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Abstract
Background: Problematic smartphone use among adolescents is a growing public health concern closely associated with
psychological distress and loneliness. Effective, culturally grounded, school-based interventions are needed.
Objective: The aim of this study was to assess the effects of a 12-week program combining traditional social sports games and
mental exercises on smartphone addiction, nomophobia, psychological distress, and loneliness in adolescents.
Methods: In this randomized controlled trial, 69 school-recruited Tunisian adolescents (aged 14-16 years) with clinically
elevated smartphone addiction scores were assigned to an experimental group (n=36, 52.2%) or a control group (n=33,
47.8%). The experimental group received a 12-week intervention comprising 4 weekly sessions integrating traditional social
sports games with mental exercises, whereas the control group continued standard physical education. Outcomes (smartphone
addiction, nomophobia, psychological distress, and loneliness) were assessed at baseline and after the intervention using scales
validated in Arabic.
Results: Linear mixed-effects models adjusted for age, sex, and BMI revealed significant group × time interactions of
moderate magnitude across all outcomes (P<.05 in all cases) favoring the experimental group. Adjusted postintervention
comparisons confirmed significantly lower scores in the experimental group for smartphone addiction, nomophobia, psycho-
logical distress, and loneliness (P<.05 in all cases; partial ηp2=0.08‐0.12). Mediation analysis indicated that reductions in
loneliness accounted for 34.4% of the intervention’s effect on smartphone addiction, consistent with partial mediation.
Conclusions: A culturally adapted, school-based intervention combining traditional social sports games and mental exercises
significantly reduced problematic smartphone use and improved psychological well-being. The partial mediation through
reduced loneliness highlights the critical role of social connectedness in adolescent digital health interventions.
Trial Registration: Pan African Clinical Trials Registry PACTR202601838702413; https://pactr.samrc.ac.za/TrialDis-
play.aspx?TrialID=39795
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Introduction
Adolescence constitutes a critical period of neurobiologi-
cal, emotional, and social development marked by height-
ened sensitivity to reward processing, peer feedback, and
affective stimuli. Ongoing maturation of prefrontal-limbic
circuits during this stage increases impulsivity and emo-
tional reactivity, rendering adolescents particularly vulnerable
to maladaptive behavioral patterns in technology-saturated
environments [1].

In Tunisia, these developmental vulnerabilities intersect
with rapid digital expansion that has outpaced public health
policy and digital literacy initiatives. As a result, smart-
phones have become central tools for managing academic
demands, emotional regulation, and social relationships
among adolescents [2-4]. While digital access offers clear
benefits, excessive reliance on digital devices has contributed
to the growing prevalence of problematic smartphone use
(PSU).

PSU is characterized by compulsive, excessive smartphone
engagement that results in functional impairment across
academic, emotional, and social domains [5]. Among its
core manifestations, nomophobia, the fear of being without
one’s smartphone, has emerged as a prominent indicator of
psychological dependence and psychological distress [6,7].
Empirical evidence consistently links PSU and nomophobia
to emotional dysregulation; reduced academic performance;
and elevated symptoms of anxiety, depression, and stress [8].

Loneliness is a key psychosocial mechanism underly-
ing PSU. Adolescents often engage in smartphone use to
compensate for perceived social disconnection, yet digi-
tally mediated interactions frequently fail to satisfy deeper
relational needs. This mismatch can create a self-reinforcing
cycle where increased smartphone use exacerbates loneli-
ness, further driving compensatory digital engagement [9,10].
Therefore, interventions that disrupt this cycle by directly
enhancing social connectedness are critical. Meta-analytic
evidence indicates that physical activity (PA) interventions,
particularly those that are group based and sustained (≥12
weeks), effectively reduce smartphone addiction [11], with
loneliness established as a mediator of this effect [12,13].
This process aligns with self-determination theory (SDT) as
socially engaging PA can satisfy core psychological needs
such as relatedness, thereby reducing reliance on smartphones
for compensatory fulfillment [14].

SDT further explicates this mechanism, positing that
psychological well-being depends on the satisfaction of
3 basic psychological needs: autonomy, competence, and
relatedness [15]. From this perspective, PSU may represent
a maladaptive coping strategy that emerges when the need for
relatedness remains unmet. Thus, loneliness functions both as
an indicator of need frustration and as a mechanistic pathway
sustaining compulsive smartphone use.

Building on this rationale, PA interventions, particu-
larly structured, group-based programs, have demonstrated
efficacy in reducing PSU and improving psychological
well-being among adolescents [16,17]. There is further
evidence suggesting that PA-based interventions are more
effective when combined with psychological strategies
such as mental skill training, which strengthens emotional
regulation, stress tolerance, and self-regulation capacities
[11].

Cultural adaptation represents a critical determinant of
engagement and sustainability. In the Tunisian context,
traditional social sports games (eg, seated ball game and
dodgeball) constitute culturally resonant, rule-based PAs that
promote face-to-face interaction, cooperation, and prosocial
behavior. These activities foster peer bonding and shared
enjoyment, directly targeting the SDT need for relatedness
while counteracting the isolating effects of excessive screen
use [18,19].

Despite this strong theoretical and empirical rationale,
important gaps remain. Few controlled studies have evalu-
ated multi-component, culturally grounded interventions that
integrate structured PA with psychological skill development
using a randomized controlled design in a school setting.
Moreover, no study has empirically tested whether reductions
in loneliness mediate the effects of such interventions on PSU
despite the central role of relatedness within SDT.

To address these gaps, we developed and evaluated
a 12-week school-based intervention integrating traditional
social sports games with mental exercises (TSSG-ME) among
Tunisian adolescents. We hypothesized that participants in
the TSSG-ME group would demonstrate significantly greater
reductions in smartphone addiction and psychological distress
than a control group (CG). Grounded in SDT, we further
hypothesized that reductions in loneliness would mediate
the intervention’s effect on smartphone addiction, reflecting
enhanced satisfaction of the need for relatedness.

Methods
Study Design and Setting
This study was a 2-arm, parallel-group randomized control-
led trial. The trial was retrospectively registered with the
Pan African Clinical Trials Registry under the identifica-
tion number PACTR202601838702413 on January 30, 2026.
The registration was conducted retrospectively due to an
administrative oversight during the initial recruitment phase
as the research team prioritized data collection commence-
ment following funding approval. This study was conducted
between October 2024 and February 2025 across 3 public
middle schools in the Sfax region of Tunisia during routine
health screenings.
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Participants
A total of 960 adolescents (aged 14-16 years) were initially
recruited during routine health screenings across 3 public
middle schools in the Sfax region. A total of 151 students
with PSU were identified. The inclusion criteria were (1)
meeting the clinical cutoff for smartphone addiction and
(2) reporting structured PA not exceeding 3000 metabolic
equivalent of task minutes per week as assessed using
the Arabic-language International Physical Activity Question-
naire [20]. The exclusion criteria were (1) BMI below the
3rd or above the 97th percentile [21] and (2) habitual sleep
duration outside the range of 6 to 10 hours per night [22].
This resulted in the exclusion of 76 students (n=37, 48.7%
due to excessive activity; n=39, 51.3% due to the BMI and
sleep criteria).

Eligible participants (n=75) were randomly assigned to
the experimental group (EG; n=36) or the CG (n=33) using
stratified block randomization. Randomization was stratified
by sex (male and female), with a combination of random
block sizes of 4, 6, and 8 to ensure balanced allocation across
groups throughout the recruitment period. The allocation
sequence was obtained using computer-generated random
numbers by an independent researcher who was not involved
in participant recruitment, intervention delivery, or outcome
assessment.

Allocation concealment was ensured using sequentially
numbered opaque, sealed envelopes prepared by the
independent researcher and opened only after completion
of baseline assessments and confirmation of eligibility.
Participants were enrolled by the lead author, and group
assignment was implemented by a research assistant not
involved in outcome assessment.

Due to the nature of the behavioral intervention, par-
ticipants and intervention providers could not be blinded.
However, outcome assessors and data analysts were blinded
to group allocation throughout the trial.

During the trial, 8% (6/75) of the participants were
excluded due to extended absences (>1 week), incomplete
assessments, or newly emerging clinical conditions (EG: n=4;
CG: n=2), resulting in a final analytic sample of 69 partic-
ipants (EG: n=36, 52.2%; CG: n=33, 47.8%). The Little
test was nonsignificant (χ218=12.5; P=.82), supporting the
assumption that data were missing completely at random.
Given the low rate of missingness and the missing com-
pletely at random assumption, we conducted complete-case
analyses without multiple imputation. Baseline comparisons
confirmed equivalence between groups on all demographic
and outcome variables (P>.05 in all cases). A detailed
flowchart of participant screening, randomization, allocation,
and follow-up is presented in Figure 1.

Intervention

Overview
Grounded in SDT, the intervention was designed to target
basic psychological needs. The traditional social sports game
component primarily addressed the need for relatedness

through cooperative and socially structured play, whereas
the mental exercise component targeted competence and
autonomy through structured skill building and self-regulation
practices. The intervention began within 1 week following
randomization for both groups.

Experimental Group
The EG participated in a structured 12-week intervention
consisting of four 60-minute sessions per week. Three
sessions were conducted during regular school hours, and 1
extracurricular session was held on Friday afternoons [23].
Each session was divided into 2 core modules: traditional
social sports games (45 minutes) and mental exercises (15
minutes). The sports module used 4 culturally embedded
Tunisian games (seated ball game, dodgeball, sbeïla [a
traditional chasing game], and korra teyara [a traditional
target throwing game]) implemented with an emphasis on
teamwork, communication, and strategic decision-making
[18]. Game complexity increased over time: weeks 1 to 3
focused on rule acquisition and teamwork, whereas weeks
4 to 12 introduced dynamic variations and collaborative
problem-solving strategies [24,25].

The mental exercise module followed a standardized
5-phase sequence to facilitate cognitive and physical recovery
[26,27]. This sequence began with a 2-minute prerelaxa-
tion phase for session orientation followed by a 3-minute
induction to calmness using diaphragmatic breathing and
guided imagery. The main relaxation phase (5 minutes)
incorporated Jacobson’s progressive muscle relaxation,
autogenic training, and mindfulness-based techniques. The
session concluded with a 2-minute recovery period of light
stretching and a 3-minute reflective closure involving verbal
discussion or a short written reflection.

Control Group
The CG followed the standard, time-matched physical
education curriculum mandated by the Tunisian Ministry
of Education, consisting of 2 weekly sessions (one 2-hour
and one 1-hour session) [23]. Sessions included conven-
tional individual activities and team sports. The CG did not
receive the novel social games or mental exercises, serving
as a treatment-as-usual control. This design allowed for a
pragmatic comparison with standard school practices but
did not control for nonspecific intervention effects such as
increased attention, novelty, or social interaction.

Instruction and Fidelity
Sessions were delivered by a team of 3 instructors, each
with over 10 years of experience working with youth. The
team comprised 2 physical education specialists with master’s
degrees in adapted physical activity and sport pedagogy
and 1 certified mental preparation coach with a professional
certificate in mental skill training for adolescents. To ensure
treatment fidelity, all instructors received comprehensive
training on the research protocol and adhered to a stand-
ardized intervention manual. For each session, participants
were organized into 3 subgroups, enhancing peer interaction
and enabling close instructor supervision. Attendance was
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monitored via session registers, with the EG maintaining an
average attendance rate of 97.7% (SD 2.4%).
Data Collection

Procedures
The primary outcome of this study was smartphone addic-
tion, measured using the SAS-SV. Secondary outcomes
included nomophobia (Nomophobia Questionnaire; NMP-
Q), psychological distress (Depression, Anxiety, and Stress
Scale–21 [DASS-21] subscales), and loneliness (University of
California, Los Angeles, Loneliness Scale). Trained assessors
administered all instruments in Arabic during face-to-face
sessions, with data collected electronically via Google Forms
on digital tablets to minimize entry errors [28]. All assess-
ments were conducted at 2 time points: baseline and
immediately after the intervention.
Investigation Tools
Smartphone Addiction
Smartphone addiction was assessed using the SAS-SV,
a self-report instrument designed to evaluate the severity
of PSU and originally validated by Kwon et al [29].
The SAS-SV is a 10-item instrument rated on a 6-point
scale (1=“strongly disagree”; 6=“strongly agree”), captur-
ing dimensions such as daily life disturbance, withdrawal,
cyberspace-oriented relationships, overuse, and tolerance.
Sex-specific cutoff scores were used to classify participants as
smartphone addicted (≥33 for girls and ≥31 for boys). Total
scores range from 10 to 60, with higher scores indicating
greater levels of PSU. An Arabic-adapted version of the
SAS-SV, validated by Sfendla et al [30], was used to
ensure linguistic and cultural appropriateness. In this sample,
the scale demonstrated good internal consistency (Cronbach
α=0.84).
Nomophobia
Nomophobia was assessed using the Arabic version of the
NMP-Q, validated by Farchakh et al [31]. The 20-item
instrument evaluates fear of being without a smartphone
across four domains: (1) inability to communicate, (2) losing
connectedness, (3) inability to access information, and (4)
giving up convenience. Participants rated each item on a
7-point Likert scale (1=“totally disagree”; 7=“totally agree”).
Total scores range from 20 to 140, with severity levels
classified as absent (20), mild (21-59), moderate (60-99),
and severe (100-140). The Arabic NMP-Q showed excellent
internal consistency (Cronbach α=0.948) in this sample.
Depression, Anxiety, and Stress
Emotional distress was measured using the Arabic version
of the DASS-21 validated by Ali et al [32]. The DASS-21
includes three 7-item subscales that independently measure
depression, anxiety, and stress. Items are rated on a 4-point
Likert scale (0=“did not apply to me at all”; 3=“applied to
me very much/most of the time”). Severity was classified
per subscale (eg, depression: 0‐9=normal; ≥28=extremely
severe). The tool showed strong internal consistency for this
age group (Cronbach α≥0.83).

Loneliness
Loneliness was assessed using the Arabic-adapted University
of California, Los Angeles, Loneliness Scale–Short Form,
validated by Alateeq et al [33]. This 8-item self-report tool
evaluates perceived social isolation through statements such
as “I don’t have a friend.” Responses are rated on a 4-
point Likert scale (1=“never”; 4=“always”), with total scores
ranging from 8 to 32. Higher scores indicate greater loneli-
ness. Internal reliability was acceptable (Cronbach α=0.777),
confirming suitability for adolescents in Tunisia.

Sample Size
An a priori power analysis was conducted using G*Power
(version 3.1) [34] for a repeated-measure ANOVA with a
within-between interaction. To detect a medium effect size
(ηp2=0.06, equivalent to f=0.25) for the primary group ×
time interaction, with α of .05 and 1 − β of 0.80, a total
of 64 participants were required; the final sample comprised
69 adolescents. The choice of a medium effect size is
consistent with prior intervention research on adolescent
digital addiction and related school-based programs, which
reports moderate intervention effects on problematic digital
technology use outcomes [35].

Data Analysis
Data were analyzed using SPSS Statistics (version 28.0;
IBM Corp). Baseline group differences were examined using
independent 2-tailed t tests for continuous variables and
chi-square tests for categorical variables. Primary intervention
effects were evaluated using linear mixed-effects models,
which included group, time, and the group × time interac-
tion as fixed effects, with participants as a random effect.
These models were adjusted for the covariates of age, sex,
and BMI and tested for each outcome. Exploratory within-
group pretest-posttest changes were assessed using paired
t tests, and between-group differences at the posttest time
point were examined using independent t tests. Analyses of
covariance were conducted to compare adjusted postinterven-
tion outcomes between groups controlling for baseline scores
as well as age, sex, and BMI. Effect sizes were calcula-
ted using ηp2 and interpreted according to conventional
benchmarks [36]. Mediation analyses were performed using
bootstrapping procedures with 5000 resamples to estimate
indirect effects and 95% CIs [37]. Statistical significance was
set at an α value of .05 (2 tailed).

Ethical Considerations
This study received ethics approval from the local Commit-
tee for the Protection of Persons at the Faculty of Medicine
of University of Sfax, Tunisia (approval 0554/2023). The
research was conducted in full compliance with the ethical
standards outlined in the Declaration of Helsinki (2013).
Written informed consent was obtained from participants’
legal guardians, and verbal assent was obtained from each
adolescent prior to participation. All data, including smart-
phone use records, questionnaire responses, and behavioral
observations, were anonymized. Any potentially identifiable
information was stored separately on a password-protected
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server accessible only to the principal investigator. No
financial or material compensation was provided to partici-
pants.

Results
Baseline Characteristics
A detailed flowchart of participant screening, randomiza-
tion, allocation, and follow-up is presented in Figure 1. At

baseline, no statistically significant differences were observed
between the EG (n=36) and CG (n=33) across demographic,
anthropometric, or psychological variables (Table 1). The
groups were comparable in age, sex distribution, BMI,
smartphone addiction, nomophobia, psychological distress
(global and subscale scores), and loneliness (P>.05 in all
cases). Effect size estimates were negligible, indicating
satisfactory baseline equivalence prior to the intervention.

Figure 1. Participants’ flow through the phases of the randomized controlled trial. PSU: problematic smartphone use; SAS-SV: Smartphone
Addiction Scale–Short Version; TSSG-ME: traditional social sports games with mental exercises.

Table 1. Baseline characteristics of the participants (N=69)a.

Characteristics EGb (n=36)
CGc
(n=33)

Age (y), mean (SD) 15.0 (0.6) 15.1 (0.7)
Sex (female), n (%) 16 (44.4) 14 (42.4)
BMI (kg/m2), mean (SD) 20.7 (1.5) 20.6 (1.6)
SAS-SVd score (10-60), mean (SD) 38.9 (3.0) 39.0 (3.2)
NMP-Qe score (20-140), mean (SD) 105.2 (10.5) 106.0

(11.2)
DASS-21f global score (0-126), mean (SD) 70.1 (15.0) 70.8 (16.5)
DASS-21 subscale scores, mean (SD)
  Depression (0-42) 28.2 (6.5) 28.5 (7.0)
  Anxiety (0-42) 22.1 (5.0) 22.3 (5.5)
  Stress (0-42) 19.8 (6.0) 20.0 (6.5)
ULS-8g score (8-32), mean (SD) 26.8 (3.5) 27.0 (3.8)

aIndependent t tests and chi-square tests confirmed no significant differences between groups at baseline. The variables of age, sex, and BMI were
included as covariates in subsequent inferential models.
bEG: experimental group.
cCG: control group.
dSAS-SV: Smartphone Addiction Scale–Short Version.
eNMP-Q: Nomophobia Questionnaire.
fDASS-21: Depression, Anxiety, and Stress Scale–21.
gULS-8: University of California, Los Angeles, Loneliness Scale.
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Primary Intervention Effects (Group ×
Time Interaction)
Linear mixed model analyses revealed statistically significant
group × time interaction effects across all primary outcomes
(Table 2), consistently favoring the EG. Interaction effects
were of moderate magnitude, including smartphone addiction

(ηp2=0.12; P=.004), nomophobia (ηp2=0.10; P=.007), and
global psychological distress (ηp2=0.10; P=.009). Similar
moderate interaction effects were observed for depres-
sion (ηp2=0.09), anxiety (ηp2=0.08), stress (ηp2=0.08), and
loneliness (ηp2=0.08), indicating a consistent intervention-
related improvement across behavioral and psychosocial
domains.

Table 2. Linear mixed model results for intervention effects (group × time interaction) adjusted for age, sex, and BMIa.
Outcome F test (df) P value ηp2

SAS-SVb 8.9 (1, 67) .004 0.12
NMP-Qc 7.8 (1, 67) .007 0.10
DASS-21d global 7.3 (1, 67) .009 0.10
DASS-21 subscales
  Depression 6.9 (1, 67) .01 0.09
  Anxiety 6.2 (1, 67) .02 0.08
  Stress 5.9 (1, 67) .02 0.08
ULS-8e 5.5 (1, 67) .02 0.08

aF statistic represents fixed group × time interaction effects from linear mixed models with random intercepts for participants. Models were adjusted
for age, sex, and BMI. Effect size (ηp2) benchmarks: 0.01=small; 0.06=moderate; 0.14=large.
bSAS-SV: Smartphone Addiction Scale–Short Version.
cNMP-Q: Nomophobia Questionnaire.
dDASS-21: Depression, Anxiety, and Stress Scale–21.
eULS-8: University of California, Los Angeles, Loneliness Scale.

Pretest-Posttest Changes and Between-
Group Differences
Figure 2 illustrates the distribution of pre- and postinterven-
tion scores across outcome measures for the EG and CG.
Visual inspection indicates clear reductions from before to
after the intervention in the EG across smartphone addiction,
nomophobia, loneliness, and psychological distress (global

score and subscales), whereas score distributions in the CG
remained largely stable over time. Exploratory within-group
comparisons showed statistically significant pretest-posttest
reductions in the EG across all outcomes (P<.05 in all
cases), whereas no significant changes were observed in
the CG (P>.05 in all cases). Between-group comparisons at
the posttest time point favored the EG across all measures
(P≤.02).
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Figure 2. Effects of the 12-week intervention on smartphone addiction and psychological outcomes. Data are presented for (A) smartphone
addiction (Smartphone Addiction Scale–Short Version; SAS-SV), (B) nomophobia (Nomophobia Questionnaire; NMP-Q), (C) loneliness (University
of California, Los Angeles, Loneliness Scale; ULS-8), and (D) psychological distress (Depression, Anxiety, and Stress Scale–21; DASS-21) across
the experimental and control groups. Violin plots show score distributions; yellow circles indicate means, and black bars indicate means and SDs.
Whiskers represent the 1st to 99th percentiles. *Significant within-group change (paired t test) at P<.05. $Significant between-group difference at the
posttest time point (independent t test) at P<.05.

Adjusted Postintervention Outcomes
After controlling for baseline scores, analyses of cova-
riance confirmed significant postintervention group differen-
ces across all outcomes (Table 3). The EG demonstrated
significantly lower adjusted posttest scores than the CG
for smartphone addiction (ηp2=0.12; P=.004), nomophobia

(ηp2=0.11; P=.006), global psychological distress (ηp2=0.12;
P=.005), depression (ηp2=0.10; P=.008), anxiety (ηp2=0.09;
P=.01), stress (ηp2=0.09; P=.02), and loneliness (ηp2=0.09;
P=.01). All effects were in the moderate range, supporting the
robustness of the intervention after adjustment for baseline
variability.

Table 3. Analysis of covariance (ANCOVA) results for posttest scores adjusted for baseline scores, age, sex, and BMIa.
Outcome EGb, adjusted mean (SE) CGc, adjusted mean (SE) F test (df) P value ηp2

SAS-SVd 34.6 (0.5) 37.8 (0.5) 9.1 (1, 66) .004 0.12
NMP-Qe 95.2 (1.6) 101.7 (1.7) 8.2 (1, 66) .006 0.11
DASS-21f global 58.1 (1.7) 66.4 (1.8) 8.7 (1, 66) .005 0.12
DASS-21 subscales
  Depression 23.6 (0.8) 27.1 (0.9) 7.4 (1, 66) .008 0.10
  Anxiety 18.8 (0.7) 21.6 (0.7) 6.8 (1, 66) .01 0.09
  Stress 16.3 (0.7) 19.1 (0.8) 6.2 (1, 66) .02 0.09
ULS-8g 24.9 (0.4) 26.6 (0.4) 6.5 (1, 66) .01 0.09

aANCOVA models were adjusted for baseline (pretest) scores, age, sex, and BMI. Homogeneity of regression slopes was verified for all models.
Effect size (ηp2) benchmarks: 0.01=small; 0.06=moderate; 0.14=large. The Smartphone Addiction Scale–Short Version clinical cutoffs applied were
≥31 for boys and ≥33 for girls.
bEG: experimental group.
cCG: control group.
dSAS-SV: Smartphone Addiction Scale–Short Version.
eNMP-Q: Nomophobia Questionnaire.
fDASS-21: Depression, Anxiety, and Stress Scale–21.
gULS-8: University of California, Los Angeles, Loneliness Scale.

Mediation by Loneliness Reduction
Mediation analysis showed that reductions in loneliness
partially mediated the effect of the intervention on postinter-
vention smartphone addiction (Table 4 and Figure 3). The

indirect effect was statistically significant (ab=−1.10, 95%
CI −2.05 to −0.35), accounting for 34.4% of the total effect.
The intervention significantly reduced loneliness (a=−1.80;
P=.002), and higher loneliness was associated with greater
smartphone addiction (b=0.61; P<.001). The direct effect
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of the intervention remained significant after accounting for
loneliness, indicating partial mediation. No adverse events or

unintended effects were reported in either group during the
trial period.

Table 4. Simple mediation analysis (PROCESS Model 4) adjusted for baseline scores, age, sex, and BMIa.
Path and effect Unstandardized coefficient (SE; 95% CI) t test (df) P value
Total effect (c)
  bEffect of group on SAS-SVb (after) −3.20 (0.85; −4.89 to −1.51) −3.76 (67) <.001
Direct effect (c′)
  Effect of group on SAS-SV (after) −2.10 (0.90; −3.89 to −0.31) −2.33 (66) .02
Indirect effect (combined; ab) −1.10 (0.45; −2.05 to −0.35) —c —
Indirect effect (path specific)
  Effect of group on loneliness (a) −1.80 (0.55; −2.88 to –0.72) −3.27 (67) .002
  Effect of loneliness on SAS-SV (b) 0.61 (0.11; 0.39 to 0.83) 5.55 (66) <.001

aIndirect effect 95% CIs were derived from 5000 bootstrap samples. The model was adjusted for age, sex, BMI, and baseline scores
(Smartphone Addiction Scale–Short Version and University of California, Los Angeles, Loneliness Scale). Path a=intervention→loneliness; path
b=loneliness→Smartphone Addiction Scale–Short Version. The proportion mediated was 34.4%.
bSAS-SV: Smartphone Addiction Scale–Short Version.
cNot applicable. The indirect effect (ab) is estimated using bootstrap procedures and therefore does not have a corresponding t value, df, or P value.

Figure 3. Loneliness (University of California, Los Angeles, Loneliness Scale) as a mediator of the intervention effect on smartphone addiction
(Smartphone Addiction Scale–Short Version; SAS-SV)—simple mediation model (PROCESS Model 4) with 5000 bootstrap samples. The model
was adjusted for age, sex, BMI, and baseline scores. The values shown are unstandardized coefficients. Path a=intervention→loneliness; path
b=loneliness→SAS-SV. The indirect effect was significant (95% CI did not include 0), with 34.4% of the total effect mediated by loneliness. *P<.05;
**P<.01; ***P<.001; CG: control group; EG: experimental group.

Discussion
Summary of Main Findings
This randomized controlled trial evaluated a 12-week,
school-based intervention integrating traditional social sports
games with mental exercises for Tunisian adolescents with
elevated smartphone addiction. Linear mixed model analyses
revealed significant group × time interaction effects of
moderate magnitude (ηp2=0.08-0.12), consistently favoring
the EG over the CG. Participants receiving the TSSG-ME

intervention demonstrated statistically significantly greater
reductions in smartphone addiction, nomophobia, psychologi-
cal distress (global and subscale scores), and loneliness. After
adjusting for baseline scores, between-group differences at
the posttest time point remained significant with moderate
effect sizes. Furthermore, mediation analysis indicated that
reductions in loneliness accounted for approximately 34.4%
of the intervention’s total effect on smartphone addiction,
supporting a partial mediation model.
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Interpretation and Comparison With the
Literature
Reductions in smartphone addiction were among the most
robust outcomes. These findings are consistent with those of
prior studies showing that structured physical engagement
and psychological support can reduce behavioral depend-
ence on mobile technologies [38]. This aligns with meta-ana-
lytic findings that combined interventions integrating PA
with psychological skill building produce more consistent
reductions in smartphone addiction than single-component
approaches [11,14]. This study contributes by demonstrating
the efficacy of a culturally grounded program in a Tunisian
context.

The term “traditional social sports games” denotes
structured, rule-based PAs with inherent social organization
and deep cultural resonance, distinguishing them from generic
physical exercise [18,19]. The mental exercise component
refers to a standardized protocol of evidence-based techniques
adapted from sports psychology designed to build self-regula-
tion and stress tolerance beyond simple relaxation [26,27].
The observed moderate effect sizes were clinically mean-
ingful and consistent with those reported in other behav-
ioral intervention trials targeting PSU [39]. They reflect
a realistic and attainable impact, particularly given that
our sample comprised adolescents with clinically elevated
baseline symptoms who may have had greater room for
improvement.

The reduction in nomophobia underscores the interven-
tion’s potential to alleviate the anxiety associated with
smartphone separation. By fostering rewarding, in-person
social experiences and peer validation, the traditional games
likely diminished the perceived indispensability of constant
digital connectivity [6]. Concurrently, the mental exercise
component equipped participants with concrete skills for
managing emotional arousal, offering a healthier alternative
to digital coping mechanisms [40].

Critically, our findings provide empirical support for the
psychological mechanism proposed by SDT [15]. Reductions
in loneliness mediated 34.4% of the intervention’s total
effect on smartphone addiction, highlighting a key pathway.
This suggests that the TSSG-ME program enhanced the
basic psychological need for relatedness through proso-
cial, face-to-face interaction in traditional games, reduc-
ing perceived social isolation. Consequently, adolescents’
compensatory reliance on smartphones for social fulfill-
ment likely decreased, alleviating addiction symptoms. This
mechanism aligns with research identifying loneliness as a
critical link between unmet social needs and PSU [41,42] and
supports evidence that loneliness mediates the relationship
between health-promoting behaviors and reduced maladap-
tive digital use [13,43]. Using culturally embedded games to
foster relatedness also aligns with literature emphasizing their
effectiveness in promoting sociability [44]. A key limitation
is that mediation was tested with concurrent postintervention
measures; temporal precedence cannot be fully established, so
causal interpretation should be made cautiously.

The dual-component design posits complementary
pathways: the traditional social sports games primarily
targeted relatedness through social engagement and shared
PA, whereas the mental exercise component targeted
competence and autonomy through enhanced self-regulation
[45]. Their integration likely addressed the multifaceted
social-motivational and emotional-cognitive vulnerabilities
underpinning smartphone addiction more comprehensively
than either component alone [46]. Future research using
factorial designs is necessary to disentangle their independent
and synergistic contributions.
Limitations
Several limitations should be acknowledged. First, the study
relied on self-reported measures, which may be subject to
response bias; future research should incorporate objective
metrics such as device-based screen time tracking. Sec-
ond, the culturally specific sample, while emphasizing the
importance of contextual adaptation, may limit the gener-
alizability of the findings to broader populations. Third,
the absence of long-term follow-up assessments precludes
conclusions regarding the sustainability of the intervention
effects. Fourth, the use of a passive CG (standard physical
education) rather than an active, time-matched comparator
(eg, generic group sports or relaxation program) restricts
the ability to attribute observed outcomes specifically to
the traditional social games and mental training components
as opposed to nonspecific factors such as increased social
engagement or novelty. Finally, although effect sizes were
statistically significant and clinically meaningful, they were
moderate, highlighting the complex, multifactorial nature of
PSU and suggesting the need for further optimization of the
intervention.
Conclusions
This study provides evidence that a culturally adapted,
school-based intervention combining traditional social sports
games and mental training can yield significant, moder-
ate improvements in smartphone addiction, nomophobia,
psychological distress, and loneliness among adolescents.
The mediation of the treatment effect through reduced
loneliness highlights the importance of enhancing real-world
social connectedness, supporting a key mechanism derived
from SDT. By providing alternative, healthier avenues for
satisfying psychological needs for relatedness and compe-
tence, programs such as TSSG-ME may reduce reliance on
maladaptive smartphone use.

Beyond individual outcomes, these findings suggest that
integrating culturally relevant social activities into school-
based programs may serve as a scalable strategy to support
adolescent mental health in increasingly digital contexts.
Policymakers and educators could leverage such approaches
to mitigate the negative consequences of excessive smart-
phone use. Future research should use longitudinal designs,
active CGs, and diverse populations to confirm causal
pathways and assess long-term efficacy. However, given that
mediation was examined cross-sectionally, causal interpreta-
tions should be made cautiously.

JMIR MHEALTH AND UHEALTH Yaakoubi et al

https://mhealth.jmir.org/2026/1/e85353 JMIR Mhealth Uhealth 2026 | vol. 14 | e85353 | p. 9
(page number not for citation purposes)

https://mhealth.jmir.org/2026/1/e85353


Acknowledgments
The authors express their gratitude to the Princess Nourah bint Abdulrahman University Researchers Supporting Project
(PNURSP2026R145), Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia, for funding this research. The
authors used SciSpace and Copilot during the preparation of this work. These tools were used for literature organization and
language editing. After using these tools, the authors reviewed and edited the content as needed and take full responsibility for
the content of the publication.
Funding
This study was funded by the Princess Nourah bint Abdulrahman University Researchers Supporting Project
(PNURSP2026R145), Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia. The funders had no role in the
study design; data collection, analysis, and interpretation; manuscript preparation; or decision to publish.
Data Availability
The datasets generated or analyzed during this study are available from the corresponding author on reasonable request.
Authors’ Contributions
Conceptualization: MY, OT
Data curation: A Ghorbel
Formal analysis: A Ghorbel, FHY
Funding acquisition: SME
Investigation: MY, HA, SME, A Gharbi
Methodology: LM, OT
Project administration: HA
Resources: OT
Software: FHY
Supervision: LM, OT
Validation: LM
Visualization: A Ghorbel, FHY, GB
Writing—original draft: MY
Writing—review and editing: HA, SME, GB, A Gharbi
Conflicts of Interest
None declared.
Editorial Notice
This randomized study was retrospectively registered. The authors noted that the registration was conducted retrospectively
due to an administrative oversight during the initial phase of the study, although the protocol was approved by the Committee
for the Protection of Persons prior to participant recruitment. The editor granted an exception from International Committee
of Medical Journal Editors rules mandating prospective registration of randomized trials because the risk of bias appeared
low and the study information registered with the authors’ ethics committee matched the trial reporting. However, readers are
advised to carefully assess the validity of any potential explicit or implicit claims related to primary outcomes or effectiveness
as retrospective registration does not prevent authors from changing their outcome measures retrospectively.
Checklist 1
CONSORT checklist.
[PDF File (Adobe File), 447 KB-Checklist 1]
References
1. Marciano L, Viswanath K, Morese R, Magis-Weinberg L, Dubicka B, Weber R. Digital media, cognition, and brain

development in adolescence. In: Christakis DA, Hale L, editors. Handbook of Children and Screens: Digital Media,
Development, and Well-Being From Birth Through Adolescence. Springer; 2025:21-29. [doi: 10.1007/978-3-031-69362-
5_4]

2. Halayem S, Nouira O, Bourgou S, Bouden A, Othman S, Halayem M. The mobile: a new addiction upon adolescents
[Article in French]. Tunis Med. Aug 2010;88(8):593-596. [Medline: 20711967]

3. Maamri H, Yaich S, Ketata N, et al. Santé et mode de vie des adolescents scolarisés dans la région de Sfax, Tunisie. Rev
Epidemiol Sante Publique. Sep 2023;71(Supplement 3):102021. [doi: 10.1016/j.respe.2023.102021]

4. Ben Thabet J, Ellouze AS, Ghorbel N, et al. Factors associated with internet addiction among Tunisian adolescents
[Article in French]. Encephale. Dec 2019;45(6):474-481. [doi: 10.1016/j.encep.2019.05.006] [Medline: 31421811]

JMIR MHEALTH AND UHEALTH Yaakoubi et al

https://mhealth.jmir.org/2026/1/e85353 JMIR Mhealth Uhealth 2026 | vol. 14 | e85353 | p. 10
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=mhealth_v14i1e85353_app1.pdf
https://jmir.org/api/download?alt_name=mhealth_v14i1e85353_app1.pdf
https://doi.org/10.1007/978-3-031-69362-5_4
https://doi.org/10.1007/978-3-031-69362-5_4
http://www.ncbi.nlm.nih.gov/pubmed/20711967
https://doi.org/10.1016/j.respe.2023.102021
https://doi.org/10.1016/j.encep.2019.05.006
http://www.ncbi.nlm.nih.gov/pubmed/31421811
https://mhealth.jmir.org/2026/1/e85353


5. Wang A, Wang Z, Zhu Y, Shi X. The prevalence and psychosocial factors of problematic smartphone use among
Chinese college students: a three-wave longitudinal study. Front Psychol. 2022;13:877277. [doi: 10.3389/fpsyg.2022.
877277] [Medline: 35450331]

6. Jelleli H, Hindawi O, Rebhi M, et al. Psychometric evidence of the Arabic version of Nomophobia Questionnaire among
physical education students. Psychol Res Behav Manag. 2023;16:2383-2394. [doi: 10.2147/PRBM.S416312] [Medline:
37408785]

7. Rodríguez-García AM, Moreno-Guerrero AJ, López Belmonte J. Nomophobia: an individual's growing fear of being
without a smartphone-a systematic literature review. Int J Environ Res Public Health. Jan 16, 2020;17(2):580. [doi: 10.
3390/ijerph17020580] [Medline: 31963208]

8. Gupta AK, Singh PS, Krishak AK. Smartphone addiction: impact on health and well-being. Int J Community Med Public
Health. 2024;11(5):2100-2106. [doi: 10.18203/2394-6040.ijcmph20241213]

9. Maisarah M, Khairani M. How excessive use of smartphone are becoming loneliness in young adult. S-JPU.
2023;6(2):151-169. [doi: 10.24815/s-jpu.v6i2.33282]

10. Shao S, Mao N, Zhang Z, et al. Adolescents’ loneliness and problematic smartphone use: the mediating role of upward
social comparison and the moderating role of self‐identity. Psychol Sch. 2024;61(8):3224-3242. [doi: 10.1002/pits.
23215]

11. Liu S, Xiao T, Yang L, Loprinzi PD. Exercise as an alternative approach for treating smartphone addiction: a systematic
review and meta-analysis of random controlled trials. Int J Environ Res Public Health. Oct 15, 2019;16(20):3912. [doi:
10.3390/ijerph16203912] [Medline: 31618879]

12. Xu J, Tang L. The relationship between physical exercise and problematic internet use in college students: the chain-
mediated role of self-control and loneliness. BMC Public Health. Jun 27, 2024;24(1):1719. [doi: 10.1186/s12889-024-
19226-x] [Medline: 38937729]

13. Zhu X, Niu H, Zhu Q, Chen W. Physical activity and mobile phone addiction among Chinese college students: a chain
mediation model of social anxiety and loneliness. Front Psychol. 2025;16:1545440. [doi: 10.3389/fpsyg.2025.1545440]
[Medline: 40330309]

14. Meng S, Bai G, Shen P, et al. The effectiveness of physical activity intervention on mobile phone addiction in college
students: the chain mediating role of emotion regulation strategies and positive coping style. BMC Public Health. Sep 25,
2025;25(1):3138. [doi: 10.1186/s12889-025-24488-0] [Medline: 40999393]

15. Deci EL, Ryan RM. Self-determination theory: a macrotheory of human motivation, development, and health. Can
Psychol. 2008;49(3):182-185. [doi: 10.1037/a0012801]

16. Fan H, Qi S, Huang G, Xu Z. Effect of acute aerobic exercise on inhibitory control of college students with smartphone
addiction. Evid Based Complement Alternat Med. 2021;2021:5530126. [doi: 10.1155/2021/5530126] [Medline:
34394381]

17. Li Z, Xia X, Sun Q, Li Y. Exercise intervention to reduce mobile phone addiction in adolescents: a systematic review
and meta-analysis of randomized controlled trials. Front Psychol. 2023;14:1294116. [doi: 10.3389/fpsyg.2023.1294116]
[Medline: 38192396]

18. Amar IB, Jlassi A, Kacem N, Elloumi A. Towards a school physical education learning model based on traditional sport
game to develop pupil well-being in Tunisia. Adv Soc Sci Manag. 2023;1(1):22-36. URL: https://hspublishing.org/
ASSM/article/view/11 [Accessed 2026-04-20]

19. Elloumi A, Parlebas P. Sociocultural analysis of Tunisian traditional sports. Fit Per J. Mar 1, 2009;8(2):136-145. [doi:
10.3900/fpj.8.2.136.e]

20. Arumugam A, Alsaafin N, Shalash RJ, et al. Concurrent validity between self-reported International Physical Activity
Questionnaire Short Form and Fibion accelerometer data among young adults in the UAE. Eur J Med Res. Aug 19,
2024;29(1):426. [doi: 10.1186/s40001-024-01975-5] [Medline: 39155363]

21. Growth reference data for 5-19 years. World Health Organization. URL: https://www.who.int/tools/growth-reference-
data-for-5to19-years [Accessed 2026-04-20]

22. Hirshkowitz M, Whiton K, Albert SM, et al. National Sleep Foundation’s sleep time duration recommendations:
methodology and results summary. Sleep Health. Mar 2015;1(1):40-43. [doi: 10.1016/j.sleh.2014.12.010] [Medline:
29073412]

23. Maaloul H, Chalghaf N, Hentati A, Hamani J, Azaiez F. The Tunisian school time allocated to the matter of sport and
physical education. IOSR J Humanit Soc Sci. 2013;15(4):61-65. [doi: 10.9790/0837-1546165]

24. Li J, Li YM, Xing YX, Zhang B, Tang Y, Drasgow F. Development and validation of a game-based assessment for
complex problem solving. J Intell. Jan 14, 2025;13(1):9. [doi: 10.3390/jintelligence13010009] [Medline: 39852418]

25. Richter K, Kickmeier-Rust MD, Tschirky D. Mastering the game: how level structure and game elements shape
competency acquisition. Proc Eur Conf Games Based Learn. 2024;18(1). [doi: 10.34190/ecgbl.18.1.2695]

JMIR MHEALTH AND UHEALTH Yaakoubi et al

https://mhealth.jmir.org/2026/1/e85353 JMIR Mhealth Uhealth 2026 | vol. 14 | e85353 | p. 11
(page number not for citation purposes)

https://doi.org/10.3389/fpsyg.2022.877277
https://doi.org/10.3389/fpsyg.2022.877277
http://www.ncbi.nlm.nih.gov/pubmed/35450331
https://doi.org/10.2147/PRBM.S416312
http://www.ncbi.nlm.nih.gov/pubmed/37408785
https://doi.org/10.3390/ijerph17020580
https://doi.org/10.3390/ijerph17020580
http://www.ncbi.nlm.nih.gov/pubmed/31963208
https://doi.org/10.18203/2394-6040.ijcmph20241213
https://doi.org/10.24815/s-jpu.v6i2.33282
https://doi.org/10.1002/pits.23215
https://doi.org/10.1002/pits.23215
https://doi.org/10.3390/ijerph16203912
http://www.ncbi.nlm.nih.gov/pubmed/31618879
https://doi.org/10.1186/s12889-024-19226-x
https://doi.org/10.1186/s12889-024-19226-x
http://www.ncbi.nlm.nih.gov/pubmed/38937729
https://doi.org/10.3389/fpsyg.2025.1545440
http://www.ncbi.nlm.nih.gov/pubmed/40330309
https://doi.org/10.1186/s12889-025-24488-0
http://www.ncbi.nlm.nih.gov/pubmed/40999393
https://doi.org/10.1037/a0012801
https://doi.org/10.1155/2021/5530126
http://www.ncbi.nlm.nih.gov/pubmed/34394381
https://doi.org/10.3389/fpsyg.2023.1294116
http://www.ncbi.nlm.nih.gov/pubmed/38192396
https://hspublishing.org/ASSM/article/view/11
https://hspublishing.org/ASSM/article/view/11
https://doi.org/10.3900/fpj.8.2.136.e
https://doi.org/10.1186/s40001-024-01975-5
http://www.ncbi.nlm.nih.gov/pubmed/39155363
https://www.who.int/tools/growth-reference-data-for-5to19-years
https://www.who.int/tools/growth-reference-data-for-5to19-years
https://doi.org/10.1016/j.sleh.2014.12.010
http://www.ncbi.nlm.nih.gov/pubmed/29073412
https://doi.org/10.9790/0837-1546165
https://doi.org/10.3390/jintelligence13010009
http://www.ncbi.nlm.nih.gov/pubmed/39852418
https://doi.org/10.34190/ecgbl.18.1.2695
https://mhealth.jmir.org/2026/1/e85353


26. Tsakona P, Kitsatis I, Apostolou T, Papadopoulou O, Hristara-Papadopoulou A. The effect of diaphragmatic breathing as
a complementary therapeutic strategy in stress of children and teenagers 6-18 years old. Children (Basel). Jan 5,
2025;12(1):59. [doi: 10.3390/children12010059] [Medline: 39857890]

27. Retnowati R, Waluyo A, Zahra AN, Purba S. Evidence based nursing Jacobson’s Progressive Muscle Relaxation untuk
mengurangi kecemasan dan depresi pada pasien dengan HIV. Joting. 2024;6(1):684-692. [doi: 10.31539/joting.v6i1.
9001]

28. Tate A, Smallwood C. Comparing the efficiency of paper-based and electronic data capture during face-to-face
interviews. PLoS One. 2021;16(3):e0247570. [doi: 10.1371/journal.pone.0247570] [Medline: 33684116]

29. Kwon M, Kim DJ, Cho H, Yang S. The Smartphone Addiction Scale: development and validation of a short version for
adolescents. PLoS One. 2013;8(12):e83558. [doi: 10.1371/journal.pone.0083558] [Medline: 24391787]

30. Sfendla A, Laita M, Nejjar B, Souirti Z, Touhami AA, Senhaji M. Reliability of the Arabic Smartphone Addiction Scale
and Smartphone Addiction Scale-Short Version in two different Moroccan samples. Cyberpsychol Behav Soc Netw.
May 2018;21(5):325-332. [doi: 10.1089/cyber.2017.0411] [Medline: 29762065]

31. Farchakh Y, Hallit R, Akel M, et al. Nomophobia in Lebanon: scale validation and association with psychological
aspects. PLoS One. 2021;16(4):e0249890. [doi: 10.1371/journal.pone.0249890] [Medline: 33878132]

32. Ali AM, Ahmed A, Sharaf A, Kawakami N, Abdeldayem SM, Green J. The Arabic version of the Depression Anxiety
Stress Scale-21: cumulative scaling and discriminant-validation testing. Asian J Psychiatr. Dec 2017;30:56-58. [doi: 10.
1016/j.ajp.2017.07.018] [Medline: 28755630]

33. Alateeq D, Aljabri A, Aldogiam G, et al. Psychometric properties of the Arabic version of the UCLA Loneliness Scale
among Saudi female undergraduate students. Int J Med Dev Ctries. 2022;6(1):149-154. [doi: 10.24911/IJMDC.51-
1638046495]

34. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behav Res Methods. May 2007;39(2):175-191. [doi: 10.3758/bf03193146]
[Medline: 17695343]

35. Žmavc M, Horvat J, Židan M, Selak Š. The effectiveness of school-based interventions to reduce problematic digital
technology use and screen time: a systematic review and meta-analysis. J Behav Addict. Jun 23, 2025;14(2):571-589.
[doi: 10.1556/2006.2025.00043] [Medline: 40549948]

36. Richardson JT. Eta squared and partial eta squared as measures of effect size in educational research. Educ Res Rev. Jan
2011;6(2):135-147. [doi: 10.1016/j.edurev.2010.12.001]

37. Hayes AF. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach.
Guilford Publications; 2022. ISBN: 9781462549030

38. Tang AC, Lee RL. Effects of a group mindfulness-based cognitive programme on smartphone addictive symptoms and
resilience among adolescents: study protocol of a cluster-randomized controlled trial. BMC Nurs. Jun 5, 2021;20(1):86.
[doi: 10.1186/s12912-021-00611-5] [Medline: 34090443]

39. Precht LM, Mertens F, Brickau DS, et al. Engaging in physical activity instead of (over)using the smartphone: an
experimental investigation of lifestyle interventions to prevent problematic smartphone use and to promote mental
health. Z Gesundh Wiss. Feb 9, 2023:1-19. [doi: 10.1007/s10389-023-01832-5] [Medline: 36785655]

40. Goutama E, Chandra Widjanantie S. The effect of diaphragm breathing exercises on physiological and psychological
stress. Indones J Phys Med Rehabil. 2023;12(2):197-205. [doi: 10.36803/indojpmr.v12i02.344]

41. Bian M, Leung L. Linking loneliness, shyness, smartphone addiction symptoms, and patterns of smartphone use to social
capital. Soc Sci Comput Rev. Feb 2015;33(1):61-79. [doi: 10.1177/0894439314528779]

42. Peng Y, Mao H, Zhang B, et al. Depression and loneliness as mediators between social support and mobile phone
addiction. Psychiatr Danub. 2022;34(3):475-482. [doi: 10.24869/psyd.2022.475] [Medline: 36256985]

43. Zeng M, Chen S, Zhou X, Zhang J, Chen X, Sun J. The relationship between physical exercise and mobile phone
addiction among Chinese college students: testing mediation and moderation effects. Front Psychol. 2022;13:1000109.
[doi: 10.3389/fpsyg.2022.1000109] [Medline: 36262440]

44. Karuc S, Bora MM, Bora MV. Sports participation motivation, attitudes, and digital gaming behaviors among adolescent
students. Int J Technol Educ. 2025;8(4):1161-1184. [doi: 10.46328/ijte.5802]

45. Ji F, Sun Q, Han W, Li Y, Xia X. How physical exercise reduces problematic mobile phone use in adolescents: the roles
of expression suppression, depression, anxiety, and resilience. Psychol Res Behav Manag. 2024;17:4369-4382. [doi: 10.
2147/PRBM.S484089] [Medline: 39722776]

46. Liu H, Soh KG, Samsudin S, Rattanakoses W, Qi F. Effects of exercise and psychological interventions on smartphone
addiction among university students: a systematic review. Front Psychol. 2022;13:1021285. [doi: 10.3389/fpsyg.2022.
1021285] [Medline: 36275318]

JMIR MHEALTH AND UHEALTH Yaakoubi et al

https://mhealth.jmir.org/2026/1/e85353 JMIR Mhealth Uhealth 2026 | vol. 14 | e85353 | p. 12
(page number not for citation purposes)

https://doi.org/10.3390/children12010059
http://www.ncbi.nlm.nih.gov/pubmed/39857890
https://doi.org/10.31539/joting.v6i1.9001
https://doi.org/10.31539/joting.v6i1.9001
https://doi.org/10.1371/journal.pone.0247570
http://www.ncbi.nlm.nih.gov/pubmed/33684116
https://doi.org/10.1371/journal.pone.0083558
http://www.ncbi.nlm.nih.gov/pubmed/24391787
https://doi.org/10.1089/cyber.2017.0411
http://www.ncbi.nlm.nih.gov/pubmed/29762065
https://doi.org/10.1371/journal.pone.0249890
http://www.ncbi.nlm.nih.gov/pubmed/33878132
https://doi.org/10.1016/j.ajp.2017.07.018
https://doi.org/10.1016/j.ajp.2017.07.018
http://www.ncbi.nlm.nih.gov/pubmed/28755630
https://doi.org/10.24911/IJMDC.51-1638046495
https://doi.org/10.24911/IJMDC.51-1638046495
https://doi.org/10.3758/bf03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
https://doi.org/10.1556/2006.2025.00043
http://www.ncbi.nlm.nih.gov/pubmed/40549948
https://doi.org/10.1016/j.edurev.2010.12.001
https://doi.org/10.1186/s12912-021-00611-5
http://www.ncbi.nlm.nih.gov/pubmed/34090443
https://doi.org/10.1007/s10389-023-01832-5
http://www.ncbi.nlm.nih.gov/pubmed/36785655
https://doi.org/10.36803/indojpmr.v12i02.344
https://doi.org/10.1177/0894439314528779
https://doi.org/10.24869/psyd.2022.475
http://www.ncbi.nlm.nih.gov/pubmed/36256985
https://doi.org/10.3389/fpsyg.2022.1000109
http://www.ncbi.nlm.nih.gov/pubmed/36262440
https://doi.org/10.46328/ijte.5802
https://doi.org/10.2147/PRBM.S484089
https://doi.org/10.2147/PRBM.S484089
http://www.ncbi.nlm.nih.gov/pubmed/39722776
https://doi.org/10.3389/fpsyg.2022.1021285
https://doi.org/10.3389/fpsyg.2022.1021285
http://www.ncbi.nlm.nih.gov/pubmed/36275318
https://mhealth.jmir.org/2026/1/e85353


Abbreviations:
CG: control group
CONSORT: Consolidated Standards of Reporting Trials
DASS-21: Depression, Anxiety, and Stress Scale–21
EG: experimental group
NMP-Q: Nomophobia Questionnaire
PA: physical activity
PSU: problematic smartphone use
SAS-SV: Smartphone Addiction Scale–Short Version
SDT: self-determination theory
TSSG-ME: traditional social sports games with mental exercises

Edited by Alicia Stone; peer-reviewed by Andres Chamarro Lusar, Valentina Stefanica; submitted 06.Oct.2025; final revised
version received 02.Apr.2026; accepted 09.Apr.2026; published 04.May.2026

Please cite as:
Yaakoubi M, Ghorbel A, Abdelkafi H, Masmoudi L, Trabelsi O, Elkholi SM, Yagin FH, Badicu G, Gharbi A
Traditional Social Sports Games and Mental Training for Smartphone Addiction and Psychological Distress in School-Aged
Adolescents: Randomized Controlled Trial
JMIR Mhealth Uhealth 2026;14:e85353
URL: https://mhealth.jmir.org/2026/1/e85353
doi: 10.2196/85353

© Mohamed Yaakoubi, Ahmed Ghorbel, Hiba Abdelkafi, Liwa Masmoudi, Omar Trabelsi, Safaa M. Elkholi, Fatma H. Yagin,
Georgian Badicu, Adnene Gharbi. Originally published in JMIR mHealth and uHealth (https://mhealth.jmir.org), 04.May.2026.
This is an open-access article distributed under the terms of the Creative Commons Attribution License (https://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work, first published in JMIR mHealth and uHealth, is properly cited. The complete bibliographic information, a link to the
original publication on https://mhealth.jmir.org/, as well as this copyright and license information must be included.

JMIR MHEALTH AND UHEALTH Yaakoubi et al

https://mhealth.jmir.org/2026/1/e85353 JMIR Mhealth Uhealth 2026 | vol. 14 | e85353 | p. 13
(page number not for citation purposes)

https://mhealth.jmir.org/2026/1/e85353
https://doi.org/10.2196/85353
https://mhealth.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://mhealth.jmir.org/
https://mhealth.jmir.org/2026/1/e85353

	Traditional Social Sports Games and Mental Training for Smartphone Addiction and Psychological Distress in School-Aged Adolescents: Randomized Controlled Trial
	Introduction
	Methods
	Study Design and Setting
	Participants
	Intervention
	Data Collection
	Sample Size
	Data Analysis
	Ethical Considerations

	Results
	Baseline Characteristics
	Primary Intervention Effects (Group × Time Interaction)
	Pretest-Posttest Changes and Between-Group Differences
	Adjusted Postintervention Outcomes
	Mediation by Loneliness Reduction

	Discussion
	Summary of Main Findings
	Interpretation and Comparison With the Literature
	Limitations
	Conclusions



