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Abstract
Current global estimates of physical activity suggest that less than 20% of adolescents are
sufficiently physically active, and 28% of adults over 18 are not active enough to stay healthy
despite the known physical and mental health benefits. Given the notable short- and long-term
benefits of physical activity, paired with insufficient engagement rates, young adulthood (ages
19-25) is a critical time to build and support continued physical activity engagement across the
lifespan. Research has identified increased stress and negative mood to impair physical activity
efforts, but the associations between stress and affect and physical activity at the daily levels
remained largely unexplored. In addition, potential moderating factors of these associations
currently lack research. This study aimed to understand the associations between daily stress,
positive and negative affect, and physical activity, as well as explore the six Stages of Change
(SoC) as potential moderating factors. Undergraduates (N = 74; Mage = 20.88, SD = 2.53)
responded to surveys administered through a smartphone app for 14 days and wore a Fitbit
Charge 2 to gather physical activity data (i.e., daily steps). Multi-level models showed no within-
person associations between stress, positive and negative affect, and physical activity. However,
two significant interactions were observed: (1) contemplation significantly moderated the
association between positive affect and physical activity, and (2) action significantly moderated
the association between negative affect and action. Overall, results concerning the moderating
impact of SoC were mixed; yet provide directions for future research. Results can provide new
insight for strategies that focus on strengthening personal intentions and promoting individual
motivations to engage in health behaviours such as physical activity.
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Introduction

Physical activity, defined as any bodily movement that results in increased energy
expenditure above sedentary includes competitive sports, individual exercise, recreational sports,
conditioning, and other activities (Caspersen et al., 1985). Physical activity is modifiable and can
be tailored to the individual’s preferences and capabilities, making it a promising prevention and
intervention to target across multiple health domains. Indeed, engagement in physical activity
has been shown to have physical, psychosocial, and cognitive benefits (Belcher et al., 2021;
Janssen & LeBlanc, 2010; Lubans et al., 2016; Mandolesi et al., 2018). For example, physical
activity contributes to autonomy and well-being (Tremblay et al., 2016), is protective for
cardiovascular health (Ramakrishnan et al., 2021), improves metabolic and musculoskeletal
indicators (Myers et al., 2019), and enhances body awareness and sense of competency (Sudeck
et al., 2018). Positive experiences with physical activity have also been associated with
promoting a higher and more consistent engagement in physical activity (Sudeck et al., 2018).
Yet research shows trajectories of physical activity show stark declines across late adolescence
(ages 12-18) into young adulthood (ages 19-29), theorized to result from increased day-to-day
demands that compete for youths’ time and energy (Ames et al., 2018; Duncan et al., 2007).
Given the notable short- and long-term benefits of physical activity, young adulthood is an
especially critical time to build and support continued engagement, yet research surrounding
when, why, and how young adults engage in physical activity at the daily level remains largely
unknown (Agans & Lerner, 2021).

Some research has identified increased stress and negative mood to impair physical
activity effort and intention, subsequently reducing engagement (e.g., Stults-Kolehmainen &

Sinha, 2014). However, we know little about the factors that may disrupt this association. A



potential factor that may influence the associations between stress, mood, and physical activity is
how strongly an individual believes in the benefits of physical activity or lack thereof. This
factor can be measured using the Stages of Change model (SoC; Prochaska & DiClemente,
1983), a measure of an individual’s belief in the benefits of behavioural change. SoC consists of
six distinct stages related to an individual’s belief in a specific behavioural change (e.g.,
engagement in physical activity), with initial stages corresponding to a lack of readiness to
change, progressing up to action and maintenance. The stages include: 1) precontemplation non-
believer, a behaviour has yet to be acknowledged as a problem and no belief that change will be
beneficial; 2) precontemplation believer, a behaviour has yet to be acknowledged as a problem
but belief that change will be beneficial; 3) contemplation, acknowledging a behaviour as a
problem but not at a point of being ready to change, may lack confidence or want to change; 4)
preparation, getting ready to engage in behaviour change; 5) action, actively changing
behaviour; and, 6) maintenance, maintaining actions of behaviour change (Prochaska &
DiClemente, 1983). Previous research suggests individual physical activity intensity and context
may be influenced by an individual’s location along the SoC continuum (De Bourdeaudhuij et
al., 2005) and that individuals in the earlier stages may have lower physical activity rates due to
not being ready to commit to a physically active lifestyle (Gawwad, 2008). Thus, this study
examines how within-person internal factors (i.e., stress, mood, affect) may promote or impede
physical activity and examines the potential moderating nature of each SoC stage on physical
activity within young adulthood.
Benefits of Physical Activity

Physical activity is widely recognized as a critical behaviour for promoting physical and

mental health among youth (World Health Organization [WHO], n.d.). Indeed, the WHO



suggests that higher levels of physical activity in late adolescence and young adulthood are
related to lower risk of all-cause mortality, risk of cardiovascular disease mortality, incident
hypertension, and improved bone health, cardiometabolic health, sleep, cognitive health, and
mental health (WHO, n.d.). Consistent with this, a large-scale review of 15 longitudinal studies
encompassing 288,724 adults ranging from 18- to 85-years-old (Reiner et al., 2013) examined
the long-term health benefits of physical activity into adulthood regarding non-communicable
diseases. Findings supported associations between increased physical activity and improved
health outcomes for weight gain, obesity, coronary heart disease, type 2 diabetes, Alzheimer’s
disease, and dementia (Reiner et al., 2013). Current recommendations for adolescents and adults
suggest meeting at least 60 minutes per day and 150 minutes per week of moderate-to-vigorous
physical activity (MVPA; Tremblay et al., 2016). However, global estimates suggest that less
than 20% of adolescents are sufficiently physically active (Guthold et al., 2020), and 28% of
adults over 18 are not active enough to stay healthy (WHO, n.d.). Specific to young adulthood, a
recent National College Health Assessment (NCHA) survey of Canadian undergraduates showed
that only 38% met weekly physical activity guideline recommendations for aerobic and muscle-
strengthening activity (American College Health Association, 2022). Engaging in physical
activity throughout the lifespan is a vital health recommendation, but rarely followed (Piercy et
al., 2018). Due to this, research surrounding how individuals choose to engage in and maintain
active lifestyles across the lifespan is an essential area of concern, specifically regarding
transitional periods such as the entrance into young adulthood. Further, studies suggest physical
activity levels in adolescence are associated with adult activity levels (Telama et al., 2014);
however, not all physically active adolescents end up as physically active adults, and physically

active adults were not always physically active adolescents (Malina, 2001). These findings point



to a potential disruption in habits across this transitional period, calling for further study into
what promotes and prevents declines in physical activity in this developmental period.

Our understanding of when, how, and why a young adult may engage in physical activity
(and other health behaviours) is informed by two theoretical approaches, namely the Theory of
Planned Behaviour (TPB; Ajzen, 1991) and the Multi-Process Action Control framework (M-
PAC; Rhodes, 2021). Each approach has been used to explore the nature of the association
between internal factors (i.e., stress, mood and affect) and subsequent physical activity
engagement. These frameworks aid in increasing our understanding of the effect daily
fluctuations in internal factors, stress, mood, and affect, have on specific behavioural
endorsements and engagements, such as physical activity, highlighting how associations with
physical activity may be enhanced, disrupted, or influenced.

TPB (Ajzen, 1991) suggests an individual’s intention to engage in or perform a behaviour
is explained by three constructs: attitude, subjective norms, and perceived behavioural control.
TPB posits attitude as based on the individual’s affective perception of the behaviour they are
engaging in; individuals evaluate the possible outcomes of performing the target behaviour, be it
positive or negative (Ajzen, 1991). Ajzen (1991) proposed that attitude is a key factor in
determining intention, and that attitude and/or intention and subsequent behaviour engagement is
influenced by the likelihood of a positive outcome. It is theorized that the higher value/belief an
individual places on the outcome of their target behaviour, the more likely that behaviour is to be
endorsed and followed through (Glanz, Rimer, & Viswanath, 2008). TPB has been used to
predict physical activity (as the planned behaviour) utilizing the individuals’ intentions, attitudes
and beliefs behind the physical activity as key elements of behaviour endorsement and eventual

engagement (Plotnikoff et al., 2011). This reasoning is consistent with physical activity research



showing the positive benefits experienced by individuals who engage in physical activity result
in higher and more consistent engagement in physical activity (Sudeck, 2018). TPB is a
foundation to build off of regarding the association between intentions, attitude, beliefs, and
behaviour engagement. TPB may not be able to fully account for daily fluctuations in temporal
attitudes at the within-persons level, and a more nuanced approach sensitive to the contexts as
well as shifting attitudes may be more appropriate.

M-PAC (Rhodes, 2021) is a modern, practical approach to physical activity behaviour
promotion. M-PAC is a multi-layered framework based on behavioural change and has three
layers: (1) decide, relates to an individual being motivated by deliberated and expected
consequences to subsequent behaviours; (2) endeavour, behaviour is managed through strategies
to transform intention to behaviour; and, (3) sustain, behaviour is maintained through specific
circumstances and experiences over time (Rhodes, 2021). Holistically, M-PAC is a framework
that can be applied to intentions, motivations, beliefs, and contextual factors that may impede or
promote behaviours (i.e., physical activity). The concepts inherent to M-PAC provide a
framework to address a common limitation in physical activity research to date: the intention-
behaviour gap, which describes the failure of an individual to translate intention into actionable
behaviour despite motivations (Godin et al., 2005). In the context of this study, M-PAC suggests
daily changes in internal factors (i.e., stress, mood and affect) could impede an individual’s
ability to engage in physical activity despite intentions (Rhodes, 2021). Utilizing TPB and M-
PAC as theoretical lenses, this study will not only address the intention-behaviour gap by
investigating the influences that within-person (i.e., stress, mood and affect) factors may have on
physical activity engagement in young adults but also explore a deeper layer of potential

moderators of the association between daily stress and mood and physical activity; namely, SoC.



Young Adulthood

Young adulthood (ages 19 to 25; Higley, 2019) is a unique developmental period that
falls between the more concretely defined developmental periods of adolescence and adulthood.
Of importance, trajectories of physical activity across late adolescence into young adulthood
show consistent declines. thought to be attributed to the increasing daily demands that are vying
for the young adults’ time, effort, and attention (Ames et al., 2018; Duncan et al., 2007). Young
adulthood is an often-overlooked period of development, as many existing institutions and
societal structures consider the ages of 18 or 19 to be the end of youth and adolescence and all
ages beyond as, simply, adulthood (WHO, n.d.). Developmental theory characterizes young
adulthood as a unique period of development, presenting challenges to an age group that may
often become obstacles to an individual’s life goals. Emerging adulthood is a relatively new term
that focuses specifically on the ages of 18- to 29-years-old (Arnett, 2000). Arnett (2000) coined
this term after interviewing 300 people aged 18-29 and identified a theoretical period to
understand better the individuals’ reports that they felt they were pulling clear of the challenges
of adolescence and beginning to feel responsible for themselves but still feeling closely
connected or reliant on their immediate parents and family for many basic needs (Arnett, 2000).
Arnett (2000) suggested that young adults often experience challenges reaching their goals or
following through with their intentions based on five key features experienced during this
timeframe: 1) identity exploration; young people are still deciding who they are and what they
want out of life, 2) instability; these years are marked by repeated residence changes, and
frequent moves are common based on work, family or schooling opportunities, 3) self-focus;
individuals are now free to choose entirely for themselves and are no longer bound by choices

made by guardians or educational figures, 4) feeling in-between; young adults want to take



responsibility for their lives but still at times feel not completely an adult, 5) possibilities; young
adults believe they have a chance to live better than their parents and make the most out of their
lives. In summary, this research situates young adults in a tumultuous period, where young adults
want a lot out of life but sometimes feel ill-equipped to get their total desires. This feeling of
‘wanting more out of life’ and embracing countless new opportunities and taking on more
responsibilities are not without consequence and may leave emerging adults vulnerable to the
effects of increased stress and decreased affect regarding both physical and mental health
concerns.

Young adulthood can also be a formative time in an individual’s life, during which young
adults find themselves with increased responsibility and potentially less time to maintain a
balanced lifestyle and health-promoting behaviours (Bonnie, 2015). During this time, adaptive,
health-promoting behaviours may be neglected or forgotten in pursuing the endless avenues a
young adult might have the opportunity to explore. Over time, less healthy lifestyle choices and
poor behavioural decisions set health trajectories into later adulthood, increasing risks of chronic
disease and otherwise avoidable morbidities (Sorgi et al., 2015). Historically, the lack of a clear
definition for young adults as a distinct group, compared to adolescence and adulthood, has often
led to confusion in program and treatment development for young adults. Research shows young
adults engage in lower rates of healthcare utilization (Lau et al., 2014), have worse overall health
issues, including substance use concerns, high rates of injury, mental health concerns, sexual and
reproductive health concerns, and overall increases in risk-taking behaviours (Higley, 2019).
Given the elevated risky behaviour typically seen in this age range, and the known ameliorative

benefits of physical activity, it is of concern that most individuals in late adolescence and young



adulthood are not meeting current suggested guidelines for physical activity requirements, as
noted above (American College Health Association, 2022; Guthold et al., 2020).

Recent attention has been paid to the stress levels of young adults (American
Psychological Association [APA], 2020). For instance, an APA (2020) nationwide survey of
stress levels showed that the country’s youngest individuals (i.e., teens aged 13-17 and young
adults aged 18-23) reported the highest stress levels for the first time in history compared to
older age groups. Young adults (ages 18-23) had an average stress rating of 6.1 out of 10 (10
being the highest) compared to 5.6 for ages 24-41, 5.2 for ages 42-55, 4.0 for ages 56-74, and 3.3
for ages 75+ (APA, 2020). Concerning trends overtime, the study reported that stress levels
across adult age groups remained consistent from 2018 to 2020; however, young adults’ reported
stress levels have increased over time (i.e., 5.6 in 2018 to 6.1 in 2020; APA, 2020). Similarly, a
second study tracked daily stress across 20 years of adulthood. Among participants (N = 2845;
ages 22- to 77-years-old at baseline), the authors found that young adults (those ages < 30-years-
old) reported the highest level of stress exposure as well as stress reactivity (Almeida et al.,
2022). Interestingly, the same study found that, over time, adults’ stress profiles improved with
age, with young adults displaying a stress reduction rate of 47% over time, and middle-aged
adults averaging an 11% reduction in daily stress, while adults aged 54 years and older exhibited
relatively stable stress over time (Almeida et al., 2022). Results such as the survey (APA, 2020)
and longitudinal study (Almeida, et al., 2022) again highlight young adulthood as a distinct
developmental period of increased perceived stress and reactivity in contrast to other age groups.

Alongside stress, mental health concerns are also a significant public health concern for
young adulthood (John Hopkins Medicine, n.d.; WHO, n.d.). Notably, it is estimated that 20% of

both adolescents and individuals over the age of 18 experience mental health problems (John



Hopkins Medicine, n.d.; Lee et al., 2014); with half of all lifetime mental health diagnoses
occurring by age 14 (Kessler et al., 2005). Many youth also suffer from more than one mental
health disorder at a time, with depressive disorders tending to be comorbid with substance use
and anxiety-related disorders (John Hopkins Medicine, n.d.). In a Canada-wide review, it was
observed that approximately 70% of cases for symptoms of mental health concerns began before
the age of 18, with a large portion being affected by mental health concerns before they reach the
age of 25 (Government of Canada, n.d.). As such, young adulthood is an age range of increased
vulnerabilities to mental health concerns, and those who suffer from mental health concerns in
their 20s are at an increased risk of suffering from additional concerns ten years later (Gustavson
et al., 2018). One consistent challenge in addressing the previously stated issues is access to care
and treatment options for mental health concerns among young adults. Indeed, many individuals
in Canada report experiencing barriers to accessing mental health care services. Recently the
Canadian Institute for Health Information (CIHI) found that half of Canadians waited up to 30
days for counselling services and for 1 in 10 Canadians the wait was more than four months
(CIHI, n.d.). Specific concern is warranted for younger Canadians, with less than 20% of
adolescents in need of mental health services getting adequate treatment before entering the adult
system and wait times of over 60 days for counselling and over 90 days for intensive treatment
being typical in larger provinces in Canada (Government of Canada, n.d.; Centre for Addiction
and Mental Health, n.d.). Access to evidence-based treatments, such as psychotherapy can be
challenging, with up to 44% of young people not obtaining adequate mental health supports, and
up to 49% of young people reporting recent and continued mental health service disruptions
during COVID-19 (Hawke et al., 2020). Untreated mental health concerns may have significant

implications for a young adult’s future and affect their ability to receive education, establish



relationships, and contribute to a career in a meaningful manner (WHO, n.d.). Although
concerning, these findings highlight a need for a better understanding of how these salient factors
influence physical activity engagement. As such, the first objective of this research is to model
the day-to-day influences of stress and mood on young adults’ physical activity.
Predictors of Physical Activity
Stress

One well-researched predictor of physical activity engagement is stress (Stults-
Kolehmainen & Sinha, 2014; Reichert et al., 2022). Typically, stress is seen as the psychological
and physiological challenges that an individual experiences due to the circumstances they believe
to be difficult, overwhelming, and/or out of their control (Cohen et al., 1983; Stults-Kolehmainen
& Sinha, 2014). There is no universal definition for stress; however, McEwen described “stress
is a word used to describe experiences that are challenging emotionally and physiologically”
(2017; pg. 874). Utilizing a broad definition of stress allows for both acute and chronic stressors
to be measured, in both large and small proportions. Stress has been observed to be implicated in
the development of an array of negative physical and mental health outcomes, with mounting
evidence that health behaviours and beliefs may influence these associations (McEwen, 1998).
Physically, stress has been associated with, but not limited to, increased rates of heart disease
(Rozanski et al., 1999), acute myocardial infarctions (Rosengren et al., 2004), and alterations in
immune system function (Segerstrom & Miller, 2004). Psychologically, stress has been linked to
a wide range of mental symptoms ranging from cognitive impairment and increased dementia
rates (Sandi 2004) to excessive fatigue (Cho et al., 2012; Hasler et al., 2005; Theorell-Haglow et
al., 2006). Stress has also been associated with indirect routes toward poor health outcomes,

mainly linked to decreased physical function over time (Cheng et al., 2000).
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Concerningly, evidence has shown that stress is related to impaired health behaviours,
and increased stress levels may lead to strengthened negative lifestyle routines, such as reduced
rates of exercise engagement and physical activity engagement, which consequently increases
rates of sedentarism (Hamer, 2012). For example, Stults-Kolehmaninen and Sinha (2014)
reviewed 55 studies and found that most research (76%) supported that psychological stress
predicted less physical activity engagement and more sedentary behaviours. Additionally, the
review found that both subjective stress (e.g., distress) and objective stress (e.g., life events) were
related to reduced levels of observable physical activity (Stults-Kolehmaninen & Sinha, 2014).
Unfortunately, among the 55 articles mentioned above, samples were predominately comprised
of older adults and studies supporting these results among young adults remain unexplored.

One notable limitation of past research includes the focus on the between-persons effects
of stress on physical activity engagement (Cheng et al., 2000; Hamer, 2012; Stults-
Kolehmaninen & Sinha, 2014), and there is a need to explore the association between stress and
physical activity levels beyond the effects of between-person analyses. Between-persons analysis
is the comparison of one individual’s stress and physical activity levels compared to other
individuals’ levels of stress and physical activity engagement. Within-person effects examine
differences in behaviour compared to the individual’s average (Curran & Bauer 2011) and hold
benefits over between-person analyses. For example, within-person analyses can aid in
establishing stability trajectories and measure change over periods of time, be it at the daily
level, monthly level, or beyond (Curran & Bauer, 2011). Regardless of the time frame, it is
crucial to understand the short- and long-term effects of an individual varying from themselves
outside of what it means to vary from another individual. This is important, as it can move past

the “snapshot” nature of past observed effects, focus on within-person differences, and inform
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future prevention and intervention strategies aimed to promote continued or increased physical
activity during these critical years.

Some research has provided evidence supporting the association between stress and
physical activity at the within-person level. Reichert et al. (2022) explored children's (N = 74,
ages 7-11) daily stress and physical activity rates across seven days. Analysis revealed that over
513 assessments, within-children effects supported higher psychological stress predicting
decreased physical activity at the daily level (Reichert et al., 2022). Leger et al. (2023) examined
stress and physical activity levels among older adults (N = 180, Mage = 73.4) and observed that
older adults reported experiencing more interpersonal stressors on days with less sedentary time
and more light physical activity engagement. Schultchen et al. (2019) explored both stress and
affect as predictive factors of physical activity in a sample of university students (N = 51, Mage =
23.5, SD = 3.2). Participants were asked daily about items pertaining to their stress, affect, and
physical activity duration over the course of seven days. Results showed that higher stress levels
were associated with a reduction of physical activity, and high negative affect as well as low
positive affect also produced lower rates of physical activity over the course of seven days; the
authors concluded more research surrounding the predictive associations of stress and affect
would benefit the young adult population (Schultchen et al., 2019).

Although existing research supports the association between stress and physical activity
at the within-person level, the influence of stress on physical activity is still particularly
unexplored within the context of the daily lives of young adults. The current study will build
upon previous findings by examining the effects of stress on physical activity when the young
adult is more stressed there their own average or perceived baseline (i.e., within-person

differences), as this information may inform intervention and prevention tools.
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Mood and Affect

Another potential predictor highlighted in the physical activity literature and the M-PAC
framework is mood and affect (Rhodes, 2021). Mood can be defined as a prolonged period in
which an individual feels a certain set of feelings and has thoughts that reflect those feelings
(Watson & Clark, 1997). Typically, moods are defined by two aspects: 1) the mood being
positive/pleasant or negative/unpleasant, and the intensity of the mood (Watson & Clark, 1997).
Research suggests moods are created and altered by experiences, and moods impact how we
perceive and respond to the world around us (Nettle & Bateson, 2012). Moods can be seen as
being constructed over numerous experiences, while an individual’s affect is related to what is
happening in the here and now (Mendl et al., 2010). Compared to mood, affect is often seen as
what an individual feels in the moment (Martin, 1990). However, an individual’s mental health
can change in response to shifting affect states and moods, with shifts changing how an
individual thinks, feels, and acts (Gross et al., 2019). It is theorized that mental health and health
behaviours are associated with an individual’s mood and affect states. The M-PAC framework
supports this idea, specifically the first and third layer of M-PAC; decide and sustain (Rhodes et
al., 2021). The decide layer proposes individuals are motivated by expected outcomes to specific
behaviours. The sustain layer of the M-PAC framework postulates behaviour is maintained
through circumstances and experiences over time (Rhodes, 2021). Taken together, these layers
suggest engagement in a health behaviour such as physical activity could be associated with
mood and affect based on an individual's expected outcome gain (i.e., increased mood or
alleviated negative affect) and the individual experience with the positive consequences of

engaging in physical activity over an extended period. Allowing physical activity engagement to
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be maintained due to longer exposure to the benefits of increased engagement in physical
activity.

Research generally shows that increased mental health complaints and symptoms result
in less physical activity (Roshanaei-Moghaddam et al., 2009). For example, a meta-analysis
investigating adult samples in clinical settings (N = 5,646) found that 61% of patients endorsed
low mood as one of the most prevalent barriers to being physically active (Firth et al., 2016).
Patients also reported desirable outcomes of physical activity to include mood improvement,
stress reduction, and increased energy and that depressive symptoms (i.e., low mood, depressed
affect, and fatigue) restricted their ability to engage in physical activity (Firth et al., 2016).

Some research has investigated the role of mood and affect on physical activity among
young adults at the within-person level. For example, Haas et al. (2017) investigated the within-
person associations between affect and physical activity among young adults (N = 189; median
age = 23) using daily dairies and accelerometers over the course of 10 days. Findings show that
on days young adults expressed less negative affect and more positive affect, they engaged in
more physical activity while also reporting increased positive mood states into the evening of
that day. Similarly, and as noted above, Schultchen et al. (2019) found high negative affect as
well as low positive affect also produced lower rates of physical activity over a seven-day period
among their university-based sample. Bourke et al. (2021) conducted a systematic review (n = 10
articles) of studies that examined the association between mood and affect and physical activity
in children and adolescents (ages 9-17). The authors reported mixed support for the acute within-
person association between physical activity and affect in samples. Bourke et al. (2021)
suggested that future research should employ and consider potential moderating factors on the

association between physical activity and affect. This study responds to Bourke et al.’s (2021)
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call by examining SoC as a potential moderator of the within-person associations between stress,
affect, and physical activity among young adults.
Stages of Change as a Potential Moderator

As previously discussed, the TPB (Ajzen, 1991) and M-PAC (Rhodes, 2021) frameworks
can be used as foundations to understand physical activity engagement from a social cognitive
archetype. These theoretical approaches are built upon the idea that individuals participate in
behaviours based on formed intentions and consciously made plans, and psychological and social
factors influence how an individual may modify or change their behaviours to fit their previously
laid out plans or intentions. Both TPB and M-PAC share the similar idea that intention and
motivations towards a target behaviour are key elements in the likelihood of the behaviour being
completed and endorsed. The current research supports this, with evidence proposing the
intention to exercise as being influential to the psychological outcomes of physical activity
engagement (Frederick & Ryan, 1993; Homan & Tylka, 2014; O’Hara et al., 2014; Prichard &
Tiggemann, 2008). Although the intention and motivation behind why an individual engages in
physical activity may vary, there is strong support for the intention for physical activity to
influence the rates of physical activity. For example, Chen et al. (2022) found that exercise
intention significantly and positively predicted exercise behaviour among youth (N = 1573; Mage
= 13.71). Although support exists for intention as a significant predictor of physical activity
engagement, the role of the intention-behaviour gap is still a concern in physical activity
research. It is possible that additional factors must be considered to fully explain the association
between individual internal factors and physical activity. These additional factors may, in fact,
play a moderating role in the association between internal factors and physical activity and

possibly better explain the association beyond intention alone.
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One model considered a benchmark in behaviour change research is the Stages of Change
(SoC) theory or the transtheoretical model (TTM), developed by Prochaska and DiClemente in
1983. The SoC theory can be used as a guide to characterize and categorize an individual’s
thoughts, intentions, or behaviours related to change. In general, the SoC model consists of five
main stages: pre-contemplation, contemplation, preparation, action, and maintenance (Prochaska
& DiClemente,1983). Typically, the stages are used as measurement devices to assess where on
a behaviour change journey an individual currently is and what level of endorsement, belief, or
intention they are currently exhibiting towards the process of change. The SoC model proposes
that changing an individual’s behaviour depends on where they are in relation to the stages, and
behavioural change will occur as an individual progresses through the stages (Raihan &
Cogburn, 2023). SoC theory has been commonly applied in both clinical and theoretical settings
and has become a standard framework through which researchers have explored behavioural
change and the predictors or inhibitors of individual activity.

In relation to physical activity, a cross-sectional descriptive study of an undergraduate
sample (N = 302, Mage = 21.28 aged 20 — 26) investigated SoC theory and physical activity
(Gawwad, 2008). In this study, students were classified into different categories based on their
responses to a SoC statement regarding their commitment to physical activity (e.g., “l am
physically inactive, and I don’t want to change” — Precontemplation). Results showed that
individuals with lower levels of physical activity were more often classified in one of the earlier
SoC and not ready to become more physically active (Gawwad, 2008). The current study builds
on these findings by exploring the nature of the associations between the changes in daily stress
and affect and physical activity and whether or not young adult ratings on the six SoC levels

influence these associations. Specifically, the study aims to explore the moderating nature of
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varying stages of change and each stage’s influence on the association between stress and affect
and physical activity. Building from Gawwad’s (2008) findings, later stages are anticipated to be
more likely to display moderated associations based on the intentions and nature inherent to each
furthering stage of change. For example, strong endorsement of a beginning stage (e.g.,
precontemplation non-believer) would suggest that the individual is not considering changing
their physical activity, so may be less impacted by changes in internal states (i.e., stress, affect).
However, strong endorsement in later stages (e.g., action), suggesting physical activity change
may be active, participants may be more impacted by daily fluctuations in their internal states,
influencing their associations with physical activity engagement. In the current study, each stage
of change is being considered as a potential moderating variable due to the already strongly
established association between stress and affect and physical activity. Fluctuations in stress and
affect have empirically supported associations with physical activity (e.g., (Firth et al., 2016;
Haas et al., 2017; Reichert et al., 2022; Stults-Kolehmainen & Sinha, 2014) therefore the stages
of change are unlikely to have a role in explaining the process between which stress and affect
and physical activity are associated (i.e., mediation), but more likely having a role that affects the
strength and direction of the established association (i.e., moderation).
Limitations of Past Research

Several notable shortcomings of past research limit our understanding of the daily factors
that may impede or promote young adults’ engagement in physical activity. In sum, the current
body of research is limited in three distinct ways, namely: 1) studies are mostly limited to older
adult samples; 2) studies examine largely between-person differences, yielding only between-
person “snapshots” of factors influencing daily physical activity; with minimal attention to

within-person changes (e.g., what is the effect of stress or affect on physical activity when the

17



individual is more stressed there their average or perceived baseline) (Gomes at al., 2011;
Trockel et al., 2000; Wald et al., 2014); and, 3) methods rely on self-report measures of physical
activity which has known biases concerns (e.g., poor recall, self-perception bias; Barta et al.,
2012; McAuliffe et al., 2007; Schwarz, 2012) as well as, long periods between assessments
leading to poor recall (Flueckiger et al., 2014; Ruthig et al., 2011). Due to this, both within-
person day-to-day differences and changes in behaviours over time have been obscured and
understudied, and the influence of internal (i.e., stress, mood, affect) on physical activity is less
understood, particularly within the context of the daily lives of young adults. Although these
limitations exist throughout the literature, advances in utilizing innovative ambulatory
assessments (i.e., smartphone survey administration and wearable technology) and more modern
research methodologies (i.e., ecological momentary assessment) and statistical analyses (multi-
level moderation models of within-person effects) offer a unique avenue to explore where
previous research has yet to investigate, specifically in adolescent populations.

In recent years, the use and integration of wearable technologies has not only greatly
increased in research domains (Niknejad et al., 2020) but public domains as well. Wearable
technology (such as a wrist worn trackers), have gained rapid popularity and wide-spread
adoption in physical activity use and daily physical activity tracking (Ferguson et al., 2022). One
example of such a wearable technology that has been consistently used in existing wearables
research is the Fitbit (FitBit, n.d.). The Fitbit wearable has been shown to be an accurate and
reliable method for tracking not only physical activity, but heartrate and sleep patterns as well in
both adult and adolescent samples (de Zambotti et al., 2016; Diaz et al., 2015). In a recent
scoping review of available studies involving wrist-worn wearable technologies and adolescents,

the Fitbit brand wearable was the most widely used and popular technology utilized in the
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existing wearables research (Ames et al., in prep). Additionally, Fitbit brand devices are widely
available and a mass-produced consumer-grade wearable (Fitbit, n.d.). Fitbit’s ability to
continuously collect physical data from an individual paired with daily diary data across multiple
days may allow for the potential to incorporate newer, more advanced statistical analysis of data.
Wearable devices can also address retrospective issues that occur through self-report of physical
activity engagement. Wearable usage in research has helped lead a shift towards more objective
measures of psychophysiological outcomes. Self-report is susceptible to recall inaccuracy and
self-perception bias (Barta et al., 2012; McAuliffe et al., 2007; Schwarz. 2012). Proper
utilization and incorporation of fitness wearables will open a research avenue to overcome prior
limitations in research and highlight more clearly under what conditions and internal factors
physical activity is promoted or limited within young adulthood. Thus, this study extends past
research by examining how within-person internal factors (i.e., stress, mood, affect) may
promote or impede physical activity within young adulthood utilizing innovative ambulatory
assessments (i.e., daily diaries and wearable technology).
The Current Study

The current study builds on past research by exploring the within-person associations
between internal factors (i.e., stress and affect) and physical activity, and the potential
moderating influence of SoC among young adults (ages 17-29). Understanding what effects or
factors influence an individual’s physical activity behaviour (i.e., high stress, positive or negative
affect) can help young adults become more mindful of these daily fluctuations and more
appropriately cope in health-promotive ways.

Research Questions:
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1. What is the association between daily internal factors (stress, positive affect, negative affect)
and physical activity among young adults?

Hypothesis 1, Model 0: There will be a negative association between each separate
internal factor (i.e., stress, positive affect, and negative affect) and physical activity.
2. How does the individual’s SoC endorsement moderate the association between daily internal
factors (stress, positive affect, negative affect) and daily physical activity? Is there a difference in
moderation between the earlier and later, more physically engaged, stages?

Hypothesis 2a, Model 1: The association between stress and affect and physical activity
will be weakly moderated by the precontemplation non-believer SoC.

Hypothesis 2b, Model 2: The association between stress and affect and physical activity
will be weakly moderated by the precontemplation believer SoC.

Hypothesis 2c, Model 3: The association between stress and affect and physical activity
will be moderated by the contemplation SoC.

Hypothesis 2d, Model 4: The association between stress and affect and physical activity
will be moderated by the preparation SoC.

Hypothesis 2e, Model 5: The association between stress and affect and physical activity
will be more strongly moderated by the action SoC.

Hypothesis 2f, Model 6: The association between stress and affect and physical activity

will be more strongly moderated by the maintenance SoC.
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Method

Participants

This study utilized data from the Daily Experiences of Affect, Stress, and Health (DASH)
study. Participants were undergraduate students at a Canadian university (ages 17-29; N = 74)
recruited via online system. All eligible participants were literate and fluent in English and could
not have participated in a similar study at the university. Participants who had experienced
serious medical or health concerns (e.g., a psychiatric illness or head injury) that might impede
sustained participation in the study, or exacerbate pre-existing conditions, were deemed
ineligible. Any participants who did not complete the baseline and daily measurement portions of
the DASH study (and/or completed < four daily assessments) were also excluded, which resulted
in a sample of 74 undergraduate students (Mage = 20.88, SD = 2.53, 70% cisgender women).
Procedure

Participants attended a two-hour baseline laboratory session at the University of
Victoria’s Institute on Aging and Lifelong Health. Each participant completed a consent form
and online self-report surveys via LimeSurvey (2021). During the baseline session, demographic
information (age and sex) was collected as well as additional questionnaires including the Stages
of Change: Exercise Continuous Measure (SoC;(Stages of Change (Continuous Measure), n.d.).
Participants were also orientated to the smartphone ecological momentary assessment [EMA]
app, MyCogHealth (Institute on Aging and Lifelong Health, n.d.) and the Fitbit Charge 2s™
(Fitbit, n.d.) wearable technology. During the baseline assessment period, research assistants
trained participants to use both technologies to help effectively use the devices and additional
take-home guides were provided for participants. Participants were fitted with Fitbit Charge 2s™

(Fitbit, n.d.) to be worn throughout the 14-day assessment period. Over the next 14 days, EMA
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portion of the DASH study collected stress, positive and negative affect, and daily physical
activity data. Data pertaining to stress, positive and negative affect was collected 4 times per day,
and self-reported physical activity was collected at the end of each day. Participants received
notifications throughout the day and had to complete short self-report surveys (1-3 minutes in the
morning and during the day, with a longer 7-10-minute nightly survey) via Android phones with
the MyCogHealth mobile survey software installed (Institute on Aging and Lifelong Health,
n.d.). Participants received partial course credit for introductory psychology courses. Ethical
approval for this study was approved by the University of Victoria’s Human Research Ethics
Board (protocol number 18-1069).
Measures
Demographic Characteristics

At the baseline assessment, demographic characteristics (age, sex) were collected. Age
was measured in years, and sex was assessed using one question: “What is your sex?”” with
responses options of Male, Female, or Other.
Stages of Change

The Stages of Change: Exercise Continuous Measure (SoC; (Stages of Change

(Continuous Measure), n.d.) is a 24-item self-report checklist designed to measure the stage at
which an individual is in terms of their likelihood to change their exercise behaviour. The
measure using the following definition of exercise for all items: “Exercise is any planned
physical activity (e.g., brisk walking, aerobics, jogging, bicycling, swimming, rowing, etc.)
performed to increase physical fitness. Such activity should be performed 3 to 5 times per week
for 20-60 minutes per session. Exercise does not have to be painful to be effective but should be

done at a level that increases your breathing rate and causes you to break a sweat”. Participants
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rate each item of the SoC on a 5-point Likert scale (1 = strongly disagree; 5 = strongly agree)
regarding their own belief in exercise. Select items correspond to the six SoC: 1)
precontemplation non-believer (e.g., non-believers in exercise; 4 items, a = 0.78; e.g., “As far
as I'm concerned, I don’t need to exercise regularly”), 2) precontemplation believer (i.e.,
believers in exercise; 4 items , a = 0.92; e.g., “l don’t have the time or energy to exercise
regularly right now”), 3) contemplation (4 items, a. = 0.84; e.g., “I have been thinking that |
might want to start exercising regularly ), 4) preparation (4 items, o. = 0.72; e.g., “I have set up
a day and a time to start exercising regularly within the next few weeks ), 5) action (4 items, o =
0.91; e.g., “l have been thinking that I might want to start exercising regularly ”), and 6)
maintenance (4 items, a = 0.91; e.g., | have been exercising regularly for a long time and I plan
to continue ”). Higher rated scores on items indicates a stronger endorsement and belief in the
stage with scores ranging from 4 — 24 for each stage of change individually. Participants were
not classified into specific SoC groups, rather their continuous rating on each subscale was used
in analysis.
Stress

The Perceived Stress Scale (PSS; Cohen, 1983) is a 10-item self-report scale designed to
measure how one’s life is appraised as stressful. Five adapted items were used in the daily
assessments, ot = 0.86, ICC was found to be moderate at a value of 0.73, Cl 95%. For each
statement, participants rated how often they felt over the past day on a continuous scale (0 =
never to 100 = often). Two items on the scale were reversed scored due to negative wording to
indicate higher scores being reflective of more stress. Item responses were summed and divided
by four to yield an average stress score from 0 — 100, and higher scores indicated more perceived

stress in the individual’s life.
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Positive and Negative Affect

The Positive Affect and Negative Affect Schedule (PANAS; Watson et al., 1988) is a 20-
item self-report questionnaire to measure the individual’s emotions over the past few weeks.
Items are on two subscales, with 10 items measuring positive and negative affect. Twelve
adapted items were used in the daily assessments (6 items reflecting positive affect: interested,
strong, alert, enthusiastic, determined, and proud, ot = 0.87, moderate ICC of 0.51, Cl 95%; and
6 items reflecting negative affect: distressed, guilty, upset, nervous, irritable, jittery, o = 0.79,
moderate ICC of 0.57, Cl 95%.). Each item describes a feeling and emotion, and individuals
indicate the extent to which they feel this way on average throughout the day. Participants
responded to items on a scale that ranged from 0 (not at all) to 100 (extremely). Higher scores on
the rating scale indicated greater intensity of the specified affect. Positive affect items were
summed and divided by 6 to yield a daily positive affect score, ranging from 0 — 100. Negative
affect items were summed and divided by 6 to yield a daily negative affect score, ranging from 0
—100.
Physical Activity

Fitbit Charge 2s were used to track participants’ daily minutes of MVPA and daily steps.
Due to technical syncing issues, only daily steps were collected at an acceptable rate for analysis;
daily steps were taken as the single objective physical activity variable. No participants wore
their Fitbit and recorded daily steps on less than 80% of the 14 days. Additionally, daily steps
were scaled by a factor of 1000 during analyses to assist in convergence and increase

interpretability of results in all tables and figures.
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Planned Analysis

All analysis was completed in R (R Core Team, 2013) using the “lme4” package in R and
RStudio (v1.1-26; Bates et al., 2015). Descriptive statistics for the sample were calculated for
each demographic variable and study variable at both baseline and at the daily level averaged
across the 14 days. Daily variables collected on over 80% of days recorded were considered a
complete data set. Multi-level modelling (MLM; Bollen & Curran, 2005; Hoffman, 2015;
Stroup, 2012) was utilized due to the nature of the nested data and the techniques’ ability to
separate within-person and between-person effects. Maximum likelihood estimation was used for
missing data for MLM analyses. Additionally, MLM allowed us to determine if there is an
association between individual stress, positive affect and negative affect and steps at the daily
level, as well as explore moderation. Age, sex, and SoC of the participant were the level 2 (i.e.,
between-person) variables, while daily stress, positive affect, and negative affect were the level 1
(i.e., within-person) variables. Based on recommendations (i.e., Hoffman & Walters, 2022), the
level 2 variable SoC was grand-mean centred, while the level 1 variables of stress, positive
affect, and negative affect were person-mean centred. Centering was done to ensure that
between-person differences could not account for covariance between other variables and to
promote convergence of models while simultaneously helping the difference in the scale of
measures used throughout the study (Hoffman & Walters, 2022). Additionally, the variables of
stress, positive affect, negative affect, and steps were divided by 10 for stress and positive and
negative affect and by 1000 for steps to aid in model convergence and facilitate interpretation of

model estimates.
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Six models were run for each of the research questions. All models accounted for age and
sex. Model 0 (hypothesis 1): explored the potential associations between internal factors (stress,
positive affect, and negative affect) and physical activity (see Equation 1).

Stepsij = Po + B1(Agei) + B2(Sexi) + P3(Stressij) + Pa(Positive Affectij) + Bs(Negative

Affectjj) + e
Models 1-6 (hypothesis 2): a series of multi-level moderation models included interactions
between stress, positive affect, and negative affect and the SoC (see Equation 2).
Stepsij = Po + P1(Agei) + B2(Sexi) + B2(SoCi) + Ba(Stressij) + Ba(Positive Affect;;)
+ B4(Negative Affect;j) + Bs(SoCix Stressij) + Bs(SoCi x Positive Affect;;)

+ B7(SoCi x Negative Affectj) + e
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Results

Demaographic and descriptive statistics for the study variables are presented in Table 1
and zero-order correlations are presented in Table 2.

Within-person Associations Predicting Daily Physical Activity

Hypothesis 1 predicted that each of the variables of stress, positive affect, and negative
affect would have a weak, negative association with steps on a daily level. Stress, B = 0.02, SE =
0.06, p = 0.751, positive affect, B = 0.14, SE = 0.09, p = 0.118, and negative affect, B = -0.07, SE
=0.12, p = 0.558 were not significant predictors of daily steps at the within-person level (see
Table 3; additional models with predictor variables ran independently can also be found in Table
3).

SoC Moderating Associations Predicting Physical Activity (Models 1-6)

Hypothesis 2 predicted that the association between the variables of stress, positive
affect, and negative affect and daily steps would be moderated by each of the six SoC. Each SoC
was entered as an interaction term with stress, positive affect, and negative affect. In general,
Hypotheses 2a-f expected that later stages would be more likely to moderate these associations.
Precontemplation non-believer

In Model 1, precontemplation non-believer did not moderate the association between
stress, B =0.03, SE =0.17, p = 0.863, positive affect, B=0.13, SE =0.09, p = 0.158, or negative
affect, B=-0.07, SE=0.12, p = 0.542 (see Table 4).

Precontemplation believer

In Model 2, precontemplation believer did not moderate the association between stress, B

=-0.02, SE = 0.01, p = 0.066, positive affect, B =-0.01, SE = 0.02, p = 0.485, or negative affect,

B =0.05, SE =0.02, p = 0.054 (see Table 5).
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Contemplation

In Model 3, contemplation did not moderate the association between stress, B = -0.02, SE
=0.01, p =0.219, or negative affect, B = 0.03, SE = 0.02, p = 0.120. Contemplation did moderate
the association between positive affect, B = -0.04, SE = 0.02, p = 0.041, providing partial support
for hypothesis 2 (see Table 6). A posthoc simple slopes analysis was conducted to investigate the
nature of the interaction and moderation with slopes assigned at the high (+1 SD), medium (M),
and low level (-1 SD) of contemplation endorsement. Figure 1 shows that higher levels of
contemplation towards changing beliefs about exercise was associated with fewer daily steps in
the context of more positive affect. In contrast, lower levels of contemplation belief are
associated with more daily steps in the context of more positive affect. In short, individuals who
scored higher in contemplation appeared less influenced by changes in positive affect regarding
daily steps, whereas those who scored low on contemplation were more effected by changes in
positive affect, which in turn effected daily steps.
Preparation

In Model 4, preparation did not moderate the association between stress, B = 0.01, SE =
0.01, p = 0.640, positive affect, B =-0.01, SE = 0.02, p = 0.739, or negative affect, B =-0.01, SE
=0.02, p = 0.595 (see Table 7).
Action

In Model 5, action did not moderate the association between stress, B =0.01, SE =0.01, p
=0.151, or positive affect, B =-0.01, SE = 0.02, p = 0.595. Action did moderate the association
between negative affect, B = 0.04, SE = 0.02, p = 0.048, providing partial support for hypothesis
2 (see Table 8). A post-hoc simple slopes analysis was conducted to investigate the nature of the

interaction and moderation with slopes assigned at the high (+1 SD), medium (M), and low (-1
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SD) level of action endorsement. Figure 2 suggests that, for participants who endorsed higher
levels on the action SoC, on days when they reported more negative affect than their own
average, they also took fewer steps and participants who endorsed lower levels on the action SoC
took more steps on days they are experiencing more negative affect.
Maintenance

In Model 6, maintenance did not moderate the association between stress, B=0.01, SE =
0.01, p = 0.221, positive affect, B =0.00, SE = 0.02, p = 0.943, or negative affect, B =-0.04, SE

=0.02, p =0.056 (see Table 9).
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Discussion

Despite substantial evidence of the ameliorative effects of physical activity, young
adulthood is a distinct developmental period where physical activity engagement tends to decline
(Ames et al., 2018; Duncan et al., 2007), putting individuals at risk of a host of health and mental
health consequences (WHO, n.d.). Although the above-noted developmental challenges and
stressors of young adulthood may partially explain the notable declines in engagement across
time, we know little regarding the daily-level predictors of physical activity in this age group and
the potential contexts (i.e., moderators) that strengthen these associations. The present study
sought to address notable gaps in the literature by employing a person-centred approach, using
EMA research design, and accelerometers (i.e., Fitbit Charge 2s™) to increase our understanding
of the within-person daily internal (i.e., stress and affect) factors that lead to or inhibit young
adults’ physical activity engagement, while also exploring the theory of SoC as a potential
moderating factor. Overall, stress, positive affect, and negative affect were not significant
predictors of daily steps at the within-person level. The present sample showed similar levels of
stress and affect compared to other young adult samples (APA, 2020; Wang et al., 2020). In
addition, the sample had comparable steps (M = 7928.83, SD = 3949.88) to the recommended
steps for this age group: 7,000 — 10,000 daily steps (Paluch et al., 2022; Paluch et al., 2021;
WHO, n.d.). Findings for SoC were mixed with significant interactions for the contemplation
and action stages. The significant interactions of the contemplation and action stages provide
partial evidence to support the integration of SoC evaluation in physical activity promoting
interventions. Evaluating a young adult’s SoC could provide insight into potential strategies. For

example, motivational interviewing could be helpful to enhance an individual’s motivation to
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change and strengthen personal intentions to engage in health behaviours (Resnhicow &
McMaster, 2012).
Stress and Affect as Predictors of Physical Activity

In contrast to Hypothesis 1 and previous research (i.e., Reichert et al., 2022; Stults-
Kolehmainen & Sinha, 2014; Schultchen et al., 2019; Thelweell, 2007), stress, positive affect,
and negative affect did not predict daily steps. In the presented models, stress, positive and
negative were included simultaneously in the analysis, restricting the ability for each variable to
uniquely predict physical activity, although models with each predictor variable ran
independently can be found in Table 3. When compared to past research, how physical activity
was operationalized in the current study may also help to explain these differences.
Operationally, daily step count may be a poor substitute for more appropriate objective measures
of physical activity levels such as minutes of MVVPA (Hajna et al., 2018). MVPA is the standard
used for guideline recommendations (Tremblay et al., 2016; WHO, n.d.) and is commonly used
in past research (Belcher et al., 2021). For example, of the 26 studies included in Belcher et al.’s
(2021) review, 20 (77%) measured physical activity directly through MVVPA or measures of the
same intensity or greater (e.g., VO2max testing). Unfortunately, due to technical difficulties with
the wearable technology in the current study, MVPA minutes could not be collected from
enough participants to justify analysis, so daily steps were used as a proxy. Future research could
include and compare multiple measures (e.g., daily steps, MVPA, self-report) of physical
activity.
SoC as Potential Moderators

The second research question related to investigating the potential moderation of the

association between stress, positive affect, negative affect and steps by the individual’s
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endorsement of the six SoC levels. In general, no interactions were found with stress. Results
such as this may be attributed to the overall sample only experiencing moderate daily stress, and
not endorsing enough daily stress fluctuations above their own average to detect the size of
effects present. This tentative theory is based on a 2020 study that surveyed adults (N = 1685)
across the globe who endorsed a moderate 47.4 out of 100 on the PSS (Adamson et al., 2020) in
comparison to the study’s sample score 45.49 out of 100. Future research exploring potential
moderation effects between the association of daily stress and daily steps may benefit from a
larger sample size to detect smaller effects and focus on a higher stress sample to investigate
within-person fluctuations in daily stress.

Findings regarding the interactions between positive and negative affect and SoC were
mixed and discussed for each SoC. Scores on the precontemplation non-believer and the
precontemplation believer SoC did not moderate the associations between positive and negative
affect and physical activity. This is not surprising, given participants who scored higher on
earlier SoC may not be ready for behaviour change (Gawwad, 2008). Young adults who are not
contemplating (i.e., precontemplation non-believer or believer categories) may not recognize the
benefits of such behaviour change. Indeed, Gawwad (2008) observed a similar phenomenon such
that they found that individuals in the earlier stages of change were not ready to be physically
active or commit to physical activity. Additional research could help to separate the
precontemplation non-believer from the precontemplation believer regarding future physical
activity engagement likelihood, as the two variables were found to be significantly and highly
correlated (i.e., r = 0.74; see Table 2). The moderating effects of the SoC in general is still a
relatively unexplored research domain, but high correlations between the first two stages may be

obscuring findings.
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Scores on the contemplation SoC did not moderate the associations between negative
affect and physical activity; however, there was a significant moderation in the association
between positive affect and physical activity. Posthoc analysis suggested that participants with
lower levels of contemplation SoC took more steps on days when they experienced more positive
affect, and participants with higher levels of contemplation took less steps per day when
experiencing more positive affect. Although a tentative theory, participants reporting lower
levels of contemplation (i.e., not focused on behaviour change), may be less burdened by
thoughts surrounding physical activity engagement, compared to those highly contemplating, or
over-thinking behaviour change. Lower levels of contemplation individuals can still enjoy the
benefits of increased positive affect leading to increasing mood and willingness to engage in
physical activity, creating a positive behaviour feedback loop. In which the burden of thinking
and contemplating physical activity is low, but rewards from increased engagement is still found.
An example of such a feedback loop can be summarized in Sudeck’s (2008) work that found
individuals who are engaging in physical activity, are experiencing the largest benefits from
physical activity and therefore continuing to engage in higher and more consistent rates of
physical activity in the future.

Scores on the preparation SoC did not moderate the associations between positive and
negative affect and physical activity. The outcome of this moderating association may be
because the SoC itself is positioned before the action SoC and individuals endorsing preparation
are on the edge of behaviour change but not fully committed (Raihan & Cogburn, 2023).
Preparation is a stage that combines intention and behavioural criteria; this stage is defined by
wanting to take action in the next month but being unsuccessful in taking action over the past

year (Raihan & Cogburn, 2023). Although only a partial explanation, the SoC may not have
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moderated any associations due to the SoC being more passive regarding behaviour engagement.
This SoC compared to the other stages could be a middle point in behavioural change that is
neither against behaviour engagement (i.e. precontemplation non-believer), or in favour of
behaviour engagement, (i.e action), leading to non-significant moderation results.

Scores on the action SoC did not moderate of the association between positive affect and
physical activity; however, a significant interaction term was found between negative affect and
the action SoC. Posthoc analysis suggested that participants with higher scores on action SoC
took less steps per day when they reported higher levels of negative affect, and participants who
endorsed lower levels of the action stage of change took more steps on days when they reported
more negative affect. The action SoC is generally regarded as having the shortest timeframe
among all the SoC, but also the stage where true behaviour change can occur requiring total
commitment to wanted behaviours (Raihan & Cogburn, 2023). Based on this, individuals in this
stage are at a precarious point in their behaviour change journey and are only starting to gain
confidence and believe they can begin to create long-term sustainable positive behaviour change
(Raihan & Cogburn, 2023). Young adults in the action stage may be deeply committed and on
the precipice of what they consider true behavioural change and the path towards continued
physical activity; and when they experience high levels of negative affect, they may not yet have
the resilience or positive foundations to continue with physical activity engagement. Conversely,
those with lower action endorsement may be closer to being categorized in another SoC, and the
association between their negative affect and physical activity engagement is less vulnerable to
disruptions such as high negative affect experiences.

Scores on the maintenance SoC did not moderate the associations between positive and

negative affect and physical activity. Results such as these could be because individuals who
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would be categorized in this stage have a stable pattern related to their physical activity and may
be less influenced by their internal states. The maintenance SoC corresponds to a new status quo
in the individual, in times of increased arousal, be it fluctuating positive or negative affect, the
individual can remind themselves of the progress they have made and can resist the temptation to
alter course (Raihan & Cogburn, 2023). In this stage individuals have become skilled at
identifying potential triggers to derail progress and have more established coping strategies to

remain resilient and engaged in their health behaviours (Raihan & Cogburn, 2023).
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Limitations

The current study is not without limitations. A common criticism of evaluating the SoC
model is that it is built and hinges on the idea that behaviour change happens in discrete stages;
however, the difference between the stages can often be seen as arbitrary (West, 2005). One
critique proposed that the SoC model assumes the individual is making coherent and concrete
plans, and that the model neglects the role of reward, punishment, and associative learning
(West, 2005). This critique might be valid as during this study, SoC was only assessed at
baseline and may have fluctuated across the study duration. As such, a short-version of the SoC
at the daily level may provide more nuanced information. The study’s findings may be limited by
how SoC was measured and the level of individual SoC endorsement could have corresponded to
their immediate experience, context and setting compared to their true stable long-term values
and beliefs. Additionally, measuring the SoC as a moderating variable at the between-persons
level and the predictor variables at the within-person level limited the statistical modeling
options and level of interpretation (Curran & Bauer 2011). For the sake of parsimony, random
effects were not included in the models analyzed which could have influenced the results and
overall strength of the study. Another limitation of the study (as noted above) was the use of
daily steps as the outcome variable responsible for quantifying physical activity. As noted,
MVPA has been the more commonly used and appropriate variable to measure physical activity
engagement in previous literature (Tremblay et al., 2016; WHO, n.d.) Lastly, the study was
limited by the size and generalizability of the sample (i.e., limited to undergraduate students who
were predominantly female [72%]). Although the sample did not differ in terms of daily steps,
stress, positive or negative affect from individuals in the same age group from the general

population (APA, 2020; Wang et al., 2020; Weatherson et al., 2021), the daily choices and
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lifestyle of an undergraduate student might be uniquely different than individuals in the same age
range outside of university settings in which results and implications from the study may have

reduced applications.

37



Conclusions

This study was novel in its approach to investigating daily within-person associations
between internal factors (stress and affect) and physical activity engagement levels in young
adults (ages 17-29). Additionally, this study explored the moderating role of SoC and aimed to
understand better the predictive factors that influence a young adult’s choice to engage in
physical activity. Although the SoC results were mixed, findings underscore the potential value
of assessing SoC to support physical activity promotion. Incorporation of motivational
interviewing alongside problems-solving in the context of stress and low affect could prove
beneficial. Findings highlight how young adults could become mindful of the influence daily
fluctuations in stress and affect may have on their health-promoting choices. Given the notable
declines in physical activity engagement across the transition to young adulthood and the
associated physical and mental health consequences, further research is warranted. Results point
to replicating the findings in larger, more presentative samples. Future research would also
benefit from continued incorporation of innovative research design and technologies, such as

EMA and objective wearables, to collect physical activity data.

38



References

Adamson, M. M., Phillips, A., Seenivasan, S., Martinez, J., Grewal, H., Kang, X., Coetzee, J.,
Luttenbacher, 1., Jester, A., Harris, O. A., & Spiegel, D. (2020). International prevalence
and correlates of psychological stress during the global COVID-19
pandemic. International Journal of Environmental Research and Public Health, 17(24),
9248. https://doi.org/10.3390/ijerph17249248

Agans, J. P., & Lerner, R. M. (2021). “I actually have to decide what I’'m doing:” how youth
maintain active lifestyles in the transition to young adulthood. Leisure Sciences. Advance
online publication. https://doi.org/10.1080/01490400.2021.1913266

Ajzen, 1. (1991). The Theory of Planned Behavior. Organizational Behavior and Human
Decision Processes, 50(2), 179-211. https://doi.org/10.1016/0749-5978(91)90020-T

Almeida, D. M., Rush, J., Mogle, J., Piazza, J. R., Cerino, E., & Charles, S. T. (2022).
Longitudinal change in daily stress across 20 years of adulthood: Results from the
national study of daily experiences. Developmental Psychology, 59, 515-523.
https://doi.org/10.1037/dev0001469.

American College Health Association. American College Health Association-National College
Health Assessment I11: Canadian Reference Group Data Report Spring 2022. Silver
Spring, MD: American College Health Association; 2022.

American Psychological Association. (2020, October). Stress in America 2020. Apa.org;
American Psychological Association.

https://www.apa.org/news/press/releases/stress/2020/report-october

39



Ames, M. E., Leadbeater, B. J., & MacDonald, S. W. S. (2018). Health behavior changes in
adolescence and young adulthood: Implications for cardiometabolic risk. Health
Psychology, 37(2), 103—113. https://doi.org/10.1037/hea0000560

Ames, M. E., Menuz, T., & Elgharbawy, H. (in preparation). A scoping review of the research
utilizing smart wrist-worn wearables among adolescent samples. Planned submission to
Behavioral Research Methods. https://osf.i0/59fkd.

Arnett J. J. (2000). Emerging adulthood: A theory of development from the late teens through the
twenties. The American Psychologist, 55(5), 469—480. https://doi.org/10.1037/0003-
066X.55.5.469

Barta, W. D., Tennen, H., & Litt, M. D. (2012). Measurement reactivity in diary research. In M.
R. Mehl & T. S. Conner (Eds.), Handbook of Research Methods forSstudying Daily
Life (pp. 108—123). The Guilford Press: New York.

Bates, D., Méchler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-eftects models
using Ime4. Journal of Statistical Software, 67(1), 1-48.
https://doi.org/10.18637/jss.v067.101

Belcher, B. R., Zink, J., Azad, A., Campbell, C. E., Chakravartti, S. P., & Herting, M. M. (2021).
The roles of physical Activity, Exercise, and Fitness in Promoting Resilience During
Adolescence: Effects on Mental Well-Being and Brain Development. Biological

psychiatry. Cognitive neuroscience and neuroimaging, 6(2), 225-237.

https://doi.org/10.1016/j.bpsc.2020.08.005

Bollen, K.A., & Curran, P.J. (2005). Latent curve models: A structural equation

perspective. Sociological Methods & Research, 39.

40



Bonnie RJ, Stroud C, Breiner. (2015). Investing in the Health and Well-Being of Young Adults.
Washington (DC): National Academies Press (US); 2015 Jan 27. 6, Public

Health. Available from: https://www.ncbi.nlm.nih.gov/books/NBK284781/

Bourke, M., Hilland, T. A., & Craike, M. (2021). A systematic review of the within-person
association between physical activity and affect in children’s and adolescents’ daily
lives. Psychology of Sport and Exercise, 52, 101825.

https://doi.org/10.1016/j.psychsport.2020.101825

Caspersen, C. J., Powell, K. E., & Christenson, G. M. (1985). Physical activity, exercise, and
physical fitness: definitions and distinctions for health-related research. Public health

reports (Washington, D.C.: 1974), 100(2), 126—131.

Centre for addiction and Mental Health. (2020). Mental Illness and Addiction: Facts and
Statistics. CAMH. https://www.camh.ca/en/driving-change/the-crisis-is-real/mental-

health-statistics

Chen, Y., Yao, S.-J., Ma, Q.-S., Shao, W., Liu, C., & Guo, K.-L. (2022). The relationship between
exercise intention and exercise behavior of junior school students: an analysis of chain

mediating effect. Frontiers in Psychology, 13. https://doi.org/10.3389/fpsyg.2022.935264

Cheng, Y., Kawachi, 1., Coakley, E. H., Schwartz, J., & Colditz, G. (2000). Association between
psychosocial work characteristics and health functioning in American women:
prospective study. BMJ (Clinical research ed.), 320(7247), 1432—-1436.

https://doi.org/10.1136/bm;j.320.7247.1432

Cho, H. J., Bower, J. E., Kiefe, C. L., Seeman, T. E., & Irwin, M. R. (2012). Early life stress and

inflammatory mechanisms of fatigue in the Coronary Artery Risk Development in Young

41



Adults (CARDIA) study. Brain, behavior, and immunity, 26(6), 859—865.

https://doi.org/10.1016/5.bbi1.2012.04.005

Cohen, S., Kamarck, T., & Mermelstein, R. (1983). A Global Measure of Perceived Stress.

Journal of Health and Social Behavior, 24(4), 385-396. https://doi.org/10.2307/2136404

Cranford, J. A., Shrout, P. E., Iida, M., Rafaeli, E., Yip, T., & Bolger, N. (2006). A procedure for
evaluating sensitivity to within-person change: can mood measures in diary studies detect
change reliably?. Personality & social psychology bulletin, 32(7), 917-929.

https://doi.org/10.1177/0146167206287721

Curran, P. J., & Bauer, D. J. (2011). The disaggregation of within-person and between-person
effects in longitudinal models of change. Annual review of psychology, 62, 583—619.

https://doi.org/10.1146/annurev.psych.093008.100356

De Bourdeaudhuij, 1., Philippaerts, R., Crombez, G., Matton, L., Wijndaele, K., Balduck, A. L.,
& Lefevre, J. (2005). Stages of change for physical activity in a community sample of
adolescents. Health education research, 20(3), 357-366.

https://doi.org/10.1093/her/cygl31

de Zambotti, M., Baker, F. C., Willoughby, A. R., Godino, J. G., Wing, D., Patrick, K., &
Colrain, 1. M. (2016). Measures of sleep and cardiac functioning during sleep using a
multi-sensory commercially-available wristband in adolescents. Physiology &

behavior, 158, 143—149. https://doi.org/10.1016/j.physbeh.2016.03.006

Diaz, K. M., Krupka, D. J., Chang, M. J., Peacock, J., Ma, Y., Goldsmith, J., Schwartz, J. E., &

Davidson, K. W. (2015). Fitbit®: An accurate and reliable device for wireless physical

42



activity tracking. International journal of cardiology, 185, 138—140.

https://doi.org/10.1016/j.ijjcard.2015.03.038

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, A. C., Klebanov, P., Pagani,
L. S., Feinstein, L., Engel, M., Brooks-Gunn, J., Sexton, H., Duckworth, K., & Japel, C.
(2007). School readiness and later achievement. Developmental psychology, 43(6), 1428—

1446. https://doi.org/10.1037/0012-1649.43.6.1428

Ferguson, T., Olds, T., Curtis, R., Blake, H., Crozier, A. J., Dankiw, K., Dumuid, D., Kasai, D.,
O'Connor, E., Virgara, R., & Maher, C. (2022). Effectiveness of wearable activity
trackers to increase physical activity and improve health: a systematic review of

systematic reviews and meta-analyses. The Lancet. Digital health, 4(8), €615—¢626.

https://do1.0org/10.1016/52589-7500(22)00111-X

Firth, J., Rosenbaum, S., Stubbs, B., Gorczynski, P., Yung, A. R., & Vancampfort, D. (2016).
Motivating factors and barriers towards exercise in severe mental illness: a systematic
review and meta-analysis. Psychological medicine, 46(14), 2869—2881.

https://doi.org/10.1017/S0033291716001732

Fitbit Official Site for Activity Trackers & More. (2020). Fitbit.com.

https://www.fitbit.com/global/en-ca’home

Flueckiger, L., Lieb, R., Meyer, A. H., & Mata, J. (2014). How health behaviors relate to
academic performance via affect: An intensive longitudinal study. PLoS ONE, 9(10),

Article e111080. https://doi.org/10.1371/journal.pone.0111080

43



Frederick, C. M., & Ryan, R. M. (1993). Differences in motivation for sport and exercise and
their relations with participation and mental health. Journal of Sport Behavior, 16(3),

124-146.

Gawwad E. S. (2008). Stages of change in physical activity, self efficacy and decisional balance
among saudi university students. Journal of Family & Community Medicine, 15(3), 107—

115. DOI:10.4103/2230-8229.97044.

Glanz, K., Rimer, B. K., & Viswanath, K. (2008). Theory, research, and practice in health
behavior and health education. In K. Glanz, B. K. Rimer, & K. Viswanath (Eds.), Health
Behavior and Health Education: Theory, Research, and Practice (pp. 23—40). Jossey-

Bass.

Godin, G., Conner, M., & Sheeran, P. (2005). Bridging the intention-behaviour 'gap': the role of
moral norm. The British Journal of Social Psychology, 44(Pt 4), 497-512.

https://doi.org/10.1348/014466604X17452

Gomes, A. A., Tavares, J., & de Azevedo, M. H. (2011). Sleep and academic performance in
undergraduates: a multi-measure, multi-predictor approach. Chronobiology

International, 28(9), 786—801. https://doi.org/10.3109/07420528.2011.606518

Government of Canada, S. C. (2020, July 23). The Daily — Canadian health survey on children
and youth, 2019. Www150.Statcan.gc.ca. https://www150.statcan.gc.ca/n1/daily-
quotidien/200723/dg200723a-eng.htm

Gross, J. J., Uusberg, H., & Uusberg, A. (2019). Mental illness and well-being: an affect
regulation perspective. World Psychiatry : Official Journal Of The World Psychiatric
Association (WPA), 18(2), 130-139. https://doi.org/10.1002/wps.20618

44



Gustavson, K., Knudsen, A. K., Nesvag, R., Knudsen, G. P., Vollset, S. E., & Reichborn-
Kjennerud, T. (2018). Prevalence and stability of mental disorders among young adults:
findings from a longitudinal study. BMC Psychiatry, 18(1), 65.
https://doi.org/10.1186/s12888-018-1647-5

Guthold R, Stevens GA, Riley LM, Bull FC. (2020). Global trends in insufficient physical
activity among adolescents: A pooled analysis of 298 population-based surveys with 1.6

million participants. Yearbook of Paediatric Endocrinology.

https://doi.org/10.1530/ey.17.13.12

Haas, P., Schmid, J., Stadler, G., Reuter, M., & Gawrilow, C. (2017). Zooming into daily life:
within-person associations between physical activity and affect in young
adults. Psychology & Health, 32(5), 588—604.

https://do1.0org/10.1080/08870446.2017.1291943

Hajna, S., Ross, N. A., & Dasgupta, K. (2018). Steps, moderate-to-vigorous physical activity,
and cardiometabolic profiles. Preventive Medicine, 107, 69-74.

https://doi.org/10.1016/j.ypmed.2017.11.007

Hamer M. (2012). Psychosocial stress and cardiovascular disease risk: the role of physical
activity. Psychosomatic Medicine, 74(9), 896-903.

https://doi.org/10.1097/PSY.0b013e31827457{4

Hasler, G., Buysse, D. J., Gamma, A., Ajdacic, V., Eich, D., Rossler, W., & Angst, J. (2005).
Excessive daytime sleepiness in young adults: a 20-year prospective community
study. The Journal of Clinical Psychiatry, 66(4), 521-529.

https://doi.org/10.4088/jcp.v66n0416

45



Hawke, L. D., Barbic, S. P., Voineskos, A., Szatmari, P., Cleverley, K., Hayes, E., Relihan, J.,
Daley, M., Courtney, D., Cheung, A., Darnay, K., & Henderson, J. L. (2020). Impacts of
COVID-19 on youth mental health, substance use, and well-being: a rapid survey of
clinical and community samples: Répercussions de la COVID-19 sur la santé mentale,
l'utilisation de substances et le bien-étre des adolescents : un sondage rapide
d'échantillons cliniques et communautaires. Canadian Journal Of Psychiatry. Revue
Canadienne De Psychiatrie, 65(10), 701-709.

https://doi.org/10.1177/0706743720940562

Higley, Elena, "Defining Young Adulthood" (2019). DNP Qualifying Manuscripts. 17.

https://repository.usfca.edu/dnp qualifying/17
Hoffman, L. (2015). Longitudinal Analysis. Routledge.

Hoftman, L., & Walters, R. W. (2022). Catching up on multilevel modeling. Annual Review of

Psychology, 73(1), 659-689. https://doi.org/10.1146/annurev-psych-020821-103525

Homan, K. J., & Tylka, T. L. (2014). Appearance-based exercise motivation moderates the
relationship between exercise frequency and positive body image. Body Image, 11(2),

101-108. https://doi.org/10.1016/j.bodyim.2014.01.003

Institute on Aging & Lifelong Health - University of Victoria. (n.d.). UVic.ca. Retrieved

November 17, 2023, from https://www.uvic.ca/research/centres/aging/

Janssen I, LeBlanc AG. Systematic review of the health benefits of physical activity and fitness
in school-aged children and youth. Int J Behav Nutr Phys Act. 2010;7:40.

https://doi.org/10.1186/1479-5868-7-40

46



John Hopkins Medicine. (2019). Mental Health Disorder Statistics. John Hopkins Medicine.
https://www.hopkinsmedicine.org/health/wellness-and-prevention/mental-health-

disorder-statistics

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K. R., & Walters, E. E. (2005).
Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the National
Comorbidity Survey Replication. Archives of General Psychiatry, 62(6), 593—602.

https://doi.org/10.1001/archpsyc.62.6.593

Lau, J. S., Adams, S. H., Boscardin, W. J., & Irwin, C. E., Jr (2014). Young adults' health care
utilization and expenditures prior to the Affordable Care Act. The Journal Of Adolescent
Health : Official Publication Of The Society For Adolescent Medicine, 54(6), 663—671.

https://doi.org/10.1016/j.jadohealth.2014.03.001

Lee, . S., Heimer, H., Giedd, J. N., Lein, E. S., Sestan, N., Weinberger, D. R., & Casey, B. J.
(2014). Mental health. Adolescent mental health--opportunity and obligation. Science

(New York, N.Y.), 346(6209), 547-549. https://doi.org/10.1126/science.1260497

Leger, K. A., Charles, S. T., Brown, C. J., & Fingerman, K. L. (2023). Physical activity and daily
stress processes in older adulthood. The Journals Of Gerontology. Series B,
Psychological Sciences And Social Sciences, 78(1), 20-29.

https://doi.org/10.1093/geronb/gbac113
LimeSurvey — Free Online Survey Tool. (n.d.). Www.limesurvey.org. http://www.limesurvey.org

Lubans, D., Richards, J., Hillman, C., Faulkner, G., Beauchamp, M., Nilsson, M., Kelly, P.,

Smith, J., Raine, L., & Biddle, S. (2016). Physical activity for cognitive and mental

47



health in youth: a systematic review of mechanisms. PEDIATRICS, 138(3), €20161642—

€20161642. https://doi.org/10.1542/peds.2016-1642

Malina R. M. (2001). Physical activity and fitness: pathways from childhood to
adulthood. American Journal Of Human Biology: The Official Journal Of The Human
Biology Council, 13(2), 162—172. https://doi.org/10.1002/1520-

6300(200102/03)13:2<162::AID-AJHB1025>3.0.CO;2-T

Mandolesi, L., Polverino, A., Montuori, S., Foti, F., Ferraioli, G., Sorrentino, P., & Sorrentino, G.
(2018). Effects of physical exercise on cognitive functioning and wellbeing: biological
and psychological benefits. Frontiers in Psychology, 9, 509.

https://doi.org/10.3389/fpsyg.2018.00509

Martin, D. C. (1990). The Mental Status Examination. Nih.gov; Butterworths.

https://www.ncbi.nlm.nih.gov/books/NBK320/

McAuliffe, T. L., DiFranceisco, W., & Reed, B. R. (2007). Effects of question format and
collection mode on the accuracy of retrospective surveys of health risk behavior: a
comparison with daily sexual activity diaries. Health Psychology : Olfficial Journal Of
The Division Of Health Psychology, American Psychological Association, 26(1), 60-67.

https://doi.org/10.1037/0278-6133.26.1.60

McEwen B. S. (1998). Stress, adaptation, and disease. Allostasis and allostatic load. Annals of
the New York Academy of Sciences, 840, 33—44. https://doi.org/10.1111/;.1749-

6632.1998.tb09546.x

48



McEwen B. S. (2017). Neurobiological and systemic effects of chronic stress. Chronic Stress
(Thousand Oaks, Calif.), 1, 2470547017692328.

https://do1.0org/10.1177/2470547017692328

McNair D., Lorr M., Droppleman L. (1992). Profile of Mood States Manual (rev.). San Diego:

Educational and Industrial Testing Service.

Mendl, M., Burman, O. H., & Paul, E. S. (2010). An integrative and functional framework for
the study of animal emotion and mood. Proceedings. Biological Sciences, 277(1696),

2895-2904. https://doi.org/10.1098/rspb.2010.0303

Myers, J., Kokkinos, P., & Nyelin, E. (2019). Physical activity, cardiorespiratory fitness, and the

metabolic syndrome. Nutrients, 11(7), 1652. https://doi.org/10.3390/nul11071652

Nettle, D., & Bateson, M. (2012). The evolutionary origins of mood and its disorders. Current

Biology : CB, 22(17), R712-R721. https://doi.org/10.1016/j.cub.2012.06.020

Niknejad, N., Ismail, W. B., Mardani, A., Liao, H., & Ghani, 1. (2020). A comprehensive
overview of smart wearables: The state of the art literature, recent advances, and future
challenges. Engineering Applications of Artificial Intelligence, 90, 103529.

https://doi.org/10.1016/j.engappai.2020.103529

O'Hara, S. E., Cox, A. E., & Amorose, A. J. (2014). Emphasizing appearance versus health
outcomes in exercise: the influence of the instructor and participants' reasons for

exercise. Body Image, 11(2), 109—118. https://doi.org/10.1016/j.bodyim.2013.12.004

Paluch, A. E., Gabriel, K. P., Fulton, J. E., Lewis, C. E., Schreiner, P. J., Sternfeld, B., Sidney, S.,

Siddique, J., Whitaker, K. M., & Carnethon, M. R. (2021). Steps per Day and All-Cause

49



Mortality in Middle-aged Adults in the Coronary Artery Risk Development in Young
Adults Study. JAMA Network Open, 4(9), €2124516.

https://doi.org/10.1001/jamanetworkopen.2021.24516

Paluch, A. E., Bajpai, S., Bassett, D. R., Carnethon, M. R., Ekelund, U., Evenson, K. R.,
Galuska, D. A., Jefferis, B. J., Kraus, W. E., Lee, 1. M., Matthews, C. E., Omura, J. D.,
Patel, A. V., Pieper, C. F., Rees-Punia, E., Dallmeier, D., Klenk, J., Whincup, P. H.,
Dooley, E. E., Pettee Gabriel, K., ... Steps for Health Collaborative (2022). Daily steps
and all-cause mortality: a meta-analysis of 15 international cohorts. The Lancet. Public

Health, 7(3), €219—e228. https://doi.org/10.1016/S2468-2667(21)00302-9

Piercy, K. L., Troiano, R. P., Ballard, R. M., Carlson, S. A., Fulton, J. E., Galuska, D. A., George,
S. M., & Olson, R. D. (2018). The physical activity guidelines for

americans. JAMA, 320(19), 2020-2028. https://doi.org/10.1001/jama.2018.14854

Plotnikoff, R. C., Lubans, D. R., Costigan, S. A., Trinh, L., Spence, J. C., Downs, S., &
McCargar, L. (2011). A test of the theory of planned behavior to explain physical activity
in a large population sample of adolescents from Alberta, Canada. The Journal Of
Adolescent Health: Official Publication Of The Society For Adolescent Medicine, 49(5),

547-549. https://doi.org/10.1016/j.jadohealth.2011.03.006

Prichard, 1., & Tiggemann, M. (2008). Relations among exercise type, self-objectification, and
body image in the fitness centre environment: The role of reasons for
exercise. Psychology of Sport and Exercise, 9(6), 855—

866. https://doi.org/10.1016/j.psychsport.2007.10.005

50



Prochaska, J. O., & DiClemente, C. C. (1983). Stages and processes of self-change of smoking:
Toward an integrative model of change. Journal of Consulting and Clinical Psychology,

51(3), 390-395. https://doi.org/10.1037/0022-006X.51.3.390

R Core Team (2020). R: A language and environment for statistical computing. R Foundation for

Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.

Raihan N, Cogburn M. Stages of Change Theory. [Updated 2023 Mar 6]. In: StatPearls
[Internet]. Treasure Island (FL): StatPearls Publishing; 2023 Jan-. Available from:

https://www.ncbi.nlm.nih.gov/books/NBK556005/

Ramakrishnan, R., Doherty, A., Smith-Byrne, K., Rahimi, K., Bennett, D., Woodward, M.,
Walmsley, R., & Dwyer, T. (2021). Accelerometer measured physical activity and the
incidence of cardiovascular disease: Evidence from the UK Biobank cohort study. PLoS

Medicine, 18(1), e1003487. https://doi.org/10.1371/journal.pmed.1003487

Reichert, M., BriiBller, S., Reinhard, 1., Braun, U., Giurgiu, M., Hoell, A., Zipf, A., Meyer-
Lindenberg, A., Tost, H., & Ebner-Priemer, U. W. (2022). The association of stress and
physical activity: Mind the ecological fallacy. German Journal of Exercise and Sport

Research, 52(2), 282-289. https://doi.org/10.1007/s12662-022-00823-0

Reiner, M., Niermann, C., Jekauc, D., & Woll, A. (2013). Long-term health benefits of physical
activity--a systematic review of longitudinal studies. BMC Public Health, 13, 813.

https://doi.org/10.1186/1471-2458-13-813

Resnicow, K., & McMaster, F. (2012). Motivational Interviewing: moving from why to how with
autonomy support. International Journal of Behavioral Nutrition and Physical

Activity, 9(1), 19. https://doi.org/10.1186/1479-5868-9-19

o1



Rhodes, RE. Multi-process action control in physical activity: A primer. Front. Psychol. 2021;15
https://doi.org/10.3389/fpsyg.2021.797484

Rosengren, A., Hawken, S., Ounpuu, S., Sliwa, K., Zubaid, M., Almahmeed, W. A., Blackett, K.
N., Sitthi-amorn, C., Sato, H., Yusuf, S., & INTERHEART investigators (2004).
Association of psychosocial risk factors with risk of acute myocardial infarction in 11119
cases and 13648 controls from 52 countries (the INTERHEART study): case-control
study. Lancet (London, England), 364(9438), 953-962. https://doi.org/10.1016/S0140-
6736(04)17019-0

Roshanaei-Moghaddam, B., Katon, W. J., & Russo, J. (2009). The longitudinal effects of
depression on physical activity. General Hospital Psychiatry, 31(4), 306-315.
https://doi.org/10.1016/j.genhosppsych.2009.04.002

Rozanski, A., Blumenthal, J. A., & Kaplan, J. (1999). Impact of psychological factors on the
pathogenesis of cardiovascular disease and implications for therapy. Circulation, 99(16),
2192-2217. https://doi.org/10.1161/01.¢ir.99.16.2192

Ruthig, J. C., Marrone, S., Hladkyj, S., & Robinson-Epp, N. (2011). Changes in college student
health: Implications for academic performance. Journal of College Student
Development, 52(3), 307-320. https://doi.org/10.1353/csd.2011.0038

Sandi C. (2004). Stress, cognitive impairment and cell adhesion molecules. Nature Reviews.
Neuroscience, 5(12), 917-930. https://doi.org/10.1038/nrn 1555

Schultchen, D., Reichenberger, J., Mittl, T., Weh, T. R. M., Smyth, J. M., Blechert, J., & Pollatos,
0. (2019). Bidirectional relationship of stress and affect with physical activity and
healthy eating. British Journal Of Health Psychology, 24(2), 315-333.

https://doi.org/10.1111/bjhp.12355

52



Schwarz, N. (2012). Feelings-as-information theory. In P. A. M. Van Lange, A. W. Kruglanski, &
E. T. Higgins (Eds.), Handbook Of Theories Of Social Psychology, (pp. 289-308). Sage

Publications Ltd. https://doi.org/10.4135/9781446249215.n15

Segerstrom, S. C., & Miller, G. E. (2004). Psychological stress and the human immune system: a
meta-analytic study of 30 years of inquiry. Psychological Bulletin, 130(4), 601-630.

https://doi.org/10.1037/0033-2909.130.4.601

Sorgi, A., Dean, S., Meekins, K., Chen, P., Halpern, C., & Harris, K. (2015). Lifestyle and
Behavior in Young Adulthood: The National Longitudinal Study of Adolescent to Adult

Health. 2. https://cdr.lib.unc.edu/downloads/f7623k15g?locale=en

Stages of Change (Continuous Measure). (n.d.). Retrieved November 17, 2023, from

https://web.uri.edu/cprc/measures/exercise/stages-of-change-continuous-measure/

Stroup, W. W. (2013). Generalized linear mixed models : modern concepts, methods and

applications. CRC Press, Taylor & Francis Group.

Stults-Kolehmainen, M. A., & Sinha, R. (2014). The effects of stress on physical activity and
exercise. Sports Medicine (Auckland, N.Z.), 44(1), 81-121.

https://doi.org/10.1007/s40279-013-0090-5

Sudeck G, Jeckel S, Schubert T. Individual differences in the competence for physical-activity
related affect regulation moderate the activity—affect association in real-life situations.
Journal of Sport and Exercise Psychology. 2018;40(4):196-205.

https://doi.org/10.1123/jsep.2018-0017

53



Telama, R., Yang, X., Leskinen, E., Kankaanpéi, A., Hirvensalo, M., Tammelin, T., Viikari, J. S.,
& Raitakari, O. T. (2014). Tracking of physical activity from early childhood through
youth into adulthood. Medicine And Science in Sports And Exercise, 46(5), 955-962.

https://doi.org/10.1249/MSS.0000000000000181

Thelwell, R. C., Weston, N. J. V., & Greenlees, 1. A. (2007). Batting on a sticky wicket:
Identifying sources of stress and associated coping strategies for professional cricket
batsmen. Psychology of Sport and Exercise, 8(2), 219-232.

https://doi.org/10.1016/j.psychsport.2006.04.002

Theorell-Haglow, J., Lindberg, E., & Janson, C. (2006). What are the important risk factors for
daytime sleepiness and fatigue in women?. Sleep, 29(6), 751-757.

https://doi.org/10.1093/sleep/29.6.751

Tremblay, M. S., Carson, V., Chaput, J.-P., Connor Gorber, S., Dinh, T., Duggan, M., Faulkner,
G., Gray, C. E., Gruber, R., Janson, K., Janssen, 1., Katzmarzyk, P. T., Kho, M. E.,
Latimer-Cheung, A. E., LeBlanc, C., Okely, A. D., Olds, T., Pate, R. R., Phillips, A., &
Poitras, V. J. (2016). Canadian 24-hour movement guidelines for children and youth: an
integration of physical activity, sedentary behaviour, and sleep. Applied Physiology,
Nutrition, and Metabolism, 41(6 (Suppl. 3)), S311-S327. https://doi.org/10.1139/apnm-

2016-0151.

Trockel, M. T., Barnes, M. D., & Egget, D. L. (2000). Health-related variables and academic
performance among first-year college students: implications for sleep and other
behaviors. Journal Of American College Health: J of ACH, 49(3), 125-131.

https://doi.org/10.1080/07448480009596294

54



Wait Times for Community Mental Health Counselling | CIHI. (n.d.). Www.cihi.ca.

https://www.cihi.ca/en/indicators/wait-times-for-community-mental-health-counselling

Wald, A., Muennig, P. A., O'Connell, K. A., & Garber, C. E. (2014). Associations between
healthy lifestyle behaviors and academic performance in U.S. undergraduates: a
secondary analysis of the American College Health Association's National College Health
Assessment 1. American Journal Of Health Promotion: AJHP, 28(5), 298-305.

https://doi.org/10.4278/ajhp.120518-QUAN-265

Wang, Y., Jing, X., Han, W., Jing, Y., & Xu, L. (2020). Positive and negative affect of university
and college students during COVID-19 outbreak: a network-based survey. International

Journal of Public Health, 65(8), 1437-1443. https://doi.org/10.1007/s00038-020-01483-3

Watson, D., & Clark, L. A. (1997). Measurement and mismeasurement of mood: Recurrent and
emergent issues. Journal of Personality Assessment, 68(2), 267-296.

https://doi.org/10.1207/s15327752jpa6802_4

Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief measures
of positive and negative affect: the PANAS scales. Journal Of Personality And Social

Psychology, 54(6), 1063—1070. https://doi.org/10.1037//0022-3514.54.6.1063

West R. (2005). Time for a change: putting the Transtheoretical (Stages of Change) Model to
rest. Addiction (Abingdon, England), 100(8), 1036—1039. https://doi.org/10.1111/5.1360-

0443.2005.01139.x

Weatherson, K. A., Joopally, H., Wunderlich, K., Kwan, M. Y., Tomasone, J. R., & Faulkner, G.
(2021). Post-secondary students' adherence to the Canadian 24-Hour Movement

Guidelines for Adults: Results from the first deployment of the Canadian Campus

55



Wellbeing Survey (CCWS). Respect des Directives canadiennes en maticre de
mouvement sur 24 heures par les étudiants de niveau postsecondaire : résultats de la
premicre enquéte Bien-étre sur les campus canadiens (BECC). Health Promotion and
Chronic Disease Prevention in Canada : Research, Policy and Practice, 41(6), 173—181.

https://doi.org/10.24095/hpcdp.41.6.01

World Health Organization. (n.d.). Physical activity. World Health Organization.

https://www.who.int/news-room/fact-sheets/detail/physical-activity

56



Tables

Table 1
Descriptive Statistics for the Sample (N = 74)

Variable M(SD) n (Range or %)

Age 20.88 (2.53) 17-29
Sex

Biological female 52 (70%)

Biological male 22 (30%)
Stage of Change?

Precontemplation 7.09 (3.17) 4-21

Non-Believer

Precontemplation 11.32 (5.13) 4-23

Believer

Contemplation 16.91 (4.77) 4-24

Preparation 12.11 (4.69) 4-24

Action 14.33 (5.81) 4-24

Maintenance 14.65 (5.62) 4-24
Stress® 45.49 (29.00) 0-100
Positive Affect” 39.75 (18.70) 0-92.12
Negative Affect” 22.63 (17.13) 0-86.25
Steps 7928.83 (3949.88) 110 - 26111

2SoC variables are measured on a possible scale of 4-24 with higher values indicating stronger
endorsement.” Predictor variables are reported here as an average score across the 14 days on a

possible scale of 0 - 100 with higher values indicating stronger values.
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Table 2
Zero order correlations for study variables

Variable 1 2 3 4 5 6 7 8 9 10 11
1. Age
2. Sex -0.28

3. Precontemplation

Non-Believer -0.18 0.20

4. Precontemplation 018 2030 0.74%%

Believer

5. Contemplation 0.05 -0.54 0.30 0.62*

6. Preparation 0.02 -0.55 -0.41 -0.19 0.46

7. Action -0.19 -0.23  -0.71%*  -0.71%* -0.10 0.44

8. Maintenance -0.28 021  -0.74**  -0.90*%*% -0.68* 0.05 0.72%*

9. Stress® -0.05 -0.36 -0.20 0.10 0.06 0.00 -0.02 -0.04

10. Positive Affect? -0.14 0.37 -0.16 -0.53 -0.48 -0.12 0.26 0.38 -0.25

11. Negative Affect?® -0.15 -0.16 -0.15 0.07 -0.02 -0.11 -0.07 -0.03  0.87** -0.12

12. Steps -0.17 -0.12 -0.22 -0.16 -0.18 0.06 0.07 0.19 0.01 0.06 -0.00

Note. * indicates p < .05. ** indicates p < .01. ?Predictor variables are reported here as an average score across the
14 days on a possible scale of 0 - 100 with higher values indicating stronger values.
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Table 3

Baseline Multi-level Model Predicting Daily Steps — Model 0

Variable B SE t p
Intercept (Bo) 11.44 2.09 5.46 0.001
Age -0.14 0.09 -1.57 0.119
Sex -0.91 0.54 -1.67 0.101
Stress 0.02 0.06 0.32 0.751
Positive Affect 0.14 0.09 1.57 0.118
Negative Affect -0.07 0.12 -0.59 0.558
Independent
Models?

Stress -0.01 0.05 -0.14 0.89
Positive Affect 0.26 0.09 3.00 0.08
Negative Affect -0.08 0.09 -0.85 0.40

4Denotes findings when each predictor variable was ran in a separate model.

59



Table 4

Multi-level Model Predicting Daily Steps with Precontemplation Non-believer Stage of Change

as Moderator — Model 1

Variable B SE t p
Intercept (Bo) 12.03 2.09 5.46 0.000
Age -0.14 0.09 -1.97 0.052
Sex -0.75 0.55 -1.37 0.176
Precontemplation 0.03 0.17 0.17 0.863
Nonbeliever
Stress 0.01 0.06 0.12 0.907
Positive Affect 0.13 0.09 1.41 0.158
Negative Affect -0.07 0.12 -0.61 0.542
Precontemplation -0.01 0.02 -0.71 0.476
Nonbeliever *Stress
Precontemplation -0.03 0.03 -1.01 0.316
Nonbeliever *Positive
Affect
Precontemplation -0.00 0.04 -0.10 0.920

Nonbeliever *Negative

Affect
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Table 5
Multi-level Model Predicting Daily Steps with Precontemplation Believer Stage of Change as

Moderator — Model 2

Variable B SE t p
Intercept (Bo) 11.32 2.10 5.38 0.000
Age -0.14 0.09 -1.59 0.115
Sex -0.80 0.56 -1.43 0.156
Precontemplation 0.04 0.09 0.43 0.666
Believer
Stress 0.02 0.06 0.38 0.706
Positive Affect 0.13 0.09 1.41 0.159
Negative Affect -0.05 0.12 -0.45 0.650
Precontemplation -0.02 0.01 -1.84 0.066

Believer*Stress

Precontemplation -0.01 0.02 -0.70 0.485
Believer*Positive Affect

Precontemplation 0.05 0.02 1.93 0.054

Believer*Negative Affect




Table 6

Multi-level Model Predicting Daily Steps with Contemplation Stage of Change as Moderator —

Model 3
Variable B SE t p

Intercept (Bo) 11.43 2.09 5.46 0.000
Age -0.15 0.09 -1.54 0.127
Sex -1.00 0.55 -1.81 0.074
Contemplation 0.13 0.11 1.11 0.268
Stress 0.02 0.06 041 0.685
Positive Affect 0.13 0.09 1.41 0.159
Negative Affect -0.04 0.12 -0.37 0.709
Contemplation*Stress -0.02 0.01 -1.23 0.219
Contemplation*Positive -0.04 0.02 -2.05 0.041*
Affect
Contemplation*Negative 0.03 0.02 1.56 0.120

Affect

Note. * p < 0.05.
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Table 7

Multi-level Model Predicting Daily Steps with Preparation Stage of Change as Moderator —

Model 4
Variable B SE t p

Intercept (Bo) 11.18 2.14 5.23 0.000
Age -0.13 0.09 -1.49 0.140
Sex -0.80 0.58 -1.39 0.170
Preparation 0.00 0.11 0.016 0.988
Stress 0.02 0.06 0.33 0.742
Positive Affect 0.14 0.09 1.56 0.114
Negative Affect -0.08 0.12 -0.65 0.514
Preparation*Stress 0.01 0.01 0.47 0.640
Preparation*Positive -0.01 0.02 -0.34 0.739
Affect
Preparation*Negative 0.01 0.02 0.53 0.595

Affect
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Table 8

Multi-level Model Predicting Daily Steps with Action Stage of Change as Moderator — Model 5

Variable B SE t p
Intercept (Bo) 11.62 2.1966 5.2889 0.0000
Age -0.15 0.09 -1.59 0.114
Sex -0.90 0.57 -1.57 0.120
Action 0.03 0.09 0.32 0.750
Stress 0.02 0.06 0.30 0.763
Positive Affect 0.15 0.09 1.63 0.105
Negative Affect -0.08 0.12 -0.72 0.4700
Action*Stress 0.01 0.01 1.44 0.151
Action*Positive -0.01 0.02 -0.53 0.596
Affect
Action*Negative 0.04 0.02 -1.99 0.048*

Affect

Note. * p < 0.05.
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Table 9

Multi-level Model Predicting Daily Steps with Maintenance Stage of Change as Moderator —

Model 6
Variable B SE t p

Intercept (Bo) 10.64 2.20 4.83 0.000
Age -0.11 0.09 -1.15 0.252
Sex -0.80 0.55 -1.46 0.150
Maintenance 0.04 0.09 0.45 0.656
Stress 0.01 0.06 0.20 0.844
Positive Affect 0.14 0.09 1.50 0.134
Negative Affect -0.04 0.12 -0.31 0.754
Maintenance*Stress 0.01 0.01 1.22 0.221
Maintenance*Positive 0.00 0.02 0.07 0.943
Affect
Maintenance*Negative -0.04 0.02 -1.92 0.056

Affect
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Figures

Figure 1. Simple Slopes Interaction Plot of Positive Affect x Contemplation
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Figure 2.
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