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Does Better Sleep set the Stage for a Physically Active and Progressive Workday? 

Considerations Across the Daily Cycle of Rest, Commuting, and Work 

Fiyinfunjah Adenike Dosumu 

Abstract 

 This dissertation explored employee daily experiences through the lens of the resource 

allocation process whereby employees strive to meet their daily work and non-work demands 

and incorporate valuable experiences and activities into their workday. Previous research has 

largely focused on segmented aspects of employee daily lives. However, there is limited research 

on how employees’ daily activities in their work and non-work lives may interrelate in a more 

dynamic sense. I assess how employees’ recovery through nightly sleep quality may set the stage 

for subsequent engagement in moderate-to-vigorous physical activity, and the implications of 

this intensity of physical activity for job performance, specifically for employees who primarily 

commute to a physical work location. Using the effort-recovery model, I hypothesized that 

nightly sleep quality will positively covary with moderate-to-vigorous physical activity. I 

additionally considered a potential moderating influence of commute variability on the 

relationship between nightly sleep quality and moderate-to-vigorous physical activity. I then 

assessed moderate-to-vigorous physical activity as an antecedent of work goals progress, using 

the resource-based model of physical activity and job performance as my theoretical basis. My 

final sample consisted of 81 employees who commute to and from work at least 15 minutes each 

way. Using multilevel structural equation modeling, which enabled modeling at the within- and 

between-person level of analysis, I found that daily engagement in moderate-to-vigorous 

physical activity positively related to daily work goals progress. Furthermore, higher levels of 

engagement in moderate-to-vigorous physical activity on average influenced higher levels of 



work goals progress on average. This dissertation contributes to the scientific understanding of 

the implications of physical activity for work criteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Does Better Sleep set the Stage for a Physically Active and Progressive Workday? 

Considerations Across the Daily Cycle of Rest, Commuting, and Work 

Fiyinfunjah Adenike Dosumu 

General Audience Abstract 

Recent research considering employees’ experiences has largely separated aspects of employee 

lives with limited research on how home and work experiences may interrelate. As employees 

manage their time and energy across different demands at work and home, I expected that when 

employees experience better sleep quality at night, they may have enough energy and time to 

engage in higher intensity physical activity. I also expected that employees who engage in higher 

intensity physical activity will have better job performance by experiencing more progress 

towards their work goals. I also anticipated that employees whose commutes from home to work 

vary in duration from day to day may not be able to utilize the benefits of sleep quality towards 

higher intensity physical activity. I found that employees who engaged in moderate-to-vigorous 

physical activity (i.e., physical activity that utilizes a lot of energy, specifically 3 metabolic 

equivalents and higher) on a day-to-day basis also reported higher progress towards their work 

goals daily. Employees who engage in more moderate-to-vigorous physical activity on average 

also experienced higher progress towards their work goals on average. 
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1 Introduction 

 Employees experience a daily cycle of work, home, and rest activities (Zuzanek & Smale, 

1999). Work is an effortful activity that is often demanding and stressful (Zijlstra & Rook, 2008). 

Work recovery refers to the process through which an individual’s stressful work demands 

temporarily cease such that their resource levels (e.g., attentiveness, energy) are restored to the 

baseline levels (Sonnentag et al., 2022).  Thus, activities within and outside the workplace are 

crucial to the work recovery process (i.e., how employees regain the personal resources that are 

utilized during work activities; Sonnentag et al., 2017). For employees who work in a physical 

office, the lack of flexibility regarding the location of work may make their daily experiences 

complex. In other words, the lack of flexibility regarding the location of work may make them 

value their time and energetic resources more such that they need to fit in other activities (e.g., 

physical activity) within the workday, before work, or after work. Further, employees need to 

maintain the resources (e.g., attentiveness, energy) used to meet work goals throughout their 

workday. There remains a lack of knowledge about how employees’ recovery may set the stage 

for the subsequent physical activity that they pursue across the workday, and the implications of 

this activity for shorter-term indicators of job performance. In this dissertation, I explored the 

prediction of physical activity and its short-term relevance with job performance criteria. 

In this dissertation, I propose that employees who experience better quality of sleep may 

have more resources to engage in moderate-to-vigorous physical activity (MVPA) during the 

subsequent day. This physical activity in turn can be utilized towards making progress on goals 

at work. I focus on work goals progress as a measure of in-role work performance. Work goals 

progress is an indicator of work performance (Pomaki et al., 2009). I thus hypothesize that when 

employees experience a good quality night’s sleep, they will be able to engage in more MVPA. 
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In turn, engaging in physical activity of such intensity will contribute to work performance, 

conceptualized as work goals progress (see Figure 1 for the conceptual model of my 

dissertation).  

 In terms of scientific research on employees’ daily experiences, previous research has 

strongly focused on segmented aspects of employee daily lives (home vs work) or snapshots 

within the day (e.g., evening, during the workday; Sonnentag et al., 2008). However, there is 

limited research on the interrelationships of experiences within employees’ day-to-day lives in a 

more dynamic sense. For example, initial levels of resources in the morning may influence how 

personal resources are directed throughout the day.  In my dissertation, I explore employees’ 

daily experiences through an experience sampling study that follows employees through their 

daily activities across 40 consecutive working days. I consider employees’ previous night’s 

experiences (nightly sleep quality), commuting to work experiences (commuting variability), 

within the workday experiences (work goals progress, physical activity), and experiences after 

the workday (physical activity; nightly sleep quality) to understand how this daily cycle of 

recovery, work, and performance unfolds. I start by considering the conditions that allow 

employees to be more intensely physically active by examining better sleep quality as an 

antecedent of MVPA (i.e., physical activity of 3 metabolic equivalents or higher; Rost et al., 

2021) and theorize within the Effort-Recovery Model (Meijman & Mulder, 1998). I propose that 

higher sleep quality puts employees in a state of sufficient recovery of resources (Åkerstedt et al., 

2009), which can then be directed towards MVPA engagement during the day. Physical activity 

is an activity that requires effort, self-regulation, and planning (Martin Ginis & Bray, 2010). 

MVPA is even more intense and may require higher levels of self-regulatory resources. These 
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resources can be regained post-physical activity engagement (Nägel & Sonnnentag, 2013; 

Sonnentag & Fritz, 2007). 

I also explore whether the proposed influence of sleep quality on MVPA is bounded by 

the variability of the commute. Commute variability represents the degree of unpredictability in 

the commute (Kluger, 1998). Commuting to work is an activity that may utilize energetic, 

attentional, and affective resources (Morris & Guerra, 2014; Zhou et al., 2017), and commute 

variability is considered a significant source of commuting strain (Evans et al., 2002; Kluger, 

1998). Further, the morning commute has been found to be “particularly unpleasant” (Kahneman 

& Krueger, 2006, p. 12). Thus, I suggest that variable commuting durations from day-to-day can 

prevent employees from applying the benefits of better sleep quality towards MVPA due to the 

demands that car commuters encounter during the commute. Employees will typically strive to 

protect and conserve valuable personal resources; this process involves deciding which activities 

are worth directing resources towards (Hobfoll, 1989). For employees who work in a physical 

workplace, commuting is a required activity. Although the distance between the home and the 

workplace is the same, the commuting environment and the duration it takes to drive to work 

typically fluctuates (e.g., traffic congestion; Elfering et al., 2013). Once employees utilize 

resources towards variable commutes, this may be an impedance to MVPA engagement during 

the subsequent workday, an activity that also requires self-regulatory resources (Hagger et al., 

2010). Thus, I investigated the potential of commuting experiences (i.e., variability of commute) 

to disrupt the ability of high-quality sleep to be translated into MVPA during the subsequent day. 

Furthermore, I consider the implications of MVPA for work goals progress. I suggest that 

engaging in higher intensity physical activity (i.e., MVPA) will provide employees with more 

resources that can be applied towards meeting their goals at work. Physical activity has been 
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linked to vigor and restoration among employees, and this can be linked to the recovery potential 

of physical activity engagement in addition to the temporary cessation of effortful work demands 

during physical activity episodes (Calderwood et al., 2021a; De Bloom et al., 2017; Sianoja et 

al., 2018). 

Job performance is a crucial outcome of interest in organizational research. Thus, 

industrial-organizational psychology researchers have placed significant attention on job 

performance (Campbell & Wiernik, 2015). For employers, there is also emphasis on the job 

performance of employees, with increasing focus on how workplace initiatives contribute to the 

bottom-line (i.e., organizational productivity and performance). In the past, researchers have 

focused on factors within the workplace that contribute to job performance (Kahya, 2007). 

However, research on occupational health psychology has shown that employees typically carry 

burdens of the home to the workplace and vice versa, defined as spillover (Sanz-Vergel et al., 

2015). Thus, there has been more focus on how home processes may relate to work processes in 

recent years (Kossek & Lee, 2017). For employees who work in a physical office environment, 

they typically have daily cycles of waking up, commuting to work, engaging in work, and 

engaging in other activities (e.g., physical activity) within and outside the workplace. Thus, it is 

crucial to explore how these personal resource-dependent daily activities can influence job 

performance. 

In mapping the processes through which employee daily activities can influence job 

performance, an important research consideration is to match fluctuations in daily activity levels 

with potential fluctuations in performance (i.e., short-term performance). Although general levels 

of performance are relevant in the workplace, short-time performance measurement aligns more 
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with the focus of this dissertation on the daily experiences of employees. Thus, dynamic factors 

are expected to influence short-term performance changes, in terms of work goals progress. 

 In terms of precursors of job performance, physical activity has been theorized to 

influence job performance (Calderwood et al., 2021b). Thus, employee physical activity is a 

variable of interest to both researchers and practitioners. Due to the daily demands and 

experiences of employees, it is important to understand the daily activities that may enhance or 

impede employees’ ability to engage in more intense physical activity. Thus, in this dissertation, I 

seek to examine the conditions that leave employees able to engage in more intense physical 

activity (e.g., after a high-quality night’s sleep) and map the process through which more intense 

physical activity can influence subsequent job performance. Due to the focus on daily 

experiences of employees, I seek to understand how home-to-work morning commuting 

experiences (i.e., commute variability) may moderate the proposed relationship between sleep 

quality and intensity of physical activity. For employees who work in a physical office, the 

commute is a potentially relevant dynamic in being able to translate the resource replenishment 

gained from sleep quality into intense physical activity. 

 I leverage the Effort-Recovery Model (Meijman & Mulder, 1998) and the resource-based 

model of physical activity job performance (Calderwood et al., 2021b) as guiding theoretical 

frameworks for the proposed relationships investigated in this dissertation. To examine the 

hypotheses, I utilized an experience sampling methodology and objective measures of sleep 

quality and intensity of physical activity via actigraphy. Commute variability was estimated 

using a naturalistic driving approach via micro data acquisition system (MicroDAS; Dingus et 

al., 2006) equipment installed in participants’ cars. In combination with these objective tracking 

methods, I utilized a daily diary study design via self-report of work goals progress across 40 
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consecutive workdays. To quantitatively analyze my data, I utilized multilevel structural equation 

modeling (MSEM). This data analytical technique allows for modeling at the within- and 

between-person levels of measurement for intensity of physical activity. 

 I begin the introduction section by highlighting the intended contributions of my 

dissertation. I then elaborate on the theoretical frameworks I draw upon and how they inform my 

hypotheses. Finally, I combine the theoretical underpinnings with empirical evidence in the 

literature to develop my hypotheses, before then describing the proposed methodology and 

analytic approach undertaken to evaluate my hypotheses. 

1.1 Intended Contributions 

 This dissertation focuses on an antecedent of and an outcome of physical activity 

intensity and offers theoretical and practical contributions to the organizational literature. The 

first intended contribution is the consideration of sleep quality as an antecedent of physical 

activity. Previous literature has suggested that there exists a bi-directional relationship between 

physical activity and sleep. Most research considering this bi-directional relationship has 

strongly focused on physical activity as a precursor of sleep indicators. For example, Pesonen et 

al. (2022) found that sleep duration and physical activity have bi-directional relationships only 

for vigorous physical activity. However, this dissertation utilizes a resource-based framework to 

examine how sleep quality may set the stage to subsequently enhance engagement in more 

intense levels of physical activity (i.e., MVPA). This is theoretically beneficial as this 

dissertation proposes to demonstrate how sleep quality may provide resources that are valuable 

to both individuals in terms of physical activity engagement and the downstream implications for 

job performance, which is a valued outcome for organizations. There is little insight in the 

literature regarding whether and when sleep quality may translate into moderate-to-vigorous 
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physical activity levels. This knowledge is vital to how a restorative activity at home can 

influence engagement in MVPA the next day by considering the associations of employees’ daily 

activities, with a focus on recovery frameworks.  

 The second theoretical contribution that I propose to make through this dissertation is to 

focus on commute variability as a moderator of the relationship between sleep quality and 

physical activity intensity. Specifically, I hypothesize that employees who have more generally 

aversive commutes (i.e., variable commuting duration) in the morning may not gain the full 

benefits of translating nightly sleep quality into subsequent physical activity due to the demands 

of the commute. On the other hand, I expect that the relationship between sleep quality and 

physical activity intensity will be stronger for employees with generally less aversive morning 

commuting experiences (i.e., less variable commuting duration). This proposition is in alignment 

with the dissertation focus on employee daily experiences of waking up, going to work (i.e., 

commuting) and engaging in physical activity across the workday and beyond. My dissertation 

advances the well-being literature by suggesting that there can be well-being costs to more 

variable commutes, especially when considering the cumulative daily experiences of employees. 

This contribution will enrich theoretical understanding of how going to work experiences (i.e., 

commuting) may have implications for employees’ inability to engage in other beneficial 

activities during the day. Practically, interventions aimed at enriching the total experience of 

employees from day-to-day might focus on how to reduce commuting issues for employees (e.g., 

providing more flexibility regarding work location). 

 Practically, I seek to establish that nightly sleep quality can enhance employees’ ability to 

engage in higher levels of MVPA, which has been demonstrated to help individuals accrue more 

benefits from physical activity engagement (Chomistek et al., 2017; van Hooff et al., 2019). This 
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suggests that when employees have good quality sleep, they should make efforts to direct the 

potential benefits they have gained to enhance their wellbeing and potentially, job performance, 

by deciding to engage in MVPA the next day. Furthermore, support for the boundary condition I 

suggested in this dissertation, commute variability, could suggest that employers need to provide 

more flexibility for employees in terms of physical location, to enable them to fit in MVPA into 

their day. Alternatively, employers can provide flexible work hours that would reduce the time 

pressure experienced by employees during their commute to work. When considering the 

potential gains from higher sleep quality and MVPA engagement, employers can allow 

employees to build physical activity into their workday, if the benefits of sleep quality and 

MVPA towards job performance is demonstrated in this dissertation. 

 Methodologically speaking, this dissertation provides insights that can be applied to the 

commuting literature from the application of the naturalistic driving methodology. Previous 

research on commuting has largely focused on self-reports, Google maps estimates using postal 

codes, and other methods, (Elfering et al., 2020; Pereira et al., 2016) which have limitations in 

failing to capture the real experience of the commute due to reliance on participants’ memory of 

their commutes or their general assessment of the commute rather than potential daily 

fluctuations in the commute. Commuting duration was objectively measured using a system that 

stores naturalistic driving data and provides precise time stamps for each individual driving. 

Additionally, these objectively assessed commuting trips were matched with time-stamped daily 

surveys that participants completed before their commute to work and before their commute 

back home. This combination of two methods enhances data quality and provides new insights 

into how commutes can be captured objectively to provide a full range of data that can be 

combined with employees’ subjective perception to strengthen methodology. 
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1.2 Effort Recovery Model 

Researchers studying recovery from stressful work demands have often utilized the 

Effort-Recovery Model (Meijman & Mulder, 1998) as a theoretical basis for their propositions. 

According to the Effort-Recovery Model, work is an effortful and demanding activity and is an 

essential part of adult life. Employees utilize energetic and attentional resources to be able to 

fulfill work demands. Thus, work is physiologically and psychologically taxing to employees. In 

addition, the Effort-Recovery Model states that individuals need to restore the resources that are 

utilized towards work. Restoration of resources can be made possible through social activities, 

physical activities, and relaxation activities, among others (Sonnentag, 2001; Rook & Zijlstra, 

2006). Initially, research on recovery assumes that the restoration of resources needs to happen 

during non-work time (e.g., evenings, weekends, vacations; Fritz & Sonnentag, 2006; Sonnentag 

et al., 2008). However, there have been recent developments regarding how activities within the 

workplace can help employees recover from stressful work demands (e.g., microbreaks; 

Calderwood et al., 2021a; Kim et al., 2017). Based on the Effort-Recovery model, for restoration 

of resources to occur, the demands that tap into these resources need to cease temporarily. 

Continuous demands on resources without sufficient recovery impairs employee wellbeing and 

performance, according to the Effort-Recovery Model. 

 In considering factors that facilitate recovery, sleep quality is a non-work rest activity that 

has the potential to help employees recuperate energetic and attentional resources. Previous 

research has shown that sleep serves a restorative function and poor sleep quality has been 

associated with fatigue and depletion (Åkerstedt et al., 2002; Rost et al., 2021). Accordingly, the 

theorizing surrounding the Effort-Recovery Model (Meijman & Mulder, 1998) aligns with the 
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focus of my dissertation on the restorative functions of sleep quality (Barnes, 2012) and how the 

resources gained from sleep quality can be directed towards intense physical activity and the 

downstream implications of sleep quality for job performance. Sleep has been theorized to help 

conserve and promote physical energy that is relevant for both physical and cognitive activities 

in the work and non-work domains (Crain et al., 2018). 

 Physical activity has been considered in the literature as an activity that utilizes resources 

but has the potential to help employees both maintain and build more resources through recovery 

experiences (Sonnetag & Fritz, 2007). When considering the proposed relationship between 

sleep quality and MVPA in this dissertation, sleep quality can provide employees with resources 

(e.g., physical energy; Crain et al., 2018) that can enable them to engage in such intensity of 

physical activity. Nightly sleep quality can make employees feel that they have sufficient 

resources to pursue high intensity physical activity, thus motivation to engage in MVPA may be 

heightened by sleep quality. High sleep quality has been associated with increased performance 

in Crossfit athletes (Klier et al., 2021). For employees who particularly work in a physical office, 

nightly sleep quality may enhance the perception that they can fit MVPA into their day’s 

schedule. Accordingly, the arguments with the ERM can explain how experiencing a high-quality 

night’s sleep can enhance employees’ ability to engage in MVPA during the subsequent day. 

 As previously highlighted, I consider nightly sleep quality as a precursor of engagement 

in MVPA in this dissertation. Building on the point regarding employees’ direction of personal 

resources, I propose that commuting experiences (i.e., commute variability) will moderate the 

potential positive relationship between nightly sleep quality and engagement in intense physical 

activity with specific focus on car commuters who work in a physical office location. 

Commuting is a necessary activity for employees who work in an office location and the 
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commute may be perceived as aversive and typically requires regulatory control (Kahneman & 

Krueger, 2006; Zhou et al., 2017). For example, driving below the speed limit requires self-

regulation especially if an employee is already late for work or has additional stops to make 

along the way (e.g., dropping off a child at school). Additionally, commuting via car is typically 

more appraised as more stressful than other modes of commuting, due to delays and other road 

users (Gatersleben & Uzzell, 2007). Aversive pre-work commutes may reduce subsequent 

availability of resources for MVPA. Thus, daily pre-work commute variability was explored as a 

boundary condition between the relationship of nightly sleep quality and intense physical 

activity. 

1.3 The Resource-Based Model of Physical Activity and Job Performance 

The resource-based model of physical activity and job performance (Calderwood et al., 

2021b) connects daily engagement in physical activity to possible variability in performance 

which makes it align with the focus of this dissertation on employees’ daily experiences. 

According to the resource-based model, engaging in physical activity may have downstream 

implications for job performance through the generation of valuable personal resources. Physical 

activity is proposed to help employees restore and regenerate valuable personal resources that are 

crucial to job performance. The resource-based model proposes both volatile and structural 

influences. In my dissertation, I explored the volatile aspects of the propositions due to the 

within-person nature of the daily influences in this dissertation. To be able to accomplish work 

tasks, employees need to focus their attention and other resources on work. When employees 

focus on other activities outside their immediate work task, performance is bound to be impaired. 

Performance is determined jointly by the availability of resources and the allocation of these 

resources to work tasks (Hobfoll, 1989), which is in line with the overall conceptual framework 
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of this dissertation. Accordingly, the resource-based model of physical activity and job 

performance can serve as a theoretical basis for the proposed relationship between MVPA and 

end-of-workday work goals progress. 

2 Literature Review 

2.1 Sleep Quality 

 Sleep is an important rest activity in employees’ daily lives (Burgard & Ailshire, 2009) 

and serves recovery functions (Krueger et al., 2016). Furthermore, sleep has been established to 

help individuals conserve energy, promote immune functioning, clear wastes in the brain, and 

enhance cognitive functioning (Besedovsky et al., 2012; Diekelmann, 2014; Zielinski et al., 

2016). Thus, sleep quality provides employees with sufficient resources that are useful 

throughout the day due to its restorative function (Barnes, 2012). Previous research has shown 

that sufficient sleep is crucial for recovery promotion among employees (Takahashi, 2012). Sleep 

impairments have been linked to reduced cognitive performance and executive functioning 

(Elmenhorst et al., 2009; Nilsson et al., 2005; Pilcher & Huffcutt, 1996) and these associations 

have been found even for short-term sleep loss. Further, attention allocation in tasks involving 

working memory has been found to be impaired due to sleep loss (Smith et al., 2002). On the 

other hand, researchers suggest that sleep provides cognitive benefits (Ellenbogen, 2005). 

Experiencing good quality sleep has been suggested to enhance self-regulatory resources 

(Barnes, 2012), resources that are crucial towards MVPA engagement. Thus, sleep may serve the 

function of helping to restore self-regulatory resources (Barber et al., 2010). Availability of 

resources may enhance employee engagement in physical activity of the intensity under 

consideration.  
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This dissertation focuses on sleep quality as a recovery resource that enhances 

employees’ ability to engage in intense physical activity. Within individuals, poor sleep has been 

found to relate to increased fatigue and decreased attentiveness (Åkerstedt et al., 2002; Harrison 

& Horne, 1999). On the other hand, sleep quality has been found to be associated with positive 

affect (Sonnentag et al., 2018). In addition, sleep has been theorized to promote and retain 

physical energy, which suggests that sleep quality may influence next-day engagement in MVPA 

due to the availability of resources that can be directed towards that intensity of physical activity. 

2.2 Moderate-to-Vigorous Physical Activity 

Physical activity provides an opportunity for employees to recover from work stress 

(Oerlemans et al., 2014; van Hooff et al., 2019). Apart from the recovery potential of physical 

activity, this activity has been found to have important associations with physical and mental 

health (Macdonald et al. 2008; Vankim & Nelson, 2012) and is highly recommended globally 

(World Health Organization, 2022). For example, the Office of Disease Prevention and Health 

Promotion provides physical activity guidelines for Americans with the suggestion that regular 

engagement in physical activity may improve health (U.S. Department of Health and Human 

Services, 2023). Further, the intensity of physical activity matters. The physical activity 

recommendation for adults is either 150 minutes of moderate-intensity physical activity, at least 

75 minutes of vigorous-intensity physical activity, or a combination of moderate- and vigorous-

intensity physical activity (Centers for Disease Control and Prevention, 2022). Despite these 

guidelines, reports show that more than a quarter of the world’s adult population do not meet the 

physical activity recommendations and physical inactivity is more prevalent in high-income 

countries (World Health Organization, 2022). Employees form a high percentage of the adult 

population and spend most of their waking hours at work (U.S. Bureau of Labor Statistics, 
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2022). Although the burden of well-being is typically placed on employees, lack of wellness in 

employees (e.g., insufficient physical activity) may have negative impacts on the organization 

through performance decrements and increased health-related compensations. 

Previous research on physical activity focuses more on the physical and mental health 

implications of physical activity (Macdonald et al. 2008; Vankim & Nelson, 2012). Additionally, 

there exists an extensive research base for the recovery potential of physical activity engagement 

with stronger focus on physical activity outside of work (Oerlemans et al., 2014; Ten 

Brummelhuis & Bakker, 2012). However, physical activity within and outside the workplace has 

the potential to enhance affective and energetic resources that may help employees improve their 

work. For example, recent research has shown associations of physical activity during the 

workday with vigor, restoration, and reduced fatigue (Calderwood et al., 2021a; De Bloom et al., 

2017; Sianoja et al., 2018). Engaging in physical activity may enhance the replenishment of 

resources that are utilized towards work. Furthermore, physical activity may prevent further 

resource loss, thus enhancing the resource bank of employees. However, there is limited 

empirical research on whether physical activity is beneficial for work performance. 

Although research has established the benefits of physical activity, there are propositions 

in the literature that physical activity of higher intensity helps individuals accrue the most 

benefits (Gerber et al., 2014). For example, Lee and Paffenbarger (2000) found that moderate 

and vigorous physical activity levels are associated with longevity. Similarly, van Hooff et al. 

(2019) suggested that to enjoy the benefits of physical activity in terms of recovery, individuals 

should engage in high intensity physical activity. Thus, this dissertation focuses on MVPA, 

moderate physical activity refers to physical activity that is above three metabolic equivalents of 

task (MET) and vigorous physical activity refers to physical activity that is greater than 6 MET 
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(Pate et al., 1995). MVPA thus refers to physical activity of 3 metabolic equivalents or higher 

(Rost et al., 2021). Examples of MVPA include activities like running, bicycling, and playing 

tennis (Ainsworth et al., 2000).  

Empirical evidence suggests that MVPA is associated with health-related quality of life 

(Loprinzi & Davis, 2016) and reduced risk of cardiovascular diseases (Liu et al., 2020). In 

addition, MVPA has been linked to mortality risk reduction (Saint-Maurice et al., 2018) even in 

doses that are lower than the recommended activity levels (Hupin et al., 2015). In a similar vein, 

MVPA has been found to be associated with better health outcomes, associations that were not 

found with light physical activity (Phillips et al., 2017). Fanning et al. (2017) compared the 

influences of light physical activity and MVPA and found that MVPA influenced executive 

functioning and self-regulatory behavior, but this pattern of result was not found for light 

physical activity. MVPA has also been found to relate to detachment from daily demands (Rost et 

al., 2021), suggesting that there are potential recovery gains from engaging in physical activity of 

such intensity.  

2.3 Commuting Experiences 

 Commuting is an important activity of employee daily life (Calderwood & Mitropoulos, 

2021). According to a recent report, almost 140 million employees in the United States regularly 

commuted to work in 2022 and about 15 percent of employees work from home (Burrows & 

Burd, 2024), which suggests that commuting is still a relevant variable in organizational 

research. Commuting to work is an effortful activity that is typically perceived as stressful by 

employees (Kahneman & Krueger, 2006). The commuting environment itself may be demanding 

for car commuters. Stressors during the commute refer to experiences that are demanding while 

strain is defined as negative reactions engendered by the commute (Calderwood & Mitropoulos, 
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2021). Strain reactions induced by the commute may be physiological (e.g., musculoskeletal 

pain), affective (e.g., negative affect), or cognitive (e.g., self-regulation) (Calderwood & 

Mitropoulos, 2021; Morris & Guerra, 2014; Urhonen et al., 2016; Zhou et al., 2017). Thus, 

commuting is an effortful activity that utilizes regulatory resources (Baumeister & Vohs, 2007). 

This dissertation focuses on car commuting as driving is the most utilized form of commuting 

(Buehler & Hamre, 2016; Burrows & Burd, 2024). In organizational research, commuting time 

has been found to relate positively to absenteeism (VandenHeuvel & Wooden, 1995). Further, 

commuting stress has been found to negatively relate to interpersonal helping (Santhosh, 2015) 

and aversive morning commutes have been found to indirectly relate to subjective performance 

and intrapersonal organizational citizenship behavior (Gerpott et al., 2022). In addition, Zhou et 

al. (2017) found that morning commute stressors had an influence on self-regulation at work, 

further bolstering the argument that commuting utilizes self-regulatory resources. 

 Furthermore, more variables commutes have been found to induce strain (Kluger, 1998) 

and previous literature suggests that commute predictability may moderate the relationship 

between subjective impedance and stress (Koslowsky et al., 1995). Predictability of the commute 

is negatively associated with commuting stress (Sposato et al., 2012). Commuting by car has also 

been found to be more stressful than other modes of transport (e.g., train) due to the effortful 

nature of car commuting and its unpredictability (Wener & Evans, 2011). This suggests that 

variable commutes may require more self-regulatory efforts and resources and induce strain in 

car commuters, thereby reducing the resources available for commuters to direct towards other 

effortful activities. According to Kluger (1998), commute variability is related to strain even after 

controlling for commute length. Thus, a lengthy commute may not induce strain if it is regular 

and expected. However, the unpredictability associated with variable commutes may make it 
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stressful for commuters, especially as they strive to transition to work and face work demands for 

the day. This aligns with the proposition of this dissertation that commute variability moderates 

the relationship between nightly sleep quality and MVPA.  

2.4 Work Goals Progress 

 Job performance, defined as behaviors of employees that are crucial for attaining 

organizational goals (Dalal et al., 2020) has been argued to be the most important phenomenon in 

organizational psychology and organizational behavior (Campbell & Wiernik, 2015). 

Organizational scholars have examined different dimensions of job performance. Organizational 

scholars have examined task performance and contextual performance as performance types. 

Task performance refers to behaviors that relate to technical aspects of an employee’s job and 

accomplishment of work tasks (Griffin et al., 2007), while contextual performance refers to 

behaviors that are not formally required by the organization but contribute to the social and 

psychological functioning of the work environment (Borman & Motowildo, 1993; Koopmans et 

al., 2011).  

Work goals progress falls under the task performance category and is defined as 

perceptions of employees regarding whether the goals they have set for their work have been 

achieved (Kehr, 2003; Klug & Maier, 2015). Thus, goal monitoring is suggested to be a self-

regulatory process (Chang et al., 2017) that influences goals attainment (Harkin et al., 2016). 

Goal setting among employees further suggests a proactive approach towards performance and 

career management (Greco & Kraimer, 2020). Previous research on work goals progress has 

largely focused on the motivational and wellbeing benefits of work goals progress, with 

assertions that goals progress relates to subjective well-being and enhanced self-efficacy (Klug & 

Maeir, 2015; Pomaki et al., 2009). Furthermore, Kronenwett and Rigotti (2022) found that goals 
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progress lessens the negative influence of hindrance appraisal on emotional and motivational 

well-being, suggesting that goals progress is a crucial resource for employees. Within the 

workplace, work goals progress has been found to be associated with work engagement (Bipp et 

al., 2021) and decreased turnover intention (Holtschlag et al., 2020).  

In addition, individuals may set multiple goals for their work and need to allocate 

resources towards meeting these goals, amidst environmental influences (Schmidt et al., 2009). 

Self-regulation, defined as the effortful alteration of actions, feelings, thoughts, desires, and 

performance (Baumeister et al., 1994), is a central part of human processes that enhances goals 

pursuit and regulates motivational tendencies (Inzlicht et al., 2021). Employees need to balance 

the volatile work environment that typically requires their attention with meeting the goals they 

have set for their work. Thus, availability of resources and allocation of these resources to work 

tasks may influence work goals progress. Goal setting and pursuit thus requires conscious effort 

and intention to engage in goal-relevant behaviors (Aarts et al., 2007). The focus of this 

dissertation on work goals progress as a measure of performance aligns with the self-regulatory 

resource replenishment propositions in the mediation model. 

2.5 Hypothesis Development 

 As previously highlighted, the Effort-Recovery Model (Meijman & Mulder, 1998) posits 

that work is an effortful activity and demands of work need to cease for recovery to occur. Sleep 

is an off job restorative activity that can enhance recovery of resources (Krueger et al., 2016). 

Nightly sleep quality may thus enhance recovery such that employees have enough resources to 

engage in daily MVPA the next day. Previous research on sleep and physical activity has found 

that there is a bidirectional relationship between these variables (e.g., Pesonen et al., 2022). This 

may be because sleep and physical activity are both considered as wellbeing variables. 
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Analytically, both sleep and physical activity are typically examined jointly as outcomes, 

predictors, or moderator variables. For example, Nägel and Sonnentag (2013) found that post-

work physical activity positively associated with next day personal resources on days when sleep 

duration was longer.  

In this dissertation, I focus on the resource perspective to propose that better sleep quality 

will enhance employees’ ability to engage in MVPA the next day. Researchers that have 

previously considered the recovery potential of sleep quality have found that sleep quality 

positively influenced daily promotion-oriented job crafting through increased feelings of 

recovery in the morning (Hur & Shin, 2023), which suggests that sleep quality enhances the 

restoration of personal resources. In line with this view, Rivkin et al. (2023) found that the 

availability of regulatory resources (cognitive and affective resources) mediated the relationship 

between sleep duration and work engagement, and the relationship of sleep duration to both in-

role and extra-role performance. This self-regulatory resource perspective (Silva et al., 2023) 

bolsters my argument that resources gained from nightly sleep quality can be directed towards 

MVPA, an activity that requires self-regulation (Martin Ginis & Bray, 2010). There is limited 

research on sleep quality as a precursor of physical activity. When comparing sleep quality and 

sleep quantity, sleep quality has been proposed to be more relevant to health and functioning 

(Kohyama, 2021) and recommendations regarding sleep focus on improving sleep quality 

(Ohayon et al., 2017) rather than sleep quantity. Measuring both sleep quality and physical 

activity objectively via actigraphy, Tang and Sanborn (2014) found that daily sleep quality 

predicted subsequent physical activity engagement. The researchers suggested that improving 

sleep quality may enhance the ability of individuals to engage in physical activity during the 

workday. Combining the ERM based theorizing with this empirical evidence, I thus expect that: 
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Hypothesis 1: Nightly sleep quality positively co-varies with higher MVPA the next day. 

 The process through which sleep quality enhances engagement in MVPA may be 

moderated by general levels of commuting experience, specifically more variable commutes. 

According to the ego depletion theory (Baumeister et al., 2000), depletion of resources may 

occur from self-control. To prevent further depletion and an eventual state of exhaustion, 

individuals may conserve self-regulatory resources when self-control strength is low. 

Considering commuting experiences, which has been previously argued to utilize personal 

resources and induce strain (Gottholmseder et al., 2009; Morris & Guerra, 2014; Urhonen et al., 

2016), employees may not be able to direct resources gained from sleep quality towards higher 

intensity physical activity when their commuting experiences are negative. Previous research has 

found that morning commute stressors negatively associated with self-regulation at work (Zhou 

et al., 2017), suggesting that self-regulatory resources may be depleted by commuting 

experiences. Further, commute-related demands have been found to be associated with start-of-

work-time fatigue (Dettmers et al., 2020). Additionally, previous research suggests that commute 

unpredictability relates to higher stress levels among rail commuters (Evans et al., 2002) and 

commute variability induces strain in commuters (Kluger, 1998). For car commuters on their 

way to work, unpredictable commutes may even be more aversive as both morning commutes 

and car commutes are typically appraised as more stressful and unpleasant than other timing or 

modes of commuting (Gatersleben & Uzzell, 2007; Kahneman & Krueger, 2006). Commuting 

impedance has also been found to influence negative affective states upon arrival at work 

(Novaco et al., 1979), further bolstering the argument that aversive commutes may deplete 

personal resources. Commute predictability has been found to negatively relate to commuting 

stress (Sposato et al., 2012) and car commutes are appraised as more stressful due to 
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unpredictability of the commute (Wener & Evans, 2011). These findings suggest that more 

variable commutes may indeed impede employees’ ability to engage in MVPA, a physical 

activity intensity that requires self-regulatory resources. Therefore, I hypothesize that: 

Hypothesis 2: Commute variability will moderate the relationship of nightly sleep quality with 

MVPA the next day such that the relationship will be weaker for more variable commute-to-work 

and stronger for less variable commute-to-work. 

 Increased engagement in physical activity should be beneficial in enhancing the progress 

of employees towards their work goals throughout the workday. According to the resource-based 

model of physical activity and job performance (Calderwood et al., 2021b), physical activity 

engagement serves a function in restoring valuable personal resources that have implications for 

job performance. Physical activity provides an opportunity to disengage from stressful work 

demands (Yeung, 1996) and renew personal resources (Nägel & Sonnnentag, 2013). When 

employees have sufficient personal resources stemming from engagement in physical activities, 

they may direct these resources (Hobfoll, 1989) towards work tasks to meet work goals. 

Additionally, physical activity is important for work goals progress as it can help employees stay 

committed to their work goals due to the self-regulatory benefits of physical activity. 

Engagement in physical exercise has been found to improve self-regulatory capacity in other 

areas of life (Oaten & Cheng, 2006), thus supporting the argument that self-regulatory 

commitment to work goals can be enhanced by physical activity engagement. In a randomized 

controlled exercise trial focused on changing sedentary behaviors and replacing them with more 

physical activity, Fanning et al. (2017) found that substituting sedentary behaviors with MVPA 

related to higher accuracy on spatial working memory tasks, faster reaction times on different 
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tasks, and global reaction time switch costs, tasks that demonstrate both self-regulatory 

capabilities and executive functioning. 

 Previous empirical studies have found associations between physical activity and work 

focus (Ten Brummelhuis et al., 2021). Physical activity is crucial to job performance as it has the 

potential to generate physical, affective, and cognitive resources that are important for job 

performance (Calderwood et al., 2021b; Li et al., 2023). In support of this view, Li et al. (2024) 

found that daily physical exercise covaries with both self- and leader-rated in-role job 

performance and self-rated extra role performance (i.e., organizational citizenship behavior) 

through the mediational influence of positive affect and work engagement. Thus, the states that 

employees experience through physical activity engagement may signal to employees that they 

have enough resources to engage in effortful work activities and meet up with their work goals. 

Therefore, I hypothesize that: 

Hypothesis 3: MVPA positively co-varies with work goals progress. 

 Based on the arguments drawn from the Effort-Recovery Model (Meijman & Mulder, 

1998) and the resource-based model of physical activity and job performance (Calderwood et al., 

2021b), I expect that nightly sleep quality will influence next-day engagement in MVPA. In turn, 

I expect that MVPA will have positive implications for work goals progress. Nightly sleep 

quality has been theorized to help employees recover valuable resources that can be directed 

towards MVPA engagement. Within the resource-based model, physical activity can generate 

personal resources that have downstream implications for job performance. Combining my 

arguments drawn from theoretical propositions and empirical evidence, I expect that nightly 

sleep quality will indirectly influence daily work goals progress through the mediational 

influence of MVPA. Therefore, I hypothesize the following: 
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Hypothesis 4: Sleep quality will indirectly influence work goals progress through MVPA. 

2.6 Summary of Conceptual Model 

 In this dissertation, I propose that MVPA will mediate the relationship between sleep 

quality and work goals progress, with commute variability serving as a boundary condition 

between sleep quality and MVPA in this process model (Figure 1). In this model, I assessed 

whether experiencing better sleep quality will influence next-day engagement in moderate-to-

vigorous physical activity. As discussed above, there exists theoretical and empirical evidence for 

this prediction. Additionally, I draw on the resource-based model to propose that engaging in 

MVPA may provide resources that employees can direct toward their work such that they 

perceive higher levels of work goals progress.  

3 Method 

3.1 Study Overview 

 Data collection for this dissertation is part of a larger study sponsored by the National 

Institute for Occupational Safety and Health under the Centers for Disease Control and 

Prevention (CDC). Participants were recruited through a combination of strategies including the 

following: (1) direct emailing to potential participants, (2) flyers in the New River Valley and 

Northern Virginia areas, (3) Facebook advertisements, LinkedIn posts, and Twitter posts, (4) blog 

posts, and (5) newspaper advertisements. Participants were required to 1) be at least 18 years old, 

2) be a licensed driver, 3) commute to and from a physical workplace by car at least four out of 

five weekdays (Monday – Friday), 4) commute to work with an average commute time of at least 

15 minutes each way, 5) drive themselves to and from work when commuting, 6) plan to use the 

same car to commute to and from work each workday during an eight week study period, and to 

7) live close enough to one of the installation garage sites (Blacksburg, Virginia and Manassas, 
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Virginia) such that they could reasonably bring their car to the location for in-vehicle equipment 

installation. Data were collected in two study sites that reflected both rural and urban commuting 

characteristics. The first study site was in the New River Valley area in Virginia and participants 

in this area were required to attend the vehicle installation appointment in Blacksburg, Virginia. 

The second study site was in the Northern Virginia area and the installation garage was in 

Manassas, Virginia. The New River Valley area represented the rural commuting conditions, 

while the Northern Virginia area represented the urban commuting conditions. Individuals were 

ineligible to participate if they 1) are undergraduate or graduate students, 2) work in a job in 

which driving is a part of their central job duties, 3) have an extended planned time off from 

work, 4) are carpooling, 5) do not hold a valid, U.S. driver’s license that they can present when 

they enroll in the study, 6) do not have regular access to the internet / email, 7) indicate that their 

primary vehicle is an Audi, Jaguar, Mercedes, or Volkswagen, as these vehicles have installation 

limitations with the MicroDAS equipment, 8) cannot avoid driving into areas where videotaping 

is not allowed, such as military installations, high security areas, or border crossings, or 9) 

anticipate any life events during the next 8 weeks that may alter their normal driving pattern 

(e.g., changing employment, extended time off work). 

3.2 Procedure 

 The study components (see Figure 2) included (1) an eligibility screening call, (2) 

completion of an online opt-in survey, (3) completion of an informed consent document and tax 

forms for compensation purposes, (4) installation of in-vehicle naturalistic driving equipment 

used to objectively track commuting behaviors across the study period, (5) participant training 

and instructions for how to use an actigraph device used to objectively track physical activity and 

sleep, (6) an eight-week daily survey period which included naturalistic driving monitoring 
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(Dingus et al., 2006) and physical activity and sleep monitoring via actigraphy, and (7) a return 

to the installation garage for equipment deinstallation and actigraph return after study 

completion. I describe each of these steps in more detail in the paragraphs below. 

 Participants first went through a screening call to determine their eligibility for 

participation in the study. This screening call (see Appendix A for a copy of the questions that 

were used to determine participant eligibility), which was conducted via telephone by trained 

undergraduate and graduate research assistants, included an overall description of the study 

procedure followed by attainment of verbal confirmation that a participant meets each of the 

study eligibility criteria. During the screening call, an equipment installation appointment was set 

up once eligibility was confirmed. Next, participants received a link to an online opt-in survey 

(see Table 2 for a list of measures contained in the different survey-based components of the 

measurement assay for the larger data collection which this project is drawn from), which they 

were asked to complete before their scheduled equipment installation appointment date. The opt-

in survey was estimated to take approximately 30 minutes to complete and contained an online 

informed consent document that was supplemented with either an online Zoom informed consent 

before their installation appointment or an in-person informed consent on the day of their 

equipment installation in which written signed consent to participate was provided. Participants 

wore a wrist-worn actigraph device which was used to objectively track physical activity and 

sleep across the eight-week study interval. This eight-week daily study interval began on the 

Monday following the equipment installation appointment and lasted for eight consecutive 

weeks, during which participants completed a start-of-day survey and an end-of-workday survey 

on every working day across this time period. 
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 Participants were expected to complete the start-of-day survey before beginning their 

commute to work each workday (Monday – Friday). This survey was estimated to take 

approximately 10 minutes to complete and collected information regarding sleep quality and 

sleep quantity, affective states, and previous night’s recovery experiences. Participants took the 

end-of-workday survey before starting their commute back home from work each workday, and 

this survey was estimated to take about 10 minutes to complete. This survey collected 

information about state sleepiness, affective states, daily challenge and hindrance work stress 

exposure, daily attentional failures, and daily work goals progress. 

 Participants received between $30 and $500 in compensation, depending on the extent of 

their participation. Participants were compensated $30 for the combination of completing the 

opt-in survey and attending the in-person installation appointment, with an additional $50 

provided towards transportation costs to and from the installation garage. Participants were 

compensated $8 for each day in which they completed both the start-of-day and the end-of-

workday surveys, which totals up to $320 for the eight-week daily survey period. Participants 

also could receive a $50 perfect compliance bonus for completing all daily surveys and a $50 

equipment return bonus if they returned all study equipment (i.e., the Micro-data acquisition 

system [micro-DAS; described in greater detail subsequently]) used to objectively track driving 

behaviors and the actigraph device used to objectively track physical activity and sleep across the 

eight-week study period). 

 The compensation was structured to encourage participant engagement in the study. 

Additionally, participants received weekly reminders about their participation in the study, in 

addition to the e-mails they received each day containing the start-of-day and end-of-workday 

survey links. Undergraduate and graduate research assistants managed the emails sent to the 
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participants. The opt-in survey, the start-of-day survey, and the end-of-workday survey were all 

collected via Qualtrics, a survey management tool. The MicroDAS device used to track driving 

behaviors across the eight-week study interval is a tool that uses a universal serial bus (USB) or 

internet protocol (IP) cameras to create and store time-synced video streams (Virginia Tech 

Transportation Institute, 2024a) and driving behavior information. The MicroDAS stores 

naturalistic driving data including video (forward roadway and driver’s face), location (global 

positioning system; GPS), and other sensors that record speed, acceleration, and kinematic data 

(Virginia Tech Transportation Institute, 2024b) for every driving trip that participants take while 

the equipment is installed in their vehicle. In terms of time stamps, the Qualtrics survey 

management tool provides the exact time that participants completed each survey. In addition, 

the MicroDAS equipment provides time stamps which allow commuting trips to be identified 

and matched to survey data. Accordingly, trained undergraduate and graduate research assistants 

followed a process to identify pre-work commuting trip durations (recorded automatically for 

each trip by the MicroDAS system) using a combination of survey-based and MicroDAS based 

time stamp information. 

 Participants received training regarding the study protocol when they attend the 

equipment installation appointment from trained research personnel working at an equipment 

installation site staffed with experienced and trained Virginia Tech Transportation Institute 

(VTTI) research personnel and technicians. The VTTI research personnel reviewed the consent 

form with the prospective participant upon arrival at the equipment installation appointment and 

verified that the participant possesses the capacity to provide informed consent. The participant 

then signed the consent form once the capacity to provide informed consent has been verified by 

the research personnel and any questions the participant may have about the study protocol were 



28 
 

answered. The research team member also took a photograph of the participant at this initial 

equipment installation appointment to identify the participant as the driver during the study on 

the naturalistic driving video feed data. Finally, participants completed a W-9 tax form as part of 

the study compensation paperwork. Participants received a wrist-worn device that was used to 

track physical activity and sleep during the study period at this equipment installation 

appointment, in addition to a device used to charge the wrist-worn device’s battery. Participants 

also received a ClinCard during their appointment, which was used to compensate participants 

throughout the study. The ClinCard is a management system for clinical trials with a reloadable 

debit card (Greenphire, 2024) that allowed participants to be compensated on a weekly basis 

throughout the daily survey period.  

After the eight-week study period, participants returned to the installation garage for the 

deinstallation of the MicroDAS equipment, at which point they also returned the actigraph 

device. The VTTI research personnel informed the participants at this de-installation 

appointment whether they had qualified for both the equipment return bonus and the perfect 

compliance bonus. Participants were asked to keep the ClinCard as any remaining compensation 

to be distributed was received through their ClinCard within the next several days after their 

deinstallation appointment. The deinstallation appointment concluded the participant’s 

engagement in the study. 

3.3 Sample and Statistical Power Analysis 

3.3.1 Sample 

A total of 129 participants completed the opt-in survey after the study staff determined 

their eligibility via a screening call. Of those individuals, 35 participants did not proceed with 

their study participation prior to beginning the daily survey period for several reasons, including 
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an inability to install the MicroDAS equipment in their vehicle due to technical issues with their 

vehicle (e.g., low car battery, other mechanical issues that prevented installation, n = 3), failing 

to attend the equipment installation appointment (n = 30), or withdrawing from the study upon 

receiving further details (n = 2). Of the 96 participants who participated in the eight-week daily 

survey and naturalistic driving monitoring period, participants were screened out if they failed to 

comply with the study protocol (e.g., consistently completing the surveys intended to be done 

before their commute well after their commute; n = 9), had missing data on the actigraph device 

due to data recording failures or not returning the device (n = 2), or had missing commuting data 

due to equipment failures or vehicle issues (e.g., the car had to go to the shop for multiple days 

during the study period; n = 4).  

The final Level 2 sample size consisted of 81 participants (N = 81) who had valid 

commuting, actigraphy, and daily survey data for at least 10 study days across the eight-week 

study period. A majority of participants were female (61.7%), with a mean age of 43 years (M = 

43.09, SD = 11.24). Participants reported working an average weekly work hours of 43 hours (M 

= 43.45, SD = 8.01), an average job tenure of approximately 6 years (M = 6.30, SD = 8.10), and 

had been working in their current organization for roughly 7 years (M = 7.56, SD = 6.78). Most 

participants were White (84%), and the remaining participants were Black or African American 

(9.9%), Asian (1.2%), more than one race (2.1%), or did not specify their race (1.2%). 

Participants demonstrated an average morning commute duration of 34 minutes based on 

observed naturalistic driving data (M = 34.57, SD = 14.11), which aligned closely with the self-

reported one-way average commute of 35 minutes (M = 35.52, SD = 22.01) that participants 

provided in the opt-in survey. 
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In terms of the Level 1 data, I took a few data cleaning steps specifically for the actigraph 

device that assesses physical activity and sleep to screen out cases that indicated either non-

compliance with the actigraphy data recording protocol or potential data recording failures. In 

terms of the actigraph device, data was retained on days when participants had a wear percentage 

of at least 10 hours, based on the recommendations of Mathews et al. (2008). Regarding the 

measure of sleep quality, Level 1 data were screened out on days when participants have overly 

long sleep periods with an efficiency of 100% (e.g., 12 hours), which is suggestive of inactivity 

of the device during these long time periods (i.e., potentially just setting their device aside rather 

than wearing it on a given night). Sleep periods recorded during the workday (i.e., between 

completion of the pre-work or post-work commute) were screened out as they were considered to 

be naps and were not coded as nightly sleep, which is the focus of this dissertation. Additionally, 

unrealistic variable values were screened out as errors (e.g., 55 hours of self-reported nightly 

sleep duration). Finally, because the focus of this dissertation was on temporal issues relating to 

the daily cycles of sleep, work, physical activity, and commuting, data were screened out on days 

when participants reported that they did not commute to work (e.g., vacationing, working from 

home). 

I also conducted an outlier analysis for the main study variables (i.e., those study 

variables included in the hypothesized conceptual model). For example, some extreme values 

were observed on MVPA that seemed unrealistic and may be due to improper calibration of the 

actigraph device for some participants. I screened out participants’ day-level observations on 

study days in which they reported or exhibited observed values that are greater than 3 standard 

deviations above or below the mean on a given indicator. The number of observations and 

percentage retained valid, observed data for all Level 1 for all other study variables is presented 
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in Table 1. The average response or observed rate across all study variables and control variables 

is 78.94%, with commuting duration having the lowest observed data rate (68.80%). The rate of 

observed commuting trips is lower than the other variables for a variety of reasons, including 

participant non-compliance with the study protocol and technical failures relating to participants’ 

personal vehicles or study equipment. 

3.3.2 Statistical Power Analysis 

To determine the power to detect a medium-sized effect (i.e., 0.20; Muthén & Muthén, 

2002) corresponding to each of my hypotheses, I conducted a post-hoc power analysis based on 

the final sample size of 81 participants. I specified the missing data rate for each variable in the 

Monte Carlo simulation to be 20% to approximate the average missing data rate across the study 

variables (see Appendix B for the Monte Carlo input syntax). I estimated the statistical power to 

detect a medium sized multilevel cross-level moderation to be .263 and the statistical power to 

detect a medium sized multilevel indirect effect to be .99, based on the results of this Monte 

Carlo statistical power analysis (Muthén & Muthén, 2002). Given the relatively low estimated 

statistical power to detect a cross-level interaction, I will be careful not to over-interpret or over-

analyze a non-statistically significant cross-level interaction pathway in light of the heightened 

Type II error rate. 

3.4 Measures 

3.4.1 Sleep Quality 

Sleep quality was assessed objectively via wrist-worn Actigraph WGT3X-BT devices 

(Actigraph, 2024), which were worn throughout the eight-week study period. This device 

collects information about sleep efficiency, the number of awakenings, and average awakening in 

minutes across the observed sleep period. Higher scores on sleep efficiency indicate higher sleep 
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quality and were used in the statistical data analysis. Sleep efficiency is calculated using three 

values including total time in bed, total sleep time, and wake after sleep onset. This calculation 

incorporates elements relevant to both sleep duration and sleep fragmentation and is a valid 

measure of sleep quality (Khan & Woodward, 2018). The actigraph device has been extensively 

validated and shown to accurately assess sleep quality (Marino et al., 2013; Slater et al., 2015). 

These devices have also been used in past organizational research that examined the relationships 

between work-family conflict, family-supportive supervisor behaviors, and sleep outcomes 

(Crain et al., 2014) and another organizational research study that considered sleep quality as a 

potential mediator of the relationship between supervisor undermining and home undermining 

among employees (Barber et al., 2017).  

Reviews and validation of actigraph devices show that this assessment method provides 

accurate estimates of sleep and wake cycles for individuals with healthy sleep. However, the 

device has limitations in accurately capturing sleep disorders (Ancoli-Israel et al., 2003; Taibi et 

al., 2013). Despite this limitation in capturing sleep issues associated with clinical disorders, 

actigraph devices accurately measure sleep in natural settings (Fekedulegn et al., 2020; Lujan et 

al., 2021). 

3.4.2 Moderate-to-Vigorous Physical Activity 

Moderate-to-vigorous physical activity was assessed using a summation of minutes of 

moderate, vigorous, and very vigorous intensity physical activity each day, estimated via wrist-

worn Actigraph WGT3X-BT devices (Actigraph, 2024). This device utilizes a composite vector 

magnitude of three axes to estimate the intensity and duration of physical activity (Sasaki et al., 

2011) throughout the day. The estimates of the number of minutes of physical activity at different 

levels of intensity are provided on a minute-by-minute basis, which makes it possible to assess 
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the specific times within the day in which participants engaged in each intensity level of physical 

activity. MVPA refers to physical activity that is of 3 metabolic equivalents or higher (Rost et al., 

2021). Actigraph WGT3X-BT devices have been validated and shown to track physical activity 

accurately in a wide range of past empirical research across many different populations (Lee et 

al., 2015; Whitaker et al., 2018). This measure of physical activity has been used in previous 

experience sampling studies that combine objective actigraphy measures of physical activity 

with survey data (e.g., Li et al., 2023; Rost et al., 2021).  

To estimate MVPA, I utilized a computation of the minutes of moderate, vigorous, and 

very vigorous physical activity to arrive at a score for minutes of MVPA across the whole day. 

The actigraph device accurately estimates and provides data for minutes of physical activity 

intensity (Sasaki et al., 2011). The actigraph device has also been found to provide more accurate 

measures than other technologies (Middelweerd et al., 2017; Semanik et al., 2020). In general, 

there is a strong research base for the validation evidence of actigraphy devices in accurately 

assessing physical activity (Kelly et al., 2013). 

3.4.3 Commuting Variability 

The duration of the commute was assessed using the MicroDAS equipment, a component 

of the widely validated naturalistic driving approach (Dingus et al., 2006). The MicroDAS 

utilizes Universal Serial Bus or Internet Protocol cameras to store time-synced video data 

including the forward roadway and the driver’s face. The equipment also has sensors that provide 

information about location, speed, and acceleration during driving (Virginia Tech Transportation 

Institute, 2024b). There exists extensive validation evidence for the MicroDAS naturalistic 

driving equipment (Klauer et al., 2006) and the measurement approach has been used in a wide 

range of empirical research encompassing many different devices (Dingus et al., 2016). The 
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commuting duration data was extracted from the MicroDAS equipment that was installed in 

participants’ cars when they commenced their participation. The driving trips are time-stamped 

in terms of duration and this information was combined with the start-of-day survey time stamps 

to identify the duration of the commuting trips for all pre-work commuting trips. I computed the 

standard deviation of the commuting duration across the eight-week study as a between-person 

metric of commute variability for each participant. 

3.4.4 Work Goals Progress 

Daily work goals progress was assessed using one item, adapted from Mun et al. (2015): 

“I made good progress on my work goals today.” Participants indicated the extent to which they 

agreed or disagreed with the statement as it applied to their “workday today” within the end-of-

workday survey on a 6-point Likert-type scale ranging from 1 (Strongly disagree) to 6 (Strongly 

agree). The original one-item measure was worded as a question: “How much progress have you 

made on your work goals today since the last time we talked with you?”, and this was question 

adapted to a statement in this project. Organizational researchers have established that single 

item measures can have good reliability and validity and provide useful information about a 

construct (Fisher et al., 2015; Matthews et al., 2022). This is particularly relevant for experience 

sampling studies as researchers try to reduce the burden on participants by using more efficient 

measures of variables (Gabriel et al., 2019). Specifically, single item measures are relevant to the 

assessment of self-reported facts such as events as work, rather than psychological constructs 

(Gabriel et al., 2019). Work goals progress falls within the category of self-reported facts as 

employees have the knowledge of the goals they have set for their work and whether they have 

been able to meet these goals throughout the workday.  
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Due to the availability of longitudinal data across the eight-week study period, I 

estimated the test-retest reliability of the one-item work goals progress scale using the univariate 

stable trait, autoregressive trait, and state (STARTS) model utilized by Ock (2020) and proposed 

by Donnellan et al. (2012). According to Ock (2020), “in the univariate STARTS model, 

reliability is estimated at the ratio of the sum of the stable trait variance and autoregressive trait 

variance over the total variance” (p. 300). The univariate STARTS test-retest reliability estimate 

for the work goals progress scale was 0.89.  

3.5 Analytic Approach 

 All hypotheses were tested using multilevel structural equation modeling in MPlus 

Version 8 (Muthén & Muthén, 1998 – 2017), which is relevant to testing both within- and 

between-person aspects of the hypothesized model. The model was specified such that nightly 

sleep quality was modeled to predict MVPA; MVPA in turn was modeled to predict work goals 

progress. I included the direct effect pathway corresponding to the indirect effect relationship 

between sleep quality and work goals progress. Commute variability was modeled as a cross-

level predictor of a random slope term indexing the relationship between nightly sleep quality 

and MVPA. All other pathways were modeled as fixed effects. I included a cross-level direct 

effect term linking commute variability and MVPA, based on the recommended best-practices 

for modeling cross-level interactions (e.g., Aguinis et al., 2013). 

Bayesian estimation was utilized to compute the multilevel structural equation model due 

to its advantages over maximum likelihood estimates in terms of more precision in parameter 

estimation with a smaller Level 2 sample size and when the distribution of the predictor variables 

is non-normal (Asparouhov & Muthén, 2020). This advantage is possible because the Bayesian 

estimation method estimates the posterior distribution by utilizing the Markov Chain Monte 
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Carlo (MCMC) method (Asparouhov & Muthén, 2020), and this method also provides accurate 

estimates of indirect effects. I utilized the latent-mean-centering approach due to its advantages 

over the observed variable centering approach for multilevel structural equation modeling. This 

centering approach separates within-person influences from between-person influences and is 

suitable for multilevel structural equation modeling as it enhances interpretability of the model 

(Asparouhov & Muthén, 2018). Additionally, the estimates from the latent centering approach 

are more accurate relative to estimates obtained via maximum likelihood as this method provides 

more precise standard errors and mean square errors (Asparouhov & Muthén, 2018). The 

statistical significance of all hypothesized pathways and indirect effects were evaluated using 

95% credibility intervals (CIs). Within this model, indirect pathways were specified using model 

constraint terms at both the within- and between-person level of analysis. 

 Hypotheses 1 – 4 were tested with a multilevel structural equation model such that 

MVPA mediates the relationship between sleep quality and work goals progress. Table 2 presents 

the metrics that I used to determine support for each hypothesis. The cross-level moderation 

hypothesis was tested by the addition of a random slope pathway from nightly sleep quality to 

next-day MVPA which was predicted from the between-person commute variability indicator. 

Commute variability was grand-mean centered given that it has no within-person variance and 

was thus not encompassed within the latent-mean centering approach. Self-reported nightly sleep 

quantity was added as a control variable for all hypothesized pathways to rule out the potential 

alternative explanation that the duration of sleep, rather than the focal sleep quality variable, was 

responsible for this hypothesized relationship within the model. Participants reported the number 

of hours of sleep that they got during the previous night in numeric values by answering the 

following question: “How many hours of sleep did you get last night?” As an alternative, I 
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included day of the week, week of the study, and lagged variables as statistical control variables 

in a separate model. Due to issues with model convergence, the results are presented in the 

appendix section (see Appendix C) rather than including them as statistical control variables in 

the focal multilevel structural equation model. 

To account for the study site, I conducted t-tests for two independent samples to analyze 

the potential for any differences recruited between participants in the New River Valley and 

Northern Virginia study sites. I set the p-value for assessing the statistical significance of the t-

test value to .05. For the t-tests, equal variances were not assumed due to the differences in 

sample size between the two study sites (30.86% in the Northern Virginia study site). The 

number of employees in the New River Valley study site was 56 (n = 56) while the number of 

employees in the Northern Virginia study site is 25 (n = 25). The results of the t-test revealed that 

participants in the New River Valley site (M = 30.68, SD = 10.22, n = 56) and Northern Virginia 

sites (M = 43.27, SD = 17.60, n = 25) had significantly different scores on commute duration (t 

(31.47) = -3.33, p <.05, Cohen’s d = -.97). Additionally, a significant difference in work goals 

progress (t (56.83) = -2.22, p <.05, Cohen’s d = -.49) was observed between participants in the 

New River Valley site (M = 4.39, SD = .63, n = 56) and Northern Virginia sites (M = 4.68, SD = 

.51, n = 25). Due to the observed differences between the two study sites on some of the study 

variables (see Table 4 for the different comparisons across the two study sites), I added the study 

site to the multilevel structural equation model as a control variable. 

4 Results 

4.1 Descriptive Statistics 

 Table 5 contains descriptive statistics, within-person correlations, and between-person 

correlations for all study variables. In terms of sleep quality, the average sleep quality (in terms 



38 
 

of sleep efficiency) was 93% (M = 93.22, SD = 2.48), with a slight standard deviation, 

suggesting that high sleep quality was observed generally. Similarly, participants reported an 

average sleep duration of 7 hours (M = 6.94, SD = 0.84). The minutes of MVPA was 211 minutes 

(M = 211.36, SD = 82.42), which suggests that employees in this study generally seem to engage 

in moderate to vigorous physical activity within a reasonable portion of their day. However, the 

standard deviation of MVPA seems to be large (SD = 82.42), suggesting that some individuals 

exercised a lot while others may fall within the lower range of MVPA engagement. Additionally, 

participants generally reported making high progress towards their work goals each day (M = 

4.48, SD = 0.61).  

4.2 Unconditional Model 

 I computed an unconditional model to decompose the within-person and between-person 

variance for all Level 1 study variables and ascertain the justification for the use of multilevel 

modeling, in alignment with recommendations for experience sampling methodologies (Gabriel 

et al., 2019). The estimated variance at the within-person and between-person levels of analysis 

for all study variables is presented in Table 6. As can be seen in this table, the within-person 

variance for study variables ranged from 34.00% - 77.50%. Intraclass correlations, reflecting 

between-person variability, for study variables ranged between .23 and .66. Across all Level 1 

study variables, I observed statistically significant variance at both the between- and within-

person levels of analysis (see Table 6) and thus proceeded with my plan to compute a multilevel 

structural equation model. 

4.3 Hypotheses Testing 

 All coefficient estimates, posterior standard deviation, and 95% credibility intervals for 

the hypothesized model at both the within-person and between-person levels are presented in 
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Table 7. The direct effect path estimates can be seen in Figure 3. For clarity of presentation, I 

discussed the within-person results first, followed by the between-person pattern of results. 

However, I note that the within- and between-person models were estimated simultaneously in 

the computed multilevel structural equation model. 

4.3.1 Within-Person Level of Analysis 

 Turning first to the within-person pattern of findings, Hypothesis 1 states that nightly 

sleep quality positively covaries with higher MVPA the next day., I found no evidence to support 

the anticipated relationship between nightly sleep quality and next-day MVPA (γ = -1.27, 

Posterior SD = 1.41, 95% CI = [-4.22, 1.55]), providing no support for Hypothesis 1 at the 

within-person level.  

 Hypothesis 2 focuses on commute variability as a moderator of the within-person 

relationship between nightly sleep quality and MVPA. I found no evidence to support that 

commute variability moderates the relationship between nightly sleep quality and MVPA (γ = -

.05, Posterior SD = .08, 95% CI = [-.20, .11]), yielding no support for Hypothesis 2. 

 Hypothesis 3 states that MVPA positively relates to work goals progress. MVPA 

positively co-varied with work goals progress (γ = .001, Posterior SD = .000, 95% CI = [.000, 

.002]), providing support for the within-person portion of Hypothesis 3. This pattern of results 

suggests that the fluctuations of MVPA engagement from day to day are relevant to the daily 

progress that employees report that they made towards their work goals. 

 In terms of the hypothesized indirect effect of sleep quality on work goals progress 

through MVPA, I found no evidence to support the indirect influence of sleep quality on work 

goals progress via MVPA (γ = -.001, Posterior SD = .001, 95% CI = [-.004, .001]) at the within-

person level of analysis. This pattern of findings yields no support for Hypothesis 4.  
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4.3.2 Between-Person Level of Analysis 

Turning now to the between-person level of analysis, Hypothesis 1 states that nightly 

sleep quality positively covaries with higher MVPA the next day. There was no support for the 

relationship between nightly sleep quality and next-day MVPA (γ = -1.75, Posterior SD = 4.27, 

95% CI = [-10.86, 7.36]) at this level of analysis. Thus, Hypothesis 1 was not supported at the 

between-person level of analysis. 

Hypothesis 3 stated that MVPA positively relates to work goals progress. MVPA was 

positively related to work goals progress (γ = .001, Posterior SD = .001, 95% CI = [.000, .003]), 

yielding support for Hypothesis 3 at the between-person level of analysis. This pattern of results 

suggests that employees who tend to engage in higher levels of MVPA on average are more 

likely to report higher levels of work goals progress on average. 

Hypothesis 4 states that sleep quality will indirectly influence work goals progress 

through MVPA. At the between-person level, there was no support that sleep quality indirectly 

influences work goals progress through MVPA (γ = -.001, Posterior SD = .007, 95% CI = [-.021, 

.010]); this pattern of results does not yield support for Hypothesis 4. 

In summary, at the within-person level of analysis, I found no evidence for the 

relationship between nightly sleep quality and MVPA. There was no evidence that commute 

variability moderates the relationship between sleep quality and MVPA. MVPA was positively 

related to work goals progress at the within-person level of analysis. There was no evidence to 

support the indirect influence of sleep quality on work goals progress via MVPA. Based on the 

study results, daily fluctuations in employee MVPA engagement from day to day related to their 

daily work goals progress. 
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 At the between-person level of analysis, there was no evidence to suggest that nightly 

sleep quality covaried with MVPA. MVPA did, however, positively covary with work goals 

progress, but there was no evidence to suggest that nightly sleep quality indirectly influenced 

work goals progress through the mediating influence of MVPA. Further, commute variability did 

not moderate the relationship between nightly sleep quality and MVPA. Based on the pattern of 

results, engaging in higher levels of MVPA on average associated with higher levels of work 

goals progress on average.  

4.4 Supplemental Analyses 

4.4.1 Between-Person Interaction 

To evaluate the potential for an interaction between commute duration and sleep quality 

at the between-person level of analysis in predicting MVPA at the between-person level, I 

manually computed a grand-mean centered interaction term which was then added to the model 

in a supplementary comparison. This analysis was separated from the hypothesized model to 

avoid having two simultaneous cross-level interaction in the focal model and enhance 

interpretability of the interaction estimated. All coefficient estimates, posterior standard 

deviation, and 95% credibility intervals for the hypothesized model at both the within-person and 

between-person levels for this supplemental analysis are presented in Table 8. The pattern of 

results is similar to the main multilevel structural equation model, although there was no 

evidence for the relationship between MVPA and work goals progress (γ = .000, Posterior SD = 

.001, 95% CI = [-.001, .003]) at the between-person level once the between-person sleep quality 

– commute duration interaction term was entered. The between-person interaction term, 

however, was also not statistically significant (γ = .094, Posterior SD = .583, 95% CI = [-0.925, 
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1.351]). There was thus no evidence to suggest that the average level of MVPA depends on the 

joint relationship between average sleep quality and average commute variability. 

4.4.2 Commute Time as Moderator 

 The findings in the commuting literature about the influence of commuting duration on 

outcomes of interest are mixed. Whereas commute time has been found to relate to perceived 

stress (Gottholmseder et al., 2009), the commute time may also be used by employees to prepare 

for the upcoming work role (Jachimowicz et al., 2021). Thus, my dissertation focuses on 

commute variability as it has been associated with strain (Kluger, 1998). However, to assess 

whether commute duration may moderate the pathway linking nightly sleep quality to MVPA, I 

conducted additional analysis with commute duration as the cross-level moderator. All 

coefficient estimates, posterior standard deviation, and 95% credibility intervals for the 

hypothesized model at both the within-person and between-person levels are presented in Table 

9.  The pattern of results is the same as the main multilevel structural equation model for all 

hypothesized pathways. However, I found no evidence to support that commuting time 

moderates the relationship between nightly sleep quality and MVPA (γ = .023, Posterior SD = 

.038, 95% CI = [-.057, .093]) in this supplemental analysis.  

5 Discussion 

 The goal of this dissertation was to explore the interrelationships between the daily cycle 

of rest, physical activity, commuting, and work. Specifically, I sought to examine whether quality 

nightly sleep would positively covary with the minutes of MVPA engagement during the next 

day. I then focused on commute variability as a moderator of the relationship between nightly 

sleep quality and MVPA. I then investigated whether MVPA engagement would positively relate 
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to work goals progress. Finally, I examined if there is an indirect effect of nightly sleep quality 

on work goals progress through MVPA.  

 At the within-person level of analysis, I found no evidence to support the hypothesized 

relationship between nightly sleep quality and MVPA. However, daily engagement in MVPA is 

positively related to daily work goals progress. The indirect influence of sleep quality on work 

goals progress through MVPA was not statistically significant at the within-person level of 

analysis. 

 At the between-person level of analysis, there was also no evidence for the anticipated 

relationship between nightly sleep quality and next-day MVPA. However, MVPA again 

positively covaried with work goals progress at the between-person level, suggesting that higher 

levels of engagement in MVPA on average is likely to influence higher levels of work goals 

progress reported on average. I found no evidence to support the expected indirect influence of 

sleep quality on work goals progress through MVPA at the between-person level of analysis. 

Furthermore, commute variability was not observed to moderate the relationship between sleep 

quality and MVPA at either the within- or between-person level of analysis. However, caution is 

needed in interpreting these non-statistically significant findings as the estimated statistical 

power to detect this interaction was quite low. 

Additional analyses from the supplemental lagged variable models provided evidence to 

support that previous day sleep quality related to next-day sleep quality at the within-person level 

of analysis. In a similar vein, engagement in MVPA in a previous day covaried with MVPA 

engagement the next day at the within-person level of analysis. Finally, previous day work goals 

progress positively related to next-day work goals progress at the within-person level of analysis. 

At the between-person level of analysis, nightly sleep quality in a previous day was found to 
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associate with nightly sleep quality the next day. Similarly, previous day MVPA related to next-

day MVPA at the between-person level of analysis. Further, work goals progress in a previous 

day associated with next-day work goals progress at the between-person level of analysis. 

5.1 Theoretical Implications 

 This investigation provides an opportunity to examine the interrelationships of employee 

daily activities in their work and non-work environments in a dynamic sense. Previous research 

has emphasized different segments of employee daily lives or time frames within the day (e.g., 

Sonnentag et al., 2008). However, employees direct their personal resources to different activities 

within the day (Hobfoll, 1989) and the resource allocation process in one segment of the day 

may influence the amount of resources available for a different activity later in the day. In light 

of the possibility for the commute to deplete some of the personal resources that employees have 

available (Evans et al., 2002; Kluger, 1998), this dissertation focused on employees who 

primarily commute to a physical work location. I sought to provide insight into how employees’ 

recovery may set the stage for their subsequent engagement in MVPA, an activity that not only 

requires self-regulatory resources (Martin Ginis & Bray, 2010) but also can enhance generation 

of personal resources (Nägel & Sonnnentag, 2013) that can be utilized towards job performance 

(Calderwood et al., 2021b). 

 This dissertation tested the prediction of physical activity and its short- and long-term 

relevance with work criteria. I did find that daily engagement in MVPA positively covaried with 

daily work goals progress. Although the relationship between physical activity and job 

performance has been asserted in organizational literature (Calderwood et al., 2021b), there is 

limited empirical and quantitative evaluation of this prediction. As the result of my dissertation 

suggests, engaging in moderate to vigorous levels of physical activity within a given day could 
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help employees perform better at work (i.e., meet their work goals) that day. This pattern of 

finding was similar in a more structural sense. I found that engaging in moderate to vigorous 

intensity of physical activity on average can enhance employee performance in general. These 

findings support the recovery potential of physical activity (Ten Brummelhuis & Bakker, 2012) 

and its relevance to restoration of resources, vigor, and reduction of fatigue in employees 

(Calderwood et al., 2021a; De Bloom et al., 2017; Sianoja et al., 2018). Although much of the 

research on MVPA has focused on the health implications of this intensity of physical activity 

(Liu et al., 2020; Loprinzi & Davis, 2016; Saint-Maurice et al., 2018), the results of my 

dissertation suggest that employees can simultaneously accrue both wellbeing and job 

performance benefits from engaging in MVPA. 

 Furthermore, I found evidence for homology (Chen et al., 2005) across the within- and 

between-person levels of analysis for the relationship between MVPA and work goals progress. 

This homology contributes insight into the dynamic and stable aspects of employee physical 

activity behavior and its relationship to the progress employees make toward their work goals. 

Additionally, the findings of my dissertation suggest that there is theoretical similarity in the 

MVPA – work goals progress relationship across the within- and between-person levels of 

analysis and this strengthens confidence in the results. This is an advantage of microlevel 

measurement that allows for modeling of relationships across different levels of analysis, and I 

observed within – and between-person variability across all study variables.  

 Previous literature on the sleep quality-physical activity relationship suggests a bi-

directional relationship between these two variables. However, nightly sleep quality is a 

restorative activity that may help employees recover resources (Åkerstedt et al., 2009) that can 

be applied toward MVPA. Due to this restorative function of sleep (Barnes, 2012; Krueger et al., 
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2016), considering sleep quality using a resource recovery perspective can expand our 

understanding of the potential link between sleep quality and MVPA, suggesting the value of 

theoretically enriching understanding of the sleep quality – MVPA relationship. Although this 

theoretical expansion of understanding of the nature of this association was one of the goals of 

this dissertation, findings from this study provided no evidence to support the relationship 

between nightly sleep quality and next-day MVPA engagement at the within-person or between-

person level of analysis. One possibility to explore in future research is that the relationship 

between nightly sleep quality and MVPA may be non-linear. Previous research has explored bi-

directional relationships between sleep and physical activity (e.g., Pesonen et al., 2022) but non-

linear relationships are underexplored. Additionally, it could be that other demographic variables 

not considered in this dissertation may moderate the relationships linking nightly sleep quality 

and MVPA. For example, employees who are parents may have family demands that prevent 

them from utilizing the benefits of nightly sleep quality towards MVPA. 

Although previous research has found that variable commutes have been associated with 

strain (Kluger, 1998), which may reduce the self-regulatory resource available to pursue 

moderate-to-vigorous intensity of physical activity, the results of my dissertation provided no 

evidence that commute variability serves as a boundary condition between nightly sleep quality 

and MVPA. Interestingly, one unanticipated contributor to this pattern findings was that the 

descriptive pattern of findings suggested that employees exhibited relatively small between-

person variability in their commute duration across the 40-study days. It is possible that 

commuting time generally remains stable for employees and the commute is less variable, with 

the exception of major events that disrupt commuting patterns such as traffic accidents or 

unexpected road constructions. Further, employees may have resources that help them prepare 
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for their commute before leaving home. For example, Google maps can provide information 

about potential traffic disruptions and suggest alternative routes. Future research utilizing video / 

objective commuting data can explore whether employees use similar routes across a study 

period or vary their home-to-work routes based on prior knowledge of potential disruptions to 

their commute. To extend consideration of aspects relevant to the commute, I considered the 

duration of the commute (rather than the variability of the commute) as a potential cross-level 

moderator of the link between nightly sleep quality and MVPA in a supplementary analysis. 

However, I also found no evidence that commute duration moderated the relationship between 

nightly sleep quality and next-day MVPA. Another potential explanation for the non-statistically 

significant results is the low estimated statistical power to detect a cross-level interaction in this 

dissertation. That said, there is a need for increased attention on the experiences of employees 

during their travel to work and how this may relate to both work and non-work criteria (i.e., 

commuting spillover; Calderwood & Mitropoulos, 2021), especially when viewing these 

relationships from a temporal perspective (Sandberg et al., 2023). Future research should explore 

the potential cross-level influences of commuting characteristics on sleep – MVPA associations 

with a more robust Level 2 sample size. For example, considerations across rural and urban 

commuting conditions may influence the pattern of these relationships. Additionally, objectively 

assessing commuting demands (e.g., traffic congestion, aberrant drivers) and exploring how 

these demands influence the proposed relationships is a consideration for future research. 

5.2 Practical Implications 

 The major practical contributions of this dissertation focus on the benefits of MVPA 

engagement towards work goals progress. In this dissertation, I found that MVPA positively 

related to work-goals progress at the within-person level of analysis. Daily engagement in MVPA 
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influenced daily work goals progress. This suggests that acute engagement in MVPA can 

influence work-related criteria in the short-term (Calderwood et al., 2021b). It is crucial for both 

employers and employees to understand the benefits of this intensity of physical activity and 

implement strategies to promote physical activity engagement among employees. Through 

workplace support programs that may include active work breaks, employees can harness the 

benefits of physical activity. Previous research has found that prior to end-of-workday physical 

activity related to end-of-workday vigor (Calderwood et al., 2021a). Employment practices that 

encourage employees to pursue physical activity both within (e.g., physical activity microbreaks) 

and outside of the workplace can be helpful (e.g., not intruding in employees’ leisure time by 

discouraging after-hours work demands) in harnessing both the wellbeing and work performance 

benefits of moderate to vigorous physical activity engagement. 

 I also found that MVPA positively covaried with work goals progress at the between-

person level of analysis. Higher levels of MVPA engagement on average is associated with 

higher levels of work goals progress. In alignment with the short-term influences of physical 

activity, physical activity also has long-term implications for job performance (Calderwood et 

al., 2021b). Empirically, physical activity has been found to be associated with work focus 

among regular exercisers (Ten Brummelhuis et al., 2021). Thus, regular exercise is beneficial for 

employees in the long run as it is associated with work criteria. These findings suggest that 

moderate to vigorous physical activity doses are more beneficial for employees and cumulative 

experiences of employees’ daily physical activity choices serve long-term job performance 

benefits. Thus, it would be relevant for employees to engage in regular physical activity rather 

than focusing on bursts of physical activity that deviate from their typical physical activity 

levels, to leverage the full benefits of physical activity. Employees can benefit from 
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incorporating exercise into their daily life such that they can gain both short-term and long-term 

benefits from this activity. 

 Methodologically, this dissertation contributes to the commuting literature by applying 

the naturalistic driving methodology (Dingus et al., 2006) to objectively assess the duration of 

commuting trips. This methodology has been widely used to study driving behaviors more 

generally. However, the broader project within which my dissertation is embedded advance the 

application of this naturalistic driving methodology by considering the context of personal 

vehicle commuting, which makes it relevant to daily commuting among employees.  To further 

strengthen this methodology, the time-stamped commutes were matched with time-stamped daily 

surveys to enhance data quality. Rather than relying on participants’ memories of their commutes 

or their subjective perceptions, objectively measuring the commuting variable is a 

methodological strength that this dissertation offers to the commuting literature. 

5.3 Limitations and Future Directions 

 One limitation of this dissertation is the low estimated statistical power to detect the 

hypothesized cross-level interaction of commute variability on the sleep quality – MVPA 

relationship. Future studies should consider the sample size that will be robust enough to allow 

for estimation of potential cross-level moderation. The power analysis I conducted in this 

dissertation was a post-hoc power analysis. Researchers should strive to estimate the sample size 

that will enhance statistical power analysis before data collection as this may be relevant to the 

data collection planning process and allow researchers to collect enough data that will enhance 

statistical power.  

Another limitation of this dissertation concerns potential differences across the study sites 

where data were collected. The two study sites had differences due to rural and urban commuting 
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environments. Furthermore, I observed some differences in study variables based on the study 

site of the participants. These differences called for an in-depth consideration of the location 

dynamic, but the sample size in the Northern Virginia study side was small compared to the New 

River Valley study site, which prevented any further evaluation of the differences between 

participants based on location. To accommodate this limitation, I included the study site as a 

control variable in the hypothesized model. Future research could extend the study to incorporate 

similar number of participants across different commuting conditions or environments, in 

addition to assessing whether these differences are perceived or real through data analytic 

techniques. 

Furthermore, the descriptive statistics information in this dissertation reflects some 

potential self-selection bias in the sample, especially for an intensive longitudinal study that 

requires a high amount of participant engagement. Participants exhibited or reported high scores 

on the study variables in general. Due to the rigorous study protocol, it is possible that the study 

may be biased towards individuals who are conscientious and more willing to engage in 

intensive longitudinal studies (Scollon et al., 2003). Additionally, repeated measures across the 

40-day study period have the potential of increasing participant burden and fatigue. Related to 

data collection, I observed a high average MVPA (M = 211.36, SD = 82.42), and this suggests 

that the actigraph devices may be too sensitive in the tracking of physical activity engagement. 

 Furthermore, I was unable to consider the different measures of sleep quality that the 

actigraph device provides (e.g., number of awakenings) due to lack of methodological backing 

for how measures of sleep fragmentation can be used in combination with measures of sleep 

efficiency. Thus, I utilized only sleep efficiency as the measure of sleep quality due to its 

incorporation of sleep duration (total time in bed) and sleep fragmentation (wake after sleep 
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onset). Sleep quality can be measured objectively through other variables including sleep 

patterns and sleep changes, sleep latency, duration, efficiency and fragmentation (Landry et al., 

2015; Sadeh, 2011). This limitation calls for more validation and methodological research on 

sleep measurement using actigraph devices. There is a need for validation studies that 

specifically consider the full range of sleep data that the actigraph device collects. 

 An additional limitation of my dissertation is the generalizability of the sample size and 

their commuting experiences. A majority of participants were female and White with generally 

average commute duration (M = 34.57, SD = 14.11) and little variability in their commutes. The 

findings in this study may not extend to the general population in the United States.  

6 Conclusion 

 This dissertation utilized a combination of objective measures of sleep quality, physical 

activity, and commuting, in addition to self-reported work criteria to investigate the daily cycles 

of rest, physical activity, commuting, and work. Combining the Effort-Recovery Model 

(Meijman & Mulder, 1998) with the resource-based model of physical activity job performance 

(Calderwood et al., 2021b), I anticipated that nightly sleep quality will influence MVPA, which 

in turn will influence work goals progress. I also expected that sleep quality will indirectly 

influence work goals progress through the mediating influence of MVPA. Furthermore, I 

anticipated that commute variability will moderate the relationship between nightly sleep quality 

and MVPA. Using multilevel structural equation modeling, I found that MVPA covaried with 

work goals progress, both acutely and structurally. I did not find support for the remaining 

hypothesized pathways. These results suggest that the resource-based framework is relevant to 

the understanding of relationships between employee health behaviors and work criteria. Future 
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research should continue to explore how daily influences of rest and self-regulatory activities 

relate to temporal dynamics within the commute and work-related criteria. 
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Table 1 

Overview of number and percentage of data retained for Level 1 study variables 

Variable Number Retained Percentage Retained 

Sleep Quality 2493 76.94% 

MVPA 2749 84.85% 

Daily Commuting Duration 2229 68.80% 

Self-Reported Sleep Quantity 2660 82.10% 

Work Goals Progress 2657 82.01% 
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Table 2 

Overview of how support for each hypothesis was evaluated within this analytic approach 

Hypotheses Analytic Approach Expectation 

Hypothesis 1 Multilevel structural equation 

modeling  

I expect a positive standardized 

regression coefficient for the 

relationship between nightly sleep 

quality and next-day MVPA 

Hypothesis 2 Multilevel structural equation 

modeling with the addition of a 

random pathway from nightly 

sleep quality to next-day 

MVPA to test cross-level 

moderation 

I expect that the proposed positive 

relationship between nightly sleep 

quality and next-day MVPA will be 

weaker for longer commute-to-work 

and stronger for shorter commute-to-

work 

   

Hypothesis 3 Multilevel structural equation 

modeling 

I expect a positive coefficient for the 

relationship between MVPA and work 

goals progress 

Hypothesis 4 Multilevel structural equation 

modeling 

I expect statistically significant 

indirect effects for the relationship 

between sleep quality and work goals 

progress through MVPA 
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Table 3 

List of Measures in the Surveys 

 

Opt-In Survey Start-of-Day Survey End-of-Workday Survey 

Positive and Negative 

Affect Schedule (Watson 

et al., 1988) 

Previous Night’s Sleep 

Quantity, Sleep Quality, and 

State Sleepiness (Buysse et al., 

1989; Åkerstedt, 1990) 

State Sleepiness (Åkerstedt, 

1990) 

Trait Fatigue (adapted 

from Calderwood et al., 

2014) 

State Positive Affect, Negative 

Affect, Attentiveness, Anger, 

Anxiety, Vigor, and Fatigue 

(Watson et al., 1988; Watson & 

Clark, 1994; Schaufeli et al., 

2006; Calderwood et al., 2014) 

State Positive Affect, Negative 

Affect, Attentiveness, Anger, 

Anxiety, Vigor, and Fatigue 

(Watson et al., 1988; Watson & 

Clark, 1994; Schaufeli et al., 

2006; Calderwood et al., 2014) 

Perceived Stress Scale 

(Cohen & Williamson, 

1988) 

State Distractibility (New 

Scale) 

State Distractibility (New 

Scale) 

Emotional Home 

Demands (Peeters et al., 

2005) 

Previous Night’s Recovery 

Experiences (Sonnentag & 

Fritz, 2007) 

Daily Challenge and Hindrance 

Stressor Exposure (Rodell & 

Judge, 2009) 

Chronic Job Stress 

(Motowidlo et al., 1986) 

Previous Night’s Affective 

Rumination (Cropley et al., 

2012) 

Daily Work Goals Progress 

(Mun et al., 2015) 

Recovery Experiences 

Questionnaire 

(Sonnentag & Fritz, 

2007) 

 
Daily Attentional Failures 

(Wallace & Chen, 2005) 

Commuting Experiences 

Scale (New; To Be 

Validated in this Data 

Collection) 

  

Neuroticism, 

Conscientiousness, 

Agreeableness 

(Goldberg, 1992) 

  

Emotion Regulation 

(Gross & John, 2003) 
  

Occupational Self-

Efficacy (Rigotti et al., 

2008) 
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Driver Behavior 

Questionnaire – Short 

Version (Useche et al., 

2021) 

  

Multidimensional 

Driving Style Inventory 

(Taubman-Ben-Ari & 

Skvirsky, 2004) 

  

Prior Driving History 

(Dingus et al., 2016) 
  

Epworth Sleepiness Scale 

(Johns, 1991) 

Situational Awareness 

Rating 

  

Demographics   

Note. Previous night’s sleep quantity in the start-of-day survey was used as a control variable. 

Work goals progress in the end-of-workday survey was used as the outcome variable. 

The variables that were in bold were used in the context of this dissertation. 
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Table 4 

t-tests Comparing Employees from the New River Valley Study Site and Employees from the 

Northern Virginia Study Site 

Variable n M SD t-value (df) Cohen’s d p 

1. Sleep Quality       

New River Valley 56 93.00 2.34    

Northern Virginia 25 93.72 2.75 -1.15 (40.21) -.29 .26 

2. Sleep Quantity       

New River Valley 56 6.92 .74    

Northern Virginia 25 6.98 1.04 -.27 (35.47) -.07 .79 

3. MVPA       

New River Valley 56 209.65 77.27    

Northern Virginia 25 215.19 94.54 -.26 (38.94) -.07 .80 

4. Work Goals 

Progress 

      

New River Valley 56 4.39 0.63    

Northern Virginia 25 4.68 0.51 -2.22 (56.83) -.49 .03 

5. Morning Commute 

Variability 

      

New River Valley 56 8.80 5.46    

Northern Virginia 25 10.50 6.47 -1.15 (39.93) -.29 .26 

6. Morning Commute 

Duration 

      

New River Valley 56 30.68 10.22    

Northern Virginia 25 43.27 17.60 -3.33 (31.47) -.97 .00 

Note. N = 81. Two-sided p values are reported. Equal variance was not assumed. 
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Table 5 

Descriptive Statistics and Correlations for Study Variables 

 M SD 1 2 3 4 5 6 7 8 9 10 11 12 13 

1. Sleep Quality 93.22 2.48 – .03 -.00 .01 – .01 – – – – – – .08** 

2. Sleep Quantity 6.94 .84 .09 – -.04 .04 – -.02 – – – – – – .50** 

3. MVPA 211.36 82.42 -.14 -.29* – .04* – -.01 – – – – – – .00 

4. Work Goals 

Progress 

4.48 .61 .19 .03 .16 – – .02 – – – – – – .04* 

5. Commute 

Variability 

9.32 5.81 .08 -.19 -.07 .15 – – – – – – – – – 

6. Commute 

Duration 

34. 57 14.11 .18 -.22 -.00 .10 .45** – – – – – – – -.02 

7. Gender - - -.08 .01 .05 .01 -.19 -.15 – – – – – – – 

8. Age 43.09 11.24 .06 .09 .07 -.07 .01 .15 .08 – – – – – – 

9. Race - - -.13 -.01 -.01 .19 .06 -.10 .18 -.35** – – – – – 

10. Job Tenure 6.30 8.10 .15 -.09 .13 .11 -.06 .08 .04 .32** -.16 – – – – 

11. 

Organizational 

Tenure 

7.56 6.78 .11 .03 .16 -.10 -.07 -.08 .16 .37** -.20 .64** – – – 

12. Work Hours 43.35 8.01 -.01 -.17 .20 -.19 -.02 .03 .03 .11 -.11 -.07 -.04 – – 

13. Self-Reported 

Sleep Quality 

2.90 .35 .14 .29** .01 .34** .17 .05 -.04 .13 .05 .04 .14 -.11 – 

Note. N = 81. Within-person correlations are in the upper diagonal, between-person correlations are in the lower diagonal. The Level 1 sample sizes on which the 

within-person correlational relationships were based on ranged from 1844 (for the relationship between sleep quality and commute duration) to 2657 (for the 

relationship between sleep quantity and self-reported sleep quality). 

** p < .01. * p < .05. 
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Table 6 

 

Estimated Variance at the Within-Person and Between-Person Levels of Analysis 

                                              Within-Person Between-Person 

Variable ICC 1-ICC Estimate S.E. Estimate S.E. 

Sleep Quality .337 .663 10.882 .793** 5.500 .992** 

Sleep Quantity .439 .561 .845 .059** .661  .140** 

MVPA .660 .340 3335.866 222.025** 6450.792 1102.487** 

Work Goals Progress .225 .775 1.129 .079** .328      .050** 

Note. N = 81. ICC = Intraclass correlation reflecting the between-person variability. 1- ICC is the variability of the variables at the 

within-person level of analysis. 

** p < .01.  

* p < .05 
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Table 7 

 

Empirical Test of the Hypothesized Model 

 MVPA Work Goals Progress 

Predictor γ Posterior SD 95% CI γ Posterior SD 95% CI 

Intercept 571.029 389.816 [-348.992, 1246.583] -1.910 2.864 [-7.694, 3.455] 

Within-Person Level       

Control Variable       

Sleep Quantity -1.946 1.422 [-4.646, 0.662] .045 .025 [-.003, .092] 

Predictor Variables       

Sleep Quality -1.268 1.413 [-4.216, 1.552] .004 .008 [-.012, .018] 

MVPA    .001 .000 [.000, .002] * 

Between-Person Level       

Control Variable       

Sleep Quantity -32.685 11.825 [-55.746, -10.018] * .034 .095 [-.138, .227] 

Predictor Variables       

Sleep Quality -1.750 4.274 [-10.856, 7.356] .063 .030 [.002, .121] * 

MVPA    .001 .001 [.000, .003] * 

Level 2 Predictor (Slope) 

Commute Variability → 

Sleep Quality 

   -.048 .079 [-.202, .105] 

Within-Person Mediator       

Sleep Quality➔MVPA    -.001 .001 [-.004, .001] 

Between-Person Mediator       

Sleep Quality➔MVPA    -.001 .007 [-.021, .010] 

Note. N = 81. There were 2999 day-level time points available for statistical analysis (n = 2999). Reported coefficients are 

unstandardized. Level 2 predictors were grand-mean centered. Variables with both within- and between-person variance were latent-

mean centered. CI is credibility interval. Coefficient estimates were obtained using Bayesian estimation. 

** p < .01. * p < .05 
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Table 8 

 

Empirical Test of the Model with a Between-Person Interaction Term for Sleep Quality and Commute Duration 

 MVPA Work Goals Progress 

Predictor γ Posterior SD 95% CI γ Posterior SD 95% CI 

Intercept 610.429 416.746 [-398.866, 1304.147] -2.163 2.822 [-7.889, 3.701] 

Within-Person Level       

Control Variable       

Sleep Quantity -1.926 1.428 [-4.695, 0.660] .045 .025 [-.003, .092] 

Predictor Variables       

Sleep Quality -1.514 1.196 [-3.914, 1.184] .004 .008 [-.012, .018] 

MVPA    .001 .000 [.000, .002] * 

Between-Person Level       

Control Variable       

Sleep Quantity -32.806 11.906 [-55.696, -10.199] * .053 .087 [-.129, .225] 

Predictor Variables       

Sleep Quality -2.032 4.538 [-11.941, 7.140] .062 .030 [.002, .117] * 

MVPA    .001 .001 [-.000, .003] 

Interaction Effect       

Commute Variability*Sleep Quality    .094 .583 [-.925, 1.351] 

Within-Person Mediator       

Sleep Quality➔MVPA    -.001 .002 [-.005, .001] 

Between-Person Mediator       

Sleep Quality➔MVPA    -.002 .009 [-.021, .015] 

Note. N = 81. There were 2999 day-level time points available for statistical analysis (n = 2999). Reported coefficients are 

unstandardized. Level 2 predictors were grand-mean centered. Variables with both within- and between-person variance were latent-

mean centered. CI is credibility interval. Coefficient estimates were obtained using Bayesian estimation. 

** p < .01. * p < .05 
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Table 9 

 

Empirical Test of the Model with Commute Duration as a Cross-Level Moderator 

 MVPA Work Goals Progress 

Predictor γ Posterior SD 95% CI γ Posterior SD 95% CI 

Intercept 539.841 398.252 [-409.607, 1208.312] -1.904 2.867 [-7.703, 3.428] 

Within-Person Level       

Control Variable       

Sleep Quantity -1.956 1.422 [-4.654, .743] .045 .025 [-.003, .092] 

Predictor Variables       

Sleep Quality -.935 1.477 [-3.814, 2.299] .004 .008 [-.012, .018] 

MVPA    .001 .000 [.000, .002] * 

Between-Person Level       

Control Variable       

Sleep Quantity -33.045 12.146 [-55.044, -10.438] * .034 .095 [-.138, .227] 

Predictor Variables       

Sleep Quality -1.377 4.383 [-10.825, 8.156] .062 .030 [.002, .121] * 

MVPA    .001 .001 [.000, .003] * 

Level 2 Predictor (Slope) 

Commute Duration → Sleep Quality 
   .023 .038 [-.057, .093] 

Within-Person Mediator       

Sleep Quality➔MVPA    -.001 .002 [-.004, .002] 

Between-Person Mediator       

Sleep Quality➔MVPA    -.001 .007 [-.020, .010] 

Note. N = 81. There were 2999 day-level time points available for statistical analysis (n = 2999). Reported coefficients are 

unstandardized. Level 2 predictors were grand-mean centered. Variables with both within- and between-person variance were latent-

mean centered. CI is credibility interval. Coefficient estimates were obtained using Bayesian estimation. 

** p < .01. * p < .05 
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Table 10 

Empirical Test of the Model with Day of the Week, Week of the Study, and Lagged Variables as Control Variables 

 MVPA Work Goals Progress 

Predictor γ Posterior SD 95% CI γ Posterior SD 95% CI 

Intercept -4.813 1311.643 [-1587.964, 2151.054] -.460 29.429 [-56.536, 49.023] 

Control Variables (Within-Person)       

Sleep Quantity -1.779 1.345 [-4.402, .854] .041 .024 [-.005, .088] 

Day of the Week -1.118 .778 [-2.641, .409] .010 .015 [-.018, .039] 

Study Week -1.266 .486 [-2.226, -.322] * -.011 .009 [-.028, .007] 

Lagged MVPA .112 .019 [.074, .150] * - - - 

Lagged Work Goals Progress - - - .156 .020 [.116, .196] * 

Control Variables (Between-Person)       

Sleep Quantity 1.100 5.729 [-7.647, 8.831] .004 .117 [-.208, .205] 

Day of the Week 6.355 418.904 [-702.699, 518.568] .088 9.413 [-15.329, 18.322] 

Study Week 2.574 146.259 [-245.402, 182.628] .031 3.266 [-5.304. 6.396] 

Lagged MVPA 1.031 .071 [.907, 1.120] * - - - 

Lagged Work Goals Progress - - - 1.005 .124 [.774, 1.192] * 

Within-Person Level       

Sleep Quality -1.174 1.318 [-3.735, 1.455] .003 .007 [-.012, .017] 

MVPA    .001 .000 [.000, .002] * 

Between-Person Level       

Sleep Quality -.521 6.996 [-9.279, 11.490] -.001 .153 [-.300, .239] 

MVPA    .000 .002 [-.002, .003] 

Level 2 Predictor (Slope) 

Commute Variability → Sleep Quality 
   -.034 .080 [-.189, .124] 

Within-Person Mediator       

Sleep Quality➔MVPA    -.001 .001 [-.004, .001] 

Between-Person Mediator       

Sleep Quality➔MVPA    -.000 .052 [-.016, .015] 

Note. N = 81. There were 2999 day-level time points available for statistical analysis (n = 2999). Reported coefficients are unstandardized. Level 2 predictors were grand-mean centered. Variables with both within- and between-

person variance were latent-mean centered. CI is credibility interval. Coefficient estimates were obtained using Bayesian estimation. 

** p < .01. * p < .05 
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Figure 1. Conceptual model 

Note. MVPA refers to moderate-to-vigorous physical activity. 
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Figure 2. Summary of research procedure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Screening call

Eligibility is determined

Equipment installation date 
is scheduled

Opt-in survey sent after the 
call

Opt-in survey is 
completed before 

equipment 
installation

Equipment is 
installed and 

participant receives 
actigraph device 

Daily survey begins on the 
Monday following the 
equipment installation

Start-of-day survey

End-of-workday survey

Driving behaviors 
tracked simultaneously 

during daily survey 
period

Research team sends 
weekly email 

reminders about 
study participation

Equipment 
deinstallation 

appointment is set 
before 

participation ends

Participation 
completed

Equipment is 
deinstalled

Actigraph device is 
returned



88 
 

 

Figure 3. Multilevel structural equation model including parameter estimates for direct effects. 

Within-person results are reported first, and between-person results are reported in parentheses. 

**p < .01. *p < .05. 

Note. MVPA refers to moderate-to-vigorous physical activity.
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Appendix A: Questions Used to Determine Participant Eligibility 

1. Are you at least 18 years old? [Need YES answer to continue] 

2. Are you a licensed driver? [Need YES answer to continue] 

3. Are you an undergraduate or a graduate student? [Need NO answer to continue] 

4. Do you commute to and from your physical workplace by car five days a week (Monday 

– Friday)? [Need YES answer to continue] 

5. Do you drive yourself to and from work when commuting (i.e., you are not carpooling)? 

[Need YES answer to continue] 

6. Are you planning to use the same car to commute to and from work each workday for 

the next eight weeks? [Need YES answer to continue] 

7. Do you commute to work with an average commute time of at least 15 minutes each 

way? [Need YES answer to continue] 

8. Do you work in a job in which driving is not part of your central job duties (i.e., not a 

bus driver, truck driver, etc.)? [Need YES answer to continue] 

9. Do you live close enough to Blacksburg, Virginia such that you could feasibly bring your 

car to a garage in this location to have in-vehicle recording equipment installed? [Need YES 

answer to continue; be sure to note which research site they are making an appointment for on 

the study tracking sheet. URAs are recommended to have a maps application open on one of the 

lab computers, so that they can provide a time estimate if the participant asks how far a specific 

location is from Blacksburg for purposes of planning their transportation] 

10. Do you have regular access to the Internet/email? We ask this question because there 

will be daily surveys that you will be asked to complete as part of this study that require 

Internet access. [Need YES answer to continue] 

11. Do you currently hold a valid, U.S. driver’s license that you can present when you 

enroll? [Need YES answer to continue] 

12. Are you a U.S. citizen? [If YES, ask Question 12. If no, ask Question 11a below] 

a. If NO, do you have a valid Green Card with permanent resident status which 

allows you to work anywhere in the U.S. with no limitations? [Need YES answer to 

continue] 

13. If you are eligible for this study, you will be required to fill out a W-9 form for 

compensation purposes that will require your social security number, full name, and 

address. Are you willing to provide this information and complete a W-9 to participate in 

this study? [Need YES answer to continue] 

14. Do you own, co-own, or lease the primary vehicle you drive? Please note that the 

registration for the car must have your name on it in order to participate and you will be 

asked to provide documentation at the time of installation or the owner of the vehicle must 

be willing to sign an owner permission form allowing you to use the car for the study. [If 

YES, ask Question 14. If NO, ask Question 13a] 
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a. If the vehicle is owned by someone else, will they be willing to sign an owner 

permission form that gives VTTI permission to install the equipment for the study? 

[Need YES answer to continue] 

15. What is the make, model, and year of the primary vehicle you usually drive that you 

might be willing to have instrumented for this study? [Continue unless they indicate an Audi, 

Jaguar, Mercedes, or Volkswagen vehicle which are excluded due to installation limitations with 

the microDAS. It is important to note the vehicle information in the study tracking sheet, as 

VTTI will need this information when planning the equipment installation] 

 Make: _________________ Model: ___________________  

Year: _______________ 

16. Does anyone else drive this vehicle on a regular basis? 

a. If YES, what percentage of time do others drive the vehicle? (Must be less than 

75%; Otherwise they are ineligible to participate) 

17. If you enroll in this study, can you avoid driving into areas where videotaping is not 

allowed, such as military installations, high security areas, or border crossings? [Need YES 

answer to continue] 

18. Do you anticipate any life events during the next 8 weeks that may alter your normal 

driving pattern, causing you to drive less? For example, an upcoming surgery, going out of 

town for an extended period of time, changing employment, moving, etc.? [Need NO answer 

to continue] 

 a. If YES, ask for the dates: ______________ 

     Will you be taking your car with you? _______   (e.g., will they be bringing their car 

on vacation?) 

19. Are you willing to bring your car to one of our garages so that our technicians can 

install data collection equipment? [Need YES answer to continue] 

20. Are you comfortable reading, writing, and speaking in English? [Need YES answer to 

continue] 
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Appendix B: Monte Carlo Input Syntax for Statistical Power Analysis 

TITLE: Monte Carlo Power Analysis; 

MONTECARLO: names are x y m w c; 

WITHIN ARE x c; 

BETWEEN ARE w; 

NOBSERVATIONS=3240; 

NCSIZES=1; 

CSIZES=81(40); 

NREPS = 10000; 

SEED = 53487; 

PATMISS=x(.20) y(.20) m(.20) c(.20); 

PATPROB=1; 

ANALYSIS: TYPE=TWOLEVEL RANDOM; 

ESTIMATOR=BAYES; 

MODEL MONTECARLO: 

  %WITHIN% 

  s1 | m ON x; 

  m ON c*.10; 

  y ON m*.20(a); 

  y ON x*.20; 

  x*.05; 

  y*.05;  

  m*.05; 

  c*.05; 

  %BETWEEN% 

  s1 ON w*.20(INT); 

  m ON w*.20; 

  [s1*.20](s1); 

  m*.05; 

  w*.05; 

  s1*.05; 

  MODEL CONSTRAINT: 

  NEW (ind); 

  ind=s1*a; 

  MODEL:  

  %WITHIN% 

  s1 | m ON x; 

  m ON c*.20; 

  y ON m*.20(a); 

  y ON x*.20; 

  x*.05; 

  y*.05;  

  m*.05; 
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  c*.05; 

  %BETWEEN% 

  s1 ON w*.20(INT); 

  m ON w*.20; 

  [s1*.20](s1); 

  m*.05; 

  w*.05; 

  s1*.05; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



93 
 

Appendix C: Alternative Model 

Day of Week, Week of Study, and Lagged Variables as Controls 

I computed a model with prior day values of sleep quality, MVPA, and work goals 

progress as control variables in the focal multilevel structural equation model. I also included the 

day of the week and week of the study as statistical control variables in the model due to 

potential fluctuations in the study variables based on these temporal considerations, in the same 

model. This model initially failed to converge without substantially increasing the number of 

iterations, thus, I ran the model with 100,000 iterations. The initial convergence issue may be due 

to potential issues including cyclical considerations, autoregressive relations, and trends (Muthén 

at al., 2025; Zhou et al., 2021) relating to intensive longitudinal data. 

 All coefficient estimates, posterior standard deviation, and 95% confidence intervals for 

the hypothesized model at both the within-person and between-person levels are presented in 

Table 10. The pattern of results mirrored the observations in the main multilevel structural 

equation model, although I found no evidence to support the relationship between MVPA and 

work goals progress (γ = .000, Posterior SD = .002, 95% CI = [-.002, .003]), at the between-

person level in the current analysis. 

Additionally, previous day sleep quality related to next-day sleep quality at the within-

person level of analysis (γ = .059, Posterior SD = .023, 95% CI = [.014, .104]). Further, previous 

day MVPA co-varied with next-day MVPA at the within-person level of analysis (γ = .112, 

Posterior SD = .019, 95% CI = [.074, .150]). Finally, previous day work goals progress positively 

related to next-day work goals progress at the within-person level of analysis (γ = .156, Posterior 

SD = .020, 95% CI = [.116, .196]). 

Previous day sleep quality related to next-day sleep quality at the between-person level of 

analysis (γ = .996, Posterior SD = .079, 95% CI = [.841, 1.188]). Previous day MVPA co-varied 
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with next-day MVPA at the between-person level of analysis (γ = 1.031, Posterior SD = .071, 

95% CI = [.907, 1.120]). Finally, work goals progress is positively related to next-day work goals 

progress at the between-person level of analysis (γ = 1.005, Posterior SD = .124, 95% CI = [.774, 

1.192]). 

 

 


