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OPEN A study on the cross-lagged

relationships between adolescents’
sport participation and self-control
ability and mental health

Weisong Chen, Bo Peng, Hang Hu, LishanYu & Lin Li**

Adolescent mental health has garnered increasing attention worldwide, necessitating greater
understanding of its dynamic predictors over time. While sport participation is widely recognized for its
psychological benefits, the longitudinal mechanisms through which it relates to self-control ability and
mental health remain underexplored. This study aimed to examine the temporal associations among
sport participation, self-control ability, and mental health in adolescents across a one-year period. A
three-wave longitudinal survey was conducted among 1,306 Chinese adolescents, with data collected
at three time points within a single academic year. Cross-lagged panel modeling revealed that sport
participation at Time 1 significantly predicted self-control ability (B =0.18) and mental health (B =0.25)
atTime 2, and sport participation at Time 2 predicted self-control ability (B =0.12) and mental health
(B=0.08) at Time 3. Self-control ability at Time 1 predicted mental health at Time 2 (B =0.30), and self-
control at Time 2 predicted mental health at Time 3 (B =0.17). A reciprocal direction of influence was
also identified: mental health at Time 1 predicted self-control ability at Time 2 (§ =0.23), and mental
health at Time 2 predicted self-control ability at Time 3 (B =0.23). Multi-group structural analyses
further demonstrated that the identified cross-lagged associations were invariant across gender,
school stage, residence type, and sports type, indicating structural stability of the model across diverse
subgroups. These findings support a mutually reinforcing relationship between sport participation,
self-regulatory development, and psychological functioning in adolescence, with implications for
theory-based school health promotion.

Keywords Adolescents, Sport participation, Self-control ability, Mental health, Cross-lagged analysis,
Longitudinal study

Adolescence constitutes a critical stage of human development marked by rapid physical maturation, emotional
fluctuation, and cognitive reorganization, during which individual trajectories of psychological health are shaped
with enduring consequences for adult well-being and social adaptation’. In response to mounting concerns over
the global burden of adolescent mental health challenges, sustained efforts have been directed toward identifying
modifiable behavioral factors that may foster psychological resilience and developmental competence. Among
such factors, sport participation, which is defined as structured and recurrent engagement in organized physical
activity with clearly delineated rules and goals, has attracted growing interdisciplinary interest, not only for its
physiological benefits such as improvements in cardiovascular endurance and musculoskeletal strength*™, but
also for its potential contributions to psychological outcomes including emotional regulation, stress recovery,
and affective well-being™S. While existing literature often centers on general physical activity, emerging evidence
has suggested that sport-based formats, due to their goal-directed, socially interactive, and discipline-oriented
nature, may exert distinct effects on adolescents’ self-regulatory systems and mental health indicators”S.
Among the psychological resources relevant to adolescent development, self-control occupies a foundational
position as a capacity to manage impulses, delay gratification, and flexibly adjust behavior in accordance with
long-term goals’. It has been consistently associated with academic success, emotional stability, and prosocial
functioning, and is increasingly regarded as a core competence underlying resilience against mental health
difficulties. Prior empirical studies have indicated that consistent sport participation, particularly within
contexts demanding effort regulation and persistence, facilitates the development of self-control'®, which in
turn mitigates internalizing symptoms and enhances social adaptation!!. Nevertheless, most existing research
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has employed cross-sectional designs, thereby limiting the capacity to ascertain temporal ordering or to test
hypotheses concerning reciprocal influence. Given the developmental interdependence of sport participation,
self-control, and mental health, it remains imperative to examine not only the prospective effects of sport
participation on psychological functioning but also the potential feedback pathways through which mental
health status may influence behavioral engagement and self-regulatory development.

This study seeks to address these theoretical and methodological limitations by employing a three-wave
cross-lagged panel design to explore the dynamic longitudinal associations among sport participation, self-
control ability, and mental health in a large sample of Chinese adolescents. Drawing upon self-determination
theory (SDT), which posits that sustained engagement in structured activities fosters psychological growth
through the fulfillment of autonomy, competence, and relatedness needs, and the framework of positive youth
development (PYD), which emphasizes asset-building through socially embedded opportunities, the present
research examines how sport participation contributes to adolescents’ psychological adjustment via self-
regulatory mechanisms. The study also tests for structural invariance across gender, school stage, residence
type, and sports type, thereby evaluating the generalizability of the proposed developmental model across key
demographic subgroups and advancing context-sensitive understanding of adolescent mental health promotion.

Literature review and research hypotheses

Theoretical foundations

This study is grounded in two complementary theoretical frameworks, namely SDT and PYD, both of which offer
integrated perspectives on the developmental mechanisms linking sport participation, self-control, and mental
health in adolescence. According to SDT, human functioning is optimized when three basic psychological needs
are fulfilled: autonomy, competence, and relatedness. When adolescents engage in sport activities that allow
them to experience personal agency, demonstrate skill mastery, and form meaningful social bonds, their intrinsic
motivation is enhanced, which subsequently promotes behavioral persistence and internalized self-regulation.
In this motivational context, sport participation becomes not merely a physical practice but a developmental
experience that fosters regulatory control and emotional well-being through sustained engagement in challenging
and socially embedded activities!>!?.

From the perspective of PYD, sport participation is conceptualized as a structured opportunity for
adolescents to develop internal strengths and social assets. Through regular engagement in individual or team-
based sports, adolescents are exposed to situations that require emotional regulation, adaptive coping, and
interpersonal cooperation, all of which serve as protective factors against psychological distress. In addition to
promoting physical competence, such contexts also contribute to the development of psychosocial resources that
are essential for sustained mental health. Prior studies have identified sport-based environments as key settings
in which adolescents practice and consolidate self-regulatory behaviors while building resilience and positive
identity!'4-16.

Integrating these frameworks, the present study conceptualizes sport participation as a contextually
grounded and motivationally infused developmental environment. Within this environment, self-control is
not only cultivated through repeated engagement in structured activity but also serves as a mechanism that
reinforces psychological health outcomes over time. The reciprocal and longitudinal associations among sport
participation, self-control, and mental health are thus hypothesized to reflect a cyclical developmental process in
which behavioral engagement and psychological adjustment interact in mutually sustaining ways.

Sport participation and adolescent development

Adolescence represents a period of accelerated growth across physical, emotional, and cognitive domains, during
which sport participation functions not only as a medium for physical conditioning but also as a developmental
context conducive to psychological adjustment. Substantial empirical evidence has demonstrated that regular
engagement in sport-based activities contributes to improved cardiovascular health, muscular endurance, and
skeletal integrity, while also playing a protective role in the reduction of anxiety, depressive symptoms, and
stress-related outcomes®*1”. These psychological benefits are closely linked to the behavioral structure and
social affordances inherent in sport settings, which emphasize goal orientation, persistence, and rule adherence,
thereby providing adolescents with opportunities to exercise effortful control and behavioral regulation in
socially meaningful contexts.

Moreover, sport participation facilitates the development of self-regulatory competencies that are essential
for navigating the increasing demands of academic life and peer interactions. Through repeated exposure to tasks
requiring focus, sustained attention, and strategic adaptation, whether situated within team-based settings or
individual formats, adolescents develop enhanced capacities for impulse control, goal-directed decision-making,
and emotional modulation!®-2!. These competencies are particularly salient in organized sport environments,
which embed individual agency within collective pursuits and foster cooperation, mutual accountability, and
resilience. In such contexts, psychological growth is not merely a by-product of physical exertion but a core
developmental outcome shaped by structured participation and relational engagement. These psychosocial
processes collectively support more stable emotional functioning and contribute to long-term mental health

trajectories across adolescence??.

The role of self-control ability in sport participation and mental health

Self-control represents a foundational psychological capacity in adolescence, encompassing the ability to
modulate attention, emotion, and behavior in accordance with situational demands and long-term objectives?.
This capacity enables individuals to suppress impulsive tendencies, tolerate delay of gratification, and make
intentional decisions that align with personally or socially valued goals. Adolescents demonstrating higher
self-control are more likely to exhibit consistent academic engagement, emotional stability, and adaptive
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social functioning, as they are better equipped to manage stress, overcome distractions, and navigate complex
interpersonal situations?4-2°.

In relation to health-related behaviors, self-control plays a critical role in facilitating the initiation and
maintenance of structured routines such as sport participation. Individuals with stronger regulatory capacity
are more inclined to adhere to demanding physical activity schedules, manage discomfort associated with
training, and sustain motivation in the face of setbacks, thereby supporting long-term benefits for both physical
health and psychological adjustment?”-2%, Furthermore, self-control is positively associated with the adoption of
constructive coping strategies, including cognitive reframing and help-seeking, which enhance resilience and
reduce vulnerability to emotional disturbances?**. Conversely, deficits in self-control are consistently linked to
avoidant coping styles, impulsive decision-making, and engagement in health-compromising behaviors, all of
which heighten the risk for psychological distress during adolescence’!.

The direct and indirect effects of sport participation on mental health

Sport participation contributes to adolescent mental health through multiple, interrelated pathways that
encompass both intrapersonal regulation and social-environmental resources. Directly, engagement in structured
sport activities fosters emotional balance and psychological resilience by enhancing perceptions of competence,
autonomy, and relatedness, the three foundational psychological needs emphasized by self-determination
theory. When these needs are satisfied through consistent and meaningful physical activity, adolescents are more
likely to experience elevated intrinsic motivation, which supports psychological well-being and buffers against
internalizing symptoms. This motivational mechanism is further reinforced by repeated experiences of mastery
and self-efficacy gained through sport engagement, which foster positive self-appraisals and emotional self-
assurance’>%,

In parallel, sport participation facilitates the development of self-regulatory skills that indirectly protect
mental health. Regular involvement in physically demanding and socially organized contexts requires the
exercise of impulse control, delay of gratification, and emotional self-monitoring, all of which contribute to
enhanced executive functioning and behavioral stability. These regulatory competencies improve adolescents’
capacity to manage stressors, make goal-consistent decisions, and maintain psychological coherence in the
face of environmental challenges'®!?. From a relational standpoint, team-based sport activities offer structured
opportunities for peer collaboration, mutual responsibility, and social affiliation, which cultivate perceived social
support and reduce vulnerability to emotional isolation. These interpersonal experiences are particularly relevant
during adolescence, a period when peer belonging becomes a critical determinant of emotional well-being®*3°.

The feedback effect of mental health on sport participation and self-control ability

Mental health not only emerges as an outcome of sport participation and self-regulatory development but also
plays a formative role in sustaining these adaptive behaviors over time. Adolescents who experience greater
psychological well-being typically exhibit stronger motivation to engage in sport-based activities, as emotional
stability and positive affect promote the initiation and maintenance of physical routines®. In such cases,
adolescents are more likely to perceive physical activity as rewarding and purposeful, which reinforces continued
involvement and facilitates the internalization of health-promoting behaviors®”.

In parallel, mental health supports the cultivation of self-control by enhancing emotional clarity, cognitive
coherence, and behavioral consistency. When adolescents experience lower levels of psychological distress, they
are more capable of managing impulses, maintaining goal-oriented focus, and implementing strategic responses
to environmental challenges®®-1°. This self-regulatory advantage, in turn, strengthens adherence to beneficial
habits, including regular participation in sport activities. Consequently, mental health contributes not only to
the immediate experience of emotional well-being but also to the long-term maintenance of self-discipline and
behavioral stability.

Research hypotheses
Anchored in the conceptual foundations of self-determination theory and positive youth development, and
informed by the empirical gaps delineated above, the present study advances the following hypotheses to guide
the examination of cross-lagged relationships among sport participation, self-control ability, and mental health
over time:

H1: Sport participation at Time 1 positively predicts mental health at Time 2, and sport participation at Time
2 positively predicts mental health at Time 3.

H2: Sport participation at Time 1 positively predicts self-control ability at Time 2, and sport participation at
Time 2 positively predicts self-control ability at Time 3.

H3: Self-control ability at Time 1 positively predicts sport participation at Time 2, and self-control ability at
Time 2 positively predicts sport participation at Time 3.

H4: Self-control ability at Time 1 positively predicts mental health at Time 2, and self-control ability at Time
2 positively predicts mental health at Time 3.

H5: The longitudinal influence of sport participation on mental health is mediated by self-control ability.

Hé6: Mental health at Time 1 positively predicts sport participation at Time 2, and mental health at Time 2
positively predicts sport participation at Time 3.

H7: Mental health at Time 1 positively predicts self-control ability at Time 2, and mental health at Time 2
positively predicts self-control ability at Time 3.

Based on the above hypotheses, we propose the following theoretical model to examine the cross-lagged
relationships among sport participation, self-control ability, and mental health across three time points (Fig. 1).
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Fig. 1. Theoretical hypothesis model. SP =sport participation, SCA = self-control ability, MH = mental health.

Region Province

Eastern China | Shanghai, Jiangsu, Shandong

Central China Henan, Hubei, Hunan

Western China | Sichuan, Guizhou, Chongging

Southern China | Guangdong, Guangxi, Hainan

Northern China | Beijing, Shaanxi, Liaoning

Table 1. Stratified sampling framework by region and province.

Materials and methods

Research participants and data

Sample size justification

To determine an adequate sample size for the planned statistical analyses, an a priori power analysis was conducted
using G*Power 3.1. The analysis was based on a medium effect size (£ = 0.15), a significance level of a=0.05,
and a statistical power of 0.80. Under these parameters, the minimum required sample size was calculated to
be 350 participants. In addition to this criterion, standard methodological recommendations in social science
research suggest a sample size approximately 10 to 15 times the number of questionnaire items. As the final
instrument contained 39 items, this guideline indicated a recommended range of 390 to 585 participants. The
present study retained 1,306 valid cases, which substantially exceeded both the power analysis threshold and
empirical guidelines for model estimation in structural equation modeling.

Participant selection process

To ensure broad demographic and geographic representativeness, the study employed a stratified multistage
random sampling strategy across five major regions of mainland China. These regions, namely eastern, central,
western, southern, and northern China, were selected to capture national diversity in socioeconomic development
and educational conditions. Within each of the five regions, three provinces were randomly chosen, resulting in
a total of fifteen provinces. Schools were then randomly sampled within these provinces, followed by the random
selection of students enrolled in Grades 7 through 12, corresponding to the upper stages of primary education
and the entirety of lower secondary schooling. This hierarchical sampling framework preserved randomization
at each level and ensured adequate coverage of the adolescent population across diverse regional contexts. The
detailed provincial distribution of the sample is reported in Table 1.

Data collection methods
Data collection was conducted in accordance with a standardized protocol designed to ensure procedural
consistency, respondent comprehension, and data quality. Prior to implementation, members of the research
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team delivered structured training sessions to designated physical education and homeroom teachers at
participating schools. These instructors were responsible for administering the surveys under supervised
classroom conditions and monitoring adherence to standardized procedures. All adolescent participants were
provided with a verbal explanation of the study objectives and ethical safeguards. Written informed consent
was obtained from their parents or legal guardians, and verbal assent was secured from the students themselves.
Throughout the process, strict confidentiality and anonymity were maintained in compliance with ethical
research standards and institutional guidelines.

Data processing

The same cohort of students was surveyed at three distinct time points between September 2023 and September
2024, using an identical set of instruments to ensure consistency. To uphold data integrity, the research team
applied predefined screening criteria to exclude invalid questionnaires, specifically those with missing responses,
logical inconsistencies, or evident patterns of disengagement. The first wave of data collection took place on
September 1, 2023, yielding 1,467 valid responses from 1,600 distributed questionnaires, corresponding to
a 91.69% response rate. The second wave, conducted on March 1, 2024, retained 1,384 valid responses from
the original sample (94.34%), while the third wave, administered on September 1, 2024, obtained 1,306 valid
responses (94.36%).

Surveys were spaced approximately five months apart, with no interventions applied during the intervals. This
timing, based on adolescent development and best practices in longitudinal research, captures key transitions
in academic cycles and minimizes short-term disruptions*\. Empirical studies on adolescent development
support 5-6 month intervals for observing meaningful changes in cognitive and behavioral patterns*2. Basic
demographic information of the respondents is presented in Table 2.

Measurement

Sport participation

Sport participation was measured using the Physical Activity Rating Scale (PARS-3), which was adapted for
use in Chinese populations by Liang*®. This instrument captures structured physical engagement through three
dimensions: exercise intensity, exercise duration, and exercise frequency. Each dimension is assessed using
a five-point Likert-type item, ranging from one to five. Specifically, intensity is rated from light to vigorous,
duration from less than ten minutes to more than one hour, and frequency from once per month to almost daily.
The final score is calculated by multiplying the three dimension scores and applying a weighting coefficient to
yield a composite index ranging from 0 to 100. Previous research has confirmed the reliability, construct validity,
and applicability of the PARS-3 for assessing sport-related physical activity among Chinese adolescents**.

Self-control ability

Self-control ability was assessed using the Chinese version of the Brief Self-Control Scale, developed and validated
by Luo et al.*>. This instrument comprises seven items designed to capture key aspects of behavioral regulation,
including impulse inhibition, goal persistence, and attentional control. Respondents indicated their agreement
with each statement using a five-point Likert scale ranging from one (strongly disagree) to five (strongly agree).
Prior studies have demonstrated satisfactory psychometric performance of this scale, including high internal
consistency (Cronbach’s a=0.83) and adequate test-retest reliability across adolescent samples in China“®.

Mental health

Mental health status was evaluated using a 25-item scale developed by Su et al.*?, specifically designed to capture
the emotional and psychological adjustment of Chinese adolescents. The scale comprises five subdomains: life
satisfaction, academic motivation, interpersonal functioning, emotional stability during examinations, and
general emotional well-being. Each item is rated on a five-point scale reflecting the frequency or intensity of
the respective experiences. Previous validation research has confirmed the internal consistency of the scale
(Cronbach’s a=0.83), as well as its factorial validity and suitability for large-scale educational or psychological
assessments in youth populations*®.

Basic information | Category Freq y | Perc ge (%) | Cumulative percentage (%)
Male 635 48.62 48.62
Gender
Female 671 51.38 100
Middle school 637 48.77 48.77
School stage
High school 669 51.23 100
Rural 645 49.39 49.39
Residence type
Urban 661 50.61 100
Individual sports | 651 49.85 49.85
Sports type
Team sports 655 50.15 100

Table 2. Basic information of respondents.
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Data analysis procedure

All statistical analyses were conducted using SPSS 27.0 and AMOS 26.0. To evaluate the potential impact of
common method bias, Harman’s single-factor test was performed using exploratory factor analysis, with the
threshold for concern set at 40% of total variance explained by the first unrotated factor®. Descriptive statistics
were computed to assess central tendencies and variability of key variables, while Cronbach’s o was used to
assess internal consistency reliability, with coefficients above 0.70 considered acceptable®. Pearson’s correlation
coefficients were calculated to examine the strength and direction of bivariate associations, with coefficients of
0.10, 0.30, and 0.50 interpreted as small, moderate, and large effects, respectively’!. Confirmatory factor analyses
(CFA) were conducted to evaluate the construct validity of models, using conventional model fit indices including
the Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI), the Standardized Root Mean Square Residual
(SRMR), and the Root Mean Square Error of Approximation (RMSEA). Acceptable model fit was defined as CFI
and TLI greater than 0.90, SRMR less than 0.06, and RMSEA less than 0.08°2%3. Longitudinal confirmatory factor
analysis was conducted to assess measurement invariance across time, sequentially testing configural, metric,
and scalar models. Invariance was evaluated based on changes in model fit indices, with ACFI less than 0.010
and ATLI less than 0.010 indicating acceptable invariance at each level>%. The main structural analysis employed
a three-wave cross-lagged panel model, estimated using maximum likelihood in AMOS. This model allowed for
the simultaneous estimation of autoregressive and cross-lagged paths among sport participation, self-control
ability, and mental health, thereby identifying the temporal directionality of relationships across time points®.
Multi-group confirmatory factor analyses were additionally conducted to examine the structural invariance of
the model across demographic groups defined by gender, school stage, residence type, and sport type. Model
comparisons relied on absolute and incremental fit indices including XZ/ df, CFI, TLI, RMSEA, and SRMR, with
a change of less than 0.01 in CFI or TLI considered indicative of invariance across groups™.

Result

Common method bias

The result of Harman’s single-factor test indicated that the first unrotated factor accounted for 32.49% of the
total variance, which falls below the recommended threshold of 40% and suggests that common method bias is
unlikely to be a major concern.

Descriptive statistics and psychometric properties

Table 3 summarizes the descriptive statistics, internal consistency coefficients, and psychometric fit indices for
the three study constructs across all waves. Cronbach’s a coefficients ranged from 0.835 to 0.935, exceeding the
conventional reliability threshold of 0.80. CFA conducted for self-control and mental health across the three
time points indicated consistently acceptable model fit, with CFI and TLI values above 0.96, RMSEA ranging
from 0.059 to 0.083, and SRMR values between 0.017 and 0.025. These results support the internal consistency
and structural validity of the two latent constructs. The composite sport participation measure was excluded
from CFA due to its formative scoring structure®.

Correlation analysis

Figure 2 presents the Pearson’s correlations among sport participation, self-control ability, and mental health
across all three time points. All associations were positive and statistically significant (p<0.001). At Time 1,
sport participation was moderately correlated with self-control ability (r=0.38) and mental health (r=0.39),
while self-control and mental health showed a stronger correlation (r=0.48). At Time 2, the correlation between
sport participation and self-control increased to r=0.44, with mental health remaining at r=0.39; the correlation
between self-control and mental health was notably strong (r=0.62). At Time 3, sport participation was
correlated with self-control ability at 7=0.42 and with mental health at r=0.32, while the correlation between
self-control ability and mental health was r=0.47. These results indicate consistent positive relationships among
the three constructs across time.

‘M ‘SD ‘a ‘CFI ‘TLI ‘SRMR ‘RMSEA(90%CI)

Time 1

Sport participation | 24.91 | 21.589 | 0.838 | - - - -

Self-control ability | 2.519 | 0.861 | 0.935 | 0.983 | 0.979 | 0.017 | 0.059 (0.051-0.067)
Mental health 2.611 | 0.849 |0.918 | 0.972 | 0.964 | 0.022 | 0.077 (0.069-0.085)
Time 2
Sport participation | 24.25 | 21.225 | 0.835 | - - - -

Self-control ability | 2.536 | 0.847 | 0.932 | 0.969 | 0.960 | 0.022 | 0.078 (0.070-0.086)
Mental health 2,612 | 0.860 |0.921 | 0.976 | 0.970 | 0.021 | 0.070 (0.062-0.078)
Time 3

Sport participation | 24.31 | 21.485 | 0.837 | - - - -

Self-control ability | 2.538 | 0.844 | 0.933 | 0.972 | 0.964 | 0.022 | 0.075 (0.067-0.083)

Mental health 2.618 | 0.844 |0.915 | 0.965 | 0.955 | 0.025 | 0.083 (0.075-0.091)

Table 3. The descriptive statistics, reliability coefficients and psychometric properties of the tested scales.

Scientific Reports |

(2025) 15:35497 | https://doi.org/10.1038/s41598-025-19457-x nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Time 1 Correlation Matrix Time 2 Correlation Matrix
1 1
0.8 0.8
Ti_sp| T1_SP os  T2sP| T2 _SP 0.6
0.4 0.4
0.2 0.2
T1 SCA| *kk  T1 SCA 0 T2 SCA| %k T2 SCA 0.62 0
_0.2 -0.2
_0.4 -0.4
TI MH| skskk *kk  T1 MH 0.6 o M| skekek T2 MH 0.6
- 0.8 - 0.8
~1 -1
T1 SP T1 SCA T1 MH T2 SP T2 SCA T2 MH

Time 3 Correlation Matrix

1
0.8
13 sP| T3 SP 0.6
0.4
0.2

T3 SCA| ¥k T3 SCA 0
-0.2
-0.4
T3 MH| ksksk %kk T3 MH -0-6
o -0.8

T3 SP T3 PR T3 SE

Hkk p<=0. 001

Fig. 2. The Pearson’s correlation matrix at time points T1-T3. T1=Time 1, T2 =Time 2, T3 =Time 3. SP=sport
participation, SCA = self-control ability, MH = mental health.

x*/df | CFI | TLI |SRMR | RMSEA (90%CI)

Time 1 model | 2.749 | 0.985 | 0.983 | 0.019 | 0.037 (0.032-0.041)
Time 2 model | 3.540 | 0.978 | 0.976 | 0.019 | 0.044 (0.040-0.048)
Time 3 model | 3.250 | 0.980 | 0.977 | 0.019 | 0.042 (0.037-0.046)

Table 4. Cross-sectional CFAs for time 1, time 2, and time 3.

Cross-sectional measurement models

As shown in Table 4, all models demonstrated good fit, with Xz/df values of 2.749 (Time 1), 3.540 (Time 2), and
3.250 (Time 3). The CFI ranged from 0.978 to 0.985, and the TLI ranged from 0.976 to 0.983, both exceeding
0.90. The SRMR was consistently 0.019, and RMSEA values ranged from 0.037 to 0.044, all within acceptable
thresholds. These results indicate that the measurement models at each wave were psychometrically sound.

Multi-group invariance test for the measurement model across time points

Table 5 summarizes model fit indices for measurement invariance testing across three time points. The configural
model demonstrated adequate fit (Xz/df: 3.390, CF1=0.979, TLI=0.977, SRMR=0.018, RMSEA =0.025),
indicating a consistent factorial structure. When factor loadings were constrained to equality, model fit remained
stable (ACFI=0.000, ATLI=0.001). Further constraints on item intercepts yielded similarly acceptable changes
(ACFI = —0.003, ATLI=0.000). These results indicate that both metric and scalar invariance were established
across waves.
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RMSEA
Model X2df | CFI |ACFI |TLI |ATLI | SRMR | (90%CI)
Configural invariance | 3.390 | 0.979 | - 0977 | - 0.018 0.025
8 : : : : (0.023-0.026)
Metric invariance 3.280 | 0.979 | 0.000 | 0.978 | 0.001 |0.019 | %02
' : - : : : (0.023-0.025)
Scalar invariance 3.394 | 0.976 | —0.003 | 0.977 | 0.000 |0.049 | %023
' : : : : : (0.023-0.026)

Table 5. Testing for factorial invariance across three time points.

x2/df | CFI |TLI |SRMR | RMSEA (90%CI)
Initial model | 1.708 | 0.998 | 0.994 | 0.011 | 0.023 (0.000-0.043)
Refined model | 1.352 | 0.999 | 0.997 | 0.014 | 0.016 (0.000-0.034)

Table 6. Fit indices for three-wave cross-lagged model. The initial model includes all hypothesized paths,
while the refined model excludes non-significant paths for improved parsimony and interpretability.

Cross-lagged panel model

The initial model, which included all theoretically hypothesized paths, showed good fit to the data (x*/df=1.708,
CFI=0.998, TLI=0.994, SRMR =0.011, RMSEA =0.023). However, four cross-lagged paths were not statistically
significant: self-control at Time 1 did not predict sport participation at Time 2 (3=0.007, p=0.802); mental
health at Time 1 did not predict sport participation at Time 2 (p=0.033, p=0.254); self-control at Time 2 did
not predict sport participation at Time 3 (f = —0.020, p=0.562); and mental health at Time 2 did not predict
sport participation at Time 3 (=0.007, p=0.836). These results indicated a lack of support for H3 and H6. A
revised model was subsequently tested with the non-significant paths removed, yielding improved fit indices (x*/
df=1.352, CFI=0.999, TLI=0.997, SRMR =0.014, RMSEA =0.016). Full model fit comparisons are presented in
Table 6.

In the refined model, autoregressive paths were all statistically significant (p <0.05) and stable across waves,
sport participation (p=0.44 from T1 to T2; f=0.35 from T2 to T3), self-control ability (3=0.33; =0.34),
and mental health (3=0.31; $=0.24). All cross-lagged paths retained in the model also reached statistical
significance (p <0.05), sport participation at Time 1 predicted self-control (p=0.18) and mental health (3 =0.25)
at Time 2, and sport participation at Time 2 continued to influence self-control (p=0.12) and mental health
(B=0.08) at Time 3, supporting H1 and H2. Self-control ability predicted subsequent mental health across both
waves (p=0.30 from T1 to T2; f=0.17 from T2 to T3), supporting H4. Mental health significantly predicted
subsequent self-control ability across two consecutive waves, with Time 1 mental health predicting Time 2 self-
control (3=0.23), and Time 2 mental health predicting Time 3 self-control (f =0.23), providing evidence for H7.
Additionally, an indirect pathway from sport participation at Time 1 to mental health at Time 3 via self-control
at Time 2 was identified, consistent with H5. Standardized coefficients are displayed in Fig. 3.

Multi-group invariance test for the structural model

Model fit indices across gender, school stage, residence type, and sport type are presented in Table 7. Across
all demographic comparisons, the CFI and TLI values consistently exceeded 0.90, RMSEA remained below
0.08, and SRMR was under 0.06. Differences in CFI and TLI between nested models were within the accepted
threshold of 0.01, indicating that the structural paths did not differ meaningfully across groups. These results
support the invariance of structural relations among sport participation, self-control ability, and mental health
across demographic subgroups.

Discussion
Key findings and interpretations
This study provides robust longitudinal evidence supporting the role of sport participation as a foundational
behavioral context within which adolescents™ self-control ability and mental health are mutually reinforced
over time. The cross-lagged analyses clearly indicated that earlier sport participation significantly predicted
later improvements in both self-control and mental health, consistent with fundamental propositions of
SDT'2. According to SDT, structured sport environments inherently facilitate adolescents’” internalization of
self-regulatory competencies by satisfying their basic psychological needs for autonomy, competence, and
relatedness. Specifically, autonomy-supportive contexts enable adolescents to experience behavioral choices
aligned with intrinsic motivations, competence-supportive structures provide repeated mastery experiences,
and socially connected environments fulfill relatedness needs. Together, these mechanisms enhance adolescents’
internal psychological resources, enabling effective self-regulation, emotional integration, and consequently,
better psychological health.

Further supporting this theoretical perspective, the results identified a clear mediational pathway through
which the positive effect of sport participation on mental health operated indirectly via self-control. This
finding aligns with neurodevelopmental frameworks that posit adolescence as a critical period for prefrontal
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Demographic variables

\xlldf \CFI \ACPI \TLI \ATLI \SRMR ‘RMSEA (90%CI)

Gender (male/female)

Unconstrained 1.111 | 0.999 | - 0.998 | - 0.015 | 0.009 (0.000-0.024)
Structural weights 0.985 | 1.000 | 0.001 1.000 | 0.002 0.023 | 0.000 (0.000-0.019)
Structural covariances | 1.507 | 0.994 | —0.005 | 0.991 | —0.007 | 0.034 | 0.020 (0.009-0.029)
Structural residuals 1.493 | 0.993 | —0.006 | 0.991 | —0.007 | 0.032 |0.019 (0.010-0.028)
School stage (middle school/high school)

Unconstrained 1.277 | 0.998 | - 0.995 | - 0.021 0.015 (0.000-0.028)
Structural weights 1.064 | 0.999 | 0.001 0.999 | 0.004 0.024 | 0.007 (0.000-0.021)
Structural covariances 1.493 [ 0.994 | — 0.004 | 0.991 | —0.004 | 0.032 | 0.019 (0.009-0.029)
Structural residuals 1.594 | 0.991 | —0.007 | 0.989 | —0.006 | 0.032 |0.021(0.013-0.029)
Residence type (rural/urban)

Unconstrained 1.112 | 0.998 | - 0.997 | - 0.013 | 0.009 (0.000-0.024)
Structural weights 0.951 | 1.000 | 0.002 1.000 | 0.003 0.020 | 0.000 (0.000-0.018)
Structural covariances 1.865 [ 0.992 | — 0.006 | 0.993 | —0.004 | 0.030 | 0.026(0.017-0.034)
Structural residuals 1.836 | 0.991 | —0.007 | 0.994 | —0.003 | 0.032 | 0.025(0.018-0.033)
Sports type (individual sports/team sports)

Unconstrained 1.892 | 0.994 | - 0.984 | - 0.022 | 0.026 (0.015-0.037)
Structural weights 1.691 | 0.993 | —0.001 | 0.988 | 0.004 0.024 | 0.023 (0.013-0.032)
Structural covariances 1.962 | 0.989 | —0.005 | 0.983 | —0.001 |0.025 |0.027 (0.019-0.035)
Structural residuals 1.893 | 0.987 | —0.007 | 0.984 | 0.000 0.029 | 0.026 (0.019-0.034)

Table 7. Testing for structural invariance across demographic variables.
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cortex maturation, underpinning the consolidation of executive functions and emotional regulation capacities.
Previous neuropsychological studies have demonstrated that sustained sport engagement facilitates structural
and functional enhancements in brain regions associated with self-regulation, such as the prefrontal cortex
and anterior cingulate cortex’®~®!. Thus, the mediating role of self-control observed in the current longitudinal
study substantiates and extends existing neurocognitive evidence, highlighting sport participation as a vital
experiential scaffold through which adolescents acquire durable self-regulatory capabilities, subsequently
enhancing emotional stability and psychological resilience.

Another notable finding was the reciprocal predictive relationship between self-control and mental
health observed across subsequent waves. This bidirectional association provides empirical substantiation
for developmental cascade models proposed within PYD theory, emphasizing reciprocal influences between
adaptive psychological competencies and emotional well-being'®. Adolescents with enhanced self-control
capacities are better equipped to regulate emotions, manage stress, and maintain adaptive social relationships,
thus protecting against psychological maladjustment?*?°. Conversely, stable mental health status provides the
cognitive-emotional resources necessary to sustain effective self-regulation over time, creating a self-reinforcing
adaptive system. The reciprocal interaction between self-control and mental health thus embodies the essence
of PYD’s “developmental assets” framework, whereby initial strengths in one domain catalyze sustained
developmental gains across multiple psychological dimensions.

Importantly, the absence of significant paths from self-control and mental health back to subsequent sport
participation raises important theoretical considerations. This result challenges simple bidirectional assumptions
and instead underscores the asymmetry between psychological resources and behavioral engagement in sport. A
plausible theoretical explanation, grounded in ecological systems theory, is that while psychological resources can
sustain participation once initiated, behavioral initiation itself is predominantly shaped by external contextual
factors rather than internal psychological states alone®®%. Institutional access, peer norms, and cultural
expectations are likely critical determinants in the initial adoption and maintenance of sport engagement,
highlighting the need for structural and systemic approaches to promoting adolescent physical activity.

Moreover, multi-group invariance tests revealed stable structural relationships across diverse demographic
subgroups (gender, school stage, residence type, and sport type). This structural invariance provides important
evidence for the generalizability and theoretical robustness of the identified developmental pathways. From
a practical standpoint, such population-level consistency suggests broad applicability of intervention
strategies informed by SDT and PYD frameworks. Nevertheless, while structural invariance demonstrates
theoretical consistency, it should not obscure the nuanced contextual dynamics influencing adolescents’ actual
engagement with sport. Previous studies indicate substantial contextual variability shaped by factors such as
resource accessibility, cultural attitudes towards sport, academic pressures, and social norms related to gender
and residence contexts®*~%. Thus, future interventions must balance fidelity to these general developmental
mechanisms with adaptability to specific contextual factors, ensuring that health-promotive efforts remain both
theoretically grounded and contextually relevant.

Educational implications
The temporal ordering observed in this study, in which sport participation predicts improvements in self-control
followed by gains in mental health, positions structured physical activity as an upstream determinant that
schools can deliberately mobilise to promote psychological development. To translate this evidence into practice,
physical-education curricula should be redesigned around progressive learning trajectories that integrate
explicit self-regulatory goals. Lesson sequences can begin with instructor-guided goal identification and simple
monitoring routines, advance toward student-led planning and reflection, and culminate in peer-supported
projects that require sustained collaboration under emotionally demanding conditions. Such sequencing
treats sport settings as developmental micro-contexts in which students rehearse attention shifting, delay of
gratification, and emotion differentiation. To sustain these processes beyond discrete class periods, schools can
embed “reflection loops” in which students briefly document regulatory strategies used during activity, link those
strategies to emotional outcomes, and revisit the records in subsequent sessions. Teacher preparation therefore
needs to encompass motivational climate design, feedback techniques centred on autonomy support, and
formative assessment of regulatory behaviours, complementing traditional skill-instruction competencies®’ %,
System-level implementation demands alignment among scheduling, facilities, and data infrastructure.
Multi-semester physical-activity pathways should be protected in timetables to create cumulative exposure;
facilities must remain accessible before and after the school day to reinforce habit formation; and low-burden
monitoring tools (for example, periodic self-report check-ins combined with wearable-device step counts) can
supply iterative evidence for programme adjustment. Because the structural model proved invariant across
gender, educational stage, residence type, and preferred sport, the core intervention logic appears transferable.
Nonetheless, resource disparities and culturally specific valuations of sport require local adaptation. Schools in
resource-constrained areas may prioritise low-equipment activities and partner with community organisations
for space and coaching; academically intensive settings may integrate brief, high-frequency activity bouts within
classroom transitions to mitigate opportunity costs. Embedding mental-health literacy modules within sport
programmes can further ensure that emotional challenges encountered during strenuous activity are framed
as occasions for skill acquisition rather than indicators of weakness. Such context-sensitive design applies the
universal developmental mechanism identified here while attending to the heterogeneous constraints and
affordances that shape adolescents’ daily experience®®”0.

Limitations and directions for future research
Although the three-wave design strengthens temporal inference, several limitations temper the conclusions
and shape priorities for future work. First, reliance on self-report introduces measurement bias, particularly for
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sport participation; upcoming studies should incorporate objective indices such as accelerometry or wearable
trackers to improve accuracy’!. Second, the observational design clarifies temporal ordering but cannot establish
causality, underscoring the value of randomised or quasi-experimental trials that manipulate physical-activity
exposure and self-regulation training. Third, the sample is nationally diverse yet culturally homogeneous, so
replications across socioeconomic strata and international contexts are needed to test the boundary conditions
of the reported pathways. Finally, the present study did not include neurobiological, cognitive, or social-
environmental indicators, limiting insight into the mechanisms through which sport participation shapes self-
control and mental health; integrating multimodal measures in future research would address this gap and
support the development of more precise intervention strategies.

Conclusion

The present study offers longitudinal evidence that sport participation serves as a significant predictor of
subsequent improvements in self-control ability and mental health among adolescents. Cross-lagged associations
and mediation analyses support a developmental pathway in which sport engagement facilitates psychological
adjustment, partly through enhanced self-regulatory capacity. The findings align with the theoretical premises
of self-determination theory and positive youth development, and structural invariance across demographic
groups suggests that the identified pathways are stable across gender, school stage, residence type, and sport type.
These results contribute to ongoing efforts to clarify the psychological mechanisms linking physical activity to
adolescent well-being and provide a foundation for future studies employing experimental designs, objective
activity assessments, and multimodal indicators to further advance this area of research.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available because this is part of
a series of ongoing studies. However, data are available from the corresponding author upon reasonable request.
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