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Abstract
Objectives The aim of the study was to assess the impact of
using sensor technology to track steps and sleep with and
without a game platform in motivating students to attain the
recommended exercise level and sleep hours.
Methods Three hundred first-year medical students were randomly assigned to the control group, group 1 using a tracking
device (FitBit Flex) and group 2 using FitBit Flex and a social
media-based game. Stress, exercise, and sleep time and quality were assessed by validated instruments. Daily steps and
sleep hours were monitored by FitBit Flex from week 1 to
week 8 in group 1 and group 2. From week 9, all groups
had access to FitBit Flex and the game platform, and students’
daily steps and sleep time were monitored until week 14 by
FitBit Flex.
Results For exercise, 85% of students were active at the baseline, and the interventions did not significantly modify their
exercise level except during recess and exam week where the
incentive of the game mitigated the decrease of daily steps.
For sleep, by week 14, all groups attained an average of daily
sleep time close to 8 h compared to the baseline of 7.26 h. For
stress, baseline survey showed that 57.7% of students experienced medium to high stress level, and this trend did not
significantly change during the study.
Conclusion It is more important to reinforce the benefit of
staying active instead of motivating students to start doing
exercise. Tracking sleep is critical to motivate a student to
increase sleep time close to the recommended 8 h.
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Introduction
Although medical students are similar to the general student
population before medical school [1], stress becomes increasingly prevalent after training begins [2]. According to a recent
systematic review [3], half of US medical students are affected
by chronic stress. Dyrbye et al. suggested exploring organizational interventions Bto address the curricular, training, and
system factors that also contribute to the high prevalence of
distress^ [4]. Coherence between curriculum and systematic
support for medical students is necessary for their future wellbeing [5]. Medical education needs to prepare students for the
increased demands of healthcare systems, which will affect
their health and performance so as to mitigate the effects of
burnout and fatigue. Chronic stress not only affects students’
mental well-being but also cognitive abilities, which have
been found related to physiological changes. The hippocampus is particularly exposed to the deregulation of glucocorticoid production, potentially contributing to hippocampal atrophy and long-term deficits in memory and cognition [6–8].
Physicians’ chronic stress and burnout have been found to
correlate with increased incidences of medical errors [9–11],
medical malpractice suits [12, 13], diminished levels of patient compliance [14, 15], reduced patient satisfaction [16,
17], and suboptimal patient care [18]. Sleep regulation is highly susceptible to chronic stress exposure. Research has shown
a relationship between sleep reduction, obesity, and increased
body mass index [7, 19]. Chronic sleep disruption and circadian dysregulation, common in the practice of medicine, have
been shown to be related to oxidative stress and cancers, heart
disease, diabetes, aging, and neurodegenerative diseases.
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Physical activity and adequate sleep have been shown to
mitigate the physiological effect of chronic stress. With competing demands, medical students have limited time for sleep
and exercise. Medical schools should implement health promotion programs to help students to stay active and get sufficient sleep. However, knowledge of students’ activity level
and sleep habits and evidence-based interventions most likely
to improve physical activity level and sleep quality and quantity among medical students are still lacking [10, 11]. Recent
technological advances in terms of sensors, and minimally
invasive data capturing, represent a unique opportunity to determine and monitor physical activity and sleep. We hope to
gain a better understanding of the need and the approach that
would be required to establish a culture of health promotion
and positive health behavior among our students.
The aim of the study was to (1) assess students’ baseline
activity level, sleep hours, and quantity in a cohort of first-year
medical students and (2) examine whether the ability to track
daily exercise and sleep hours with or without an incentive in
the form of a game through a social media platform promoted
students to achieve the recommended 10,000 steps per day
and 7.5 to 9 daily sleep hours.

Methods
Participants Three hundred first-year medical students participated in the study (female = 173, male = 127, age 18 to
19 year old).
Institution The Yong Loo Lin School of Medicine, National
University of Singapore, Singapore, is an undergraduate
MBBS course. Medical training lasts 5 years, including
a 2-year preclinical and a 3-year clinical training. The
study was approved by the National University of
Singapore Institutional Review Board with the number
of NUS B-14-001.
Period of Study The study period was the second semester of
academic year 2013/2014 (6 January 2014 to 20 April 2014).
Experimental Design It was a randomized controlled trial.
Randomization was done by a computer program. Based on
power calculation, a sample size of 86 per group is sufficient
to detect a standard difference 0.5, by using a 2-sided 2-sample t test with 80 % power and 1.66 % significant level. Hence,
our sample size of 100 per group was deemed sufficient to
detect such a difference taking into consideration of the withdrawals. See Fig. 1 for details of the design. The control group
received the educational modules with the rest of the participants on week 1, and started Fitbit Flex and the game on week
8. Experimental group 1 received the educational modules and
Fitbit Flex on week 1, and started the game on week 8.
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Experimental group 2 received the educational modules,
Fitbit Flex, and the game from week 1. The educational modules included importance of sleep in maintenance of longterm health, impacts of sleep disturbances on the brain and
body, and physiological and psychological consequences of
chronic stress on health. FitBit Flex records daily steps and
distance as well as sleep. This game includes a log-in site for
students and tutors to select their daily challenges, a leaderboard to track individual and houses’ progress, and a forum
for discussions and references on physical activity and sleep.
Please refer to Fig. 2 for a snapshot of the game.
Surveys
International Physical Activity Questionnaire-Short Form
(IPAQ-SF) [20]: The IPAQ-SF includes seven questions on
the types of activities and time they spent on physical activity
in the past 7 days. The results were categorized and analyzed
as low, moderate, and high physical activity.
Pittsburgh Sleep Quality Index (PSQI) [21]: Nineteen items
generate seven component scores: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. The sum of scores yields one global
score. The score ≤5 indicates good sleep quality; a
score >5 indicates poor quality.
The Perceived Stress Scale (PSS) [22]: The PSS measures
the degree to which situations are appraised as stressful. The
PSS showed adequate reliability, and the results were categorized as low, moderate, and high stress levels.
Tracking Device FitBit Flex is a wireless wearable sensor,
recording daily walking steps, total distance, as well as sleep
hours. The control group did not receive the device until week
8, and the two experimental groups had the device during the
course of study.
The Game Platform This platform included a log-in page for
students to select their daily challenges in steps and sleep
hours, a leader-board to track individual daily progress, and
a forum for discussions and references on physical activity
and sleep. During the first 8 weeks, the game platform was
only available to the experimental group 2. From week 9, all
students had access to the game platform.
Data Analysis Descriptive analysis for data obtained from
surveys and Fitbit Flex were conducted, including mean with
SD, or median with interquartile range for numerical variables, and number of participants and frequencies for categorical variables. Mixed model was applied to analyze students’
daily steps and sleep time. The two-way interaction between
groups and other factors such as weekday/weekend or gender
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Fig. 1 The randomized controlled design of the study

were evaluated. If there was no significant interaction, only
the main effects of the intervention group, time, and weekday/
weekend were included into the model. In case of significant
interaction, subgroup analysis was conducted. Natural logarithm transformation was applied to daily steps. Chi-square
test was done to compare students’ sleep quality and exercise
level based on the survey data. For data on sleep, sleep time
<2 h and >16 h were removed from the data analysis. For data
on daily steps, steps <500 and >50,000 were removed from
the data analysis.

Fig. 2 A snapshot of the gaming platform

Results
Physical Activity
Survey Data Baseline survey showed that 85.0 % of the students had moderate (50.7 %) and high (34.3 %) levels of
activity. There was no statistical significant difference in physical activity levels among the three groups at week 1, week 8,
and week 15 (p = 0.473, p = 0.893, and p = 0.077, respectively).
Moreover, there was no significant increase in reported physical
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activity within each group at week 1, 8, and 15 (p = 0.469,
p = 0.222, and p = 0.289, respectively).
Fitbit Flex Data There was no significant difference in the
baseline daily step counts between students in group 1 and
those in group 2 (p = 0.823). Mixed model showed that students in group 2 (Fitbit and game) walked significantly more
than those in group 1 (Fitbit alone) by 17.3 % (p < 0.0001).
Daily step counts in week 9 were compared among the three
groups, and the difference was statistically significant
(p = 0.001). Students in group 1 walked significantly less
compared with those in the control group by 15.9 %
(p = 0.003); however, there was no significant difference between group 2 and the control group (p = 0.456). Similarly,
there was a statistically significant difference of daily step
counts among the three groups from week 10 to week 14
(p = 0.006). Students in group 1 walked significantly less than
those in the control group by 7.6 % (p = 0.0104), while there
was no significant difference between group 2 and the control
group (p = 0.427) (Table 1).
Students walked significantly more on weekdays compared with weekends in the three periods (p < 0.0001) by
27.5, 40.0, and 31.7 %, respectively. When weekdays and
weekend step counts were analyzed separately from week 1
to week 8, group 1 and group 2 had a statistically
significant drop in daily step counts in week 6 and 7
(the recess and exam week) compared to weeks 1 to 5.
Group 1 showed a 25 % decrease in daily step counts
while group 2 decreased by 16 %.
Sleep
Sleep Time from the Survey Students reported daily sleep
time from 400.8 ±63.8 min (6.68 h) to 436.1 ±68.1 min
(7.26 h). No statistically significant differences were found
among the three groups at week 1, week 8, and week 15,
and no significant differences were found in each group at
week 1, week 8, and week 15 between weekdays and
weekends.
Sleep Quality from the Survey Although no statistically significant differences among the three groups were found for
week 1 and week 8 (p = 0.569 and p = 0.170, respectively),
week 15 data showed a significant difference in sleep quality
among the three groups (p = 0.008), with 81.11 % in group 1
and 85.88 % in group 2 reporting a good quality of sleep,
compared to 67.05 % in the control group.
FitBit Data The mean daily sleep time was summarized in
Table 2. There was no significant difference in sleep time at
baseline between group 1 and group 2 (p = 0.204).
Mixed model showed that there was no significant difference of daily sleep time from week 2 to week 8
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between group 1 and group 2 (p = 0.788). The daily
sleep time at week 9 was compared among the three
groups, and the result showed that there was no statistical difference either (p = 0.130). However, we observed that students in group 1 (Fitbit alone) slept
21.7 min longer than those in the control group
(p = 0.073); students in group 2 (Fitbit plus game) slept
18.4 min longer than the control group (p = 0.148).
During week 10 to week 14, there was significant difference of daily sleep time among the three groups
(p = 0.034). Students in group 1 slept significantly longer than those in the control group (p = 0.017) by
17.5 min. Students in group 2 slept 14.4 min longer
than those in the control group; however, it was just
boundary significant (p = 0.064). It was observed that
students always slept significantly longer during weekends compared to weekdays in the three periods
(p < 0.0001) by 63.4, 59.2, and 51.2 min, respectively.
By week 14, all students’ (average of all groups) sleep
time reached on average 7.90 h during weekdays and
8.04 h during weekends.
Subgroup analysis showed that being able to track one’s
daily sleep hours increased significantly sleep time in all three
groups (p < 0.000 for all three groups). Compared to week 1,
group 1 (FitBit alone) and group 2 (FitBit + game) slept significantly longer from week 5 onwards; by week 14, group 1
slept 69.85 min longer and group 2 slept 28.9 min longer
(p < 0.000).
From week 9 to week 14, all students including the
control group had access to FitBit Flex and the game;
no significant differences in sleep time were found between group 1 and group 2 (p = 0.655). At week 9,
group 1 average sleep time during the weekday was
449.23 min (7.48 h) ±SD 60.70, weekend 486.05 min
(8.10 h) ±SD 87.64 while group 2 average sleep time
was 429.42 min (7.15 h) ±SD 91.44 for weekdays and
471.00 min (7.81 h) ±90.35 for weekends. By week 14,
group 1 increased sleep time by 15 min during weekdays, 17 min during weekends and group 2 by 13 min
during the weekend and 49 min during weekdays. From
weeks 9 to 14, group 1 slept 17.4 min more (p = 0.015)
and group 2 13.8 min (p = 0.070) more than the control
group. For the control group, between week 9 and week
14 during weekdays, sleep time increased significantly
from week 12 onwards with an overall 61-min increase.
Stress
Survey Data There was no statistical significant difference in
stress scores among the three groups in the three data
collection points (p = 0.073, p = 0.259, and p = 0.357,
respectively). The survey score lower than 13 is deemed
as low stress, 14–19 as medium, and above 20 as high.
Table 3 summarizes the results.
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Table 1 Daily steps recorded by
FitBit Flex

Control group

Group 1 (FitBit alone)

Group 2 (FitBit + game)

Weekday

Weekend

Weekday

Weekend

Week 1

11,424(5971)

8171(5051)

9979(5077)

8666(5736)

Week 2

9444(3826)

8225(5604)

10,176(5773)

8685(6476)

Week 3
Week 4

8208(4642)
8154(4637)

5316(4357)
5967(6161)

9406(5095)
9025(5743)

6496(6089)
8252(4787)

Week 5
Week 6

9008(3932)

6221(3941)

9645(5979)

7531(5242)

6386(3427)

5126(5480)

8270(4719)

6455(4940)

6337(4103)

6250(4763)

7663(3789)

5919(5040)

Weekday

Weekend

(recess)
Week 7
(exam week)
Week 8

8428(3876)

7591(5070)

9470(7243)

7585(6078)

Week 9

9801

8050

8574(3131)

5689(5456)

8817(4772)

7353(6662)

Week 10

(4285)
9805(4286)

(6029)
7976

8490(3198)

6934(4785)

8818(5156)

9714(4959)

Week 11

9280

(5574)
7499

8499(2881)

6129(6020)

9387(4242)

9291(4693)

Week 12

(3748)
8518

(6518)
6893

7878(3568)

6498(5507)

8261(5125)

5852(5059)

Week 13

(3030)
7593

(6193)
6368

7955(3070)

6019(6914)

8142(4776)

5920(7568)

(study week)
Week 14

(4371)
7719

(4903)
5595

6051(2423)

5696(6878)

7585(3329)

6163(5902)

(study week)

(4086)

(4927)

Values are median daily steps (interquartile range), weekday (Monday to Friday), and weekend (Saturday and
Sunday)

Discussion
Physical Activity The recommended daily walking for adults
is 10,000 steps, and our students walked close to 10,000 steps
daily. Group comparison of steps from week 1 to week 8
showed that students who had access to both Fitbit Flex and
game walked an average of 728 steps more than those who
only had access to Fitbit Flex. However, this effect was not
sustained from week 9 to week 14. Overall, self-reported data
and data from the tracking device showed that students were
active, and the interventions did not significantly increase
their activity level except during recess and exam time.
Instead of motivating students to start doing exercise, the interventions should reinforce the benefit of maintaining a good
level of daily exercise especially during exam and recess
weeks.

Sleep Quality and Quantity According to the US National
Sleep Foundation’s recommendation, the daily sleep hours for
18–20 years old is 7.5 to 9 h [23]. At baseline, our students
slept an average of 6.5 h. Interestingly, being able to track
sleep time influenced students’ behavior. By the end of the
study, all students had significantly increased their sleep time
to 7.5 to 8.0 h, and the two experimental groups reported a

better sleep quality. Overall, monitoring sleep pattern helped
students to achieve and maintain the recommended daily sleep
hours of 7.5 to 9 h.
Stress More than half of students’ stress levels were medium
to high from week 1, and the similar pattern persisted until
week 14. Medical students’ stress is affected by multiple factors, for example, academic and clinical pressures. Minor
changes in students’ activity level and sleep hours were not
sufficient to reduce their stress level. On the other hand, stress
was measured through the self-report survey. Physiological
measurements of stress could more accurately demonstrate
objective stress responses to changes in students’ daily activity and sleep time.
Tools to Monitor Students’ Physical Activity and Sleep
This study demonstrated the possibility and benefits of objective measurements of physical activity and sleep, as well as
implications for health promotion interventions. Access to
tracking devices has the potential to promote students to maintain a good level of exercise and regulate daily sleep. Sensor
technology and large data sets generated by the technology
should be fully utilized in students’ health behavior
promotion.
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Table 2 Weekly mean sleep time
from FitBit Flex

Control group

Weekday

Weekend

Group 1

Group 2

Fitbit alone

Fitbit + game

Weekday

Weekend

Weekday

Weekend

Minutes (SD)

Minutes (SD)

Minutes (SD)

Minutes (SD)

Week 1

392.7 (65.8)

471.5(70.0)

400.4(77.2)

490.7(65.9)

Week 2

410.6 (75.3)

488.9(85.5)

396.8(58.8)

487.6(93.3)

Week 3
Week 4

430.0 (78.9)
408.4 (66.1)

498.7(98.4)
487.7(103.7)

419.5(80.3)
404.4(81.6)

465.7(108.1)
510.0(94.6)

Week 5

446.3 (103.9)

501.1(81.7)

459.0(123.7)

481.5(93.5)

Week 6

458.0 (91.1)

494.5(67.0)

458.8(102.2)

474.1(96.5)

(recess)
Week 7

472.0(101.2)

458.6(80.6)

464.0(94.3)

525.1(163.4)

(exam week)
Week 8

430.0(57.0)

515.6(117.9)

440.2(114.3)

470.6(110.9)

Week 9

427.5

468.5

440.4(68.8)

520.8(138.5)

439.9(114.3)

499.3(112.0)

Week 10

(88.0)
425.8

(97.9)
488.4

448.4(78.0)

502.4(126.1)

451.0(120.0)

525.9(153.9)

Week 11

(96.0)
435.9

(91.3)
514.7

452.4(77.0)

516.0(134.1)

490.7(145.2)

512.3(84.7)

Week 12

(86.3)
458.2

(121.9)
499.9

463.3(93.5)

525.0(122.2)

475.8(150.8)

467.0(127.7)

Week 13

(98.7)
446.8

(92.9)
506.1

481.8(91.3)

501.7(77.1)

439.2(101.1)

527.8(87.5)

(study week)
Week 14

(88.9)
483.6

(138.1)
476.1

491.6(128.3)

512.3(129.3)

476.8(85.5)

472.1(110.0)

(study week)

(85.4)

(105.4)

Values are mean in minutes (SD), weekday (Monday to Friday), and weekend (Saturday and Sunday)

It is beneficial for medical students to understand how
these devices work and what the data means, and to experience how difficult it could be in maintaining healthy behaviors. Maintaining healthy behavior is essential for performance, professionalism, and patient safety.
Study Limitations The lack of a blind device for the control
group (a sensor measuring activity and sleep without allowing
data access) proved impossible in the given context. Hence,
Table 3

Group 2

Future Directions Further research should explore participants’ individual responses to interventions and to identify
the most influencing factor(s) in regards to adherence to
healthy behaviors. This will inform schools on contextual factors such as location, type of classroom settings, and building
designs to promote healthy behaviors. Long-term adherence

Students perceived stress level based on the Perceived Stress Scale
Week 1

Control
group
Group 1

no objective data was available for the control group from
week 1 to week 8.

Week 8

Week 14

≤13
Frequency
(%)

14–19
Frequency
(%)

≥20
Frequency
(%)

≤13
Frequency
(%)

14–19
Frequency
(%)

≥20
Frequency
(%)

≤13
Frequency
(%)

14–19
Frequency
(%)

≥20
Frequency
(%)

32
(35.2)
49
(44.1)
35
(39.8)

36
(39.6)
31
(42.6)
33
(37.5)

23
(25.3)
15
(15.8)
20
(22.7)

36
(38.7)
41
(44.1)
30
(33.7)

25
(26.9)
23
(24.7)
30
(33.7)

32
(34.4)
29
(31.2)
29
(32.6)

37
(41.1)
37
(42.0)
38
(41.3)

23
(25.6)
30
(34.1)
34
(37.0)

30
(34.4)
21
(23.9)
20
(21.7)

Values are n (%); ≤13 refers to low stress, 14–19 for medium stress, and ≥20 for high stress
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to positive health routines depends on a positive health culture
in educational environments.
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