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ABSTRACT
Background: Research indicates that increased exercise behaviors collectively called FIT (frequency,
intensity, and time) values, equate with positive health outcomes. Young college adults often gain
weight due to decreased exercise. Purpose: This study seeks to understand whether wearable
exercise technology is associated with increased exercise among university students. Methods:
A questionnaire identified motivational stages for exercise and wearable use. Results: Of the 115
students meeting all three FIT recommendations, 70 regularly exercised within the last 6 months. Of
these, nearly half (n = 31) also regularly wore a wearable technology. Overall, 90 students were
identified as regularly using wearable technology, 31 met all three FIT recommendations, and 53 met
two FIT recommendations (frequency and time). Of total regular exercisers meeting two of three
recommendations (n= 112), nearly half (n = 53) werewearable technology users.Discussion: Findings
suggest that wearables may be associated with increased exercise and FIT values among university
students. Translation to Health Education Practice: Wearable exercise technology has potential to
enhance theory-based physical activity promotion to help students increase exercise and decrease
risks of obesity and chronic disease. Future studies could examine how active student exercisers and
active users of wearable technology use that technology to motivate them to exercise more.
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Background

Parallel to the declining exercise levels in both university
students and the adult population,1,2 there has been a recent
and swift advent of wearable exercise tracking technologies,
such as the later-generation smartphones, fitness applica-
tions (apps), and body-worn dedicated tracking devices; for
example, Fitbit.3 An assumption of such tracking device use
is that users will likely exercise more frequently, more
intensely, or longer while using the devices. Yet, there is
little evidence to suggest the effectiveness of wearable tech-
nology at promoting exercise.4 Even less is known about
device use among university students and the impact that
this technology may have on student exercise frequency,
intensity, or time (FIT) behaviors. A study performed by
the National College Health Assessment found that less
than half of college students reported exercising at the
recommended FIT levels set forth by the American
College of Sports Medicine (ACSM).2

In 2017, nearly 17% of teens were obese and 40% of
adultswere obese.1Obesity rates often increasewhen young

adults leave home and enter university settings.5 During the
past 2 decades, a significant increase in obesity and obesity-
related chronic diseases—for example, type 2 diabetes,
hypertension, and dyslipidemia—has occurred among
teens and young adults.6 Reasons for student weight gain
include changes in diet and eating patterns and decreased
physical activity.5 Consistently, Health Educators under-
stand that regular physical exercise, as students move
through the aging process, is one of the most effective
ways to offset obesity, lower body mass index (BMI), and
decrease risk of chronic disease.7 Recommendations for
regular exercise are stated in terms of exercise frequency,
intensity, and time (FIT values).

The ACSM, the Centers for Disease Control and
Prevention, and the American Heart Association recom-
mend FIT in 2 categories: one for moderate intensity and
one for vigorous intensity. Moderate exercise is defined as
activities that are not exhausting, such as fast walking,
baseball, tennis, easy biking or swimming, and badmin-
ton. Vigorous exercise is defined as activities where the
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heart beat becomes rapid, such as running, jogging,
hockey, football, soccer, vigorous biking or swimming,
or cross-country skiing. Current recommendations for
each FIT value are a frequency of 5 days per week at the
intensity of moderate aerobic activity for a time of at least
30 minutes per session. The second recommendation is
frequency of 3 days per week at the intensity of vigorous
activity for a time of at least 20 minutes per session in
order to achieve optimal health and weight
management.1,7,8

It is evident that university students are not getting
enough exercise.2 Wearable technology, with its
increasing popularity and accessibility, may provide
a useful tool to promote and encourage exercise beha-
vior in the university setting.9,10 Previous studies have
indicated that university students have an interest in
tracking their physical activity throughout the day.11-13

Research has also suggested that students expressed
interest in specific features of the technology that they
find desirable for use.11-13 Popular features included
running and workout tracking apps that allowed for
self-monitoring,12,13 activity goal setting, and apps or
technology that were easy to use with minimal
instructions.11-13 Recent studies indicate that university
students use self-monitoring and goal setting as impor-
tant features afforded by wearable technology to
increase physical activity overall.14-16 Additionally, stu-
dies revealed that wearable technology devices today
are accurate in their measurements of physical activity
and have the potential to positively and accurately
assess exercise activity.4,17,18 For example, movement
analysis studies have demonstrated average to excellent
levels of smartphone accuracy during walking, jogging,
running, and step climbing.4 Finally, there have been
studies pertaining to the educational affordances of
wearable technology, suggesting that the use of the
technology in an educational setting offers immediate,
relevant, contextual, and personal information that may
lead to more proactive behaviors.9,13,19,20

In health and exercise science education, there has
been a long-standing gap between theory and practice.21-
23 The use of wearable exercise tracking technologies in
Health Education offers university students individua-
lized, contextually relevant knowledge, delivered
through the most advanced technology.9 Use of the
technology may help to bridge the gap between class-
room-taught exercise theory and day-to-day practical
performance of exercise behaviors. Analyses of theory-
driven physical activity interventions have shown that
the component most strongly associated with successful
behavior change, and a popular feature among univer-
sity students, is self-monitoring.12,13,18 Health Educators
can have students monitor their actual physical activity

throughout the semester. Class discussions can center on
how physical activity can influence students’ future
chronic disease risk and how exercise recommendations
are issued to promote the long-term health benefit from
regular exercise. Ensuring that students become aware of
the frequency of their exercise or physical activity, the
intensity with which they perform the activities, and the
length of time they move can have an impact on long-
term health and well-being.

Existing literature has shown that there is student
interest in wearable technology and that heart rate
monitors and accelerometers embedded in wearable
technology can provide objective and accurate mea-
sures of FIT values. More recent studies have shown
that there are increases in daily physical activity levels
when technology is used as a way to increase activity
awareness.14-16 To date, however, few studies have
examined whether students are using wearable exercise
tracking technology during exercise and whether or not
its use is associated with increased adherence to the
current exercise recommendations for FIT.

The Transtheoretical Model (TTM) of behavior change
serves as the theoretical framework for the current study.24

The TTM explains the various stages that an individual
goes through when acquiring a certain health behavior.
Originally applied to smoking cessation, the TTM
described the motivational readiness to change through
the stages of change in individuals with health problems,
such as tobacco addiction.24 The TTM has since been
widely applied to health promotion programs and has
been used to help explain the processes of exercise adop-
tion and exercise adherence.

A core construct of the TTM is the stages of change
(SOC). The SOC represent ordered categories along
a continuum of motivational readiness to change
a problem behavior or readiness to acquire a new beha-
vior, such as the readiness for the adoption of regular
exercise or physical activity.24 The SOC represent the
temporal dimension of behavior change and are defined
as precontemplation (never performing a particular
behavior), contemplation (thinking about the behavior
to begin within the next 6 months), preparation (activity
to begin the behavior within the next 30 days), action
(performing the behavior within the past 6 months) and,
maintenance (regularly performing a particular behavior
for 6 months or longer). In this study, the TTM’s SOC
are used to examine where along this motivational con-
tinuum (from never to regularly) university students fall
in performing exercise and in their readiness to use
wearable exercise tracking technology use. See Table 1
for examples of questions pertaining to each stage.

However, the stages of change do not necessarily
represent discrete categories. Survey participants can
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obtain a high score (meaning that they answered
strongly agreed and agreed with each stage question
within one stage) for one or more of the 5 SOC sub-
scales. A multistage designation for survey participants
was not uncommon and indicated that participants
may somewhat overlap between the different stages of
change along the continuum.25-28

Because of this possibility of scoring high in more
than one stage, there existed the potential for survey
participants to be placed in more than one stage. To
answer the research questions, first for frequency des-
ignations (percentages of participants in each stage)
and then for data comparison purposes, one overall
score, a readiness to change (RTC) score, was needed
for each participant that accounted for the sum of an
individual’s SOC scores. This overall RTC score was
then compared to cutoff scores, indicating a numeric
level from low to high likelihood to perform exercise
and/or to use a wearable device. Readiness to perform
a behavior was indicated by the score from low (not
ready to perform a behavior) to high (ready to perform
a behavior).

Understanding where students fall in their readiness
to use wearable exercise tracking technology and what
potential wearable technology may have for increasing
FIT values and lowering BMI scores can enhance Health
Education practices. Understanding the potential influ-
ence that wearable technology may have on increasing
theory-based physical activity indicates their use as
a potential effective intervention in Health Education
to help promote physical activity and decrease the risk
of chronic disease in university students.10

Purpose

The purpose of this study was to better understand
whether the regular use of wearable exercise tracking
technology during exercise might be associated with
increased exercise behaviors, as measured through
exercise FIT values among university students. Data
were analyzed to answer the following research

questions: (1) Where did university students fall
along an RTC motivational continuum (from never
to regularly) to exercise? (2) Where did university
students fall along an RTC motivational continuum
(from never to regularly) to use a wearable exercise
tracking technology (ie, smartphone trackers, fitness
phone apps, and Fitbits or body-worn devices) dur-
ing exercise? (3) What were the differences among
the RTC motivational level to exercise, the RTC
motivational level to use a wearable technology,
and FIT values? (4) What were the differences
among the RTC motivational level to exercise, the
RTC motivational level to use a wearable technology,
and BMI scores?

Methods

Research design

This study was a quantitative design using an admini-
strated self-report questionnaire to determine univer-
sity students’ level of exercise and use of wearable
exercise tracking technology during exercise. This con-
venience sample study utilized both a descriptive and
difference of groups means (means testing) research
design. The data collection occurred during the fall
2016 semester at a large 4-year university in the Mid-
Atlantic region of the United States.

Participants

Students were enrolled in 19 sections of a basic health
course, which is a required university core course offered
to all students, regardless of degree, major, or class
status. Questionnaires took approximately 15 minutes
to complete and were administered by the first author
once during each class section. Data were collected
through CampusLabs (an online data collecting
method), which was used to distribute the questionnaire
in each class section. The survey was administered on
the university’s mobile cart of 35 computer tablets

Table 1. University of Rhode Island Change Assessment questions.a

Precontemplation
questions

I don’t have the time or energy to exercise regularly right now
I don’t have the time or energy to track my exercise regularly with a wearable device right now

Contemplation I really think I should work on getting started with a regular exercise program in the next 6 months
I really think I should work on getting started with regular tracking of exercise with a wearable device in the next 6 months

Preparation I am preparing to start a regular exercise in the next few weeks
I am preparing to start regularly tracking my exercise within the next few weeks. (I have looked into buying a device; I’ve talked
with friends who use a tracker)

Action I have started to exercise regularly, and I plan to continue
I have started to track my exercise regularly with a wearable device, and I plan to continue

Maintenance I have completed 6 months of regular exercise
I have completed 6 months of regular tracking exercise with a wearable device

aSample questions from the University of Rhode Island Change Assessment for each stage along a motivational continuum to perform exercise and to use
a wearable exercise tracking technology device.
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(iPads) in the regular classroom for 13 face-to-face sec-
tions. Six fully online course sections had the survey
delivered through a link in Blackboard, the university’s
learning management system. An announcement about
the survey and the informed consent were made to each
course section of students—one for face-to-face sections
and one for online sections.

Procedures

The study was granted institutional review board
approval, and the Wearable Exercise Tracking
Technology (WETT) Questionnaire was developed to
collect data. Each course section received an announce-
ment about the research, stating that students had the
option to not participate in the survey and that there
was neither a direct risk nor benefit for participation.
Students could stop taking the questionnaire at any
time. Course instructors stepped out of the room dur-
ing questionnaire administration. Students then com-
pleted the questionnaire (N = 417).

Measures

A self-report questionnaire was used as the means of data
collection. The WETT Questionnaire was adapted from
the University of Rhode Island Change Assessment
(URICA), a widely used instrument in staging people
along the motivational continuum to change or perform
a health behavior.25 The stages that the URICA identifies
follow the foundational constructs of the TTM’s SOC.24

The stages are precontemplation (PC), contemplation (C),
preparation (P), action (A), and maintenance (M).24 See
Table 1 for examples of the questions for each stage. The
URICA has been measured widely in the literature for its
internal consistency’s strong coefficient alpha.26 The
URICA was adapted with permission for use in the
WETT Questionnaire to include wearable exercise track-
ing technology use during exercise behavior. The adapted
questions asking about wearable technology use used the
same format structure of the original URICA questions
and remained consistent with the original tool. The
adapted measure was discussed through personal com-
munication with expert scholars and colleagues in the
field of behavior change theory who stated that the adap-
tation following the original tool was satisfactory to accu-
rately measure SOC for wearable technology use for this
study and that the adapted questions kept the integrity of
the original URICA. The WETT study question scale was
found reliable (48 items; α = .86).

The WETT was divided into 3 parts. In part 1, partici-
pants completed 48 questions (24 for exercise and 24 for
wearable use) that employed a 5-point Likert scale

response format with responses including 1 = strongly
disagree, 2 = disagree, 3 = undecided, 4 = agree, and
5 = strongly agree. Participants were requested to indicate
how closely they agreed or disagreed with each question.

Part 2 of the questionnaire asked 3 independent
questions used to obtain information on participants’
exercise frequency, intensity, and time (duration of
exercise sessions) to determine FIT values. Questions
included (1) How often per week do you exercise? (2)
How intense is a typical exercise session for you? and
(3) How long is an average exercise session? Each
question asked participants to choose an answer that
best described their behavior for each FIT value. For
frequency the choices ranged from 1 to 5 or more days
per week. Intensity queried one of the following as
defined by American College of Sports Medicine7:

● Light intensity: You are moving but not exerting,
and you are not breathing hard or sweating.

● Moderate intensity: Your breathing quickens, light
sweat after 10 minutes, you can converse but not
sing in activities such as brisk walking, easy swim-
ming, non-circuit weight lifting.

● Vigorous intensity: your breathing is deep and
rapid, sweating after a few minutes, you can’t say
more than a few words in activities such as run-
ning, brisk jogging, circuit weight training.

Exercise time choices ranged from 1 to 60 minutes or
more per each exercise session.

The questions were written in accordance with
health and human performance research guidelines29

and pretested with a representable sample for content
during a pilot study in September 2016. Of the 417
participants who answered part 1 of the survey, 350
went on the answer part 2 of the survey.

Part 3 of the questionnaire requested participants to
respond to basic demographic information, including
gender, age, ethnicity, class status, height, and weight.
Height and weight were used to calculate BMI scores
for each participant. All of the 417 participants
answered this section of the survey.

Analysis

To analyze research questions 1 and 2, descriptive
statistics were used to identify the percentage of stu-
dents at each level of the motivational continuum from
never to regularly for both exercise behavior and wear-
able exercise tracking technology use during exercise.
This motivational continuum followed the TTM
URICA questionnaire in order to identify students as
one the 4 stages of change, from precontemplation

70 C. MCFADDEN AND Q. LI



(never) to maintenance (regularly) based on the overall
RTC score, as shown by the questions in Table 1.

Twenty-four questions employed a 5-point Likert-
scale survey to indicate where university students fell
along a motivational continuum to exercise. This con-
tinuum is indicated by the 5 categories found in the
transtheoretical model of behavior change, ranging
from precontemplation to maintenance (PC to M).
Students answered 1 to 5 (strongly disagree to strongly
agree) for questions from each of the 5 categories.
Student level of agreement for each question identified
them into a SOC, which allowed for RTC designations
for each participant (N = 417). From the RTC scores,
percentages (frequency of occurrence) were calculated
for each stage along the motivational continuum to
exercise and to use a wearable technology.

To analyze research questions 3 and 4, the 5 stage
designations based on participants’ overall RTC scores,
from never to regularly, were trichotomized in order to
turn the continuous RTC scale into 3 discrete groups.
Based on the literature and discussions with experts,
data were divided into 3 categories to aid in data
comparisons.30,31 The PC stage was categorized into
one group, because this category represented no action
and no intention of action to exercise or to wear
a tracking device in the foreseeable future.31

Contemplation and preparation were categorized as
one group, because this grouping categorized pre-
action or an inevitable intention to action.31 Action
and maintenance were grouped as a third category,
representing action and applied intention to exercise
and or to wear an exercise tracking device.31

Grouping the RTC designations into 3 categories
was an appropriate grouping for this study, because
adjacent stages correlated more highly with each other
than with any other stage.31 Studies have indicated that
the similarities between adjacent stages are more
strictly linked than nonadjacent stages.30,31 Studies
have indicated that although individuals in change
often progress from one stage to the next, they often
have attitudes and behaviors that characterize more
than one stage at a time.31 Preparation, for example,
was found to be nondiscriminate from contemplation,
its adjacent stage.31 Preparation was similar in response
rates to action, its other adjacent stage. Yet, studies
suggested that due to preparation’s pre-action charac-
teristics, it more commonly agrees with contempla-
tion’s characteristics.30,31

Further, studies suggested that the stages are best
represented by 3 RTC categories, now thought of as (1)
least likely for change, (2) middle likely for change, and
(3) most likely for change, based on behavior and beha-
vior intention.32

These 3 groups (PC) least likely, (C, P) middle likely,
and (A, M) most likely were the 3 categories used for all
subsequent group means testing. Analyses of variance
(ANOVAs) for both exercise and wearable exercise
technology behaviors were conducted to answer
research question 3. Group comparisons were analyzed
using a univariate ANOVA to determine whether dif-
ferences existed between the 3 levels of RTC. ANOVA
results yielded descriptive statistics for the data, includ-
ing the means and standard deviations for each group
(least likely, middle likely, and most likely).

Results also showed the F value and the associated
probability of significance of F. The differences among
the means were declared significant at the .05 level.
Two separate ANOVAs for exercise motivation and 2
separate ANOVAs for wearable technology to measure
differences between each group’s frequency and time
were conducted.

Tukey’s honestly significant difference (HSD) post hoc
tests were performed to identify where a significance
might be measured if overall significance was found in
any of the ANOVA analyses.

Because intensity of exercise was a categorical variable
indicating whether students were performing light activ-
ity, moderate activity, or vigorous activity, 2 chi-square
analyses were used to compare the frequencies of
responses between each group. The first chi-square ana-
lysis tested the difference in intensity between the 3 RTC
groups (least, middle, most likely) for exercise behavior.
The second chi-square analysis tested the difference in
exercise intensity between the 3 RTC groups for wear-
able exercise technology use. See Tables 2 and 3.

A third chi-square analysis looked only at students
who met all 3 of the FIT recommendations and was used
to cross-analyze the RTC for exercise with the RTC for
wearable use to determine how many students regularly
meeting all 3 FIT values were also regularly using
a wearable exercise tracking technology during exercise
as shown in Table 4.

To analyze whether differences existed among the 3
groups for BMI, 2 additional ANOVAs allowed
a comparison between a BMI score and exercise beha-

Table 2. Results of the chi-square exercise RTC and intensity of
exercise (N = 350).a

Moderate
intensity, n (%)

Vigorous
intensity, n (%)

Total,
n (%)

Precontemplation 57 (65.5) 25 (28.7) 87 (100.0)
Contemplation–
preparation

58 (70.7) 20 (24.4) 82 (100.0)

Action/maintenance 112 (61.5) 70 (38.5) 182 (100.0)
aRTC indicates readiness to change. χ2 < 0.05. Table indicates that the 70
students who fell into the action/maintenance stage of change and
exercised vigorously met all 3 of the frequency, intensity, and time
exercise recommendations.
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vior and a comparison between BMI score and wear-
able exercise technology use for each participant.

Results

Participants were 417 university students ranging in age
from 17 to 22, with a mean age of 19.3. Over half (54%)
of the students were College of Health Professions
majors. Fifty-seven percent of the participants were
white/Caucasian and disproportionately female (70%).
All students were undergraduates.

Research question 1 sought to determine where students
were in terms of motivation to regularly exercise and was
answered by part 1 of the WETT Questionnaire, utilizing
the URICA questions and the derived RTC designations,
from precontemplation to maintenance, for each partici-
pant (N = 417). The results showed that nearly 40%
(n = 167) fell into the action/maintenance stages for exer-
cise behavior and roughly 60% (n = 250) of students fell
among the precontemplation (39%), contemplation (9%),
and preparation (11%) stages, as shown in Table 5.

Research question 2 sought to determine where stu-
dents were in terms of motivation to use a wearable tech-
nology device during regular exercise. Research question 2
was also answered by part 1 of the WETT Questionnaire,
utilizing the adapted URICA questions for wearablemoti-
vation. Wearable device use was scored identically to the
URICA used in research question 1, using the same mea-
sure for placement into an SOC for wearable device use

during exercise based on an overall RTC score for each
participant (N = 417). The results showed that roughly
a quarter of participants (n = 90) were in the action/
maintenance stages, meaning that they regularly used
wearable technology during exercise. Of note, over 60%
of students were identified in the precontemplation stage
of wearable technology device use, meaning that they had
no foreseeable intent to use technology. See Table 5.

Research question 3 was answered by part 2 of the
questionnaire, which asked specifically about each par-
ticipant’s exercise FIT behaviors to see whether there
were differences among the 3 groups for both exercise
and wearable technology use. The statistical processes
of ANOVA, Tukey’s HSD post hoc test, and chi-square
tests were used. These tests aided in the understanding
of whether or not students who identified themselves as
regularly exercising were actually exercising to the
recommended levels and whether students who identi-
fied as regularly using wearable technology during exer-
cise had increased exercise FIT behaviors and improved
BMI scores, indicating a healthy range. Fewer partici-
pants (N = 350) answered part 2 of the survey.

Specifically, for research question 3, 2 ANOVAs looked
at exercise motivation and the FIT variables of exercise
frequency and exercise time. One ANOVA analyzed
whether or not differences occurred among the exercise
RTC groups (least likely, middle likely, and most likely to
exercise) and the variable of exercise frequency, and one
ANOVA analyzed whether or not differences occurred
among the RTC groups and the variable of exercise time
per session.

Table 3. Results of the chi-square wearable RTC and intensity of
exercise (N = 350).a

Moderate
intensity, n (%)

Vigorous
intensity, n (%)

Total,
n (%)

Precontemplation 130 (65.3) 64 (32.2) 199 (100.0)
Contemplation–
preparation

44 (71.0) 16 (25.8) 62 (100.0)

Action/maintenance 53 (58.9) 31 (38.9) 90 (100.0)
aRTC indicates readiness to change. χ2 < 0.05. Table indicates that 90
students were regularly using a wearable technology device. Of the 90,
31 met all 3 of the frequency, intensity, and time exercise recommenda-
tions. Of the 90, 53 met 2 of the 3 exercise recommendations, and 6 met
either one or none of the recommendations.

Table 4. Intensity of exercise and exercise RTC compared to intensity of exercise wearable technology RTC.a

Wearables cutoff score (3 levels) Exercise cutoff score Light intensity, n (%) Moderate intensity, n (%) Vigorous intensity, n (%) Row total

Precontemplation Precontemplation 3 (4.29) 48 (68.57) 19 (27.14) 70
Contemplation/preparation 1 (1.89) 35 (66.04) 17 (32.08) 53
Action/maintenance 0 (0.00) 47 (62.67) 28 (37.33) 75

Contemplation/preparation Precontemplation 1 (11.11) 4 (44.44) 4 (44.44) 9
Contemplation/preparation 1 (5.00) 18 (90.00) 1 (5.00) 20
Action/maintenance 0 (0.00) 22 (66.67) 11 (33.33) 33

Action/maintenance Precontemplation 0 (0.00) 5 (71.43) 2 (28.57) 7
Contemplation/preparation 2 (22.22) 5 (55.56) 2 (22.22) 9
Action/maintenance 0 (0.00) 43 (58.11) 31 (41.89) 74

aRTC indicates readiness to change. Chi-square analysis indicates of the 70 students in the action/maintenance stage of exercise 31 students were in the
action/maintenance stage of wearable technology use and met all 3 of the exercise recommendations for frequency, intensity and time. Forty-three
students were in the action/maintenance stage of wearable use and in the action/maintenance stage for exercise and met 2 of the 3 exercise
recommendations.

Table 5. Motivational stage of change continuum to perform
exercise and to use a wearable technology (N = 417).a

% Exercise, % use wearable technology

Precontemplation 39.1, 62.7
Contemplation 8.5, 7.8
Preparation 10.8, 7.8
Action 9.6, 4.1
Maintenance 32.0, 17.6

aPercentages indicate where students fell along the transtheoretical model
of behavior change motivational scale to perform exercise and to use
a wearable tracking technology device.
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The ANOVA for exercise and frequency indicated
that there were no significant differences between the
RTC groups for frequency of exercise. That is, all
groups were exercising between 3 and 4 times per week.

However, a significance was found between the RTC
groups for exercise session time. That is, the most likely to
exercise group (M = 4.04, SD = 1.01) exercised significantly
longer during an exercise session than did the least likely to
exercise group (M = 3.56, SD = 1.25) but not significantly
longer then the middle likely to exercise group (M = 3.90,
SD= 1.02). Tukey’s HSDpost hoc test showed that the only
significant differencewas between those students least likely
to exercise and those most likely to exercise. The least likely
group exercised on average roughly 31 minutes per bout of
exercise and themost likely to exercise exercised for roughly
41 to 45minutes per bout. There is no significant difference
between themiddle likely group (38minutes) and the other
groups in terms of time spent exercising.

Two ANOVAs were then performed to analyze
whether or not associations existed between wearable
exercise technology device use and FIT. One ANOVA
analyzed wearable device use motivation and the variable
of exercise frequency, and oneANOVAanalyzedwearable
device use motivation and the variable of exercise time.
Results indicated that there were no significant differences
among the RTC of the 3 groups representing the least
likely (M = 4.02, SD = 1.34), middle likely (M = 4.13,
SD = 1.48), and most likely (M = 4.10, SD = 1.45) to use
a wearable technology device during exercise and fre-
quency of exercise. That is, all groups were exercising
roughly 3 times per week.

Similarly, the ANOVA did not show any differences
between the 3 groups and the variable of exercise time.
That is, the average self-reported length of time spent
exercising, roughly 35 minutes, was the same for each
RTC wearable technology group (least likely: M = 3.90,
SD = 1.13; middle likely: M = 3.83, SD = 1.03; and most
likely:M = 3.90, SD = 1.10).

Three chi-square analyses were also used to analyze
research question 3 for the exercise variable of exercise
intensity. The first 2 chi-square analyses looked at the
relationship between (1) the RTC motivational level to
exercise and exercise intensity and (2) the RTC motiva-
tional level to use awearable technology device and exercise
intensity. The chi-square analysis was used to compare
intensity responses (indicating light activity, moderate
activity, and vigorous activity) among the 3 groups.

In terms of exercise RTC and the exercise variable of
intensity, the chi-square test of goodness-of-fit results indi-
cated that intensity levels for the 3 groups were not equal
among the groups. The chi-square for exercise RTC and
intensity showed a significant result, χ2 (6, N = 350), 16.40,
P < .05. That is, the most likely to exercise group was

exercising at significantly more vigorous intensity levels
than the least likely to exercise group. There were no
significant differences among the groups for moderate
levels of exercise, as shown in Table 2.

In terms of wearable technology device use RTC and the
exercise variable of intensity, the chi-square test of good-
ness-of-fit results indicated that intensity levels (moderate
to vigorous) for the 3 groups for technology usemotivation
did not differ significantly. That is, the chi-square for
wearable technology RTC and intensity showed
a nonsignificant result, χ2 =3.90, df = 6; P < .05. See Table 3.

The third chi-square analysis looked only at students
who met all 3 of the FIT recommendations: Typical time
duration recommendations for moderate-intensity activ-
ities are at least 30 minutes per session 5 days per week.
For vigorous-intensity activities, the recommended time
duration is at least 20 minutes per session 3 or more days
per week. The number of students meeting the recommen-
dations (n = 115) was used to cross-analyze the RTC for
exercise with the RTC for wearable use. The chi-square test
identified a strong association between the most likely
(action/maintenance) stage for regular exercise behavior
and most likely (action/maintenance) stage for wearable
use, showing that students who regularly used the wearable
technology were significantly more likely to be regularly
exercising than either the least likely or middle likely to use
a wearable technology, χ2 (2,N = 350) = 48.08, P < .01. That
is, of the 35 students in the action/maintenance stage of
regular wearable use who met all 3 FIT recommendations,
31 were in the action/maintenance stage of regular exercise,
as shown in Table 4.

Finally, research question 4 investigated whether or not
there was an association among the RTC groups (least,
middle, most likely to exercise) and BMI scores. Research
question 4 also addressed whether or not there was an
association among the RTC groups to use a wearable exer-
cise technology and BMI scores. The 2 ANOVAs indicated
no significant differences among all 3 groups and the BMI
scores of each group. BMIs were surprisingly similar
between the exercise readiness groups (least RTC: M =
24.61, SD = 5.50; middle RTC: M = 23.36, SD = 3.90; and
most RTC: M = 24.50, SD = 4.10). Similar to exercise
readiness, wearable technology readiness groups displayed
very similar BMIs (least RTC:M = 24.30, SD = 4.70; middle
RTC:M= 23.90, SD=4.20; andmost RTC:M= 24.62, SD=
4.72). It seems clear from this investigation that neither
exercise stage nor wearable technology use was related to
participants’ BMI.

Discussion

Decreased physical activity among university students
has long been an area of study. The Healthy Campus
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2020 initiatives have identified physical inactivity of
university student as a primary area of concern.14

Parallel to declining activity levels in many college
students, there has been a swift advent and adoption
of wearable exercise tracking technology. Yet, tech-
nology-based exercise tracking devices have only
recently begun to be explored as a health behavior
intervention in the university population.14

The current study is among the first to investigate
the exercise behaviors of university students taking into
account the use of a wearable technology during exer-
cise, compared to the measurable outcomes of exercise
FIT values, based on the current ACSM exercise guide-
lines. Study results provide Health Educators with an
encouraging quantitative background to employ wear-
able exercise tracking technology for the promotion of
exercise behaviors to reduce obesity and risks of
chronic disease in university settings.

Similarly to national norms, finding that less than half
of university students reported exercising at the recom-
mended levels, this current study found that nearly 60%
(N = 417) reported not regularly exercising. Moreover,
results showed that of the roughly 40% of students who
reported that they did regularly exercise, only 115 students
actually met all 3 FIT recommendations. Of the 115 meet-
ing the recommendations, 70were found to be in themost
likely to exercise group (action/maintenance). The rest of
the students meeting all 3 of the guidelines (n = 45)
identified themselves in the precontemplation to prepara-
tion stages of exercise as per the ACSM definition of
recommended exercise in part 1 of the survey. However,
results show that they were performing activity that
allowed them to meet the recommendations. It is under-
standable that a studentmight think of sport participation,
even if casual and infrequent, or walking across campus or
to and from school as exercise. However, this student’s
activity might change if his or her routine or location
changes the following semester. Students might also
over- or underestimate the time it takes to walk to class
or perhaps takes a shuttle or rides with a friend on rainy or
cold days. In other words, this type of activity is not
necessarily considered exercise if the behavior is not con-
sistent. Whatever the activity, it was on an intermittent or
irregular basis and not performed regularly as it was for
students who identified in the action/maintenance stages.

Next, results showed that roughly a quarter of
students (n = 90) were regularly using wearable exer-
cise tracking technology. A cross-analysis (Table 2)
showed that nearly half of the 70 regular exercisers
(action/maintenance) were also in the most likely
group to be regular wearable technology users (n =
31). The group of students who were regularly meet-
ing the exercise recommendations and also regularly

using wearable technology represents the largest per-
centage of students who met all 3 of the FIT recom-
mendations, as seen in Table 4. That is, of the 90
students identified as being regular users of wearable
technology, 31 were also regular exercisers who met
all 3 FIT recommendations. Of the 90 wearable device
users, 53 met 2 out of 3 FIT recommendations (for
frequency and time), and the remaining 6 met one or
no recommendations.

Of the total regular exercisers (action/maintenance)
meeting 2 of the 3 recommendations (n = 112), slightly
less than half (n = 43) were regular wearable technology
users, as shown in Table 2. Therefore, of the 90 students
who regularly use wearable technology, 74met 2 or 3 of the
FIT recommendations. Though this number represents
under a quarter of the study population, it is an encouraging
finding for Health Educators looking for quantitative sup-
port to encourage the use of wearable technology for
students.

Of the 70 students in the action/maintenance stage of
regular exercise who met all 3 of the FIT recommenda-
tions, 28 students were identified in the least likely group
(precontemplation) to use wearable technology. That is,
28 students met all 3 recommended exercise guidelines
but were not using wearable technology and had no
intention of using wearable technology in the foreseeable
future. There was no significant difference in any of the
FIT values between the 2 groups of non-technology
users (n = 28) and technology users (n = 31) who were
in the most likely to exercise group. This means that
regardless of technology use, these 2 groups of students
were exercising within similar exercise FIT values.

In fact, the current study identifies that roughly 75% of
students are not tracking exercise with wearable technol-
ogy. This finding yields important considerations for
Health Educators, because wearable technology may be
ideally targeted for students in the contemplation and pre-
paration stages of wearable use. Guided education onwear-
able technology use and the value of the data generatedmay
help tip the decisional balance in favor of tracking exercise.
This instruction could focus on the technology’s ability to
provide substantial assistance in helping students to under-
stand the value and importance of tracking activity over
time. By the time students enter the preparation stage, the
pros in favor of attempting to change a sedentary behavior
outweigh the cons.24 Students may be talking with friends,
reading about features of wearables or technology devices,
or investigating how their phone might track activity. They
may have even tracked a few days of activities over the past
month. Health Educators can begin to use technology as an
exercise promotion intervention, encouraging students to
experiment with the technology for individualized tracking
and exercise data.
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Of greater concern, this research identified that
the largest percentage of students surveyed (63%,
n = 260) were in the precontemplation motivational
stage, with no intention of beginning to use
a wearable tracking technology within the next
6 months. This is a fairly understandable number of
students falling within this stage, given the relative
novelty of the technology. Students may not have yet
thought about using trackers or identified tracking as
useful for their exercise sessions or been taught about
the value of the data that wearables provide. Health
Educators have an opportunity to introduce this
technology as a way to enhance or provide self-
monitoring ability, increase goal setting, and ulti-
mately motivate students to exercise. This is the
stage where Health Educators can instruct students
that technology alone will not initiate or sustain an
exercise program, but it can help students identify
their current level of physical activity, bringing
awareness to the areas in which students could
begin to make improvements.

Finally, the current study indicated that the exercise
variable of intensity was where many students fell short
of meeting all 3 exercise recommendations (n = 227).
Most students were exercising 3 to 4 days per week, yet
the majority of students surveyed were only exercising
moderately during this time, falling short of the 5 days
per week recommendation of moderate intensity.
Students who exercised vigorously (n = 115) met the
recommendations given the frequency of exercise, yet
only 70 students surveyed were regularly exercising for
a 6-month period or longer. Of greatest concern was
students not meeting the intensity value, because inten-
sity of exercise appears to be critical regarding future
cardiovascular disease risk reduction.33 This is an
important consideration for the use of wearable tech-
nology in Health Education today. On the one hand,
Health Educators can promote the use of technology to
track exercise intensity, because many wearable tech-
nologies display heart rate during exercise, and can
indicate where students need to make modifications
in the moment. On the other hand, Health Educators
need to help students in understanding, interpreting,
and internalizing the exercise data they track, because
they must become aware that exercise needs to be
performed at a certain intensity depending on its fre-
quency for health benefits and decreased risks for
chronic disease.

There is a pressing need in Health Education to stress
the importance of adherence to all 3 of the FIT recom-
mendations as shown by the results of this study. The use
of wearable technology as an instructional tool allows
educators to teach students how to self-monitor

workouts, to understand how their exercise activity com-
pares with current recommendations, and to discover
where behavior changes must be incorporated. Wearable
technology offers immediate feedback on the FIT values
so that students can understand their activity in the
moment. Health Educators should encourage students
to use a wearable technology device to track, analyze,
and store their data over a period of weeks and months
to confirm the effectiveness of their exercise sessions.
Ultimately, the effectiveness of their day-to-day exercise
sessions is an indicator of their risk level for development
of chronic disease, both now and in the future.

The present study offers a preliminary understanding
of where students fell along the motivational continuum
for both exercise and using a wearable exercise tracking
technology during exercise. The findings support an
association between wearable technology device use
and increased level of exercise FIT values in those who
regularly use the technology. Results show promise for
these technologies as potential behavior change exercise
interventions in the university setting. Future research
should be done to further the limited understanding of
how wearable technology influences exercise behaviors
in university students. For example, studies could exam-
ine how students who are regular exercisers and regular
users of wearable technology devices use the technology
to drive their behavior to exercise more.

Limitations and future directions

Though the current research yields interesting results,
it is not without its limitations. Studies have sug-
gested that self-report data, as used in the current
study, are subject to limitations, such as inaccurate
recall and the response bias of social desirability in
misreporting height, weight, and level of exercise
performed per week.34

Another limitation to this study was the comprehen-
sive data collection instrument. This study used the
TTM, the URICA, and the adapted URICA to determine
level of motivation for exercise and wearable technology
device use behaviors. The URICA is a valid and
reliable field-tested instrument based on a widely
regarded behavior change theory, which justified its
use. Though use of the TTM and URICA might be an
excellent way to stage students in a classroom setting to
help design appropriate educational strategies aimed at
increasing physical activity based on stage of readiness,
recent studies have shown that using simpler methods
(ie, The Global Physical Activity Questionnaire) can
accurately assess physical activity and exercise in larger
populations of study. Future studies could more easily
assess university students’ exercise levels and use of
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wearable exercise technology, consistent with methods
used in recent studies.14

There are also inherent limitations to using BMI as
a categorical tool for obesity designations that are well
documented in the literature.35 Diet’s influence on BMI
scores was not factored into this study. Regardless of
exercise level, diet may be a stronger factor in the
similarity of BMI scores found among university
study participants. Some experts believe that overall
physical activity is important for weight loss, yet food
consumption and diet have the greatest impact on BMI
scores.36 Diet is a key factor in university student
weight gain, with all-you-can-eat meal plans, lack of
parental supervision, changes in eating behaviors, and
added calories from alcoholic drinks.5,37-39

In addition to not controlling for diet, this research
did not control for any other key covariates in the main
analysis, which therefore this limits this study’s scope of
generalizability. Differences in wearable technology use
and exercise FIT behaviors between gender designa-
tions, declared college majors, defined class status,
and race or ethnicity could offer key insight into exer-
cise behaviors and merit future investigation.

Finally, the TTM processes for exercise behavior
change have not been investigated within the context
of the TTM behavior change theory.40 Concurrent with
the stages of change, the TTM defines processes, or
activities, that accompany each stage along the motiva-
tional continuum, from precontemplation through
maintenance. These processes provide important guide-
lines for intervention strategies to help people move
from stage to stage.24 Processes include activities such
as self-monitoring and daily tracking, feedback, and
incentives. These processes should be investigated for
future use in Health Education when designing curri-
culum to deepen understanding of the possibilities
afforded by wearable technology.

One important area for further investigation, and an
important implication for Health Education, is to
define and highlight the processes that students in the
action/maintenance stage of change use to drive their
increased exercise behavior. Activity tracking has been
equated with successful behavior change in previous
studies.10,41,42 Wearable exercise tracking technologies
offer students a way to use the strategy of tracking to
understand whether or not they are exercising to levels
that promote health and fitness. To pursue how stu-
dents use this technology to help keep them exercising
regularly and to meet the FIT levels that promote
health and decrease chronic disease risk would be
a fruitful area of future study. Current studies are
beginning to show a relationship between activity
tracking, goal setting, and increased exercise

behaviors.14 The motivational factors associated with
goal setting and other motivational factors of wearable
technology merits further investigation.

Translation to Health Education Practice

The rapidly expanding use of wearable exercise tracking
technologies raises important questions about their
potential benefits in Health Education. Researchers cau-
tion that these technological devices should act as facil-
itators, and not drivers, of health behavior change.18

Therefore, wearable technology may offer promise to
change or increase exercise behaviors but less due to
their technology and more because of the behavioral
change strategies that can be designed around them.15

Wearable use alone is not proven to change behavior,
perhaps due to the fact that few wearable technologies
are found to include theoretical foundations recom-
mended for behavior change in their design.40

The TTM,24 a model of intentional behavior change,
is the theoretical underpinning for this study and
helped to identify where university students fell along
the RTC motivational continuum from precontempla-
tion to maintenance in (1) exercise behavior and (2)
wearable exercise tracking technology use during exer-
cise. The motivational continuum is an important con-
sideration for Health Education practice. The first 3
stages of the RTC continuum, precontemplation, con-
templation, and preparation, collectively equate to no
action and pre-action to perform a behavior, such as
exercise or wearable use, but little actual participation
in the behavior itself. The current study found that
roughly 60% to 70% of students surveyed fell within
this range of the continuum and are either not exercis-
ing at all or not exercising regularly as per the defini-
tion provided in the questionnaire, nor were they using
a wearable technology device.

The highest percentage of students for both exercise
(39%) and wearable use (63%) were identified in the
precontemplation stage as having no intention of per-
forming the behavior. This finding is both concerning
as well as informative for Health Educators. Students in
this stage must not be dismissed as resistant or unmo-
tivated to change; instead, they may be uninformed or
underinformed about the consequences of their seden-
tary behavior. Health Educators can offer information,
guidelines, and encouragement to these students, with
the understanding that traditional behavior change pro-
grams, often requiring immediate action, may not
match the motivational needs of this group of students.

To address the challenges of students in the precontem-
plation stage, Health Educators need to emphasize the
importance of education over exercise promotion. Health
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Educators understand that it is important to evaluate
a student’s readiness to change. For example, if an inter-
vention, such as the use of a wearable exercise tracking
technology, is offered as an exercise promotion strategy,
students in this stage may not be ready to use it.
Interventions that are not matched to the readiness of
a student will be less likely to succeed.24 Therefore,
a more stage-specific intervention for a student in the
precontemplation stage would be to educate him or her
about the consequences associatedwith a sedentary lifestyle
and to provide basic education on how to begin an exercise
program. Health Educators have an opportunity to intro-
duce wearable technology as a way to enhance or provide
self-awareness, self-monitoring ability, and goal setting to
students beginning an exercise program. This is the stage
where educators can instruct students that technology
alone will not initiate or sustain an exercise program, but
it can help students identify their current level of physical
activity and where they may seek to make improvements.

Findings from the current research also show that
there are students (n = 28) who maintain regular and
effective exercise without using technology. This has
important implications for Health Education. Wearable
technology can offer unprecedented access to novel
inspiration to maintain or excel in one’s fitness program
for people in the action/maintenance stage. For example,
personalized coaching apps can now track pace, distance,
and speed and provide spoken feedback (eg, in-the-
moment encouragement) during an exercise session.
There are also apps that check biomechanical postures,
such as vertical oscillation or stride efficiency. These apps
can use voices of personal trainers and professional ath-
letes to provide dynamic, responsive audio feedback for
momentary ecological guidance and motivation.
Wearable technologies can provide the needed push for
a regular exerciser to continue with his or her program or
exercise routine or return back to regular exercise after
a gap in exercise behavior.

University students are increasingly more technology-
centric, and the use of technology is firmly entrenched in
their lives.43,44 Students have more access to wearable
technologies than in any other time in history.3,7 This
current study provides Health Education with an
encouraging quantitative background to employ nontra-
ditional devices (ie, Fitbit, smartphone, etc) for the pro-
motion of exercise behaviors. Findings of the present
study indicate that wearable technology holds promise
as a potential positive behavior change exercise interven-
tion in the university setting. Ultimately, it is the goal of
the Health Educator to teach students how to be accoun-
table and to understand and to meet exercise recommen-
dations over time. Yet, behavior and behavior change can
be circular and cyclical, and students can move in and out

of periods of regular exercise. Concepts of Health
Education must emphasize human nature, human poten-
tial, and human emotions and not simply cognitive pro-
cesses and overt behavior.45 A humanistic orientation to
learning provides for the function of motivation and
involves individual choice and responsibility.45 Wearable
technology is a vital instructional tool offering
a humanistic approach to teaching and learning. It offers
contextual, situational, immediate, relevant information
that is personal to the student in order to help him or her
make decisions so that exercise and well-being become
a lifelong pursuit.

This study provides evidence that wearable exercise
tracking technology has a positive association with
increased FIT values and provides a basis for Health
Educators to build technology use into theory-based
course curriculum. Identifying students’ motivational
readiness for health behaviors is important. Health
Educators understand that if a student has not suffi-
ciently prepared for behavior change or committed to
a chosen plan of action, no action to exercise or
a relapse back to sedentary behavior is likely.24 Health
Educators also understand the role that motivation
plays in keeping students actively engaged in their
regular exercise program. Wearable exercise tracking
technology is an innovative way to help students under-
stand how their current physical activity compares to
what is recommended for long-term health benefit and
reduced risk of chronic disease throughout the life
span. One way that Health Educators can be innovative
in measuring students’ daily physical activity to help
them understand whether they are truly exercising at
the recommended levels is through the use of wearable
exercise tracking technology.
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