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RBSIMAEL The production of mood-regulating chemicals (e.g. serotonin) may be impacted through prolonged or acute stress
events. If a serotonin-deficit exists, depression-related illnesses may result, with such ilinesses projected to become the second
highest lifetime burden of disease. Critically, physical activity has been found to assist in increasing serotonin levels, positively
impacting adult neurogenesis and mood. The purpose of this study was to track daily steps (physical activity) employing a step-
counting technology across a small Canadian university. Guided by the research questions: Can tracking daily steps encourage
elevated levels of physical activity? and What differences, if any, exist between physical activity levels amongst students and
faculty/staff?, such an understanding may add to the current body of knowledge concerning physical activity levels in educational
institutions. Over a 9-week period, students (n = 32) took significantly more steps than faculty/staff (n = 16), and significantly
more in Week 9 than in Week 2.

KEV Words physical activity, post-secondary faculty/staff, post-secondary students, physical activity technology, daily steps

Introduction

Neuroendocrine functions in the human brain are impacted by stressful events which, in turn, influence moods
(Lupien, McEwan, Gunnar, Heim, 2009). The production of mood-regulating chemicals such as serotonin may be
negatively impacted through prolonged or acute stress events. Hence, if a deficit of serotonin exists, depression-
related illnesses may result, with such illnesses projected to become the second highest lifetime burden of disease,
exceeded only by heart disease (Greenwood, Fleshner, 2011; World Health Organization [WHO], 2017). Critically,
physical activity has been found to help increase serotonin levels (Valim et al., 2013), having a positive effect
on adult neurogenesis and positively impacting mood (Ernst, Olson, Pinel, Lam, Christie, 2006). Likewise, higher
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physical activity levels are associated with a reduction in chronic conditions such as Type 2 diabetes, obesity,
cardiovascular disease, and premature death (Go et al., 2014; Warburton, Nicol, Bredin, 2006).

To combat such chronic conditions and other health-related issues, post-secondary campuses are aiming to
include wellness programs to improve and/or maintain student and faculty/staff wellness. For example, Concordia
University of Edmonton in Alberta, Canada, has developed a range of initiatives through the School of Physical
Education & Wellness (e.g. drop-in intramurals, fitness classes) and other campus wellness teams (e.g. Mental
Health Action Team) to support students and faculty/staff wellness. Other such initiatives organized across Canadian
post-secondary campuses include: peer support centres; international student services; health clinics; etc.

With such initiatives occurring across post-secondary campuses, it seems fitting to study an essential
component of wellness (e.g. physical activity levels). Hence, this quantitative study examined physical activity levels
(i.e. daily steps) employing step-counting technology (e.g. pedometers, Fitbits) worn by students and faculty/staff.
Step-counting technology has been found to be effective in ascertaining accumulative physical activity levels and
can be a valid predictor of daily activity (Craig, Tudor-Locke, Cragg, Cameron, 2010; Husted, Llewellyn, 2017), and
due to the wide commercial availability, wearable step-counting technology has increased in popularity throughout
the years (Market Realist, 2017; Rote, 2017; Science Daily, 2017). Hence, guided by the general research questions:
Can tracking daily steps encourage elevated levels of physical activity? and What differences, if any, exist between
physical activity levels amongst students and faculty/staff?, such an understanding may add to the current body
of knowledge concerning physical activity levels on post-secondary campuses. Additionally, participants may
become more aware of their physical activity levels, along with a better understanding of how physical activity
impacts their daily lives (e.g. lowering stress).

Review of related literature

Physical activity has been linked to several health benefits, such as in physical, mental and emotional health
(Go et al., 2014; Hales, Lauzon, 2015). According to A.L. Morgan, D.A. Tobar, and L. Snyder (2010), physical
activity has been found to prevent, reduce and manage many chronic health conditions. Surfacing in the mid-1980s,
physical activity recommendations aimed at promoting public health outcomes have continued to evolve, while
new evidence and scientific methods for measuring physical activity have emerged (Physical Activity Guidelines
Advisory Committee, 2008). For example, ParticipACTION (2019) specifies an amount of time (i.e. 150 minutes per
week) that individuals from 18-64 years old should undertake in moderate to vigorous physical activity in order to
experience potential health benefits.

In terms of physical activity, this study focused on daily walking steps as the operationalized variable. Hence,
in order to track daily steps, pedometers and other wearable technology items (e.g. Fitbits) are well suited for the
task (Freak-Poli, Wolfe, Backholer, de Courten, Peeters, 2011; Kovelis et al., 2012). Pedometers, for instance,
have grown in popularity over the years (Market Realist, 2017; Kovelis et al., 2012; Tudor-Locke, Bassett, 2004) as
inexpensive tools that can easily and accurately advise about and enumerate the number of daily steps, and have
greatly advanced the objective measurement of physical activity patterns for individuals (Baskerville, Ricci-Cabello,
Roberts, Farmer, 2017; Bassett et al., 1996; Husted, Llewellyn, 2017; Schneider, Crouter, Bassett, 2004).

Although 10,000 steps per day has been suggested as an effective target for physical activity for the general
population (Choi, Pak, Choi, Choi, 2007; Morgan, Tobar, Snyder, 2010; Tudor-Locke, Bassett, 2004), B.C. Choi et al.
(2007) contended that 10,000 steps daily is not usually achievable in normal daily routines. Moreover, that particular
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number of steps was originally arrived at with no empirical evidence, and has received much attention in recent
years; reaching 10,000 steps may not equate to a sufficient amount of physical activity (Science Alert, 2016; White
etal,, 2013). According to Science Alert (2016), there is certainly nothing wrong with walking 10,000 steps daily as it
is much better than the 3,000 to 4,000 average, but they also emphasize that we should not treat 10,000 steps per
day as a scientifically proven goal.

Walking is the simplest form of exercise. Employing a pedometer is a good way to get yourself to do it (Harvard
Health Publications, 2017).

According to R.P. Pangrazi and A. Beighle (2013), counting steps is an effective way to measure physical
activity levels, and although pedometers cannot measure swimming or cycling, they still represent one of the best
ways to measure common physical activity, as most daily physical activity accumulated by individuals (about 90%)
is over land (Pangrazi, Beighle, 2010). When individuals are asked to recall and self-report their previous day’s
physical activity level, most find it difficult to quantify the true answer; recall may have been done on an atypical day,
thus resulting in an under or overestimation (Sallis, 1991; as cited in Pangrazi, Beighle, 2010).

Step-counting Studies

The use of pedometers or other step-counting technology has been found to be associated with significant
increases in physical activity, weight loss, improvements in blood pressure (Stanford Medicine, 2007), reductions
in body mass index (BMI), and increased cardiovascular fitness (Bravato et al., 2007; Chan, Ryan, Tudor-Locke,
2004; Freak-Poli et al., 2011). Moreover, step-counting technology devices (e.g. pedometers) have become key
research tools by measuring “steps”, and providing immediate feedback, as motivational tools within intervention
programs, to enhance physical activity levels and to elevate quality of life, across an array of clinical conditions
such as: hypertension (Lee, Watson, Mulvaney, Tsai, Lo, 2010), diabetes (Diedrich, Munroe, Romano, 2010; Furber
et al., 2008), inactivity in overweight and obese older people (Sugden et al., 2008; Pal, Cheng, Egger, Binns,
Donovan, 2009), cardiovascular risk (Tully, Cupples, Chan, McGlade, Young, 2005), obesity (Tessier et al., 2010),
and in healthy adults (Marshall et al., 2009; Tudor-Locke, Lutes, 2009), to name a few. As well, other studies have
described a range of pedometer walking research protocols for adults with lower back pain (Krein et al., 2010;
McDonough et al., 2010) to assess the effects on pain-related disability and functional interference.

As a motivational tool, several findings have indicated that step-counting technology can assist in motivation
for physical activity. In 2007, Stanford researchers analyzed 26 studies and summarized the results in The Journal
of the American Medical Association: pedometer users walk more than 2,000 additional steps per day than do those
without, and their overall physical activity levels were higher by 27% (Harvard Health Publications, 2017).

Moreover, an array of pedometer-based interventions promoted achievement and sustainability in 10,000
steps per day (Araiza, Hewes, Gashetewa, Vella, Burge, 2006; Schneider, Bassett, Thompson, Pronk, Bielak, 2006;
Swartz et al.,, 2003), while others have advocated for alternative activity goals which typically involve incremental
increases over baseline throughout the intervention (Croteau, 2004; Moreau, Degarmo, Langlet, 2001; Tudor-
Lockke et al., 2004). In a systematic review of 18 observational pedometer studies and 8 randomized controlled
trials, D.M. Bravata et al. (2007) concluded that participants exhibited significant decreases in systolic blood
pressure. Generally, other health outcomes have also shown positive improvements among pedometer users such
as waist circumference, serum glucose concentrations and lipid profiles (Swartz et al., 2003; Moreau, Degarmo,
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Langlet, 2001; Chan, Spangler, Valcour, Tudor-Locke, 2003). According to the Physical Activity Guidelines Advisory
Committee (2008), pedometer-associated health benefits have been established in a variety of adult populations,
such as in overweight adults and at-risk individuals for diabetes.

Likewise, physical and psychological benefits were found following a 15-week walking program in which
participants added 2,200 steps per day, up to approximately 8,000 (Morgan, Tobar, Snyder, 2010), supporting the
idea that counting steps can be motivational, leading to increased physical activity levels, while also being a cost-
effective intervention (Kang, Marshall, Barreira, Lee, 2009).

Step-counting studies in educational settings

Throughout the years, step-counting studies have been undertaken at all educational levels. Z. Butcher,
S. Fairclough, G. Stratton, and D. Richardson (2007) examined pedometer use and its effects on physical activity
levels in primary schools (n = 177, mean age = 9). It was found that immediate pedometer feedback was associated
with significant physical activity increases when fused with additional strategies; pedometer feedback alone did not
elicit significant increases in steps per day.

Likewise, at the secondary school level, L. Schofield, W.K. Mummery and G. Schofield (2005) investigated
physical activity levels through pedometer employment as an intervention. Over a 12-week period, Schofield and
colleagues compared pedometer use in combination with daily step count targets and the use of time-based goals
for physical activity involvement (n = 85 females; mean age = 15). Pedometer use and daily step count targets were
found to significantly improve physical activity levels over 6 weeks, and when compared with traditional time-based
physical activity prescriptions, pedometer use helped enhance physical activity involvement over a 6-week period.

Similarly, at the post-secondary level, E.M. Jackson and A. Howton (2008) assessed the effectiveness
of a pedometer intervention to improve physical activity levels on a college campus (n = 290 college students)
through a 12-week period. During Week 1, which was used as a baseline, instructors briefly discussed recommended
daily steps, goal setting, and strategies to elevate physical activity levels. A significant increase in steps was found
throughout the intervention. Likewise, A.E. Rote (2017), who studied a sample of post-secondary students, found
an increase in steps per day by employing step-counting technology. However, Rote’s findings were lower than in
other such studies (e.g. Jackson, Howton, 2008).

On the contrary, not every study has been quite so positive regarding step-counting technology. According
to Harvard Health Publications (2017), a British review of interventions to promote walking published the same
year as the Stanford review, noted that the effect of the pedometer on walking may decrease as time goes on — an
issue found with many exercise programs. Likewise, in 2008, Norwegian investigators found no difference in results
for pedometer users and participants who were instead counseled to increase the number of steps per day. Their
argument was that it may not be the step-counting (i.e. pedometer use) that motivates people to “move” so much
as regular counseling and setting and following goals. This is found to be consistent with the Stanford researchers’
discoveries; the three pedometer studies that did not include set goals showed no significant physical activity
improvement (Harvard Health Publications, 2017).

Although it is not widely known whether or not step-counters are motivators, Harvard Health Publications
(2017) contended that the possibility lies in the idea that step-counting technology quantifies the physical activity
efforts (i.e. number of steps) and most people respond to numbers, especially when related to exercise. For example,
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runners count miles, swimmers count laps, and perhaps, walkers count steps, which may serve as a motivational
tool.

Although some experts invoke the self-efficacy theory as an explanation to step-counting technology as
a motivator — developing a level of confidence that a task can be performed — what is being asked while “counting
steps” (e.g. pedometer use) is to take more steps. Taking the commonly suggested 10,000 steps a day may seem
like an unachievable goal for some, but it is within reach given that most people consistently step between 6,000
and 7,000 times daily (Harvard Health Publications, 2017). In other words, an additional 3,000 to 4,000 steps can
add up to approximately 30 minutes (Harvard Health Publications, 2017). Hence, it is suggested that people can find
the time to take these extra recommended daily steps, even during busy days. And, to support this notion further,
walking, for instance, can take place in bouts of 10 minutes, which has been found to lead to an array of health
benefits (Evans, 2011; Harvard Health Publications, 2017).

Procedures

After obtaining approval from the University Research Ethics Board, a convenience sample was employed at
Concordia University of Edmonton. All students and faculty/staff were invited to participate via posters displayed
throughout campus. 52 participants agreed to volunteer, and 48 participants completed the study (four chose to
withdraw during the 9-week period).

Participants were provided with a pedometer or were permitted to use their own step-counting tool (e.g.
pedometer, Fitbit, iPhone) to track their daily steps. Daily steps were self-reported by each participant at the end
of each week on Sunday evening by emailing the totals to the principal investigator (PI) (i.e. Monday to Sunday
totals) for nine consecutive weeks during the mid- to late-part of the Winter Semester (i.e. February-April). Along
with the daily step recording, participants were asked to email their weight measurement recorded each Sunday
evening throughout the 9-week period (i.e. one weight measurement per week — Sunday evenings).

Although the participants emailed their weekly totals for nine consecutive weeks, there was no return
communication by the research team. There were no motivational messages, offerings of encouragement, notes
of what the research stated regarding physical activity, etc. by the research team. Non-verbal intervention was
intended to test if using a self-monitoring tool (i.e. step-counting technology) motivates people to modify their
number of daily steps. Moreover, the only time participants were contacted by the Pl was throughout the study’s first
week when it was discovered that a few participants were changing their research tool (e.g. pedometer to Fitbit).
Via email, the Pl asked the participants to ensure they employ the same research tool for the duration of the study.

Data analysis

Prior to data analysis, missing data points were handled in the following ways as agreed upon by the
research team: when there was no data for a particular day, the average for the specific week was calculated and
inputted; when a weight measurement was missing, the overall average of the participant’s weight was calculated
and inputted; when anomalies occurred (i.e. data that could not be used due to non-numerical data [e.g. 166+]),
the average for the participant’s particular week was calculated and inputted. With an already small sample, the
inputting of averages in these few areas permitted a participant who missed submitting a data point, or unknowingly
inputted unusable data, to remain a participant whose data could be included in the analysis process.
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Initial trends

Initially, descriptive statistics illustrated some trends worthy of discussion. According to Figure 1, all participants
as a group of 48 showed an increase in average daily steps from Week 1 (7,169) to Week 9 (8,358). As illustrated in
Figure 2, the group of students increased their daily steps while the faculty/staff remained relatively static. Figure 2
also depicts that the student group consistently took more steps than faculty/staff through the duration of the study
(e.g. in Week 9, the student group averaged 9,666, while faculty/staff participants averaged 5,828). According to
Figure 3, there was not much difference of daily steps taken between the days of the week by the whole group
of participants. The lowest mean was 7,097 on Sundays, while the highest mean was 8,039 on Saturdays. All other
days had a mean in the range 7,360-7,794. When divided into the two groups of Students and Faculty/Staff, the
same trends occurred (see Figure 4); the student group means were, again, consistently higher than faculty/staff.
For example, on Fridays, student means equaled 8,774, while faculty/staff averaged 5,865.
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Figure 2. Average Step Counts: Students (n = 32) & Faculty/Staff (n = 16)
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Figure 4. Average Step Counts: Students & Faculty/Staff (7-Day Week)

Inferential statistics

Independent sample t-tests were employed to search for differences between student and faculty/staff groups,
and dependent sample t-tests were used to look at differences within the groups. Overall, there was a significant
increase in the number of steps taken over the course of the study. A comparison of Week 2 and Week 9 indicated
significantly more steps were taken in Week 9 than Week 2, (1(42) = -2.3, p = 0.011). When examined by participant
type (i.e. student versus faculty/staff), students took significantly more steps than faculty/staff (t(41) = 3.23, p =
0.001), and students’ step counts increased over the course of the study (i.e. students took significantly more steps
in Week 9, than in Week 2), ((28) = -2.5, p = 0.009). However, there was no significant difference in number of steps
taken by faculty/staff over the course of the study.
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There was a significant overall negative correlation between average steps and overall weight (r = -0.43,
p = 0.004). For faculty/staff, there were significant negative correlations between steps and weight in Week 2
(r=-0.617, p = 0.019) and Week 8 (r = -0.547, p = 0.043). While levels of significance are mentioned here, it
is important to note that results reporting statistically significant do not necessarily imply practical significance.
The significance is likely due to the small sample size as several weeks showed similar correlation coefficients, but
were not large enough to be considered significant.

Limitations

This research study did not go without limitations. Although step-counting technologies (e.g. pedometers,
Fitbits, iPhones) measure the value of physical activity in steps and time, they do not measure the intensity of physical
activity (e.g. walking vs. running) nor differentiate the many physical activities (e.g. on land [biking, weight lifting], off
land [swimming]) (Lystrup, West, Olsen, Ward, Stephens, 2016; Pangrazi, Beighle, 2010). A second limitation was
that the research tools were handled by each participant, and it was their choice to use either a pedometer, Fitbit or
iPhone throughout the study. One such research tool may have recorded daily steps more accurately than others.

Third, although some results reported statistically significant, this does not necessarily imply practical
significance. The low sample size may be associated with the low ability to detect significant differences. Also, the
low sample size may make it challenging to generalize the findings beyond the participants.

Discussion

Throughout the 9-week study, the research team made a variety of discoveries. While investigating what
differences, if any, existed between physical activity levels amongst students and faculty/staff, other interesting findings
included the fact that students took a significantly higher number of steps on a daily basis than did faculty/staff.

This section will discuss each significant finding and elaborate on some noteworthy non-significant results.

1. Students took significantly more steps than faculty/staff (x student = 8,442 x faculty/staff = 5,890).
This finding helps raise the question of differences between student and faculty/staff activities while on campus.
Most commonly, students need to travel from class to class, which may be in different buildings and/or on different
floors, whereas faculty/staff may not be required to travel as much during the day. For example, a professor may
teach a variety of classes in the same room or within the same vicinity. This finding could help faculty/staff to
recognize more deeply that their daily travel needs are minimal; perhaps faculty/staff could build within their daily
schedule a walk around an athletics field, or up and down some stairs prior to and/or after class.

2. Students took significantly more steps in Week 9 than Week 2 (x week2 = 7,849, x week9 = 9,666).
Interestingly, students took a significantly higher number of steps per day in Week 9 than Week 2. According to
Figure 2, students seemed to demonstrate more willingness to engage in physical activity (i.e. steps) as the study
progressed. This could be the result of several reasons such as, the step-counting technology helped motivate
them to take more steps (e.g. motivated by technology’s immediate feedback), the daily schedule required more
steps as the semester progressed, the weather could have played a factor as the months from February to late-
April can bring on some very cold to much warmer weather in northern Alberta, Canada. For example, as the
weather warmed up, perhaps the students decided to become more physically active. Further, it seemed as if the
participants were keenly motivated in the beginning, then slowed down, as reflected in the lower step counts in
the middle, and were possibly more motivated towards the end of the study. This may be a qualitative question in
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the making: What were participants experiencing through the study’s different time periods? Overall, the students
appeared to have higher motivation to increase their step productivity. Faculty/staff data reflected a steady output;
it could be that their routines were fixed. Whereas, the students have a more or less flexible schedule and, with the
added step-count study, could consciously make an effort to increase their output. That said, an interesting question
raised by a student was: How many participants were students from a particular program (e.g. Education)? In this
individual’s words: | know my steps increased throughout the study due to my professional practicum experience.

3. There was a significant overall negative correlation found between average steps and overall
weight (r = -0.43). Although there might be a connection between steps and weight (i.e. as weight goes up,
number of steps tend to stay the same or decrease), the direction of the relationship remains unclear. Moreover,
another statistically significant finding included significant negative correlations in Week 2 (r=-0.617) and in Week
8 (r=-0.547) between steps and weight for faculty/staff, but not for the other weeks, which is likely due to the small
sample size as several weeks showed similar correlation coefficients but were not large enough to be considered
significant. While it is important to not rule out other factors when interpreting these findings, the information may
help lead to further research questions in terms of physical activity and weight.

4. There was no significant difference found in steps taken by faculty/staff between Weeks 2 and 9.
Unsurprisingly, no significant difference was found here if it is thought that faculty/staff responsibilities during the
day remain quite close to a classroom, office, etc. With this, it is noteworthy that faculty/staff took the most steps
on Saturdays (n = 6,174), while Sundays could be noted as a true ‘day of rest’ as the number of steps decreased to
5,524, This information again helps raise the question of whether faculty/staff could use some additional physical
activity during the day such as a walk around the athletics field prior to and/or after class. However, this non-
significant finding helps explain that throughout the 9-week study, faculty/staff maintained a level of consistency
in daily steps; as the study progressed, there was no sign of the effect of faculty/staff becoming motivated by the
immediate daily step-counting technology feedback.

5. There was no significant correlation found for students between steps and weight. Although weight
measurements were not a focal point of the study, the research team thought the weekly recordings may add
another level of understanding. Although it was found that the students recorded significant increases in daily steps
throughout the study, exercise intensity was not recorded. Although more steps were taken in Week 9 than Week
2, this does not reveal the level of exercise intensity. Hence, although more steps were taken by students as the
9-week study progressed, their level of exercise intensity could have remained low, without any weight change.

Implications for future research

These findings can add to literature results by furthering understanding about physical activity levels on an
academic campus. Although the findings cannot be generalized beyond the participants, what has become most
helpful is the plethora of questions that arose for future research, such as:

— did the time of the academic year (i.e. Winter Semester) impact the data?

- can tracking daily steps (i.e. step-counting technology) provide extrinsic motivation for increased physical

activity levels?

Future research should explore such queries, and whether or not other post-secondary institutions discover
similar findings. Also, further research could focus upon exploring potential barriers impacting physical activity
levels on all sizes of post-secondary campuses.
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Conclusion and recommendations

Physical activity is an essential wellness component, and with post-secondary campuses focusing more and
more on campus wellness, it is clear that physical activity levels must remain a considered variable. This study took
aim at discovering if any physical activity level differences (i.e. steps per day) exist between students and faculty/
staff on a small Canadian post-secondary campus.

Stemming from the findings, the differences between student and faculty/staff daily responsibilities may
impact their physical activity levels. That said, it is worth noting that faculty/staff should strive to include more steps
per day (i.e. increasing their physical activity levels) by setting aside a few moments at different times for a quick
walk or exercise break.

Clearly, this study provides a basis for further investigative work in the area of physical activity levels measured
through step-counting technology, along with continuing to inform students and faculty/staff across post-secondary
campuses about the importance of daily physical activity and its direct relation to wellness. The findings add to
literature related to tracking daily steps (i.e. step-counting technology) and physical activity levels. Therefore, the
prescription of a walking program as an example of a first step toward a healthy level of wellness is recommended.
This is particularly important as walking limits few, is easily accessible for most individuals, and requires no
expensive equipment, and time rather than steps can be used as a target goal (Morgan, Tobar, Snyder, 2010).
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