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Abstract 

Reaching recommended levels of physical activity (PA) is important for achieving 

and maintaining health, however there are many potential barriers which may impact an 

individual’s ability to engage in PA. The COVID-19 pandemic resulted in the transition to 

remote teaching and learning, shut-downs of places to engage in PA, and changes to the 

daily work routine of university staff. Therefore, overall PA levels were likely im-

pacted. The purpose of this study was to assess whether a significant change in PA occurred 

before and after one university transitioned to remote learning and working due to COVID-

19 shutdowns. Subjects were recruited from a university community who owned and wore 

a commercial PA monitoring device for the month before and after spring break in March 

of 2020. During the spring break, the campus went from in-person instruction to 100% 

online instruction. Subjects completed an anonymous online survey and uploaded step data 

from their online account. Repeated measures analysis of variance were applied to analyze 

differences between students and faculty/staff of the university. Paired sample and inde-

pendent t-tests were utilized to examine differences before and after spring break. Pearson 

correlations were calculated to determine relationships between age, body mass index 

(BMI), and PA change data. Eighty subjects (63 female, 17 male) completed the sur-

vey. The sample included 42 students (age = 22.2 ± 6.3, BMI = 24.0 ± 5.7) and 38 staff 

and faculty (age = 43.1 ± 10.7, BMI = 29.0 ± 7.0). The 30-day step average for the month 

after spring break (7085.8 ± 3559.6) was lower than the 30-day step average for the month 

before spring break (8522.6 ± 3230.8, P < 0.001). The 7-day mean step average for the 

week after spring break (7128.2 ± 3365.3) vs. the week after was also lower (8688.7 ± 

3365.3, P < 0.001). Weekday step averages were lower after spring break (6903.3 ± 3487.9) 
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vs. before (8678.7 ± 3199.4), P < 0.001), as were weekend step averages (7571.7 ± 4222.9 

vs. 8116.6 ± 3830.4, for after and before break, respectively, P = 0.03). Results found that 

physical activity levels were altered after the transition to online learning. Overall, PA de-

clined immediately after the week of spring break, as well as for the month after spring 

break. This change is likely a reflection of the significant amount of everyday transport PA 

that is needed to navigate daily life on a university campus (walking to class, to work, 

walking associated with job duties, etc.) that was removed due to stay-at-home orders, and 

could impact the health of these individuals as the COVID-19 pandemic continues.    
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Chapter I 

 

Introduction 

 

Physical Activity Changes in a Pandemic 

  During the early months of 2020, news began to spread of a highly contagious vi-

rus that would eventually amount to a global pandemic. Due to world-wide lockdowns 

and stay-at-home orders, almost all educational settings and non-essential jobs transi-

tioned to remote learning and working. On March 7th, 2020, the first case of coronavirus 

(COVID-19) was reported in Virginia. In a state-wide order issued on March 23rd, 2020, 

gatherings of 10 or more were prohibited, all public and private schools were forced to 

close for the remainder of the school year, and public access to non-essential establish-

ments, such as gyms and some outdoor recreational facilities, was prohibited. Subse-

quently, a stay-at-home order for the state was announced on March 30th, 2020. Specific 

to our community, James Madison University declared classes would remain online for 

the entirety of the semester on March 18th, 2020 and encouraged students to stay at their 

primary residences.  

 Generally, it is seen that physical activity (PA) may decline in the presence of 

stressful and even non-stressful life events (Engberg et al., 2012). Changes to daily rou-

tines can create disturbances that lower the importance of being active. When time is an 

issue, other facets of life, such as rest, may be prioritized to combat stress and anxiety. 

Engberg et al. provided a review of how PA may be influenced by life changing events, 

such as beginning university, change in employment status, changes in romantic and non-

romantic relationships, having a child, and violence or disaster. For the events listed 
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above, significant declines in PA levels were found for participants (Engberg et al., 

2012). Specifically, PA changes due to COVID-19 and stay-at-home orders will be evalu-

ated.  

Without the PA that individuals accrue while traveling to and from work or 

school, sedentary behavior likely increased, creating a potential negative impact on health 

for an entire population. Meyer et al. reported in a sample of 3,052 individuals that those 

who were previously active decreased PA by 32.3% at the onset of stay-at-home orders. 

In the same sample, sitting time and screen time increased by 26% and 37.8%, respec-

tively, in the beginning of April 2020 (Meyer et al., 2020). At the same time point, how-

ever, it was reported that PA dropped by as much as 48% across the US (Evidation 

Health, 2020). Dunton et al. collected self-reported PA data from over 250 US adults and 

found average step count decreased by 36% (2000 steps) from March and April 2020 

compared to May 2019 – February 2020 (Dunton et al., 2020). Moreover, a university in 

the Midwest conducted a study to compare sedentary time and PA from pre- to post-tran-

sition to online courses. Out of almost 400 participants, it was found that sitting time in-

creased by 13.9% after the transition, while undergraduate students reported a 33.7% de-

cline in moderate PA primarily because they were no longer walking to and from class 

(Barkley et al., 2020).  

As a result of the COVID-19 outbreak, screen time likely increased dramatically 

through both work and leisure time activities, which primarily occurred at home. Screen 

time is commonly seen as a way to relax and decrease stress; however, excessive con-

sumption may create an epidemiological problem. Dependence on media and devices 

may also create addictive tendencies that affect everyday activities. Generally, it is seen 
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that as time at home increases, screen time proportionally increases (Sultana et al., 2021, 

Kiraly et al., 2020). In a study evaluating lifestyle changes because of the pandemic, it 

was found that screen time increased by 61%, 74%, 87% for men, women, and adoles-

cents, respectively (Carroll et al., 2020). Such a large increase for adolescents was most 

likely due to the transition to remote learning and decreased transport PA. During the 

strictest time of lockdown in April and May, Pisot et al. found in over 4,100 participants 

that overall screen time increased by 65% (Pisot et al., 2020). While the psychological 

impact of the deadly virus cannot be ignored, new stressors presented coupled with in-

creases in screen time due to the lockdown may further have contributed to declines in 

PA.  

Increased screen time and decreased PA has been associated with greater levels of 

anxiety and depression creating a mental health concern propagated by unique stressors 

caused by COVID-19 (Meyer et al., 2020). The fear and uncertainty that can result from 

major lifestyle changes, as well as normal routines being halted, can negatively impact 

mental health. In a population of university students, Husky et al. noted that moderate to 

severe levels of stress increased by 60.2% in students (Husky et al., 2020). This increase 

may likely be due to isolation and social environments no longer being safe. Meyer et al. 

observed that participants who went from active to inactive, due to facilities being taken 

away and remaining at home, had higher rates of depression, loneliness, and stress. Inter-

estingly, results were comparable for those who increased their screen time (>8 hours per 

day) (Meyer et al., 2020). These outcomes suggest that when major lifestyle changes take 

place out of an individual’s control, the importance of being physically active may suffer. 

Stanton et al. observed symptoms of psychological distress compared to changes in 
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health behaviors due to the pandemic among roughly 1,500 males and females. In sub-

jects who described a negative change in PA (48%), all were at a significantly increased 

risk for depression, anxiety, and symptoms of stress (Stanton et al., 2020). Without 

proper adherence to PA recommendations, psychological distress may become more 

prevalent.  

 Because of efforts to stop the spread, individuals were required to get creative 

about how to achieve PA guidelines. Many low-cost options, such as parks and trails, as 

well as indoor facilities, were eliminated, which may have added to PA declines. It was 

reported by Lesser et al., that only 39% of previously active people were able to keep 

their desired PA choice due to restrictions (Lesser et al., 2020). Martinez et al. surveyed 

participants about what kind of activities they participated in before stay-at-home orders 

and how they have been affected by shutdowns. Out of the 980 individuals who partici-

pated in strength-training pre-shutdown, 62% completely stopped, most likely due to gym 

closures. When asked about aerobic training, 43% of individuals stopped participating 

because of additional barriers to equipment and closures of outdoor facilities (Martinez et 

al., 2020). During the early period of COVID-19, Dunton et al. reported that 75% of indi-

viduals were participating in PA in their home or garage, 69% on sidewalks or roads, and 

27% at a park or trail (Dunton et al., 2020). Because of the majority of PA being per-

formed at home, the same quality and quantity may not be achieved because of lack of 

accountability that gyms and social settings provide.  

 Reviewing PA habits and sedentary time before the pandemic in university com-

munity members, particularly students, is important to understand how it has evolved 
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since the shutdown. Hargens et al. conducted a study to identify associations between to-

tal sleep time (TST), sedentary time, and PA. For the population of students, it was found 

that average weekday step count was 9485.8 ± 3126.4, while the weekend was lower at 

7217.6 ± 3453.7 steps. Similarly, weekend sedentary time was greater compared to week-

days (637.4 ± 130.9, 682.6 ± 90.3 min) (Hargens et al., 2020). Pre-pandemic, a similar 

study looking at step count in university students found step count to be higher on the 

weekends (8715.6 ± 5280.1) than the weekdays (8148.7 ± 4555.1) although they were not 

significantly different (Marquet et al., 2018). Lastly, pedometers were utilized to track 

step count in a sample of 641 university students. Weekday step count averaged 11,823.4 

± 3074.8, while the two-day weekend was negligibly higher at 12,018 ± 2793 steps (Sig-

mundova et al., 2013).  

Complications of Sedentary Behavior 

Participating in regular PA is widely understood to be beneficial for proper physi-

ological function. Specifically, regular PA can protect against a range of chronic diseases 

and conditions, including cardiovascular disease, type 2 diabetes, and several types of 

cancer (Healthy People 2020). It is recommended that adults achieve between 150 to 300 

minutes of moderate-intensity aerobic PA or 75 to 150 minutes of vigorous-intensity aer-

obic PA each week to reduce the risk of developing chronic diseases and see considerable 

health benefits, such as improving cardiorespiratory fitness and decreasing levels of body 

fat (HHS 2018). While the health benefits of meeting and exceeding PA guidelines are 

well-documented, over 80% of adults are not meeting recommendations for aerobic and 

muscle-strengthening activities (Healthy People 2020).  
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Numerous associations between sedentary behavior and negative health outcomes 

exist. While a universal definition is lacking in the literature, sedentary behavior refers to 

low amounts of movement and energy expenditure while sitting or lying down (< 1.5 

METs) (HHS 2018, Tremblay et al., 2010, Dempsey et al., 2014). Sedentary behaviors, 

such as sitting, watching TV, driving, and computer work, are shown to have an impact 

on metabolism, bone mineral content, and cardiovascular health (Tremblay et al., 2010, 

WHO). The SITT formula, which stands for sedentary behavior frequency, interruptions, 

time, and type, can be applied to characterize behaviors that lack changes in intensity. In-

terruptions are considered activities that break up sedentary behavior, such as standing up 

from a computer chair while working at a desk. Time includes duration of sedentary be-

havior, and type refers to the mode of activity (Tremblay et al., 2010). Insufficiently ac-

tive is slightly different than being sedentary in that it is defined as receiving less than 10 

MET hours of activity per week. Being insufficiently active puts individuals at a 20% to 

30% increased risk of death compared to those who are sufficiently active (receiving 500 

MET minutes of PA per week) (HHS, WHO).  

  Metabolic abnormalities have been reported in individuals who spend most of 

their waking hours in sedentary behavior characterized by decreased HDL and reductions 

in insulin sensitivity (Tremblay et al., 2010, Lemes et al., 2019). Specifically, Lemes et 

al. studied the correlation between TV viewing time and metabolic syndrome (MetS). 

Compared to the ‘low’ TV watching cohort, subjects who engaged in high and moderate 

durations and frequencies of viewing had an increased risk of MetS by 77% and 49%, re-

spectively (Lemes et al., 2019). Similarly, participants who did not take part in any 

amount or intensity of PA doubled their risk of MetS compared to individuals who 
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achieved 150 minutes of activity per week (Ford et al., 2005). Sedentary behavior signifi-

cantly increases the risk of metabolic dysfunction (Lemes et al., 2019, Ford et al., 2005).  

 A further consequence of engaging in sedentary behavior is reduced bone mineral 

density (BMD). The necessity for bone health is seen in a variety of populations, such as 

postmenopausal women and aging individuals. Reductions in BMD are often observed 

when bone deposition is decreased and resorption is increased, which can be mitigated 

with reductions in sedentary time (Tremblay et al., 2010, Braun et al., 2017). In postmen-

opausal women, estrogen decreases, which may increase bone resorption and lead to de-

creases in BMD. In addition, it is observed that as women get older, they participate in 

less physical activity and engage in sedentary behaviors (Siris et al., 2001). This combi-

nation often leads to increased osteoporosis and osteopenia rates, which put women at a 

higher risk of fracture (Siris et al., 2001). It is recommended that engaging in muscle-

strengthening activities at least two days a week incorporating major muscle groups pro-

vides advantages that mitigate the effects of bone mineral loss (HHS). As seen from a 

meta-analysis by Berard et al., improved bone health was observed in women who take 

part in moderate-intensity activities, such as walking and other leisure time activities. 

Studies reached the consensus that participating in non-sedentary behavior can signifi-

cantly decrease the risk of BMD loss in postmenopausal women (Berard et al., 1997). In 

general, bone health is critical to maintain functionality and quality of life.  

 Finally, cardiovascular health can be impacted by sedentary behavior and im-

proved by both aerobic exercise and resistance training. It is well-established in the litera-

ture that individuals who are primarily sedentary are at an increased risk for a cardiac 

event and early mortality (Same et al., 2016, Chomistek et al., 2013, Matthews et al., 
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2012). When examining roughly 71,000 individuals from the Women’s Health Initiative 

Observational Study who were not affected by cardiovascular disease (CVD) at baseline, 

Chomistek et al. found an increased CVD risk between women who sat at least 10 hours 

a day compared to those who only sat five hours per day (hazard ratio (HR): 1.18) (Cho-

mistek et al., 2013). Comparably, Matthews et al., analyzed the effect of sedentary time 

on CVD mortality in participants who had no prior health concerns. Over the eight-year 

period, it was reported that individuals who watched at least seven hours of daily TV 

were at an increased CVD mortality risk compared to their counterparts who only viewed 

one hour per day (HR 1.85). Surprisingly, subjects who spent seven hours in moderate-to-

vigorous PA (MVPA) per week but also had the same amount of TV viewing time still 

had a greater chance of experiencing CVD mortality (HR 2.00) contrasted to their coun-

terparts (Matthews et al., 2012).  

At present, increases in sedentary behavior, specifically screen time, are posi-

tively associated with declining PA levels. A dose-response relationship has also been 

observed between sedentary behaviors and obesity and diabetes (Tremblay et al., 2010, 

Dempsey et al., 2014). According to the Nurses’ Health Study, a two-hour a day increase 

in TV time increased the risk of obesity by 23% for women ages 30 to 55 who were not 

obese at baseline. Moreover, sitting for two additional hours at work increased the risk of 

obesity by 5% (Hu et al., 2003). A similar study further validated that increases in screen 

time simultaneously increases the risk of obesity for both men and women (Shields et al., 

2008b). The risk for development of diabetes is similar to obesity risk, where greater lev-

els of screen time increases deleterious outcomes (Hu, 2001; Hu 2003). Spending large 
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quantities of time in sedentary behavior greatly increases the risk of negative health out-

comes, such as obesity, cardiovascular disease, and metabolic syndrome across all popu-

lations.  

Creating healthy PA habits and meeting guidelines as an adolescent and young 

adult is crucial as research shows patterns carry over into adulthood. With aging adults, it 

also becomes more difficult to reverse the negative outcomes of being sedentary. Kelder 

et al., observed over a seven-year period that individuals in the ‘low’ PA category at 

baseline remained low, while those in the ‘high’ category remained highly active (Kelder 

et al., 1994). In a study tracking PA from childhood into adulthood over 27 years, Telama 

et al., found that early childhood PA was significantly correlated with levels of PA in 

young adulthood. Furthermore, both indirect and direct effects of PA over the longitudi-

nal time-period were significant (Telama et al., 2007). Because a great number of indi-

viduals were without their normal mode of PA due to shut-downs, sedentary habits may 

have been established that will become increasingly difficult to overturn as time moves 

on.  

Wearable Technology 

 Over the last decade, the use of consumer wearable technology (CWT) to track 

physical activity and improve physiological performance has increased exponentially 

with the developing technology of Apple Watches, Fitbits, and Garmin devices (El-Am-

rawy et al., 2015). With now over 10% of adults using a physical activity tracker, the 

general population is increasingly aware of exercise habits and day-to-day activity levels 

(DiFrancisco-Donoghue et al., 2018). Prominent features on these devices include step 

counting, heart rate, sleep tracking, and energy expenditure.  
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A number of studies have provided evidence that owning a device may increase 

physical activity, while decreasing sedentary time and total body weight (Barwais et al., 

2013, Cadmus-Bertram et al., 2015, Pellegrini et al., 2012). Over a four-week period, 

Barwais et al. reported a 21% decrease (2.4 hours) in sedentary time, a 67% increase in 

moderate activity, and a 60% increase in vigorous activity in participants who wore a de-

vice. A significant difference in light intensity activity was observed as well in the inter-

vention group, which increased from 4.3 ± 2.0 hours/day to 6.8 ± 1.7 hours/day. Oppos-

ingly, the control group increased their sedentary time and spent less time being physi-

cally active (Barwais et al., 2013). Cadmus-Bertram et al. performed a study on women 

who were receiving an average of 33 minutes of MVPA per week with an average of 

5,866 steps per day at baseline. When wearing a Fitbit, the study reported a significant in-

crease in activity levels (62 minutes per week) compared to women who wore a standard 

pedometer. The Fitbit group also increased their daily step count by 789. (Cadmus-Ber-

tram et al., 2015).  

 Of growing concern in recent years is the validity and reliability of data reported 

from CWT. In a study that had participants wear 10 different trackers (including the Fit-

bit Zip and Fitbit Flex), step count was compared between an exercise bout lasting 30 

minutes walking on a treadmill. An Optogait system (OPTOGait, Microgate S.r.I, Italy 

2010) was the gold standard for laboratory conditions, which comprises two beams con-

nected to the sides of the treadmill that utilizes an LED lighting system to accurately 

measure the number of steps taken. The Fitbit Zip and Fitbit Flex differed by 46 and 188 

steps compared to the Optogait system, respectively (Kooiman et al., 2015). Takacs et al. 

observed discrepancies between manual step counting and the Fitbit One and found no 
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significant differences between measurements with correlation coefficients ranging from 

0.97 – 1.00. The average observer count was 515 ± 29 steps, while the Fitbit One rec-

orded 515 ± 30 steps during a treadmill walking session (Takacs et al., 2014). Similarly, 

when studying differences in step count over seven days between two different Fitbits 

(Fitbit One and Fitbit Charge) and an ActiGraph (AG), Hargens et al., found average step 

count for the commercial devices to be significantly higher compared to the AG (Hargens 

et al., 2017). The Fitbit Charge (FC) had a mean average difference of 2,013.3 steps 

while the Fitbit One (FO) differed by 1,064.1 steps compared to the AG. In regard to 

MAPE between the devices and the AG, the FC measured at 20.7%, and the FO was 

11.4% (Hargens et al., 2017).  

 Over the last several years, the Apple Watch has grown in increasing popularity. 

Wallen et al. conducted a study on individuals to measure the validity of four different 

devices, including an Apple Watch. Compared to the reference method, which was a 

treadmill video recording, the Apple Watch had a correlation score of 0.70 showing 

strong validity. The mean differences between observed and expected step count was -47 

steps. Roughly, the Apple Watch underestimated total step count by only 4% (Wallen et 

al., 2016). Likewise, Bunn et al. compared eight devices against the Consumer Technol-

ogy Association (CTA) standards. The Apple iWatch Series 1 met the CTA standard of 

MAPE less than 10% for both walking and running and showed significant correlation to 

the manual counting of steps (Bunn et al., 2018). Veerabhadrappa et al., utilized a tread-

mill protocol comparing an Apple Watch to the manual counting of steps for different 

walking speeds. The watch recorded 2,965 ± 144 steps while 2,964 ± 145 steps were 

counted resulting in an error of only 1.07 steps (0.034%) (Veerabhadrappa et al., 2018). 
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Using a 30-minute treadmill walking protocol, Modave et al., recruited subjects to wear 

several devices compared to an ActiGraph to measure step count. For ages 18-64, an Ap-

ple Watch recorded 967 ± 48 steps, which was not significantly different from the Acti-

Graph at 995 ± 25 steps (Modave et al., 2017).  

 Lastly, Garmin offers an array of wearable technology from simple to complex. 

Montes et al., assessed step count differences between a criterion measure and a Garmin 

Vivosmart. When addressing free living versus a treadmill walking and running protocol, 

MAPE were both less than 10% and 5% respectively. Average step count for free living 

walking using the Garmin device was 557 ± 43, while the manual step count was rec-

orded at 561 ± 43. For the laboratory condition, free motion walking step count was 557 

± 44 with the Garmin device and 560 ± 44 steps for the manual counter. (Montes et al., 

2020). As seen above, Modave et al. utilized numerous wearable devices to evaluate step 

count accuracy to an AG. While analyzing two different Garmin devices, it was found 

that neither significantly over- nor underestimated step count (990 ± 33, 993 ± 17) com-

pared to the AG (995 ± 25) for participants 18 – 64. (Modave et al., 2017).  

Purpose 

  To date, there is little information regarding the changes in PA in university com-

munity members over the period of stay-at-home orders that occurred as a result of the 

pandemic. Therefore, the purpose of this study was to examine how PA levels changed 

from before a university going to remote learning, to after the transition. Due to increased 

time spent at home and screen time, it is hypothesized that step count with be signifi-

cantly decreased from pre- to post transition.  

Assumptions 
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 It is assumed that each participant involved with the study filled out the survey as 

correctly as possible with the known data from their device. It is also assumed that the 

devices used record data accurately, and that individuals wore their devices for a con-

sistent amount of time each day.  

Limitations 

 A potential limitation with the study includes the fact that the subject sample may 

not be completely random as requests for participants were sent via bulk-email messages 

to JMU students and faculty/staff. Additionally, this study was retrospective in nature. 

Delimitations 

 A delimitation of the study includes being limited to only people who wear an ac-

tivity tracker, such as a Garmin, Fitbit, or Apple Watch. Individuals who wear activity 

trackers may be prone to be more active than those who do not.  
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Chapter II 

 

Methodology  

 

Subjects  

Subjects will be recruited from the James Madison University (JMU) community 

who owned and wore a commercial physical activity (PA) monitoring device for the month 

prior to the JMU spring break in March 2020, as well as the month after. Community mem-

bers will include any faculty, staff, student, and other individuals with affiliation to JMU. 

Acceptable PA devices include Fitbits, Garmin wearables, and Apple Watches. The below 

procedure was approved by the Institutional Review board at JMU before data collection 

began. All subjects will provide informed consent prior to completing the survey.  

Procedures  

Subjects will complete an anonymous online survey (Qualtrics, Provo, UT) and input 

step data from their CWT online account. The survey consists of questions regarding total 

steps per day for the month before and after spring break. If a participant did not wear their 

device on a given day, we ask that they leave that day blank. Basic demographic questions, 

such as sex, age, and body weight, will be included on the survey.   

Statistical Analyses  

Paired sample t-tests will be utilized to examine differences in PA levels before and 

after JMU spring break for all subjects. Changes in step count will be evaluated for the 

month and week before and after spring break. Weekday and weekend step count differ-

ences will also be analyzed. Repeated measures analysis of variance will be applied to 

analyze differences between students and faculty/staff of JMU. Pearson correlations will 
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be calculated to determine relationships between age, body mass index (BMI), and PA 

change data. 
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Abstract  

Introduction: Reaching recommended levels of physical activity (PA) is important for 

achieving and maintaining health, however there are many potential barriers which may 

impact an individual’s ability to engage in PA. The COVID-19 pandemic resulted in the 

transition to remote teaching and learning, shut-downs of places to engage in PA, and 

changes to the daily work routine of university staff. Therefore, overall PA levels were 

likely impacted. The purpose of this study was to assess whether a significant change in 

PA occurred before and after one university transitioned to remote learning and working 

due to COVID-19 shutdowns. 

Methods: Subjects were recruited from a university community who owned and wore a 

commercial PA monitoring device for the month before and after spring break in March of 

2020. During the spring break, the campus went from in-person instruction to 100% online 

instruction. Subjects completed an anonymous online survey and uploaded step data from 

their online account. Repeated measures analysis of variance were applied to analyze dif-

ferences between students and faculty/staff of the university. Paired sample and independ-

ent t-tests were utilized to examine differences before and after spring break. Pearson cor-

relations were calculated to determine relationships between age, body mass index (BMI), 

and PA change data.  

Results: Eighty subjects (63 female, 17 male) completed the survey. The sample included 

42 students (age = 22.2 ± 6.3, BMI = 24.0 ± 5.7) and 38 staff and faculty (age = 43.1 ± 

10.7, BMI = 29.0 ± 7.0). The 30-day step average for the month after spring break (7085.8 

± 3559.6) was lower than the 30-day step average for the month before spring break 

(8522.6 ± 3230.8, P < 0.001). The 7-day mean step average for the week after spring break 
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(7128.2 ± 3365.3) vs. the week after was also lower (8688.7 ± 3365.3, P < 0.001). Weekday 

step averages were lower after spring break (6903.3 ± 3487.9) vs. before (8678.7 ± 3199.4), 

P < 0.001), as were weekend step averages (7571.7 ± 4222.9 vs. 8116.6 ± 3830.4, for after 

and before break, respectively, P = 0.03).   

Conclusion:  Results found that physical activity levels were altered after the transition to 

online learning. Overall, PA declined immediately after the week of spring break, as well 

as for the month after spring break. This change is likely a reflection of the significant 

amount of everyday transport PA that is needed to navigate daily life on a university cam-

pus (walking to class, to work, walking associated with job duties, etc.) that was removed 

due to stay-at-home orders, and could impact the health of these individuals as the COVID-

19 pandemic continues.    
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Introduction  

 In March of 2020, the outbreak of Coronavirus (COVID-19) in the US forced the 

closure of all non-essential businesses, workplace, and educational settings to stop the 

spread of the virus and protect health-care providers and hospitals from being over-

whelmed. James Madison University, specifically, transitioned to fully online learning for 

students, faculty and staff on March 18th, 2020 through the spring semester. Additionally, 

the state of Virginia underwent a stay-at-home order beginning on March 30th, 2020 that 

remained in effect for several months.  

As a likely result of stay-at-home orders, physical activity (PA) decreased signifi-

cantly for some individuals, including students, while sedentary time increased in the ear-

liest months of the pandemic (Meyer, 2020, Evidation Health, 2020, Dunton, 2020, Bar-

kley, 2020). Students may receive most of their PA by walking to classes and other campus 

buildings, which was mostly eliminated with the transition. This is concerning because 

while engaging regularly in PA protects against lifestyle-related chronic diseases, seden-

tary behavior is associated with negative health outcomes (Healthy People, 2020). Seden-

tary behavior can be defined as participating in activities that expend low amounts of en-

ergy (< 1.5 METS), such as computer work or watching television (Tremblay, 2010). Met-

abolic abnormalities, cardiovascular disease, and diminished bone health are a sample of 

conditions that may arise due to a lifestyle characterized by sedentary behavior (Lemes, 

2019, Chomisteck, 2013, Braun, 2017).  

When major life changes occur creating psychological stressors, it has been shown 

that PA levels decrease consequently (Meyer, 2020, Husky, 2020). Anxiety, depression, 

and symptoms of stress rates have been shown to rise as PA decreases (Stanton, 2020). A 
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change in everyday routine coupled with normal modes of PA being taken away by the 

closure of gyms and some outdoor facilities may have contributed to added psychological 

distress. Due to isolation and concerns about safety, mental health is at an all-time low in 

university students (Husky, 2020). In individuals who were previously active before the 

pandemic, many became inactive because of barriers and hardships that came with trying 

to find ways to achieve PA guidelines (Lesser, 2020, Martinez, 2020). Furthermore, spend-

ing more time at home is correlated with increased screen time, which rose amongst most 

age groups during quarantine due to remote learning and working (Sultana, 2021, Kiraly, 

2020). As fear and uncertainty grew particularly in March and April of 2020, destressing 

with devices and media outlets grew in popularity as a way to stay connected to the con-

stantly changing world.  

There is little information to date regarding PA and how it has evolved due to the 

shutdown in university community members. This population, especially students, is 

unique because even temporary changes to PA habits may increase the risk of long-term 

health complications. Therefore, the purpose of this study is to analyze step count differ-

ences before and after the transition to remote working and learning. It is hypothesized that 

step count will be significantly lower for both students and faculty/staff after the transition. 

Additionally, differences between groups will be assessed to examine how the transition 

impacted students and faculty/staff step counts.   
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Methodology  

Subjects  

  Subjects were recruited from the James Madison University (JMU) community 

who owned and wore a commercial physical activity (PA) monitoring device for the month 

prior to the JMU spring break in March 2020, as well as the month after. Community mem-

bers included any faculty, staff, student, and other individual affiliated with JMU. Accepta-

ble PA devices included Fitbits, Garmin wearables, and Apple Watches. The below proce-

dure was approved by the Institutional Review board at JMU before data collection be-

gan. All subjects provided informed consent prior to completing the survey.  

Procedures  

  Subjects completed an anonymous online survey (Qualtrics, Provo, UT) and input 

step data from their consumer wearable technology (CWT) online account. The survey 

consisted of questions regarding total steps per day for the month before and after spring 

break. If a participant did not wear their device on a given day, it was asked that they leave 

that day blank. Basic demographic questions, such as sex, age, and body weight, were in-

cluded on the survey.  

Consumer Wearable Technology 

   CWT has become increasingly popular among adults. Owning a device, such as a 

Fitbit, Apple Watch, or Garmin device has been shown to make individuals aware of their 

habits, which can lead to elevated PA levels and reduced sedentary behavior. (DeFran-

cisco-Donoghue, 2018, Barwais, 2013). Numerous studies have been conducted to ana-

lyze differences and evaluate the validity and reliability between gold standard measure-

ments compared to the devices listed above. In the majority of cases, CWT has been 
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shown to correlate significantly with any criterion measure and can be used to accurately 

measure step count and PA changes (Hargens, 2017, Veerabhadrappa, 2018, Montes, 

2020).  

Statistical Analyses  

Repeated measures analysis of variance was utilized to analyze main effects for 

time and group for step counts before and after spring break. A period of the month prior 

to spring break and the month after spring break were analyzed, as well as a week prior to- 

and after spring break. Additionally, weekday and weekend days were analyzed. For any 

interaction noted, post-hoc analyses included independent sample t-tests to evaluate differ-

ences between groups before and after the transition, and paired sample t-tests to evaluate 

changes before and after spring break for each group separately. Pearson correlations were 

calculated to determine relationships between age, body mass index (BMI), and PA change 

data.  
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Results  

 Subject characteristics for students and faculty/staff are presented in Table 1. BMI 

was higher for faculty/staff vs. students (P = 0.001). However, BMI for all subjects was 

not correlated to change in step count for the week (r = 0.104, P = 0.371), the month (r = -

0.004, P = 0.972), weekend days (r = 0.01, P = 0.93), or weekday days (r = -0.008, P = 

0.94) suggesting minimal impact on results.  

Repeated measures ANOVA showed that the shutdown impacted students and fac-

ulty/staff differently. It was revealed that step count significantly decreased from pre- to 

post-transition for the week (P < 0.001), the month (P < 0.001), weekend days (P = 0.033), 

and weekday days (P < 0.001) for all subjects. (Table 2) There was a group by time inter-

action effect for the month prior to spring break compared to the month after (P = 0.002). 

(Figure 1) Similarly, weekend days (P = 0.01) and weekday days (P = 0.003) also showed 

a group by time interaction. (Figures 3, 4) For the week prior to spring break compared to 

the week after, only a main effect for time was seen. (Figure 2)……………………………..  

  Independent sample t-tests before the transition revealed no differences in step 

count between groups for the month (P = 0.87), 7 days (P = 0.25), weekend days (P = 0.07), 

or weekday days (P = 0.62). However, the month (P = 0.045), and weekend days (P = 0.03) 

were significantly different after the transition between students and faculty/staff. A trend 

is seen in that there was not a significant difference in step count between groups for the 

week (P = 0.26) or weekday days (P = 0.06) post-transition. Changes in step count from 

pre- to post-transition were significantly lower in students for the month (P = 0.02), week-

end days (P = 0.04), and weekday days (P < 0.05). (Table 2) There were no significant 

differences between groups and step count for the week (P = 0.4). (Table 2)  
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Post-hoc paired sample t-tests were completed for each group. For students, the 

month (P < 0.001), the week (P < 0.001), weekend days (P = 0.004), and weekday days (P 

< 0.001) had significantly lower step counts after the transition. (Table 3) As revealed by 

Pearson correlations, there was no association between age and student change in step 

count for the month (r = -0.22, P < 0.01), the week (r = -0.12, P < 0.01), weekend days (r 

= -0.15, P < 0.01), or weekday days (r = -0.22, P < 0.01). BMI was also not associated with 

change in step count for students at any time point (month: r = -0.004, week: r = -0.02, 

weekend days: r = 0.21, weekday days: r = -0.08, P < 0.01).   

Weekday days (P = 0.006), the month (P = 0.02), and the week (P = 0.006) post-

transition were significantly lower for faculty/staff. (Table 4) Weekend days were not sig-

nificantly lower from before to after the transition for faculty/staff (P = 0.66). (Table 4) 

Pearson correlations revealed no association between age and change in step count for fac-

ulty/staff for the month, the week, weekend days, or weekday days, respectively (r = -0.05, 

r = -0.18, r = -0.18, r = -.004, P < 0.05). Yet, BMI was associated with step count changes 

in faculty/staff for the month (r = 0.39, P < 0.05), the week (r = 0.35, P < 0.05), and week-

day days (r = 0.47, P < 0.01). No association was seen between BMI and step count change 

in faculty/staff for weekend days (r = 0.05, P < 0.05).  
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Discussion  

 Results from this study suggest that PA, as measured by step count, declined after 

a university community’s spring break due to the COVID-19 shutdown. Students experi-

enced a significant reduction in step count across all time points. Average step count for 

faculty/staff significantly declined at all time points except weekend days post-transition. 

Although both groups had significant declines in step count, students experienced these 

declines in a greater magnitude. It has been previously noted that when major life changes 

occur, PA rates may decline putting individuals at a greater risk for negative psychological 

outcomes (Meyer, 2020). When normal routines are interrupted, individuals may be more 

likely to eliminate activities that seem unnecessary (Meyer, 2020, Stanton, 2020). This may 

conclude why 80% of US adults do not meet PA guidelines (Healthy People 2020).  

 When observing changes in PA in college age individuals after shifting class to 

online in a Midwest university, it was found that 13.9% (7.8 hours) additional weekly sit-

ting occurred, while moderate PA declined at an alarming rate of 33.7% (Barkley, 2020). 

Although the current study did not measure sedentary behavior directly, when PA de-

creases, sedentary time likely increases. Since the current study reported the greatest de-

crease in weekday step count for students (2445.2), increased sedentary time was a likely 

outcome. The greatest contributing factor to declines in weekday steps for students was 

most likely due to the drop in transport PA. With classes being online, students no longer 

had to walk from building to building and spent the majority of time sitting due to lock 

down restrictions. Pisot et al. found that physical inactivity doubled, and screen time in-

creased by 65% for adults during quarantine as measured by an online survey combining 

the Simple Physical Activity Questionnaire (SIMPAQ) and the European Health Interview 
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Survey (Pisot, 2020). The current study may be able to draw a similar conclusion consid-

ering the majority of work was being done online using various screens. 

 A study conducted before COVID-19 examined PA habits, including step count, in 

a population of 81 university students. Hargens et al. and the current study observed similar 

daily step counts pre-pandemic (8866.6 ± 2884.3 vs. 8307.4 ± 3128.3). Weekday and week-

end step counts for Hargens et al. (9485.8 ± 3126.4 vs. 7217.6 ± 3453.7) were also compa-

rable to the current study (8621.6 ± 3225.9 vs. 7543.6 ± 3291.6) before the shut-down 

(Hargens, 2020). This suggests that the data obtained through survey response, based on 

commercial device data, was in line with previously published data using research grade 

accelerometers.  

 While there was a greater decrease in step count for students compared to fac-

ulty/staff for the month, weekend days, and weekday days, it was surprising that there were 

no significant differences between groups for the week. It is possible this was influenced 

by the novelty of COVID-19. Many were still unsure of the severity of the virus and po-

tentially less likely to understand the importance of stopping the spread. Students may have 

come back to campus believing life would return to normal and were still gathering with 

friends. Although weekend step count was significantly lower after spring break for all 

subjects, this effect was primarily due to students decline in steps as weekend step count 

did not decline for faculty/staff. The weekends are a time for students to take a break from 

their studies and enjoy the opportunities college life has to offer, but once lock downs 

began, essentially all events were canceled, and students no longer found it safe to be 

around friends and large gatherings. Given closures of varying modes of exercise coupled 
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with social time becoming non-existent, students may have been more prone to engage in 

sedentary behaviors.  

 In faculty/staff, BMI was positively associated with step count change for the 

month, the week, and weekday days. As BMI increased, a greater reduction in step count 

was observed from before to after spring break. Perhaps those who were previously active 

became inactive due to decreased ways to engage in PA, while those were already inactive 

remained inactive. The change in weekday step average was not as drastic for faculty/staff 

(924.6) compared to students (2545.2) because their normal routines may have not been as 

drastically impacted compared to students. With commute time eliminated, faculty/staff 

may have been able to pivot modes of PA more efficiently and had addition time to be 

active (Barkley, 2020). Moreover, weekend step count was not altered at all for fac-

ulty/staff (+126.1). Schedules are more prone to be stable and can more efficiently adjust 

when routines are disrupted at a certain age. Opposingly, BMI had no effect on step count 

change for students at any time point. The BMI range for students was much narrower 

compared to faculty/staff reinforcing the differences in lifestyles between groups.  

 The impact of regular PA and reducing time spent in sedentary behavior is seen 

consistently to reduce the risk of chronic physical and mental health conditions (Lemes, 

2019, Same, 2015, Meyer, 2020, HHS, 2018). Specifically, being physically inactive may 

increase the risk of developing cardiovascular disease. It has been observed that long-term 

exercise may generate functional and structural adaptations to the vascular wall (Padilla, 

2011). Boyle et al. noted that when reducing previously active men’s step count to below 

5,000, they had decreased vascular function underlining the importance of avoiding chronic 
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sedentary behaviors (Boyle 2013). Creating healthy PA habits when young can set a prec-

edence moving forward as adults are more likely to remain active if active as a child or 

young adult (Telama, 2007). Further, increases in screen time, which have occurred due to 

spending more time at home, have been shown to decrease positive mental health outcomes 

(Meyer 2020, Husky, 2020). As the vicious cycle of increased sedentary behavior and 

screen time negatively impacts PA, breaking the patterns of low PA and step count may 

become more and more difficult as restrictions ease in the future.  

 Due to the constantly evolving information related to the novelty of COVID-19 that 

focuses primarily on larger populations, this study provides a unique look into changes that 

occurred in a primarily residential university community. With many university commu-

nity members engaging in less PA after the shutdown potentially due to changes in sched-

ules and space to be active, it is crucial to understand how sedentary behavior is contrib-

uting to both physical and mental health conditions. Providing knowledge and data may 

encourage individuals to find creative ways to achieve guidelines and sit less, while making 

the censoring of screen time a priority. 

A limitation of the present study is that the subject sample was obtained using con-

venience sampling as requests for subjects were sent via bulk-email messages to JMU stu-

dents and faculty/staff. This study is retrospective in nature and assumes participants wore 

the device for a similar number of hours each day. Further, this study was limited to only 

people who wear an activity tracker, such as a Garmin, Fitbit, or Apple Watch. Individuals 

who wear activity trackers may be prone to be more active than those who do not (Pelle-

grini, 2012). 
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Based on the health implications of not receiving adequate levels of PA, it is im-

portant to evaluate if step counts increase in this population when normality resumes. As 

restrictions are lifted and classes move to face-to-face, step count should increase if de-

clines were primarily due to the elimination of transport PA. Though hopefully there will 

not be another global pandemic, understanding why PA declines during major life changes 

is crucial for early intervention and prevention. If the pandemic promoted lifestyle changes 

that do not shift once life returns to ‘normal’, a different kind of global health pandemic 

may occur as a result of increasing sedentary behaviors. Moving forward, future research 

would benefit greatly from examining long-term impacts on PA from COVID-19.   

 In conclusion, step count significantly declined for community members of a uni-

versity. This effect was potentially created by the transitions to learning and working from 

home due to COVID-19. A secondary effect of declining step counts may be due to gym 

closures forcing individuals to find other modes of exercise that are more difficult to in-

corporate. Removing consistency can result in subjects no longer taking time for PA be-

cause as psychological stressors increase, individuals may engage in less PA. Students 

were more likely affected by the transition to remote learning due to declines in transport 

PA, potential increases in screen time, gym closures, and stress. Many faculty/staff were 

already spending greater amounts of time sitting due to work demands and may have better 

stress coping mechanisms due to increased age. 
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Table 1. Subject characteristics between students and faculty and staff 

 All Subjects 

(n=80) 

Students (n=42) Faculty/Staff (n=38) 

Age  32.2 ± 13.6 22.2 ± 6.3 43.11 ± 10.7* 

Height (cm) 169.6 ± 8.8 167.5 ± 7.0   171.8 ± 10.1  

Weight (kg) 75.9 ± 21.6 67.4 ± 16.4  85.9 ± 22.8*  

BMI  26.3 ± 6.8 24.0 ± 5.7  29.0 ± 7.0* 

*P <0.05 compared to students 

Table 2. Average step count before and after spring break in all subjects (n = 80) 

 Before                                                 After 

Seven Days 8688.7 ± 3365.3 7128.2 ± 3365.3* 

Thirty Days 8522.6 ± 3230.9 7085.8 ± 3599.6* 

Weekend Days 8166.6 ± 3830.4 7571.7 ± 4222.9§ 

Weekday Days 8678.7 ± 3199.7 6903.3 ± 3487.9* 

*P < 0.001 when compared to average step count before spring break 
§P = 0.033 when compared to average step count before spring break 

 

Table 3: Average step count before and after spring break in students  

 Before 

 

After 

Seven Days 8442.6 ± 3025.7 

 

6556.2 ± 2860.7* 

Thirty Days 8307.4 ± 3128.3 

 

6159.7 ± 2737.6* 

Weekend Days 7543.6 ± 3291.6 

 

6391.4 ± 3149.3* 

Weekday Days 8621.6 ± 3225.9 

 

6076.4 ± 2722.4* 

*P < 0.05 compared to before spring break  
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Table 4: Average step count before and after spring break in faculty/staff  

 Before 

 

After 

Seven Days 8960.8 ± 3727.2 

 

7760.5 ± 3785.6* 

Thirty Days 8760.4 ± 3366.5 

 

8109.4 ± 4160.7* 

Weekend Days 8750.0 ± 4305.2 

 

8876.1 ± 4874.1 

Weekday Days 8741.8 ± 3212.6 

 

7817.2 ± 4015.9* 

*P < 0.05 compared to before spring break  
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Figure 1: Average step count 30 days before and after the transition for students (n = 42) 

and faculty/staff (n = 38) 

*P = 0.002 indicating a significant group by time interaction  

 

 

 
Figure 2: Average step count 7 days before and after the transition for students (n = 42) 

and faculty/staff (n = 38) 
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Figure 3: Average step count for weekend days before and after the transition for stu-

dents (n = 42) and faculty/staff (n = 38) 

*P = 0.010 indicating a significant group by time interaction  

 

 
Figure 4: Average step count for weekday days before and after the transition for stu-

dents (n = 42) and faculty/staff (n = 38) 

*P = 0.003 indicating a significant group by time interaction  
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Appendix A. Informed Consent  

Project Title: Physical Activity in a University Community Before and After a COVID-

19 Pandemic 

“Web” / “Email” Consent to Participate in Research (confidential research) 

Identification of Investigators & Purpose of Study   

You are being asked to participate in a research study conducted by Brynn Hudgins BS 

and Trent Hargens PhD, from James Madison University (JMU).  The purpose of this 

study is to examine the impact that the COVID-19 shutdown of James Madison Univer-

sity after spring break 2020 impacted the physical activity habits as individuals began to 

work remotely and stay closer to home.  This study will contribute to the researcher’s 

completion of her master’s thesis, as well as increase our understanding as to how an 

increase in remote working can impact the physical activity habits of university students, 

staff and faculty.  This may have implications on long term health outcomes.  

Research Procedures 

This study consists of an online survey that will be administered to individual participants 

through Qualtrics.  The researchers are recruiting individuals who own and regularly 

wear, Fitbit devices that track physical activity.  You will be asked to access your Fitbit 

account and go into the history of your tracked days in that database, and then use that 

history to answer a series of questions on the Qualtrics survey.  In short, you will be 

asked to provide physical activity data for the 30 prior to JMU’s Spring Break 2020, as 

well as physical activity data for the 30 days after JMU’s Spring Break 2020.  Should you 

decide to participate in this confidential research you may access the anonymous survey 

by following the web link located under the “Giving of Consent” section. 

Time Required 
Participation in this study will require no more 60 minutes of your time.   

Risks  

The investigator does not perceive more than minimal risks from your involvement in this 
study (that is, no risks beyond the risks associated with everyday life). 

Benefits 
There are no direct benefits to the participant for participating in this study, other than 

the potential impact that a review of past physical activity habits may have on current 

habits.  Additionally, your participation will assist a Researcher in completing her mas-

ter’s thesis, in a time when human subject research is at a minimum.   

Confidentiality  

The results of this research will be presented at scientific conferences and published in a 

peer reviewed journal. While individual responses are anonymously obtained and rec-

orded online through Qualtrics, a secure online survey tool, data is kept in the strictest 

confidence.  Responding participant’s email addresses will be tracked using Qualtrics for 
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follow-up notices, but names and email addresses are not associated with individual sur-

vey responses.  The researchers will know if a participant has submitted a survey, but 

will not be able to identify individual responses, therefore maintaining anonymity for the 

survey.  The results of this project will be coded in such a way that the respondent’s 

identity will not be attached to the final form of this study.  Aggregate data will be pre-

sented representing averages or generalizations about the responses as a whole.  At no 

time will your name be identified with your individual data. The researcher retains the 

right to use and publish non-identifiable data. No paper data will be utilized. All electronic 

data will be kept on a password-protected computer in an encrypted folder.  Final aggre-

gate results will be made available to participants upon request. 

Participation & Withdrawal  

Your participation is entirely voluntary.  You are free to choose not to participate.  Should 

you choose to participate, you can withdraw at any time without consequences of any 

kind.  However, once  your  responses  have  been  submitted  and  anonymously  rec-

orded  you  will not  be  able  to  withdraw  from  the  study 

 

Questions about the Study 

If you have questions or concerns during the time of your participation in this study, or 

after its completion or you would like to receive a copy of the final aggregate results of 

this study, please contact: 

Brynn Hudgins, BS     Trent A. Hargens, PhD 

Kinesiology      Kinesiology 

James Madison University    James Madison University 

hudginbl@dukes.jmu.edu    hargenta@jmu.edu 

Questions about Your Rights as a Research Subject 
Dr. Taimi Castle  

Chair, Institutional Review Board 

James Madison University 

(540) 568-5929 

castletl@jmu.edu  

Giving of Consent 

I have read this consent form and I understand what is being requested of me as a par-

ticipant in this study.  I freely consent to participate.  The investigator provided me with a 

copy of this form through email.  I certify that I am at least 18 years of age.  By clicking 

on the link below, and completing and submitting this confidential online survey, I am 

consenting to participate in this research. 

 

mailto:castletl@jmu.edu
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Link to Qualtrics Survey 

 

http://jmu.co1.qualtrics.com/jfe/form/SV_eD9KU2GoLU9K5Nz 

 

______________________________________    ______________ 

Name of Researcher (Printed)                                   Date 

 

 
 
This study has been approved by the IRB, protocol # 21-2077.  

 

 

 

 

 

 

 

 

 

 

 

 

 

http://jmu.co1.qualtrics.com/jfe/form/SV_eD9KU2GoLU9K5Nz


40 
 

 

References 

Barkley JE, Lepp A, Glickman E, Farnell G, Beiting J, Wiet R, Dowdell B. The Acute 

Effects of the COVID-19 Pandemic on Physical Activity and Sedentary Behavior in Uni-

versity Students and Employees. International journal of exercise science 13: 1326–

1339, 2020. http://www.ncbi.nlm.nih.gov/pubmed/33042377. 

Barwais FA, Cuddihy TF, Tomson LM. Physical activity, sedentary behavior and total 

wellness changes among sedentary adults: A 4-week randomized controlled trial. Health 

and Quality of Life Outcomes 11: 183, 2013. doi: 10.1186/1477-7525-11-183. 

Bérard A, Bravo G, Gauthier P. Meta-analysis of the effectiveness of physical activity for 

the prevention of bone loss in postmenopausal women. Osteoporosis International 7: 

331–337, 1997. doi: 10.1007/BF01623773. 

Braun SI, Kim Y, Jetton AE, Kang M, Morgan DW. Sedentary behavior, physical activ-

ity, and bone health in postmenopausal women. Journal of Aging and Physical Activity 

25: 173–181, 2017. doi: 10.1123/japa.2016-0046. 

Bunn JA, Jones C, Oliviera A, Webster MJ. Assessment of step accuracy using the Con-

sumer Technology Association standard. Journal of Sports Sciences 37: 244–248, 2019. 

doi: 10.1080/02640414.2018.1491941. 

Cadmus-Bertram LA, Marcus BH, Patterson RE, Parker BA, Morey BL. Randomized 

Trial of a Fitbit-Based Physical Activity Intervention for Women. American Journal of 

Preventive Medicine 49: 414–418, 2015. doi: 10.1016/j.amepre.2015.01.020. 

Carroll N, Sadowski A, Laila A, Hruska V, Nixon M, Ma DWL, Haines J. The impact of 

covid-19 on health behavior, stress, financial and food security among middle to high in-

come canadian families with young children. Nutrients 12: 1–14, 2020. doi: 

10.3390/nu12082352. 

Chomistek AK, Manson JE, Stefanick ML, Lu B, Sands-Lincoln M, Going SB, Garcia L, 

Allison MA, Sims ST, Lamonte MJ, Johnson KC, Eaton CB. Relationship of sedentary 

behavior and physical activity to incident cardiovascular disease: Results from the 

women’s health initiative. Journal of the American College of Cardiology 61: 2346–

2354, 2013. doi: 10.1016/j.jacc.2013.03.031. 

Coorevits L, Coenen T. The Rise and Fall of Wearable Fitness Trackers. Academy of 

Management, 2016.  http://hdl.handle.net/1854/LU-8055995.  

Engberg E, Alen M, Kukkonen-Harjula K, Peltonen JE, Tikkanen HO, Pekkarinen H. 

Life events and change in leisure time physical activity: A systematic review. Sports 

Medicine 42 Springer: 433–447, 2012. 

Evidation Health COVID-19 Pulse: Delivering regular insights on the pandemic from a 

150,000+ person connected cohort - Evidation [Online]. https://evida-

tion.com/news/covid-19-pulse-first-data-evidation, 2020. 

http://hdl.handle.net/1854/LU-8055995
https://evidation.com/news/covid-19-pulse-first-data-evidation
https://evidation.com/news/covid-19-pulse-first-data-evidation


41 
 

 

Dempsey PC, Owen N, Biddle SJH, Dunstan DW. Managing Sedentary Behavior to Re-

duce the Risk of Diabetes and Cardiovascular Disease. Curr Diab Rep 14: 1-11, 2014. 

doi: 10.1007/s11892-014-0522-0.  

DiFrancisco-Donoghue J, Jung MK, Stangle A, Werner WG, Zwibel H, Happel P, Balen-

tine J. Utilizing wearable technology to increase physical activity in future physicians: A 

randomized trial. Preventive Medicine Reports 12: 122–127, 2018. doi: 

10.1016/j.pmedr.2018.09.004. 

Dunton GF, Wang SD, Do B, Courtney J. Early effects of the COVID-19 pandemic on 

physical activity locations and behaviors in adults living in the United States. Preventive 

Medicine Reports 20: 101241, 2020. doi: 10.1016/j.pmedr.2020.101241. 

El-Amrawy F, Nounou MI. Are Currently Available Wearable Devices for Activity 

Tracking and Heart Rate Monitoring Accurate, Precise, and Medically Beneficial? 

Healthcare Informatics Research 21: 315-320, 2015. doi: 10.4258/hir.2015.21.4.315 

Ford ES, Kohl HW, Mokdad AH, Ajani UA. Sedentary Behavior, Physical Activity, and 

the Metabolic Syndrome among U.S. Adults. Obesity Research 13: 608–614, 2005. doi: 

10.1038/oby.2005.65. 

Galloway MT, Jokl P. Aging Successfully: The Importance of Physical Activity in Main-

taining Health and Function. Journal of the American Academy of Orthopaedic Surgeons 

8: 37 – 44, 2000.    

Hargens TA, Deyarmin KN, Snyder KM, Mihalik AG, Sharpe LE. Comparison of wrist-

worn and hip-worn activity monitors under free living conditions. Journal of Medical En-

gineering & Technology 41: 200–207, 2017. doi: 10.1080/03091902.2016.1271046. 

 

Hargens TA, Scott MC, Olijar V, Bigman M, Edwards ES. Markers of poor sleep quality 

increase sedentary behavior in college students as derived from accelerometry. Sleep 

Breath 2020. https://doi.org/10.1007/s11325-020-02190-2. 

 

HHS. 2018 Physical Activity Guidelines Advisory Committee Scientific Report. 2018. 

 

HHS. Executive Summary: Physical Activity Guidelines for Americans, 2nd edition 

[Online] 2018. https://www.health.gov/PAGuidelines/.   

 

Hu FB, Leitzmann MF, Stampfer MJ, Colditz GA, Willett WC, Rimm EB. Physical ac-

tivity and television watching in relation to risk for type 2 diabetes mellitus in men. Ar-

chives of Internal Medicine 161: 1542–1548, 2001. doi: 10.1001/archinte.161.12.1542. 

Hu FB, Li TY, Colditz GA, Willett WC, Manson JAE. Television Watching and Other 

Sedentary Behaviors in Relation to Risk of Obesity and Type 2 Diabetes Mellitus in 

Women. Journal of the American Medical Association 289: 1785–1791, 2003. doi: 

10.1001/jama.289.14.1785. 

https://dx.doi.org/10.4258%2Fhir.2015.21.4.315
https://doi.org/10.1007/s11325-020-02190-2


42 
 

 

Husky MM, Kovess-Masfety V, Swendsen JD. Stress and anxiety among university stu-

dents in France during Covid-19 mandatory confinement. Comprehensive Psychiatry 

102: 152191, 2020. doi: 10.1016/j.comppsych.2020.152191. 

Kelder SH, Perry CL, Klepp KI, Lytle LL. Longitudinal tracking of adolescent smoking, 

physical activity, and food choice behaviors. American Journal of Public Health 84: 

1121–1126, 1994. doi: 10.2105/AJPH.84.7.1121. 

Király O, Potenza MN, Stein DJ, King DL, Hodgins DC, Saunders JB, Griffiths MD, 

Gjoneska B, Billieux J, Brand M, Abbott MW, Chamberlain SR, Corazza O, Burkauskas 

J, Sales CMD, Montag C, Lochner C, Grünblatt E, Wegmann E, Martinotti G, Lee HK, 

Rumpf HJ, Castro-Calvo J, Rahimi-Movaghar A, Higuchi S, Menchon JM, Zohar J, Pel-

legrini L, Walitza S, Fineberg NA, Demetrovics Z. Preventing problematic internet use 

during the COVID-19 pandemic: Consensus guidance. Comprehensive Psychiatry 100: 

152180, 2020. doi: 10.1016/j.comppsych.2020.152180. 

Kooiman TJM, Dontje ML, Sprenger SR, Krijnen WP, van der Schans CP, de Groot M. 

Reliability and validity of ten consumer activity trackers. BMC Sports Science, Medicine 

and Rehabilitation 7: 1–11, 2015. doi: 10.1186/s13102-015-0018-5. 

Lemes IR, Sui X, Fernandes RA, Blair SN, Turi-Lynch BC, Codogno JS, Monteiro HL. 

Association of sedentary behavior and metabolic syndrome. Public Health 167: 96–102, 

2019. doi: 10.1016/j.puhe.2018.11.007. 

Lesser IA, Nienhuis CP. The Impact of COVID-19 on Physical Activity Behavior and 

Well-Being of Canadians. International Journal of Environmental Research and Public 

Health 17: 3899, 2020. doi: 10.3390/ijerph17113899. 

Marquet O, Alberico C, Hipp AJ. Pokémon GO and physical activity among college stu-

dents. A study using Ecological Momentary Assessment. Computers in Human Behavior 

81: 215–222, 2018. doi: 10.1016/j.chb.2017.12.028. 

Martinez EZ, Silva FM, Morigi TZ, Zucoloto ML, Silva TL, Joaquim AG, Dall’Agnol G, 

Galdino G, Martinez MOZ, Silva WR. Physical activity in periods of social distancing 

due to COVID-19: a cross-sectional survey. Ciência & Saúde Coletiva 25: 4157–4168, 

2020. doi: 10.1590/1413-812320202510.2.27242020. 

Matthews CE, George SM, Moore SC, Bowles HR, Blair A, Park Y, Troiano RP, Hollen-

beck A, Schatzkin A. Amount of time spent in sedentary behaviors and cause-specific 

mortality in US adults. The American Journal of Clinical Nutrition 95: 437–445, 2012. 

doi: 10.3945/ajcn.111.019620. 

Meyer J, McDowell C, Lansing J, Brower C, Smith L, Tully M, Herring M. Changes in 

Physical Activity and Sedentary Behavior in Response to COVID-19 and Their Associ-

ations with Mental Health in 3052 US Adults. International Journal of Environmental 

Research and Public Health 17:64-69, 2020. doi.org/10.33774/coe-2020-h0b8g. 

https://doi.org/10.33774/coe-2020-h0b8g


43 
 

 

Modave F, Guo Y, Bian J, Gurka MJ, Parish A, Smith MD, Lee AM, Buford TW. Mobile 

device accuracy for step counting across age groups. JMIR mHealth and uHealth 5: 

e7870, 2017. doi: 10.2196/mhealth.7870. 

Montes J, Tandy R, Young J, Lee SP, Navalta JW. Step count reliability and validity of 

five wearable technology devices while walking and jogging in both a free motion setting 

and on a treadmill. International Journal of Exercise Science 13: 410–426, 2020. 

http://www.intjexersci.com.  

Pellegrini CA, Verba SD, Otto AD, Helsel DL, Davis KK, Jakicic JM. The Comparison 

of a Technology-Based System and an In-Person Behavioral Weight Loss Intervention. 

Obesity 20: 356–363, 2012. doi: 10.1038/oby.2011.13. 

Physical Activity | Healthy People 2020 [Online]. https://www.healthypeo-

ple.gov/2020/topics-objectives/topic/physical-activity. 

Physical activity. Who Health Organization. https://www.who.int/news-room/fact-

sheets/detail/physical-activity.  

Pišot S, Milovanović I, Šimunič B, Gentile A, Bosnar K, Prot F, Bianco A, lo Coco G, 

Bartoluci S, Katović D, Bakalár P, Kovalik Slančová T, Tlučáková L, Casals C, Feka K, 

Christogianni A, Drid P. Maintaining everyday life praxis in the time of COVID-19 pan-

demic measures (ELP-COVID-19 survey). European Journal of Public Health 30 Oxford 

University Press: 1181–1186, 2020. 

Same RV, Feldman DI, Shah N, Martin SS, al Rifai M, Blaha MJ, Graham G, Ahmed 

HM. Relationship Between Sedentary Behavior and Cardiovascular Risk. Curr Cardiol 

Rep 18, 2016. doi: 10.1007/s11886-015-0678-5. 

Shields M, Tremblay MS. Sedentary behavior and obesity. Healthy Rep 19: 19-30, 

2008b. 

PMID:18642516. 

 

Sigmundová D, Vašíčková J, Stelzer J, Řepka E. The Influence of Monitoring Interval on 

Data Measurement: An Analysis of Step Counts of University Students. International 

Journal of Environmental Research and Public Health 10: 515–527, 2013. doi: 

10.3390/ijerph10020515. 

 

Simunek A, Dygryn J, Gaba A, Jakubec L, Stelzer J, Chmelik F. Validity of Garmin Vi-

vofit and Polar Loop for measuring daily step counts in free-living conditions in adults. 

Acta Gymnica 46: 129–135, 2016. doi: 10.5507/ag.2016.014. 

 

Siris ES, Miller PD, Barrett-Connor E, Faulkner KG, Wehren LE, Abbott TA, Berger 

ML, Santora AC, Sherwood LM. Identification and Fracture Outcomes of Undiagnosed 

Low Bone Mineral Density in Postmenopausal Women Results from the National Osteo-

porosis Risk Assessment. https://jamanetwork.com/. 

Stanton R, To QG, Khalesi S, Williams SL, Alley SJ, Thwaite TL, Fenning AS, Vandela-

notte C. Depression, Anxiety and Stress during COVID-19: Associations with Changes in 

http://www.intjexersci.com/
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://jamanetwork.com/


44 
 

 

Physical Activity, Sleep, Tobacco and Alcohol Use in Australian Adults. International 

Journal of Environmental Research and Public Health 17: 4065, 2020. doi: 

10.3390/ijerph17114065. 

Sultana A, Tasnim S, Hossain MM, Bhattacharya S, Purohit N. Digital screen time during 

the COVID-19 pandemic: a public health concern. F1000Research 10: 81, 2021. doi: 

10.12688/f1000research.50880.1. 

Takacs J, Pollock CL, Guenther JR, Bahar M, Napier C, Hunt MA. Validation of the Fit-

bit One activity monitor device during treadmill walking. Journal of Science and Medi-

cine in Sport 17: 496–500, 2014. doi: 10.1016/j.jsams.2013.10.241. 

Telama R, Leskinen E, Hirvensalo M. Tracking of Physical Activity from Early Child-

hood through Youth into Adulthood. Evergreen project 2007.  

Tremblay MS, Colley RC, Saunders TJ, Healy G, Owen N. Physiological and health im-

plications of a sedentary lifestyle. Applied Physiology, Nutrition & Metabolism 35: 725-

740, 2010.  https://web.a.ebsco-

host.com/ehost/pdfviewer/pdfviewer?vid=1&sid=0a0a1b1a-888a-423a-8067-

0bdaa860899a%40sessionmgr4006.  

 

Veerabhadrappa P, Moran MD, Renninger MD, Rhudy MB, Dreisbach SB, Gift KM. 

Tracking Steps on Apple Watch at Different Walking Speeds. Journal of General Inter-

nal Medicine 33: 795–796, 2018. doi: 10.1007/s11606-018-4332-y. 

 

Wallen MP, Gomersall SR, Keating SE, Wisløff U, Coombes JS. Accuracy of heart rate 

watches: Implications for weight management. PLoS ONE 11, 2016. doi: 10.1371/jour-

nal.pone.0154420. 
 

Zhang P, Godin SD, Owens M. Measuring the validity and reliability of the Apple Watch 

as a physical activity monitor. The Journal of Sports Medicine and Physical Fitness 59: 

784–790, 2019. doi: 10.23736/S0022-4707.18.08339-1. 
 

https://web.a.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=1&sid=0a0a1b1a-888a-423a-8067-0bdaa860899a%40sessionmgr4006
https://web.a.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=1&sid=0a0a1b1a-888a-423a-8067-0bdaa860899a%40sessionmgr4006
https://web.a.ebscohost.com/ehost/pdfviewer/pdfviewer?vid=1&sid=0a0a1b1a-888a-423a-8067-0bdaa860899a%40sessionmgr4006

	Physical activity in a university community before and after a COVID-19 shutdown
	Recommended Citation

	tmp.1619445774.pdf._vHAH

