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ABSTRACT

Regular physical activity (PA) is known to enhance multifaceted health benefits, including both physical and mental health.
However, traditional in-person physical activity programs have drawbacks, including time constraints for busy people.
Although evidence suggests positive impacts on mental health through mobile-based physical activity, effects of accumulated
short bouts of physical activity using mobile devices are unexplored. Thus, this study aims to investigate these effects, focusing
on depression, perceived stress, and negative affectivity among South Korean college students. Forty-six healthy college
students were divided into the accumulated group (n = 23, female = 47.8%) and control group (n = 23, female = 47.6%). The
accumulated group engaged in mobile-based physical activity, following guidelines to accumulate a minimum of two times per
day and three times a week. Sessions were divided into short bouts, ensuing each bout lasted at least 10 min. The control
group did not engage in any specific physical activity. The data analysis involved comparing the scores of the intervention and
control groups using several statistical techniques, such as independent sample t-test, paired sample t-tests, and 2 (time) × 2
(group) repeated measures analysis of variance. The demographic characteristics at the pre-test showed no statistically
significant differences between the groups. The accumulated group had significant decreases in depression (t40 = 2.59, p =
0.013, Cohen’s D = 0.84) and perceived stress (t40 = 2.06, p = 0.046, Cohen’s D = 0.56) from the pre- to post-test. The control
group exhibited no statistically significant differences in any variables. Furthermore, there were significant effects of time on
depression scores (F1, 36 = 4.77, p = 0.036, ηp

2 = 0.12) while significant interaction effects were also observed for depression
(F1, 36 = 6.59, p = 0.015, ηp

2 = 0.16). This study offers informative insights into the potential advantages of mobile-based
physical activity programs with accumulated periods for enhancing mental health, specifically in relation to depression. This
study illuminates the current ongoing discussions on efficient approaches to encourage mobile-based physical activity and
improve mental well-being, addressing various lifestyles and busy schedules.
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Introduction

In the 2020 Organization for Economic Co-operation and
Development (OECD) survey on depression prevalence
among countries, South Korea recorded the highest rate of
depression prevalence at 36.8%. That is, approximately 4 out
of 10 individuals experience depression or feelings of
sadness, highlighting the seriousness of the situation [1]. In
fact, the number of patients diagnosed with depression in
South Korea has reached nearly 1.02 million. Among them,
the number of depression patients in their 20s was the
highest, with 179,870 individuals (16.8%) [2]. Comparing
the years 2013 and 2018, the increase in the diagnosis of
depression among individuals in their 20s showed the
highest growth rate among all age groups, at 93.2% [3].
Therefore, there is an urgent need to identify the potential
remedies for depressive symptoms for young adults in South
Korea.

Regular physical activity (PA) offers a diverse range of
health benefits. Physical health improves cardiovascular
endurance, lowers the likelihood of heart ailments, and aids
in weight control by burning calories and regulating the
metabolism. Moreover, it enhances muscle flexibility, hence
aiding in the prevention of injuries and promoting
improved bone density [4,5]. Furthermore, PA plays a
crucial role in promoting mental health by reducing stress,
increasing the release of endorphins to regulate mood,
enhancing sleep quality, and supporting cognitive processes
such as memory and focus. Indeed, PA has been found to
mitigate mental disorders such as depression, stress, and
anxiety [6–10]. In general, participating in regular physical
activity not only increases lifespan and prevents chronic
conditions, such as diabetes and some types of cancer, but
also enhances immune system function, leading to a higher
quality of life. Thus, the significance of incorporating and
encouraging physical activity into daily routines is
emphasized based on these comprehensive advantages [11].

Despite the benefits of engaging in PA, traditional in-
person PA programs face limitations in terms of
participation owing to the prevalent lack of time among
individuals [12,13]. In fact, the structured nature of
traditional programs, such as scheduled fitness classes or
gymnasium sessions, often requires a significant time
commitment, creating a barrier for those with busy
schedules. Additionally, commuting to and from fitness
centers or class locations, changing clothes, and taking
showers add to the overall time investment, making it less
feasible for individuals with tight schedules. The perception
that engaging in such activities requires a substantial
amount of time can be discouraging, leading many people
to forego PA. Considering these challenges, it is essential to
offer alternative options that are more adaptable.

One of the potential solutions may include utilizing
technology for mobile-based PA programs [14]. In fact,
there are numerous benefits to engaging in PA at home
using mobile devices. First, mobile-based PA program
provides flexible and convenient options and remove time
limitations as it allows individuals to freely participate in PA
according to their own availability and energy level
compared to longer and continuous sessions [15,16].

Further, mobile-based PA improves the ease of access and
convenience of PA at home, which promotes regularity and
compliance with PA routines. This contributes to long-term
health and overall wellbeing, as reported by Firth et al. [17].
Indeed, ample evidence has demonstrated that mobile-based
PA programs have positive impacts on mental health issues
such as depression, stress, anxiety, and quality of life among
participants. For example, Kim et al. [14] found the
significant effects of mobile phone-based PA programs on
depression and perceived stress among adults. Furthermore,
Vandelanotte et al. [18] investigated the effects of a three-
month web-based intervention customized to individuals’
needs on various mental health outcomes, including
depression, anxiety, stress, and quality of life. Among the
501 participants, the intervention group showed significant
decreases in depression, anxiety, and stress at both three
and nine months compared to their baseline levels. These
results indicated that mobile-based PA program can
promote positive outcomes in terms of reducing depression
and perceived stress.

In addition to the mobile-based PA program, prioritizing
shorter and more time-efficient PA routines may provide a
feasible option for busy people. The rationale behind this is
that it aligns with their busy schedules and minimizes
barriers related to time constraints [19]. However, although
ample evidence suggests that mobile-based PA has a positive
impact on individual mental well-being, to the best of our
knowledge, no study has integrated the principles of
accumulated short bouts of PA into mobile device contexts,
and it remains unclear whether such practices result in the
same positive effects on mental health. In fact, the majority
of research on the effects of accumulated short bouts of PA
has typically focused on various physical health indicators of
cardiovascular risks [20,21], weight and obesity indices [22];
and fitness indicators [23]. For example, Eguchi et al. [20]
categorized participants into two physical activity groups: a
long-bout group, which engaged in a single 30-min session
per day for three days per week, and an accumulated short-
bout group, which participated in three 10-min sessions per
day for three days per week. The accumulated group
experienced a substantial increase in VO2max after 10
weeks. The implementation of physical activity programs
resulted in a considerable decrease in oxidative stress, with
no discernible distinction between the accumulated and
continuous groups. In reference to psychological outcomes,
previous literature on walking has demonstrated the mixed
outcomes. Osei-Tutu et al. [24] found that engaging in
accumulating 30-min of walking in three 10-min bouts was
not sufficient to significantly reduce the feelings of tension
and anxiety over eight weeks. On the other hand, Murphy
et al. [25] found that engaging in three brief 10-min sessions
of brisk walking was equally effective as a single continuous
session of equal duration in reducing feelings of tension and
anxiety.

The lack of studies on the effects of accumulated PA and
the mixed results deserves attentions because it prevents a
thorough understanding of the best methods for using
mobile-based platforms to improve mental well-being. It is
crucial to bridge this divide and create customized and
efficient PA interventions that consider individuals’ limited
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time and personal preferences. We believe this endeavor will
contribute to progress in both mobile-based physical activity
programs and mental health promotion.

Taken together, this study aimed to investigate the effects
of mobile-based PA programs delivered in the form of
accumulated bouts on mental health indicators, including
depression, perceived stress, and negative affectivity among
healthy college students in South Korea. By identifying the
significant implications associated with the adoption of
accumulated bouts of PA programs, our objective was to
offer alternative avenues, particularly for individuals with
busy schedules and reservations about attending fitness gyms.

Methods

Participants
The participants of this study were undergraduate students
attending a university in Gyeonggi Province, South Korea.
We recruited participants through various online and offline
channels, including online advertisement, class
announcements, flyers around university campus, and word
of mouth. The recruitment process specifically focused on
the participants who expressed a voluntary interest in this
study. To ensure the quality of this research, participants
must meet the following criteria: they must be in optimal
physical condition and currently enrolled as full-time college
students, aged between 18 and 30 years. Prior to enrollment,
it was essential to have a firm commitment to complete the
eight-week study period and to possess a high level of
competency in the language of study. Furthermore,
participants required both online and offline accessibility
along with proficiency in utilizing a smartphone and
internet. Finally, participants who voluntarily expressed

interest in participating in the research and met the
eligibility criteria were selected.

Fig. 1 displays the diagram adhering to the Consolidated
Standards of Reporting Trials, outlining the flow of
participants throughout the study. Consequently, 49
individuals were recruited, with five excluded before the pre-
test owing to unavailability or refusal to undergo testing.
The allocation of participants to the respective groups was
primarily based on practical considerations, such as
availability. Initially, individuals who could commit to an 8-
week accumulated PA protocols were first selected and
assigned to the accumulative group. From the original pool
of 44 participants, 23 were assigned to the intervention
group, and the remaining (21 individuals) were assigned to
the control group. The comprehensive demographic
information of the participants is presented in Table 1.

Following the interventions, four participants in the
intervention group dropped out because they refused to
undergo testing and hospitalization. In the control group,
two participants dropped out because they did not complete
the post-test. Remarkably, 82.60% (19 out of 23) of the
participants in the intervention group and 90.40% (19 out of
21) in the control group completed the post-test. Therefore,
38 participants were included in the final analysis. G* Power
3 [26] was used to determine the sample size. To guarantee
accuracy, the power of the test was set at 95% with a
significance level of 0.01. The effect size (d) was determined
to be 0.05 on the basis of the results obtained in a prior
investigation [14]. Additionally, the attrition rate observed
in computer-based psychological treatment (57%) [27] was
added to the calculation. Consequently, the total number of
participants was 22. Therefore, the inclusion of 44
participants was expected to yield adequate statistical power.

FIGURE 1. Research procedure.
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Procedure
Survey data were collected at weeks zero and eight. Following
the recruitment of participants, the initial survey commenced
at week zero. Before the initial survey, the study commenced
with an introduction, obtained participants’ consent, and
administered questionnaires through Google Forms. The
participants accessed and completed surveys, including the
Physical Activity Readiness Questionnaire (PAR-Q) [28], by
following an online URL link. Subsequently, the participants
were categorized into the accumulated group, which
performed the assigned activities at various intervals
throughout the day and week, whereas the control group
did not engage in any particular PA. The intervention lasted
for eight weeks based on the previous meta-analysis that
demonstrated significant changes in mental health outcomes
[29]. Identical surveys were conducted at week eight. All the
surveys were conducted with complete anonymity. To verify
that the questionnaires at weeks zero and eight were
answered by the same person, unique IDs were provided to
the participants for identification purposes.

The researchers conducted weekly participant
management surveillance, confirming that the prescribed PA
was completed through contact with the participants. When
engaging in PA through the app, participants’ activity
duration, types, and intensity were recorded. The
researchers obtained weekly confirmation photographs via
messengers from the participants in the group, which
detailed the PA frequency and duration for each week. The

researchers documented weekly confirmations on a Google
Sheet following the photo verification. This study was
approved by the Hankuk University of Foreign Studies
Institutional Review Board (IRB under reference HIRB-
202404-HR-011). All participants signed the informed
consent in this study. Potential participants were explicitly
informed about the study goals and procedures, and only
those who provided written informed consent were included.

Accumulated short bouts of PA intervention
This study utilized a tailored healthcare application that offers
Artificial Intelligence (AI)-driven wellness services in PA
domains. The application offers a “Training” service aimed
at enhancing physical fitness through aerobic exercises and
motion-sensing PA workouts. The app contains the 114
types of motion-sensing PA workout programs, including 32
stretching PA, 44 aerobic PA, 20 upper body resistance
training, and 18 lower body resistance training. Based on
these programs, the app suggests appropriate activities based
on a simple survey, allowing users to directly configure their
preferred PA type, intensity, and duration. Fitness logs
enable users to track their prescribed PA levels and assess
their overall physical condition. By leveraging motion-
sensing technology, the application guarantees that users
engage in PA with an accurate posture, enabling them to
receive precise coaching as if they had a one-on-one
personal trainer at home.

This study employed participant control using different
PA strategies to verify the impact of accumulated short
bouts of PA. Throughout the duration of the study, the
accumulated group was mandated to divide their daily PA
routine into two sessions, ensuring that each session took at
least 10 min. They also performed PA three times a week.
Thus, the accumulated group engaged in two 10-min
sessions per day for three days per week. Additionally,
participants in this group were given the freedom to select
their preferred workout plan, with a specific emphasis on
resistance training sessions.

Instruments
This study employed The Korean version of the Patient
Health Questionnaire-9 (PHQ-9) to assess depression. This
is a widely used self-report questionnaire designed to assess
the severity of depressive symptoms among individuals.
Developed by Spitzer et al. [30], it is based on the nine
criteria for major depressive disorders in the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV).
Participants assessed the occurrence of symptoms during
the last two weeks using a rating scale ranging from 0 to 3.
The total score served as a measure of the intensity of
depressive symptoms. The Cronbach’s alpha coefficient of
our study sample was 0.86, whereas that of the validation
study was 0.81 [31]. Perceived stress was assessed using the
Perceived Stress Scale (PSS) a widely used self-report
instrument developed by Cohen et al. [32]. This
questionnaire quantifies the extent to which individuals
subjectively perceive their lives as stressful over the course
of a month. The measure has 10 items wherein respondents
assess the frequency of their stress-related feelings and
thoughts using a Likert scale. Higher scores were correlated

TABLE 1

Demographic characteristics at pre-test

Characteristics Accumulated
group

Control
group

p

N = 23 N = 21

Categorical variables, N (%)

Gender 0.98

Female 11 (47.8%) 10 (47.6%)

Education 0.09

High school diplomat 20 (87.0%) 21 (100%)

College diplomat 3 (13.0%)

Physical activity 0.48

None 4 (17.4%) 1 (4.8%)

1 or 2 times a week 6 (26.1%) 8 (38.1%)

3 or 4 times a week 7 (30.4%) 8 (38.1%)

5 or 7 times a week 6 (26.1%) 4 (19.0%)

Experience in using PA
app

0.76

Yes 12 (52.2%) 10 (43.5%)

No 11 (47.8%) 11 (52.4%)

Continuos variables, M(SD)

Age 23.17 (0.65) 22.19 (2.50) 0.08

BMI 22.20 (2.89) 23.56 (3.89) 0.19

Internet self-efficacy 4.00 (1.04) 3.74 (0.96) 0.38
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with greater levels of perceived stress. In this study, our
sample’s Cronbach’s alpha coefficient was 0.81, which
matched the validation study’s 0.80 [33]. Finally, we used
the short versions of the Negative Affectivity Scale of
Positive Affectivity and Negative Affectivity Scale (PANAS)
[34] to assess the negative affectivity of student-athletes. The
5-point scale spanned from 1 (very slightly or not at all) to
5 (very strongly or extremely). The participants evaluated
the degree to which they encountered each emotion within a
designated period. The PANAS is widely used in psychology
and psychiatric research to measure affective states. The
internal consistency of the scale in this study was 0.75,
which was similar to Kyral et al.’s [35] study of 0.77.
Collectively, higher scores on the PHQ-9, PSS, and the
Negative Affectivity Scale indicate greater levels of each
symptom.

Data analysis
Initially, frequency and descriptive analyses were employed to
compute the frequencies and percentages of categorical
variables, as well as the means and standard deviations (SD)
of continuous variables. Subsequently, a series of thorough
analyses were conducted to analyze the discrepancies in the
pre- and post-test across different groups. First, the
methodology employed an independent sample t-test to
examine the differences in the proposed variables between
the two groups at pre- and post-test. Second, paired-sample
t-tests were conducted within each group to independently
compare the measurements obtained at the beginning and
after the evaluation. Subsequently, a 2 (group) × 2 (time)
repeated measures analysis of variance (RMANOVA) was
performed, where pre- and post-test data were considered as
dependent factors, and the group was treated as the
independent variable.

Results

Results from the pre-test and post-test comparisons between the
two group
The result from the pre-test in the accumulated (n = 23) and
control groups (n = 21) are shown in Table 2. The results
showed that the accumulation group had higher levels of
depression (M = 5.56, SD = 4.42), anxiety (M = 0.55, SD =
0.54), perceived stress (M = 2.54, SD = 0.56), and negative
affectivity (M = 1.71, SD = 0.54) than the control group

(depression: M = 4.28, SD = 2.70; anxiety: M = 0.26, SD =
0.37; perceived stress: M = 2.34, SD = 0.52; and negative
affectivity: M = 1.40, SD = 0.37). There were no statistically
significant differences in any variables between the
accumulated and control groups at the start of the trial.

Table 3 presents a concise overview of the comparisons
between the two groups after the intervention. The control
group exhibited significantly higher mean scores for
depression (M = 4.57, SD = 3.54), anxiety (M = 0.36, SD =
0.37), perceived stress (M = 2.32, SD = 0.47), and negative
affectivity (M = 1.52, SD = 0.57) than the accumulated
control group (depression: M = 2.63, SD = 2.38; anxiety: M
= 0.28, SD = 0.28; perceived stress: M = 2.21, SD = 0.46; and
negative affectivity: M = 1.44, SD = 0.37). Again, no
statistically significant differences were observed between
groups for any variable. We used the paired-sample t-tests
to assess whether there were significant differences in the
levels of depression, anxiety, perceived stress, and negative
affectivity based on the use of a mobile-based accumulated
PA program (Tables 4 and 5).

The results for depression showed a decrease in the mean
score from 5.56 ± 4.42 to 2.63 ± 2.38 for the accumulated
group, and this difference was statistically significant (t40 =
2.59, p = 0.013). Relating perceived stress, the accumulated
group also showed a significant decrease from 2.54 ± 0.56 to
2.21 ± 0.46 (t40 = 2.06, p = 0.046). Nevertheless, no
statistically significant differences were observed between the
pre- and post-test results for negative affectivity (t40 = 1.84,
p = 0.073). In the control group, there was no statistically

TABLE 2

Mean differences between accumulated group and control group
at pre-test

Accumulated
group, M(SD)

Control
group,
M(SD)

t p-value Cohen’s
D

Depression 5.56 (4.42) 4.28 (2.70) 1.14 0.26 0.34

Perceived
stress

2.54 (0.56) 2.34 (0.52) 1.22 0.23 0.52

Negative
affectivity

1.71 (0.54) 1.41 (0.37) 2.15 0.04 0.28

TABLE 3

Mean differences between accumulated group and control group
at post-test

Accumulated
group, M(SD)

Control
group,
M(SD)

t p-value Cohen’s
D

Depression 2.63 (2.38) 4.57
(3.54)

−2.00 0.052 0.26

Perceived
stress

2.21 (0.46) 2.32
(0.47)

−0.76 0.45 0.13

Negative
affectivity

1.44 (0.37) 1.52
(0.57)

−0.53 0.60 0.36

TABLE 4

Mean differences between pre- and post-test for accumulated
group

Pre-test,
M(SD)

Post-test,
M(SD)

t p-value Cohen’s
D

Depression 5.56 (4.42) 2.63 (2.38) 2.59 0.013* 0.84

Perceived
stress

2.54 (0.56) 2.21 (0.46) 2.06 0.046* 0.56

Negative
affectivity

1.71 (0.54) 1.44 (0.37) 1.84 0.073 0.50

Note: *p < 0.05, **p < 0.01.
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significant difference in the pre- and post-test results for any
of the variables in the control group. Statistical analysis
showed that the t-values and corresponding p-values were
not significant (t40 = −0.29, p = 0.077 for depression; t40 =
0.12, p = 0.090 for perceived stress; and t40 = −0.76, p = 0.44
for negative affectivity).

Effectiveness of mobile-based accumulated PA program on the
outcomes
As can be seen in Table 6 and Fig. 2, in the 2 (group) × 2 (time)
RMANOVA, significant positive main effects of time were
observed for depression score (F1, 36 = 4.77, p = 0.036, ηp

2 =
0.12). However, no significant main effects of time were
found for perceived stress (F1, 36 = 3.34, p = 0.07, ηp

2 =
0.09) and negative affectivity (F1, 36 = 1.40, p = 0.24, ηp

2 =
0.04). Furthermore, significant positive interaction effects
between time and group were observed for depression (F1, 36
= 6.59, p = 0.015, ηp

2 = 0.16). Nevertheless, no significant
interaction impact was between group and time for
perceived stress (F1, 36 = 1.83, p = 0.18, ηp

2 = 0.05); negative
affectivity (F1, 36 = 3.63, p = 0.065, ηp

2 = 0.09).

Discussion

The primary objective of this study was to investigate the
effects of accumulated short bouts of PA using mobile
devices on mental health outcomes, specifically targeting
depression, perceived stress, and negative affectivity among
South Korean college students. This study included 44
healthy college students (23 in the accumulated group and
21 in the control group). The accumulated group showed
significant decreases in depression and perceived stress, as
demonstrated by paired-sample t-tests. The subsequent 2 ×
2 RMANOVA confirmed these findings by showing a

significant impact of time and interaction on depression.
The following discussion synthesizes these findings to derive
significant insights into the consequences of mental health
interventions and effectiveness of mobile-based PA initiatives.

One of the main findings of this study was that there
were statistically significant reductions in both depression
and perceived stress in the accumulated group. This finding
indicates that even short and frequent engagement in PA
facilitated by mobile devices can offer tangible mental health
benefits in terms of mitigating the symptoms of depression
and perceived stress. Previous studies have reported that
even brief periods of PA (10-min) have the potential to
induce the secretion of endorphins and neurotransmitters
that are positively correlated with the emotions of joy
[36,37]. This neurochemical reaction has the potential to
enhance mood and function as an inherent safeguard
against symptoms associated with depression and stress
[38,39]. This finding contributes to the existing body of
knowledge supporting the effectiveness of mobile-based PA
in promoting mental health. More importantly, this is the
first study to identify the significant impact of accumulated
PA interventions on depression and perceived stress within
a mobile context. Previous studies have often focused on
continuous PA interventions in the mobile context [15–18]
or accumulated PA interventions in traditional in-person
settings [20–23]. By integrating the two unique contexts of
accumulated and mobile settings, the current study
demonstrates the importance of short and frequent
interventions, establishing mobile-based accumulated PA as
a feasible approach to improve mental health.

Additionally, the findings from the 2 × 2 RMANOVA
provided additional support for the significant efficacy of
the accumulated PA program, revealing a significant
interaction effect of group and time on depressive
symptoms. The unique impact of the accumulated PA
program on depression highlights its significant contribution
to the improvement of mental health, thus adding to our
understanding of the effects of diverse PA programs. This
resonates with previous literature advocating diverse
approaches to PA interventions for mental health,
acknowledging the potential effectiveness of novel formats
such as accumulated bouts within mobile settings. The
theoretical implications of these findings extend to a broader
framework of mental health intervention strategies. The
distinctive impact of the accumulated PA program on
depression, as evidenced by the interaction effects,
challenges the traditional views of uniform mental health
interventions. It suggests that tailoring interventions to
include accumulated short bouts of physical activity can
yield specific and favorable mental health outcomes.
Integrating these findings into theoretical models of mental
health interventions broadens our perspectives and
encourages more context-specific approaches.

Finally, this study found that neither type of PA
significantly reduces negative affectivity. This result is
consistent with previous literature that has also found
insignificant relationships between PA and negative
affectivity [40,41]. The lack of impact may be attributed to
the intensity and duration of the PA sessions. Research
indicates that longer duration PA sessions, particularly those

TABLE 5

Mean differences between pre- and post-test for control group

Pre-test,
M(SD)

Post-test,
M(SD)

t p-value Cohen’s
D

Depression 4.28 (2.70) 4.57 (3.54) −0.29 0.77 0.15

Perceived
stress

2.34 (0.52) 2.32 (0.47) 0.12 0.90 0.11

Negative
affectivity

1.40 (0.37) 1.52 (0.57) −0.76 0.45 0.21

TABLE 6

Results from 2 × 2 RMANOVA

Variables df Time Time * group

F p-value ηp
2 F p-value ηp

2

Depression 36 4.77 0.036* 0.12 6.9 0.015* 0.16

PS 36 3.34 0.076 0.09 1.83 0.181 0.05

NA 36 1.40 0.24 0.04 3.63 0.065 0.09
Note: *p < 0.05, **p < 0.01; PS = Perceived stress; NA = Negative affectivity.
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lasting 30-min or more, are often associated with greater
improvements in mood. In this study, the participants
engaged in PA for approximately 20-min, which may have
been relatively short in duration, thereby potentially limiting
its effectiveness in eliciting significant changes in negative
affectivity.

Practical implications
The findings of this study offer significant practical
implications for the design and implementation of PA
programs, particularly those that leverage mobile
technologies. These implications address real-world
problems and benefit-specific groups and provide guidelines
for their implementation.

The physical and mental benefits of physical activity have
been widely acknowledged by many people. The complexities
of everyday schedules and preparatory procedures impede
access to physical activities. This study demonstrates how
participating in short bursts of physical activity can
overcome obstacles and provide a way to obtain the physical
and emotional benefits of physical activity despite a hectic
schedule. This method of collecting brief exercise periods
has important implications for creating practical mobile-
based physical activity regimens. Our findings offer a
temporal framework to assist in developing PA program
apps and home training programs. They provide evidence-
based recommendations on the frequency and duration of
activities required to attain health benefits.

Our study focused on the benefits of an eight-week
physical activity program for a specific group of healthy
people in their twenties. Depression, stress, negative
affectivity, and well-being were assessed. The results
confirmed that repeated episodes of physical activity could
effectively decrease depression and stress in this specific
group. These findings indicate that smartphone fitness apps
can provide programs that promote both physical and
mental well-being. Identifying the most effective frequencies
and shortest exercise durations can improve the
effectiveness of these physical activity programs and increase
their benefits for participants.

These insights highlight the potential utility of physical
activity programs designed to include accumulated short
bouts of physical activity for groups constrained by the lack
of prolonged periods available for exercise. In South Korea,
the prevalence of demanding work schedules makes it
challenging for many office workers to dedicate time to
exercise post-work. By integrating the concept of
accumulated short bouts of physical activity using mobile
devices, these individuals could leverage brief periods of
exercise facilitated by mobile phones to achieve positive

psychological effects. Furthermore, individuals living in
rural areas, who might face difficulties in accessing gym
facilities or personal training programs, could benefit from
engaging in these activities at home, without the need for
specialized spaces. For older adults, particularly those who
are physically frail, engaging in high-intensity exercise may
not be feasible. Offering accumulated bouts of exercise
programs through mobile devices that allow for not only
positive physiological effects [22] but also psychological
outcomes.

The experimental group in our study participated in a
physical activity regimen that included two 15-min sessions,
three days per week. The eight-week program, consisting of
multiple sessions of physical activity, was highly successful
in decreasing the symptoms of depression and stress. These
findings suggest that PA programs designed for mental
health benefits can be effective when delivered in shorter,
segmented sessions rather than in longer, continuous
sessions. This indicates that providers of app-based physical
activity programs may obtain better results by providing
programs of shorter durations. Our research recommends
setting criteria for the frequency and duration of physical
activity programs provided through smartphone health
management apps because long-duration physical activity
can be difficult to incorporate into busy schedules.
Moreover, this method is suitable for those looking to work
out at home as it promotes the idea of participating in
several sessions instead of trying to make time for longer
exercise routines.

The implications of this research extend beyond
academic interests and offer practical evidence-based
guidance for the development of PA interventions. These
interventions, particularly when delivered through mobile
platforms, have the potential to contribute significantly to
public health by enhancing accessibility and compliance
with PA recommendations, ultimately improving mental
health outcomes in the general population.

Limitations and Future Research Directions

This study has some limitations, and recommendations for
future research are proposed. First, we encountered
difficulties in randomizing the enrolled participants into
intervention and control groups. Participants who
demonstrated willingness to participate in PA and received
approval from the researchers were enrolled in the
treatment group. This self-selection process may have
introduced bias, as individuals with specific characteristics
or motivations may have been more inclined to participate
in the study, potentially influencing the outcomes. Thus,

FIGURE 2. Results from the interaction analysis.
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caution should be exercised when interpreting the outcomes
of the accumulated PA program in this study. Future studies
should reassess the findings of this investigation using a
randomized allocation study.

Moreover, the generalizability of this study is limited by
its exclusive focus on healthy college students. Hence, these
findings may not be broadly applicable to heterogeneous
populations or varied mental healthcare environments.
Future studies should explore a broader range of individuals
to improve the generalizability of the results. For example, a
follow-up study could include individuals diagnosed with
depression to examine the impact of accumulated PA on
depressive symptoms in the clinical environment. Further
investigation should focus on the older adult population.
In the similar vein, the relatively small sample size may
restrict the generalizability of findings. As such, caution
should be emphasized when applying the results to larger
and more diverse populations. Future research efforts
should aim to address this limitation by recruiting a larger
and more heterogeneous sample to improve the external
validity of the study findings. Additionally, expanding the
sample size would enable researchers to explore potential
subgroup differences and better understand the nuanced
effects of the intervention across different demographic
groups.

Furthermore, the study evaluated the participants’ results
at two specific moments: the first assessment and the post-test.
Nevertheless, a more extended period of observation would be
beneficial in order to assess the long-term durability of the
impacts of PA programs. Hence, it is recommended that
future studies prolong the duration of follow-up in order to
evaluate the enduring impact of PA interventions. This will
allow for a better understanding of the sustainability of the
reported results and the possibility of intervention benefits
diminishing with time.

Finally, the nonsignificant results for negative affectivity
should prompt a closer examination of the intervention
components. Assessing whether the intervention addresses
specific facets of negative affectivity could offer insights into
potential areas for improvement or optimization. This in-
depth examination sought to uncover the reasons for the
lack of significant results in these areas. This provides an
opportunity to pinpoint particular aspects of the
intervention that may require refinement or optimization to
enhance its efficacy in addressing negative affectivity.
Essentially, it advocates a more nuanced evaluation of the
intervention’s impact on specific outcomes, facilitating an
informed and targeted approach to future interventions or
adjustments to the existing program.

Conclusion

This study aimed to investigate the impact of mobile-based
PA programs, conducted in short intervals, on mental
health indicators with a specific focus on depression,
perceived stress, and negative affectivity among college
students in South Korea. The results indicated a significant
decrease in depression and perceived stress in the

experimental group, whereas the control group did not
show any meaningful differences. The results of the 2 × 2
RMANOVA demonstrated a clear and significant
relationship between time and depression scores. This
finding highlights the potential influence of physical activity
accumulated through mobile devices on mental health
outcomes. These findings add to the increasing amount of
research highlighting the positive effects of flexible and
easily accessible PA programs on mental health.
Furthermore, this provides a practical alternative for people
with busy schedules who find it difficult to participate in
longer, continuous physical activity sessions. These findings
underscore the importance of integrating such interventions
into public health policies aimed at promoting mental well-
being among young adults. Furthermore, in the realm of
mobile health application development, our study highlights
the significance of incorporating features that support and
encourage participation in mobile-based PA interventions
tailored to the unique needs and preferences of college
students.
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