct states which warrant separate 

investigation and may be more closely related to comparisons to positive and negative affect 

during non-physical activity (Schmukle et al., 2002; Stevens et al., 2020). Future work should 

continue to examine negative affect as a separate state from positive affect given the 

differences in pattern of results and potential link to health benefits. 

Aim 1: Feelings of Energy Responses During Physical Activity 

 In partial support of the hypothesized within-person association, on occasions when 

individuals engaged in a bout of physical activity, they experienced increased feelings of energy 

compared to non-physical activity ratings (i.e., within-person associations). However, there was 

no statistically significant differences between individuals with a greater overall proportion of 

physical activity and their feelings of energy during physical activity (i.e., null between-person 

association). There is consistent laboratory-based evidence which suggests that single bouts of 

moderate-intensity physical activity improves feelings of energy during the behavior, compared 
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to baseline (Boolani et al., 2019; Loy et al., 2013). Previous laboratory-based evidence has 

imposed the intensity of physical activity to at least a moderate-intensity and typically lasted for 

15 to 40 minutes in duration (Loy et al., 2013). Loy and colleagues’ (2013) review suggest 

investigating the association between feelings of energy and physical activity at both self-

selected intensities and in varying durations. These calls are in line with those made to elucidate 

the relation between affective responses and physical activity in general (Ekkekakis et al., 2008, 

2011). The current work addressed both these calls by capturing feelings of energy during self-

selected bouts of physical activity and after a shorter duration of physical activity (i.e., 10-

minutes after physical activity onset). Further, the current study mirrors calls for associations 

between repeat occurrence health behaviors and motivational determinants to be assessed in 

real-time and real-world to elucidate relations across time and space (Dunton, 2018). Together, 

the current findings align with previous laboratory-based work and demonstrate that physical 

activity can improve feelings of energy beyond non-physical activity ratings during occasions of 

self-selected intensities and after relatively short bouts of physical activity. 

Results revealed that emerging adults who, on average, engaged in a greater proportion 

of physical activity, did not experience a change in feelings of energy during physical activity 

compared to their non-physical activity ratings (i.e., between-person associations). One 

triggered CS-EMA study among older adults, found that both individuals who engaged in more 

physical activity (i.e., between-person association) and on occasions when individuals engaged 

in physical activity (i.e., within-person association) was associated with an increase in energetic 

arousal (Kanning et al., 2015). The current study and Kanning and colleagues’ (2015) study 

differ in the conceptualization of feelings of energy vs. energetic arousal. Energetic arousal is 

the combination of feelings of energy and feelings of fatigue, insomuch that they are bipolar 

ratings of tired vs. awake and without energy vs. full of energy (Ekkekakis, 2013; Kanning et al., 

2015). However, energetic arousal is conceptually similar to feelings of energy which was 

assessed in the current study (Ekkekakis, 2013). Nevertheless, there appears to be differences 
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between individuals and their feelings of energy experienced during physical activity. One 

possible explanation for the current null between-person relation may be due to differences in 

feelings of energy during physical activity at lower intensities rather than during MVPA. A meta-

analysis found that the effect size of feelings of energy during low-intensity physical activity was 

nearly double compared to the effect size of feelings of energy during moderate-intensity 

physical activity (Reed & Ones, 2006). It is possible that physical activity at lower intensities is 

used to maintain balance between energy intake (i.e., dietary intake) and energy expenditure 

(i.e., physical activity) and when in balance, participants experience higher levels of feelings of 

energy (Garland et al., 2011; Rowland, 1998). Some additional evidence for this relation might 

be observed from Kanning and colleagues (2015) where feelings of energy were captured 

during physical activity at an intensity that was below a typical walking pace (105.5 milli-g/min). 

Thus, between-person differences between feelings of energy during physical activity 

documented in previous research may be driven by participants who engaged in a greater 

proportion physical activity at lower intensities. Engaging in larger amounts of physical activity at 

lower intensities may help to balance energy intake (i.e., diet) and expenditure (i.e., physical 

activity) compared to individuals who engage in a greater proportion of bouts of physical activity 

at higher intensities (Garland et al., 2011; Rowland, 1998). Future work should tease this 

relation apart by examining differences in feelings of energy responses during physical activity 

at lower intensities in real-world settings to better promote physical activity for the immediate 

and long-term health benefits. 

Aim 1: Feelings of Fatigue Responses During Physical Activity 

Findings regarding feelings of fatigue during physical activity compared to non-physical 

activity highlight within-person, but not between-person, associations which partially aligns with 

the hypothesized relation. On occasions when emerging adults engaged in a bout of physical 

activity, they experienced a decrease in feelings of fatigue compared to their non-physical 

activity ratings (i.e., within-person association). The current work is among a few studies to 
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assess feelings of fatigue during physical activity inside or outside the laboratory as previous 

work has largely omitted or did not report feelings of fatigue, especially in non-clinical 

populations (Liao et al., 2015; Loy et al., 2013, 2018). Yet, laboratory-based work has observed 

mixed findings regarding changes in feelings of fatigue during physical activity (Loy et al., 2013). 

Unsurprisingly, in line with the Dual-Mode Model, as the intensity of physical activity increases 

so too does feelings of fatigue (Ekkekakis, 2009; Loy et al., 2013). Mixed findings in previous 

literature may be due to the constraint of physical activity intensities which may surpass the 

individual’s ventilatory threshold and, thus, increase feelings of fatigue. The current study is in 

line with theoretical underpinnings of the Dual-Mode Model and previous investigations by 

capturing affective responses during self-selected physical activity. Further, the current study 

advances the literature by capturing feelings of fatigue during self-selected physical activity in 

real-time and real-world settings which is likely a better representation of the actual underlying 

associations than more constrained examinations.  

To the best of the author’s knowledge, this is the first study to examine feelings of 

fatigue responses during a bout of physical activity in real-world and real-time settings. Though, 

the current study is in line with recent calls to investigate both feelings of energy and fatigue’s 

relation with physical activity (Loy et al., 2013, 2018). Importantly, previous examinations have 

either conceptualized feelings of fatigue as an inferred opposite of feelings of energy or did not 

account feelings of fatigue (Loy et al., 2013, 2018). Conceptually the definitions of energy and 

fatigue are not opposites but rather have distinct biological mechanisms, for example serotonin 

is a suggested mechanism of feelings of fatigue but not feelings of energy while dopamine is a 

suggested mechanism of feelings of energy but not feelings of fatigue (Kikuchi et al., 2010; Lott 

et al., 2005; Loy et al., 2018). Further, a confirmatory factor analysis of items of both energy and 

fatigue indicate that two separate factors of energy and fatigue accounted for nearly 48% of the 

total variance (Christensen & Piper-Terry, 2004). Given the differing pattern of results between 

feelings of energy and fatigue in the current study and in previous, albeit limited laboratory-
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based studies, future studies should continue to assess both constructs individually to better 

understand how to best promote affective states for health promotion. 

Contradicting the hypothesized direction, participants who engaged in a greater 

proportion of bouts of physical activity did not experience a statistically significant change in 

feelings of fatigue during physical activity compared to non-physical activity occasions. While a 

single bout of physical activity may be able to decrease feelings of fatigue, it may be that other 

health behaviors (e.g., sedentary behavior, sleep) are more closely related to feelings of fatigue 

at the between-person level (Boolani et al., 2021; Loy et al., 2018). For example, one study 

among adults found that while controlling for physical activity, participants who were sedentary 

for greater than eight hours per day experienced greater feelings of fatigue compared to those 

who sat for less than eight hours per day (Boolani et al., 2021). Suggesting that sedentary 

behavior engagement may be more closely linked to feelings of fatigue at the between-person 

level rather than physical activity participation. Alternatively, it is possible that, at the between-

person level, the association between feelings of fatigue and physical activity is moderated by 

sleep quality (Herring et al., 2018). Among adolescence with good sleep quality, feelings of 

fatigue were invariant across various levels of physical activity. However, among adolescents 

with poor sleep quality, feelings of fatigue were less severe for those who were more physically 

active compared to their less physically active peers (Herring et al., 2018). Sleep quality may 

moderate the relation between feelings of fatigue and physical activity participation. While the 

current study suggests that occasions of physical activity can decrease feelings of fatigue, the 

relation between physical activity participation and feelings of fatigue may be due to other health 

behavior engagement. Future work should seek to investigate how other health behaviors 

contribute to the relation between physical activity and feelings of fatigue at the between-person 

level for the immediate and long-term health benefits. 

 

 



 

 70 

Aim 2: Positive Affect During Physical Activity Predicting Next Day Physical Activity 

The average difference in positive affect during physical activity compared to non-

physical activity across days in the study (i.e., between-person association) and on a given day 

(i.e., within-person association) were not statistically related to physical activity on the following 

day, contradicting the hypothesized relation. Previous laboratory based studies have shown that 

increases in positive affect during physical activity compared to baseline positive affect led to 

greater physical activity participation months later (Williams et al., 2008, 2012). Both of the 

previous studies have assessed positive affect on the bipolar Feeling Scale which ranges from 

very good (+5) to very bad (-5) and captures basic changes in general affect (Ekkekakis, 2013; 

Hardy & Rejeski, 1985). The benefit of the bipolar assessment is that it can capture basic core 

affect which is synonymous with an overall ‘snapshot’ of affect and is related to future physical 

activity engagement (Ekkekakis, 2013; Williams et al., 2008, 2012). Yet, there is evidence that 

the constructs of positive and negative affect are distinct states whereby changes in one does 

not necessarily lead to changes in another (Egloff et al., 2003; Watson et al., 1988). As the 

current study may suggest given the differing pattern of results between positive and negative 

affect predicting next day MVPA, the omission of both feeling states may lead to either incorrect 

interpretations and/or difficulty in providing recommendations for future behavior engagement. 

The current study assessed positive affect with constructs of happy, excited, relaxed, and calm 

which is in line with previous real-world and real-time investigations across the lifespan (Dunton 

et al., 2014, 2018; Geldhof et al., 2014; Hevel et al., 2020). Capturing domains of affect, as 

done in the current study, likely allows for easier comparison to other EMA studies which used 

the same methodology and perhaps a better reference point for comparing to affective 

responses during physical activity which has been seldom done in real-world settings. Future 

studies may seek to capture both the more general basic core affect ‘snapshot’ via bipolar 

assessments of affect (e.g., Feeling Scale) and more nuanced differentiation between positive 

and negative affect via unipolar assessments to compare patterns of results. Explicit 
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comparison between these two measurements may help to better contextualize previous 

laboratory work and provide valuable information about how positive and negative affect are 

differentially related to physical activity promotion.  

The association between positive affect and future physical activity is equivocal in EMA 

investigations, somewhat consistent with the current null findings. One EMA study among adults 

did not find an association between affective responses during physical activity and future 

physical activity engagement at 6 and 12 months later (Liao et al., 2017b). The author’s caution 

that the null findings are based on few responses of affect during physical activity (M = 1.85, SD 

= 1.13). The current study extends on Liao and colleagues’ (2017b) findings by capturing 

considerably more occasions of affective responses during physical activity which may suggest 

the need for alternative explanations. Liao and colleagues (2017b) also suggest that the null 

relation may be due to, in part, the exercise tasks that are imposed in laboratory-based settings 

compared to free-living exercise. While it is possible that the modality of physical activity may 

change affective responses during physical activity, Williams and colleagues’ (2012) found that 

walking at a self-selected pace for 10 minutes improved positive affective responses during the 

bout and predicted physical activity participation months later. Walking is a common form of 

physical activity that elicits a more universal and favorable affective response (Ekkekakis et al., 

2000); therefore, the modality may not be universally responsible for the null findings in previous 

and current examinations. 

The Prospect Theory may help to explain why positive affective responses in laboratory-

based settings predicted future physical activity engagement but seemingly do not in real-world 

settings. The Prospect Theory suggests that individuals evaluate outcomes of behaviors based 

on a predetermined reference point which is rooted in expected gains or losses rather than the 

net association (Tversky & Kahneman, 1979). In other words, participants likely arrived at the 

laboratory with differing expected outcomes of affective responses during physical activity 

based on preconceived expectations of the imposed physical activity features (i.e., intensity, 
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modality, duration) compared to the more naturally expectations in real-world settings. There is 

some evidence to suggest that sedentary and/or low-active participants in previous studies 

(e.g., Williams et al., 2012) may have built up feelings of dread towards physical activity at 

imposed intensities due to previous poor physical activity experiences (e.g., physical education; 

Williams, 2019). While speculative, sedentary and/or low-active individuals participating in 

previous laboratory-based studies may have expected to engage in physical activity that would 

cause dread or unfavorable affective states. Then, when physical activity intensities were low 

(e.g., walking pace) their positive affect may have been artificially inflated for some individuals 

based on their predetermined reference point. The potentially artificial change in affective 

responses during physical activity in laboratory-based settings may obscure the underlying 

association in everyday life and not fully explain the predicted increases in physical activity. The 

current study sampled emerging adults who were meeting the physical activity guidelines, and 

therefore, the omission of sedentary and/or low-active individuals compared to previous studies 

may help to explain the null and differential findings. Future real-world investigations should 

seek to replicate the current and previous real-world studies among sedentary and/or low-active 

adults to elucidate the relation in comparison to incidental affect (i.e., non-physical activity 

related affect) throughout everyday life and implement methodology to improve the ecological 

validity. 

Aim 2: Negative Affect During Physical Activity Predicting Next Day Physical Activity 

Contrary to the hypothesized association, across all study days, emerging adults who, 

on average, experienced an increase in their negative affect during physical activity compared 

to non-physical activity occasions tended to engage in more MVPA time on the following day 

(i.e., between-person associations). Previous laboratory-based and EMA studies have focused 

on the relation at the within-person level (i.e., across occasions) rather than the between-person 

level (Liao et al., 2017b; Rhodes & Kates, 2015). The contradictory between-person relation 

may be due to other deliberate motivational factors that might buffer or outweigh average 
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differences in negative affect across all days in the study and its ability to predict future MVPA 

engagement. It is possible that individuals who experience greater average differences in 

negative affect during physical activity compared to non-physical activity across all days in the 

study compared to others have various driving deliberate motivational factors (e.g., goals, self-

efficacy) for future engagement (Ekkekakis & Brand, 2019). For example, it is possible that 

individuals with higher self-efficacy for engaging in physical activity may be able to overcome 

increased negative affective experiences and engage in future physical activity participation 

across days despite the maladaptive effects of increased negative affect (Rhodes & Kates, 

2015). Examining how increases in self-efficacy (or other deliberate motivational constructs), 

which were unaccounted for in the current and previous studies, may serve to buffer negative 

affective responses across days and predict on future engagement is likely advantageous for 

the promotion of physical activity across micro-timescales.  

There was no difference in next day MVPA engagement regardless of the difference 

between negative affective responses during physical activity compared to during non-physical 

activity occasions on a given day (i.e., within-person association) which contradicts the 

hypothesized relation and adds to previous, somewhat mixed, findings. Laboratory-based 

studies have largely focused on changes in general affective responses captured via bipolar 

assessments rather than negative affect explicitly, thus making it difficult to directly compare 

findings across studies (Rhodes & Kates, 2015). Although, EMA methodologies may help to 

provide a more nuanced understanding as one study found that increases in adults’ negative 

affective responses during physical activity led to a decrease in MVPA 12 months but not 6 

months later (Liao et al., 2017b). The pattern of within-person findings between the current 

study and Liao and colleagues (2017b) are differing, albeit marginally (p = 0.077 in the current 

study). Perhaps implicit attitudes may moderate the relation, which were unaccounted for in the 

current and previous study. More favorable automatic evaluations of physical activity (i.e., 

implicit attitudes) are related to greater physical activity participation and are believed to 
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dynamically change across time (Chevance et al., 2019; Hyde et al., 2012). Across longer 

micro-timescales (e.g., weeks) or macro-timescales (e.g., months), it is possible that negative 

affective responses during physical activity are moderated by implicit attitudes which may serve 

to buffer the change in MVPA based on accumulated physical activity experiences and alter 

physical activity participation at varying timescales. Future studies may seek to investigate how 

implicit attitudes, and/or the stability of implicit attitudes, moderates negative affective responses 

during physical activity and future engagement. 

Aim 2: Feelings of Energy During Physical Activity Predicting Next Day Physical Activity 

Contrary to the hypothesis, across all study days, emerging adults who, on average, 

experienced an increase in their feelings of energy during physical activity compared to non-

physical activity occasions tended to engage in less MVPA time on the following day (i.e., 

between-person association). The contradictory findings may be related to the timescale of 

predicted future physical activity participation. Physical activity recommendations are provided 

across a week rather than across days, although it is suggested that aerobic physical activity be 

spread out across the week (Physical Activity Guidelines Advisory Committee, 2018). Perhaps 

individuals who experienced greater overall average differences in feelings of energy have 

greater day-to-day variation in their physical activity. Recent work suggests that day-to-day 

physical activity participation for overweight and obese young adults may be non-linear and can 

have a high degree of variability (Chevance et al., 2021). Specifically, variability in physical 

activity participation 2-3 days prior to the day of interest can predict losses in physical activity 

participation on the following day (Chevance et al., 2021). Nearly half of the sample (47.50%) in 

the current study were classified as overweight or obese based on BMI calculations. While 

speculative, for those who experience greater average differences in feelings of energy during 

physical activity compared to non-physical activity, feelings of energy may contribute to 

increased variability in physical activity (e.g., greater frequency, longer bout duration). Thus, 

greater average feelings of energy may contribute to increased variability in MVPA which may 



 

 75 

lead to a loss in MVPA participation on next day. Future work should examine how average 

differences in feelings of energy across individuals of varying weight statuses modulate 

variability in physical activity patterns and how to use feelings of energy to control variability in 

physical activity for more stable physical activity participation across days. 

There was no difference in next day MVPA engagement regardless of the difference 

between feelings of energy responses during physical activity compared during non-physical 

activity occasions on a given day (i.e., within-person association). Previous laboratory-based 

investigations have found that greater feelings of energy during a bout of physical activity led to 

future physical activity participation months later (Puetz, 2006; Yoon et al., 2013). Additionally, 

an EMA study found that increases in feelings of energy during physical activity led to an 

increase in physical activity participation at both 6 and 12 months later (Liao et al., 2017b). One 

possible explanation for the null findings might be based in proposed biological mechanisms as 

physical activity participation is related to increases in dopamine and increases in dopamine are 

believed to drive increased feelings of energy (Ekkekakis, 2009; Loy et al., 2018). Increased 

dopamine is related to reward centers in the brain and is likely responsible for increased future 

behavior engagement (Ekkekakis, 2009; Lee et al., 2016; Loy et al., 2018). However, the dose-

response relation is unclear, insomuch that, while occasions of physical activity may increase 

dopamine, and feelings of energy, it might not be a strong enough dopaminergic response to 

activate reward centers and promote future engagement. Differences in physical activity 

engagement and dopaminergic responses may be a speculative reason as to why there are null 

day-level relations. Future investigations may consider the magnitude of changes in feelings of 

energy and how that predicts future physical activity engagement for the health-related benefits. 

Aim 2: Feelings of Fatigue During Physical Activity Predicting Next Day Physical Activity 

The findings partially aligned with the hypothesized relation as on days when an 

individual experienced a larger than usual increase in feelings of fatigue during a bout of 

physical activity compared to during non-physical activity occasions, they engaged in less 
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MVPA time the following day (i.e., within-person association). These findings align with hedonic 

theories and some, albeit, limited previous investigations (Rhodes & Kates, 2015; Williams et 

al., 2018). One laboratory-based study found that decreases in fatigue during a bout of 

moderate-intensity physical activity was associated with greater frequency of exercise 3 months 

later (Kwan & Bryan, 2010). Thus, suggesting that changes in feelings of fatigue during physical 

activity may influence future engagement, dependent upon the direction of the change in 

feelings of fatigue during bouts of physical activity. An EMA study among adults did not find an 

association between feelings of fatigue during physical activity and future physical activity 

participation at 6 or 12 months later (Liao et al., 2017b). Yet, the study examined changes 

based on limited observations (< 2 observations per person) and may be less representative 

across multiple occasions of physical activity. Conceptually, the repeated experiences of fatigue 

during physical activity likely leads to unconscious dread for future physical activity 

engagement, and thus, hinders engagement (Williams, 2019). Given the mixed findings across 

studies, future studies should seek to replicate these findings across the lifespan and across 

varying timescales to determine the most effective way to improve physical activity participation 

for the health benefits. 

The null between-person relation between feelings of fatigue and future physical activity 

may be due to the influence of other health behaviors (e.g., sleep, diet) that may play a more 

important role with experiences of fatigue and perhaps future engagement on the following day 

(Boolani et al., 2021; Loy et al., 2018). There was no association at the between-person level 

with feelings of fatigue and MVPA for either Aim 1 or 2 which may be attributed to other health 

behavior engagement that could drive overall levels of fatigue across individuals and obscure 

the relation for future physical activity engagement on the following day. Further, previous 

studies have examined occasional differences in fatigue and its relation for future physical 

activity without explicitly examining between-person factors (Liao et al., 2017b; Rhodes & Kates, 

2015). Yet, it would likely be helpful to elucidate between-person differences for tailored 
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interventions and theory refinement. Future studies may seek to investigate both how multiple 

health behaviors contribute to future engagement and how individuals differ in the feelings of 

fatigue related to future physical activity engagement for the associated health benefits. 

Implications for Intervention Work 

The current results are encouraging for the promotion of physical activity for the short- 

and long-term health benefits. There are somewhat consistent findings that more active 

individuals and occasions of MVPA are associated with improved affect during the behavior 

compared to non-physical activity affective responses. There is a wealth of evidence that 

demonstrates that physical activity has mental health benefits (Rebar et al., 2015). The current 

findings align with previous work and helps to extend the evidence by suggesting that health 

care practitioners consider promoting physical activity engagement that is at self-selected 

intensity that occurs in at least 10-minute bouts as there are likely immediate affective mental 

health benefits. There have been several calls to promote physical activity via ‘affective 

recommendations’ where MVPA is prescribed based on how individual feel during a bout of 

physical activity rather than the current prescribed intensity model (Ekkekakis, 2017; Ekkekakis 

& Brand, 2019). This type of affective recommendation may be particularly applicable for 

emerging adults as this age group is more likely to experience higher rates of mental health 

issues compared to other age groups (Arnett, 2015; Tanner & Arnett, 2016). Encouraging self-

selected physical activity that occurs in everyday life may be able to combat mental health 

concerns with immediate improvements in affect and have subsequent short- and long-term 

health benefits. However, given the mixed and limited evidence of the Exercise-Affect-

Adherence pathway in the current and previous work, practitioners may consider supplementing 

affective based physical activity recommendations with other established intervention 

techniques (e.g., self-monitoring; Page et al., 2020). Supplementing with other intervention 

techniques may be especially relevant given that, as the current study suggests, changes in 

affective responses may lead to less physical activity the following day. Additionally, as the 
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current study suggests, practitioners may need to consider next day changes in physical activity 

based on average differences in affective responses during the behavior compared to non-

physical activity occasions. Nevertheless, the current study provides additional evidence for the 

benefits of self-selected physical activity for the immediate health benefits. 

The current findings also have implications for digitally mediated intervention work such 

as Just-In-Time Adaptive Interventions (JITAI). JITAI’s seek to intervene when an individual is 

most vulnerable for negative health outcomes or engaging in unhealthy behaviors (Nahum-

Shani et al., 2015, 2018). Consider one finding in the current study: emerging adults 

experienced a decrease in negative affect during a bout of physical activity compared to non-

physical activity occasions. JITAI’s may seek identify when an individual is experiencing higher 

non-physical activity negative affect (e.g., stress) than typical and then prompt the individual to 

engage physical activity at least 10-minutes at a self-selected intensity for the immediate 

improvement in negative affect. Affective based messaging has some support at promoting 

physical activity engagement (Sirriyeh et al., 2010; Williamson et al., 2020). Therefore, the 

JITAI’s may seek to prompt the individual with a message that suggests that they engage in 

physical activity for the affective improvements. Further, it might be even more persuasive if the 

affective based message uses prior information about the individual. For example, if the JITAI 

relayed previous affective experiences from past physical activity engagement with a message 

such as: “Try being physically active for 10 minutes as it made you feel less stressed last time!” 

Tailoring the content of the message and the intervention to the individual and their moments of 

vulnerability may be more effective at promoting health behaviors for immediate benefits and 

associated long-term implications. 

Consider another finding of the current study: on days when an individual experienced a 

larger than usual increase in feelings of fatigue during a bout of physical activity compared to 

during non-physical activity occasions, they engaged in less MVPA time the following day. 

JITAI’s may seek to capture increased feelings of fatigue on one day and then deliver 
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intervention content on the following day when individuals may be more vulnerable for health 

consequences due to decreased physical activity participation. In this case, interventions may 

seek to promote physical activity based on the immediate benefits such as: “Try engaging in 

physical activity today as it has been shown to reduce feelings of fatigue!” Alternatively, 

interventions may seek to prompt individuals to engage in bouts of physical activity that lead to 

less feelings of fatigue during physical activity as this may lead to consistent participation on 

following days. Perhaps interventions could promote physical activity that would still be at a 

MVPA threshold, for all the associated health benefits, while also reducing the likelihood of 

experiencing fatigue. In this instance, interventions might prompt individuals with a message 

such as: “Try being physically active at an intensity that is not fatiguing; aim for a brisk walk 

today for at least 10 minutes!” Encouraging physical activity that may lessen the degree to 

which one feels fatigued during physical activity compared to non-physical activity might help to 

promote sustained engagement across days. The current work provides actionable information 

for intervention work to use affect to promote both short-term health benefits and the potential 

for continued participation for the long-term health benefits. 

Strengths, Limitations, and Future Directions 

The current study has several strengths including the novel pairing of accelerometers 

and smartphones to capture affective responses during physical activity and examining the 

pathway across micro-timescales. Yet, the current study is not without limitations. First, the 

observed relations are not generalizable to individuals of varying physical activity statuses and 

ages. Given that this study was interested in the influence of physical activity on affective 

responses and affective responses predicting future engagement, it was necessary to sample a 

population with adequate physical activity engagement. There is some evidence to suggest that 

those who are physically inactive/insufficiently activity may experience less favorable affect 

during physical activity at a MVPA threshold because their ventilatory threshold is lower than 

that of the MVPA threshold (Ekkekakis & Lind, 2006; Magnan et al., 2013). Considering physical 
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activity status and/or the adjusting the intensity threshold for those who are physically inactive 

and/or insufficiently active is likely necessary to better promote physical activity engagement for 

those who are most at risk. Future work should investigate the Exercise-Affect-Adherence 

pathway among those who are insufficiently active as these relations may have salient 

implications for health promotion efforts. Further, future work may seek to examine these 

relations among individuals across the life span as the associations may differ across the aging 

process. As individuals age, they engage in less intense physical activity (Hallal et al., 2012; 

Tucker et al., 2011). Therefore, the relations between affect and MVPA for health promotion 

may not be as relevant for older adults who engage in little to no MVPA (Copeland & Esliger, 

2009). Investigating the Exercise-Affect-Adherence pathways across the lifespan and at 

common physical activity intensities for each population (e.g., light-intensity physical activity) will 

likely enhance the effectiveness for using affective responses to promote future engagement for 

a broader population.  

Second, the duration of MVPA needed to trigger a CS-EMA prompt may have missed 

valuable information about how shorter bouts of MVPA contribute to more favorable affective 

responses and potentially future engagement. The CS-EMA prompt was triggered after ≥10 

minutes of MVPA engagement with a 2-minute buffer below the ≥3.0 MET threshold. The ≥10-

minute threshold was chosen for two main reasons: first, 10 minutes is nearly triple the 

minimum threshold (i.e., 3 minutes) where laboratory-based evidence has observed changes in 

affect from baseline (Ekkekakis et al., 2011). Capturing affective responses after 10 minutes 

helps to create a temporal sequence and allows researchers to be more certain that changes in 

affect during, compared to non-physical activity, stem from physical activity engagement. 

Second, prior to the current physical activity guidelines, 10 minutes was the minimum suggested 

bout length for the health related benefits of MVPA (Physical Activity Guidelines Advisory 

Committee, 2008; Physical Activity Guidelines Advisory Committee, 2018). While this threshold 

was removed from the current guidelines, the 10-minute threshold likely captures more 



 

 81 

purposeful physical activity and likely does not over burden participants to respond to more 

frequent CS-EMA prompting. However, this bout criteria may lead to the omission of bouts of 

MVPA that occur in shorter durations but still lead to immediate benefits and potentially future 

behavior prediction. Since MVPA does not need to be completed in a certain bout length, it may 

be more feasible to promote MVPA in shorter bouts that can be done throughout the day and 

add up to short- and long-term health benefits. Future studies may seek to examine alternative 

time intervals to better understand the relations between affect and physical activity. Some 

laboratory-based work suggests that physical activity at a moderate-intensity altered affective 

responses during the behavior after 3 minutes of participation (Ekkekakis et al., 2011). 

Targeting a shorter time intervals may uncover valuable information of how MVPA is 

accumulated in short bursts across the day that add up to greater health benefits (Piercy et al., 

2018). However, capturing physical activity at shorter time intervals may need to consider 

methodological challenges (e.g., participant burden, missingness). Alternatively, studies may 

seek to capture affective responses during physical activity that has lasted for longer durations. 

Dunton and colleagues (2016) demonstrated the feasibility of using CS-EMA prompts after at 

least 15 minutes of high intensity physical activity followed by 10 minutes of low intensity 

physical activity to capture phenomena of interest among adolescents. It is likely that this 

protocol would not adequately capture affective responses during the behavior, it does however, 

suggest the ability to capture affective responses during physical activity at longer thresholds. 

Capturing affective responses during physical activity at longer time thresholds may lead to 

important information about why individuals engage in more purposeful physical activity. The 

current study provides a foundation for understanding affective responses during physical 

activity in real-world settings, yet, understanding alternative bout durations in which the relation 

occurs can likely provide valuable information for the use of affective responses during physical 

activity for future promotion. 
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Another limitation of the current study is the examination of average differences in 

affective responses during physical activity compared to non-physical activity predicting physical 

activity across the next day micro-timescale rather than other conceptualizations of micro-

timescales (e.g., same day, following week). Previous work has suggested the likelihood of the 

association between affect and health behaviors (e.g., physical activity) unfolding across micro-

timescales of days (Emerson et al., 2018; Fredrickson et al., 2020; Ivarsson et al., 2020; 

Williams et al., 2016). Days are natural units of time that may be more effective for the 

promotion of physical activity rather than across longer timescales (e.g., months) which are 

more distal and potentially less effective (Pennington & Roese, 2003). Conceptually, hedonic 

theories do not posit an explicit timescale of the relation between affective responses during the 

behavior and future engagement but, more work is needed to determine the timing of the 

sequence (Williams et al., 2018). Physical activity is a repeat health behavior but adults do not 

necessarily need to engage every day of the week to meet physical activity guidelines, although 

it is encouraged to spread out engagement across days in a week (Physical Activity Guidelines 

Advisory Committee, 2018). It might be that individuals engage in physical activity on one day 

but purposefully plan to not engage on the next day (i.e., planned rest day), particularly among 

active individuals. Therefore, future research may seek to investigate how differences in 

affective responses during physical activity occasions compared to non-physical activity 

occasions predict physical activity engagement across various timescales. For instance, 

examining the relation across a week likely provides valuable information for the use of hedonic 

theories in the promotion of the physical activity guidelines (Physical Activity Guidelines 

Advisory Committee, 2018; Williams et al., 2018). Alternatively, it might be that differences in 

affective responses are associated with future physical activity engagement across person-

specific groupings of days. There is emerging evidence that young adults who are overweight or 

obese display a person-specific pattern of gains and losses in physical activity participation 

across various groupings of days (e.g., 2-3 days) within a week (Chevance et al., 2021). This 
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may be particularly relevant consideration for emerging adults who may have differing 

obligations that occur on various times and/or days (e.g., part-time jobs, course schedules) 

which may influence physical activity engagement. Thus, it may be important for future work 

consider how changes in affect can predict future individualized patterns of physical activity 

engagement rather than a fixed micro-timescale (e.g., weeks). Lastly, it is possible that 

differences in affective responses during a physical activity occasion compared to non-physical 

activity occasions earlier in the day may predict physical activity participation throughout the 

remainder of the day. One study found that low-active adults were more likely to engage in 

physical activity when they experienced more favorable incidental affect (i.e., non-physical 

activity affect) earlier in the day (Emerson et al., 2018). It is possible that individuals may 

engage in higher levels of physical activity within the same day if the difference in affective 

responses during a bout of physical activity compared to non-physical activity is more favorable 

earlier in the day. Although, the current study does not provide general support for affective 

responses during physical activity predicting future MVPA engagement on the following day, 

examining the association across varying micro-timescales (i.e., weeks, person-specific 

groupings of days, within-days) will likely enhance the utility of the Exercise-Affect-Adherence 

pathway for the promotion of physical activity and the associated health benefits. 

Conclusion 

The current study is among the first to investigate the Exercise-Affect-Adherence in real-

world settings and the first known investigation of the relation among an at-risk emerging adult 

population. The novel pairing of accelerometers and EMA prompting to capture affective 

responses during bouts of physical activity overcomes limitations in previous work. Overall, 

there is more consistent support for physical activity improving affective responses during 

physical activity across both occasions of physical activity and those who engage in a greater 

proportion of physical activity. However, there is little supporting evidence regarding the ability 

of changes in affective responses to predict next day physical activity participation. These 
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findings have important implications for hedonic theories and intervention applications as this 

study helps to improve ecological validity, elucidate the timescale of the pathway, and provides 

support for affective based physical activity recommendations for immediate health benefits.  
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APPENDIX A: DATA PROCESSING EXAMPLE FOR AIM 2 

Example Data from a Study Participant   
 During Physical Activity Positive Affect Data Non-Physical Activity Positive Affect Data 

Prompt Type on Day One   
CS-EMA Prompt 70.50 - 
CS-EMA Prompt 61.50 - 
Random EMA Prompt - 51.50 
Random EMA Prompt - 58.67 
Random EMA Prompt - 58.33 
Random EMA Prompt - 79.67 
Data Processing Steps   

 Aggregated and Average During Physical 
Activity Positive Affect 

Aggregated and Average Non-Physical  
Activity Positive Affect 

Step 1: Aggregate and Average 66.00 62.04 
 Day One Difference between During Physical Activity and  

Non-Physical Activity Positive Affect 
Step 2: Take the Difference 3.96 
Note. EMA = Ecological Momentary Assessment, CS-EMA = Context Sensitive Ecological Momentary Assessment, BP = 
Between-Person, WP = Within-Person. The data processing procedure for Aim 2 is represented with data from a participant on one 
day of the study. Positive affect ratings at both during physical activity and non-physical activity are averaged responses of positive 
affect items (i.e., happy, calm, excited, relaxed). On this day, the participant triggered and completed 2 CS-EMA prompts and 
completed the 4 random EMA prompts. In step 1 of the data processing procedure, responses were aggregated across all 
occasions of that day and averaged for during physical activity and non-physical activity positive affect separately. In Step 2, the 
difference was taken between during physical activity positive affect and non-physical activity positive affect.  
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APPENDIX B: VISUAL MODEL CHECKS FOR AIM 1 POSITIVE AFFECT 
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APPENDIX C: VISUAL MODEL CHECKS FOR AIM 1 NEGATIVE AFFECT 
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APPENDIX D: VISUAL MODEL CHECKS FOR AIM 1 FEELINGS OF ENERGY 
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APPENDIX E: VISUAL MODEL CHECKS FOR AIM 1 FEELINGS OF FATIGUE 
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APPENDIX F: VISUAL MODEL CHECKS FOR AIM 2 MVPA PREDICTED BY 

POSITIVE AFFECT 

 

  



 

 113 

APPENDIX G: VISUAL MODEL CHECKS FOR AIM 2 MVPA PREDICTED BY 

NEGATIVE AFFECT 
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APPENDIX H: VISUAL MODEL CHECKS FOR AIM 2 MVPA PREDICTED BY 

FEELINGS OF ENERGY 
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APPENDIX I: VISUAL MODEL CHECKS FOR AIM 2 MVPA PREDICTED BY 

FEELINGS OF FATIGUE 

 


