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Effectiveness of a family—school-
community collaborative physical
activity intervention
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Mingming Guo?**
School of Physical Education, Guangdong University of Education, Guang Zhou, China, 2Department

of Physical Education, College of Education for the Future, Beijing Normal University, Zhu Hai, China,
3College of Physical Education and Sport, Beijing Normal University, Beijing, China

Background: Family—school-community collaboration is increasingly recog-
nized as a strategy to promote physical activity (PA) in youth, yet evidence in
primary school settings—particularly for exercise-related cognition—remains
limited.

Objective: To evaluate a family—school-community collaborative PA interven-
tion on PA and exercise cognition in primary school students, and to examine
associations between PA and exercise cognition.

Methods: In this quasi-experimental, one-academic-year study, 515 fifth-grade
students (10—-11 years) from a public primary school in Guangdong, China, were
allocated to an intervention group (n = 255) or a control group (n = 260). The
intervention group received a structured family—school-community collab-
orative PA program, while controls received usual physical education. PA was
assessed using PAQ-CN; exercise cognition (benefits/barriers) was measured
using EBBS-CN. Intervention effects were estimated using class-clustered
ANCOVA adjusting for baseline outcome values and sex; exploratory associa-
tions were examined using class-clustered regression models.

Results: PA increased from pre- to post-intervention in both groups. In adjusted
class-clustered ANCOVA models, the intervention was associated with higher
exercise cognition (g = 3.94, 95% Cl: 1.29-6.60; p = 0.003; Hedges' g = 0.26)
and higher perceived exercise benefits (f = 3.46, 95% Cl: 1.03-5.89; p = 0.008;
Hedges' g = 0.24). The adjusted between-group effect on PA was not statistically
significant (f = 0.11, 95% ClI: —=0.15-0.36; p = 0.418; Hedges' g = 0.18), nor was
the effect on exercise barriers (f = 0.55, 95% Cl: —0.60-1.70; p = 0.354; Hedges'
g = 0.08). In exploratory class-clustered regression models (with baseline PA
adjustment), post-intervention PA was positively associated with exercise cog-
nition and perceived exercise benefits (both p < 0.001), but not with perceived
exercise barriers (p = 0.453).

Conclusion: In this quasi-experimental, single-school study, the intervention was
associated with improvements in exercise cognition and perceived benefits, while
incremental between-group gains in PA were modest and not statistically robust
after accounting for class clustering. These findings support multi-contextual
approaches and underscore the potential value of strengthening positive exercise
perceptions within coordinated PA promotion efforts.
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exercise benefits, exercise cognition, family—school-community collaboration,
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1 Introduction

Physical activity (PA) refers to any bodily movement produced by
skeletal muscles that results in energy expenditure, including activities
undertaken at work, during transportation, at home, or in leisure-time
settings (1). Among children and adolescents, higher levels of PA—
particularly moderate-to-vigorous physical activity (MVPA)—have
been associated with a range of favorable health outcomes, such as
better cardiorespiratory and muscular fitness, healthier cardiometa-
bolic profiles, and improved bone health (2). Beyond physical health,
growing evidence links PA to better mental health in young people,
including lower depressive and anxiety symptoms and higher psycho-
logical wellbeing (3, 4). Accordingly, promoting PA during school age
is widely recognized as a key strategy to support both physical and
psychological development (5).

According to the World Health Organization (WHO) 2020
Guidelines on Physical Activity and Sedentary Behaviour, chil-
dren and adolescents aged 5-17 years should accumulate an aver-
age of at least 60 min per day of MVPA across the week and
include muscle- and bone-strengthening activities on at least
3 days per week (6, 7). Nevertheless, global surveillance indicates
that more than 80% of adolescents do not meet these recommen-
dations, and this pattern co-occurs with increasing sedentary
time and rising obesity prevalence (8-10). In China, nationally
representative surveys similarly suggest that only about one-third
of school-aged children and adolescents achieve the recom-
mended >60 min/day of MVPA, and over 20% are overweight or
obese (11, 12). These patterns underscore the need for effective
PA promotion during school age, yet interventions delivered in a
single setting often face practical constraints. Specifically, school-
only approaches may be constrained by fixed timetables and aca-
demic demands that limit discretionary MVPA beyond scheduled
PE (13), whereas family-only strategies can be hindered by par-
ents’ time constraints and unequal access to safe and affordable
activity opportunities (14). In addition, community resources
(e.g., facilities, organized events, and volunteer support) are not
always readily mobilized without coordination across stakehold-
ers (15). These contextual constraints suggest that isolated single-
setting interventions may yield limited or unsustained effects

10.3389/fpubh.2026.1767961

(16), thereby motivating a coordinated family-school-commu-
nity approach that aligns messages, opportunities, and social sup-
port across settings (16).

In this context, multilevel PA interventions grounded in the Social
Ecological Model and CSPAP frameworks have been increasingly
advocated for promoting PA in school-aged youth (17, 18). Consistent
with these frameworks, we conceptualize family-school-community
collaboration as a coordinated multisetting approach; specifically, we
define a family-school-community collaborative intervention as a
coordinated, multi-setting approach in which schools provide struc-
tured PA opportunities and supportive norms, families reinforce PA
through home-based practice and parental support, and community
partners expand access to resources and activity opportunities, with
aligned goals and communication across stakeholders (19, 20). In the
present study, the intervention components were designed to operate
across these settings and stakeholders (Table 1; Figure 1). To make the
hypothesized pathway explicit, we developed a logic model (theory of
change) linking multi-setting inputs to expected changes in children’s
PA and related determinants (Figure 1).

Prior research suggests that coordinated, multi-setting
approaches can improve PA-related outcomes in youth, but effects are
heterogeneous and may be constrained by implementation challenges
and limited evidence on sustained, academic-year impacts (16, 18-
21). Moreover, many studies prioritize behavioral endpoints while
providing limited concurrent evidence on theoretically proximal cog-
nitive constructs and implementation fidelity, which constrains inter-
pretation of “what works, for whom, and through which pathways,”
particularly in context-specific school settings. Given that PA promo-
tion depends on both multi-setting opportunities/support and chil-
dren’s belief-based appraisals, we specified PA level as the primary
outcome and “exercise cognition” as a theoretically relevant second-
ary outcome (22, 23). Exercise cognition refers to perceived exercise
benefits and barriers and was operationalized using the EBBS total
score, with benefits and barriers subscales examined to support inter-
pretability (22, 24). Accordingly, this study aimed to evaluate, using
a one-academic-year quasi-experimental design, whether the family-
school-community collaborative intervention was associated with
changes in PA and exercise cognition among primary school stu-
dents, and to examine their association.

TABLE 1 Design of physical activity intervention content based on family—school-community collaboration.

Linking entities

Implementation content

Implementation frequency Duration

School-family After-school sports activities

Once a day 1 h per session

School-family Sports homework

5 times a week 30 min per session

School-family Active family development

Evaluated monthly Ongoing activities

School-family Weekend parent-child activities

Once a month per experimental class 2 h per session

School-family Sports class open day

1-2 times per semester per experimental
1 class per session
class

School-family-community Community sports carnival

Fun sports activities with themes like Learn
2 h per session
from Lei Feng, Labor Day, National Day, etc.

School-family-community Sports volunteer team

Ongoing participation in sports
Volunteer service by teachers, parents, and
activity guidance, organization,
community workers
management, decision-making

School-family-community Health education activities

Lectures, health science popularization,
Once a month
sports skill guidance, etc.
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FIGURE 1

Linked entity,

Family involvement

Logic model (theory of change) for the multi-dimensional family—school-community collaborative intervention.

2 Methods
2.1 Research design and participants

This study adopted a quasi-experimental design, conducted over
one academic year in a public primary school in Guangdong Province.
All Grade 5 students (ages 10-11 years) from the school’s 12 intact
classes were recruited (N = 515). The 12 natural classes were assigned
at the class level to an intervention group (6 classes, 255 students;
55.29% male) or a control group (6 classes, 260 students; 49.62%
male). Baseline sex distribution did not differ significantly between
groups (Table 2). A detailed participant flow diagram, including
enrollment, class-level allocation, follow-up, and analysis, is provided
in Figure 2.

Given the single-school, same-grade cohort, we expected rela-
tively limited between-group heterogeneity in background character-
istics; however, household socio-demographic variables (e.g., parental
education, socioeconomic status, and residence) were not collected
and therefore could not be compared formally.

Frontiers in Public Health

TABLE 2 Baseline sex distribution by group (N = 515).

Male, n Female, n Total, n
(%) (%)
Intervention group 141 (55.29%) 114 (44.71%) 255
Control group 129 (49.62%) 131 (50.38%) 260
Total 270 (52.43%) 245 (47.57%) 515

Values are n (%). Group differences in sex distribution were assessed using a y* test (two-

sided).

This same-school implementation also introduced a risk of con-
tamination (i.e., spillover of intervention content to control classes
through student interactions). To mitigate this risk, the intervention
was delivered at the class level, and intervention materials and guid-
ance (e.g., parent workshops and sports homework instructions) were
provided only to intervention classes and their guardians, while the
control classes continued usual physical education without access to
the intervention resources; nevertheless, complete separation between
classes could not be ensured.
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Enrollment and baseline assessment
Enrolled and completed baseline assessment (n 515)
(Grade 5;12 classes)
Allocation
(Class-level assignment)
Allocated to Intervention Group Allocated to Control Group
(6 classes,n 255) (6 classes,n 260)
Follow-up (end of academic year) Follow-up (end of academic year)
Completed post-assessment (n 255) Completed post-assessment(n 260)
Lost to follow-up (n =0) Lost to follow-up (n =0)
Analysis Analysis
Included in primary analysis (n 255) Included in primary analysis(n 260)
Missing outcome data (n 0) Missing outcome data (n 0)
FIGURE 2

analyzed: N = 515).

Participant flow diagram. A total of 515 grade 5 students (12 classes) were enrolled and completed the baseline assessment. Classes were assigned at
the class level to the intervention group (6 classes, n = 255) or the control group (6 classes, n = 260). All students completed the post-intervention
assessment at the end of the academic year; no participants were lost to follow-up and no outcome data were missing for the primary analyses (total

Regarding retention and data completeness, all enrolled students
completed both baseline and post-intervention assessments (no loss
to follow-up), and outcome data were complete for the primary analy-
ses. Prior to the study, written guardian consent and student assent/
informed consent were obtained.

2.2 Procedure

This study was approved by the Ethics Committee of East China
Normal University. Participants were recruited with the assistance of
the participating school from Grade 5 intact classes, and eligibility was
confirmed by the research team in coordination with school staff.
Written guardian consent and student assent/informed consent were
obtained prior to data collection.

PA levels, exercise barriers, exercise benefits, and overall exer-
cise cognition were assessed in both groups at two time points:
baseline (late September, pre-intervention) and post-intervention
(late May, end of the academic year). To reduce potential variation
due to scheduling, assessments were administered in classrooms
during regular school hours by trained PE teachers using stan-
dardized, scripted instructions provided by the research team. All
questionnaires were completed individually by students under
teacher supervision.

Frontiers in Public Health

2.3 Intervention and fidelity

The intervention was implemented in a public primary school in
Guangdong Province. Both groups followed the national compulsory
education PE curriculum; the intervention group additionally received
a structured family-school-community collaborative program (regu-
lar parent lectures/workshops, structured school break-time PA activi-
ties, and family/community sports events; see Table 1 and Figure 1)
alongside usual PE, whereas the control group continued usual PE
only (5 lessons/week, 40 min/lesson).

Intervention delivery was school-led and primarily teacher-deliv-
ered. School-based components were delivered by PE teachers; family
components (e.g., parent workshops and homework guidance) were
delivered by PE teachers with support from the research team; com-
munity events were organized by the school (teachers/volunteers). To
promote consistency across the six intervention classes, core materials,
task templates, and weekly schedules were standardized, and imple-
mentation was reviewed in periodic coordination meetings with PE
and class teachers.

Intervention fidelity and participation were monitored using rou-
tine school records and verification procedures. For sports homework
(5 times/week), PE teachers issued standardized weekly tasks, and
completion was documented via class-level homework logs collected
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by class teachers, with guardian confirmation where applicable; teach-
ers periodically reviewed logs and issued reminders through class
communication channels. For community events, attendance was
recorded using on-site sign-in sheets/registration records, and class-
level participation lists were compiled. Across the academic year, the
research team held regular meetings with PE/class teachers to verify
delivery schedules, address implementation issues, and minimize con-
tamination by restricting intervention materials and guidance to inter-
vention classes and their guardians. Participation was verified at the
class level; however, we did not compute a student-level adherence
(“dose”) index for formal modeling.

Outcome assessments were administered using the same tools and
scoring standards in both groups at baseline and post-intervention by
a trained team.

2.4 Tools and measurement

PA Questionnaire for Children—Chinese version (PAQ-CN). PA
was assessed using the Chinese version of the Physical Activity
Questionnaire for Children (PAQ-CN), adapted from the original
PAQ developed by Kowalski et al. (25). The PAQ/PAQ-CN is
designed for children and adolescents aged 7-18 years and has been
widely used to assess general PA levels in youth (11, 26, 27). The
PAQ-CN is a self-administered, 7-day recall questionnaire with 10
items; nine items capture PA participation over the previous week
(e.g., activity type and frequency) and are scored on a 1-5 scale. The
PA score is calculated as the mean of the nine activity items; scores
are categorized as low (<2), moderate (2-3), and high (>3) (25). The
PAQ-CN has demonstrated acceptable reliability in Chinese sam-
ples (a = 0.821) and has been used in prior Chinese pediatric stud-
ies (11, 28). Given participants’ age (10-11 years), questionnaires
were completed in class under teacher supervision using standard-
ized instructions. As a self-report measure, PAQ-CN may be subject
to recall and social desirability bias.

Exercise Benefits/Barriers Scale—Chinese version (EBBS-CN).
Exercise-related cognition was assessed using the Chinese version
of the Exercise Benefits/Barriers Scale (EBBS-CN), originally devel-
oped by Sechrist et al. (29). The EBBS comprises two dimensions—
perceived exercise benefits and perceived exercise barriers—with
five benefits subdomains (life enhancement, physical performance,
psychological outlook, social interaction, and preventive health)
and four barriers subdomains (exercise environment, time manage-
ment, physical exertion, and family support) (29). Higher scores
indicate higher perceived benefits and/or higher perceived barriers.

TABLE 3 Descriptive statistics of outcomes by group and time (mean + SD).

Outcome

Pre Post Pre

Intervention group (255)

10.3389/fpubh.2026.1767961

The EBBS-CN has shown high internal consistency in Chinese
samples (@ = 0.961) ((30)).

2.5 Data analysis

Descriptive statistics are reported as mean (SD) by group (inter-
vention vs. control) and time (pre vs. post). Primary intervention
effects were estimated using ANCOVA, with each post-intervention
outcome modeled as Outcome_post = ff, + f(treat) + f,(Outcome_
pre) + fs(female) + €. Because students were nested within classes,
robust standard errors were clustered at the class level (12 classes).
Treatment effects are reported as f; with 95% Cls, together with stan-
dardized effect sizes (Hedges g, standardized by the pooled base-
line SD).

Given the small number of clusters, we conducted small-cluster—
robust inference in addition to cluster-robust ANCOVA. First, we
performed an exact class-level permutation test by enumerating all
allocations of six treated classes among 12 (C(12,6) = 924) and com-
puting two-sided permutation p-values using f; as the test statistic.
Second, we implemented a wild cluster bootstrap-t procedure with
Webb six-point weights to obtain bootstrap-t confidence intervals.

Sensitivity analyses used a class-level difference-in-differences
(DID) approach based on class-mean change scores (post-pre). For
multiplicity, PA and exercise cognition were specified as co-primary
outcomes; exercise benefits and exercise barriers were treated as sec-
ondary outcomes, and their p-values were Holm-adjusted.
Associations between PA and exercise cognition (and subscales) were
examined as exploratory using regression models with class-clustered
robust standard errors and baseline adjustment. Baseline intraclass
correlation coefficients (ICCs) were estimated for each outcome to
quantify class-level clustering. All tests were two-sided with a = 0.05,
and analyses were performed in Python.

3 Results
3.1 Descriptive results

Descriptive statistics for all outcomes by group and time are pre-
sented in Table 3. Both groups showed increases from pre- to post-
intervention in physical activity and exercise cognition, with
descriptively larger mean gains in the intervention group for physical
activity, exercise cognition, and exercise benefits (Table 3).

Control group (260)

Post

Physical activity 2.02+£0.49

242 +0.57

1.98 £0.76 2.31+£0.55

Exercise cognition 131.85 +12.79

135.30 + 16.81

129.17 £19.23 131.27 £ 14.99

Exercise benefits 88.85+11.28

91.30 + 14.80

87.40 £17.72 87.90 £ 12.41

Exercise barriers 43.00 + 4.87

44.00 +7.65

41.77 £9.53 43.37 £5.96

Values are M + SD. M, mean; SD, standard deviation. Physical activity was measured using PAQ-CN (1-5; higher scores indicate higher activity). Exercise cognition (EBBS-CN total), exercise

benefits (EBBS-CN benefits subscale), and exercise barriers (EBBS-CN barriers subscale) were measured using EBBS-CN; higher scores indicate higher perceived benefits/barriers and higher

overall benefit-barrier appraisal.
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3.2 Primary outcomes: class-clustered
ANCOVA

To account for class-level clustering, intervention effects were esti-
mated using ANCOVA models adjusting for baseline values of each
outcome and sex, with robust standard errors clustered at the class
level (12 classes; analytic N = 515). Results are summarized in Table 4.

For the co-primary outcomes, the intervention was associated
with a statistically significant improvement in exercise cognition
(f = 3.940, 95% CI: 1.388 to 6.492; p = 0.002; Hedges g = 0.240). In
contrast, the adjusted between-group difference in physical activity at
post-intervention was not statistically significant (= 0.106, 95% CI:
—0.151 t0 0.363; p = 0.419; Hedges’ g = 0.166) (Table 4). The standard-
ized effects for both co-primary outcomes were small (g ~ 0.17-0.24),
and estimates are interpreted accordingly.

3.3 Secondary outcomes and small-cluster
robustness

For secondary outcomes, the intervention was associated with
higher exercise benefits (£ = 3.460, 95% CI: 0.913 to 6.007; p = 0.008;
Hedges’ g = 0.232), while the effect on exercise barriers was not statis-
tically significant (f = 0.553, 95% CI: —0.594 to 1.699; p = 0.345;
Hedges’ g = 0.073) (Table 4). Multiplicity control was applied to the
secondary outcome family only (exercise benefits and barriers) using
the Holm procedure; exercise benefits remained significant after
adjustment (p_Holm = 0.0155), whereas exercise barriers did not
(Table 5). Similarly, the effect size for exercise benefits was small
(Hedges’ g ~ 0.23), suggesting limited practical magnitude despite
statistical significance.

3.4 Robustness and supplementary analyses

Given the small number of clusters (12 classes), we conducted
small-cluster-robust inference. Exact class-level permutation tests
and wild cluster bootstrap-t confidence intervals (Webb weights)
were broadly consistent with the primary class-clustered ANCOVA
results, supporting the intervention effects for exercise cognition
and exercise benefits, but not for physical activity or exercise barri-
ers (Supplementary Tables S1-S2). Class-level DID using class
mean change scores yielded directionally similar but non-signifi-
cant estimates (Supplementary Table S3). Exploratory association
analyses suggested positive associations of exercise cognition/

10.3389/fpubh.2026.1767961

benefits with PA at post and for change scores, and baseline ICCs
indicated modest clustering, particularly for PA (ICC =0.114)
(Supplementary Tables S4-S6). Because PA increased from pre to
post in both groups (Table 3), interpretation of PA effects empha-
sizes adjusted between-group estimates rather than within-
group change.

4 Discussion

This study evaluated a one-academic-year family-school-com-
munity PA intervention in primary school students. The intervention
was associated with improved exercise cognition and perceived ben-
efits, whereas no clear effects were observed for perceived barriers or
PA after accounting for class clustering. Although PA increased in
both groups, the incremental between-group difference was small and
non-significant, and observed effects were small in standardized mag-
nitude, underscoring that statistical significance does not necessarily
imply substantial behavioral impact.

We interpret these findings within a socio-ecological and social-
cognitive framework: aligned school opportunities, family reinforce-
ment, and community support may shift benefit-barrier appraisals
earlier than measurable changes in PA, particularly under contextual
influences and self-report measurement constraints. This pattern is
consistent with a “cognition-first” pathway in which attitudinal change
may precede detectable behavioral divergence.

4.1 Impact of the family—school-
community collaborative intervention on
primary school students’ physical activity

PA in late childhood often requires coordinated support across
multiple settings, because opportunities to be active are shaped not
only by school provision but also by family routines and access to
community resources (16, 31). In the present study, PA increased from
pre- to post-intervention in both groups, with a larger mean increase
in the intervention group. However, after adjustment for baseline PA
and sex and accounting for class clustering, the incremental between-
group difference in post-intervention PA was small and not statisti-
cally significant, and small-cluster robustness checks were consistent.
This pattern aligns with meta-analytic evidence that school-based PA
interventions often yield null or small effects on MVPA (32-34).

TABLE 4 Primary ANCOVA results for intervention effects with class-clustered robust standard errors.

Outcome Treat SE (clustered  95% ClI p (clustered) Hedges g N students N classes
effect, by class) (baseline
SD)
—0.151,
Physical activity 0.106 0.131 0.419 0.166 515 12
0.363
Exercise cognition 3.940 1.302 1.388, 6.492 0.002%* 0.240 515 12
Exercise benefits 3.460 1.300 0.913, 6.007 0.0087 0.232 515 12
~0.594,
Exercise barriers 0.553 0.585 0.345 0.073 515 12
1.699

ANCOVA models were specified as Outcome_post = f§, + f(treat) + f,(Outcome_pre) + ff5(female) + €. SE, standard error; CI, confidence interval. Robust SEs were clustered at the class level

(12 classes). f3 represents the adjusted between-group difference at post-intervention conditional on baseline outcome and sex. Effect sizes are reported as Hedges’ g standardized by the pooled

baseline SD. Two-sided tests were used. Significance levels: *p < 0.05, **p < 0.01 (two-sided).
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TABLE 5 Multiplicity handling (co-primary outcomes and Holm adjustment for secondary outcomes).

Outcome

p (adjusted)

Adjustment

Physical activity Co-primary 0.419 - None (co-primary)
Exercise cognition Co-primary 0.002%* - None (co-primary)
Exercise benefits Secondary 0.008%* 0.016 Holm (secondary family)
Exercise barriers Secondary 0.345 0.345 Holm (secondary family)

Holm adjustment was applied to the secondary outcome family only (exercise benefits and barriers). Co-primary outcomes (physical activity and exercise cognition) were interpreted without
secondary-family adjustment. Two-sided tests were used. Significance levels: *p < 0.05, **p < 0.01 (two-sided).

Taken together, these findings suggest that, in a single-school, class-
based implementation, the additional behavioral gain attributable to
the collaborative program may be modest, and may be partly offset by
concurrent improvements in control classes. Accordingly, we priori-
tize adjusted between-group estimates over within-group pre-post
changes, which may reflect maturation or school-wide influences
affecting both groups.

Several contextual and methodological factors may help explain
this pattern. First, PA is sensitive to school-wide scheduling, seasonal
variation, and shared environmental changes, which can raise activity
levels across classes and reduce detectable contrasts (33, 35). Second,
because intervention and control classes were located within the same
school, spillover through peer interaction or informal information
sharing may have attenuated between-group differences (18, 35).
Third, reliance on self-reported PA may limit sensitivity to modest
behavioral changes and introduce recall or social desirability bias rela-
tive to device-based measures (31, 34).

Notably, the intervention produced clearer improvements in exer-
cise-related cognitions (and perceived benefits), which may represent a
proximal change that does not necessarily translate into a large short-
term differential increase in PA without stronger structural supports
(e.g., protected MVPA time and sufficient dose/intensity) (16, 31). From
an implementation perspective, future refinements may therefore
strengthen components most directly linked to MVPA opportunities
(dose, frequency, and intensity) while maintaining the multi-setting
alignment that appears beneficial for shaping exercise-related appraisals.

4.2 Impact of the family—school-
community collaborative intervention on
primary school students’ exercise cognition

The one-academic-year family-school-community collaborative
intervention was associated with higher post-intervention exercise
cognition, one of the co-primary outcomes. After adjustment for base-
line exercise cognition and sex and accounting for class-level cluster-
ing, the intervention group scored higher than the control group; this
pattern was supported by small-cluster-robust inference, strengthen-
ing confidence in the result given the 12-class design. Similar improve-
ments in exercise-related knowledge, attitudes, or intentions have
been reported in multicomponent, school-anchored interventions
integrating educational and social-support elements for children and
parents (16).

These findings suggest that coordinated, multi-setting support
may be particularly effective for shaping children’s exercise-related
appraisals—especially perceived benefits and barriers—and broader
attitudes toward being active (36, 37). Consistent with social-cognitive
perspectives, the program may have increased perceived value, under-
standing, and salience of facilitators/constraints through repeated cues
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and reinforcement across settings (38). This interpretation aligns with
the intervention design: the school component provided structured
opportunities and supportive norms, the family component (e.g.,
parent workshops and sports homework) reinforced routines at home,
and community activities expanded access and visibility of opportuni-
ties. Reviews similarly emphasize the value of aligning school, family,
and community resources to support youth behavior change (16, 19).

Exercise benefits (a secondary outcome) also improved under the
class-clustered ANCOVA framework, with a consistent pattern in
small-cluster sensitivity checks. Overall, effects were more consistent
for cognitive/attitudinal constructs than for PA behavior, which is
plausible in school-aged populations: shifts in appraisals may occur
earlier and may precede sustained behavioral change (39), whereas
detectable differences in daily PA may require greater intervention
dose, protected MVPA opportunities, and/or longer-term follow-up
(40-43).

4.3 Impact of the family—school-
community collaborative intervention on
the relationship between PA levels and
exercise cognition

Building on the intervention findings, we examined whether
exercise-related cognitions were associated with students’ PA. In class-
clustered regression models, higher post-intervention exercise cogni-
tion and perceived exercise benefits were positively associated with
post-intervention PA, whereas exercise barriers were not significantly
associated with PA. Consistent patterns were observed in change-
score models: increases in exercise cognition and benefits were associ-
ated with increases in PA, while changes in barriers were not. These
associations were modest in magnitude and should be interpreted as
correlational patterns rather than evidence of directional influence.

The null association for perceived barriers should not be inter-
preted as evidence that barriers are unimportant. Multi-setting struc-
tural and social supports (e.g., access, scheduling, parental co-activity,
and community resources) may buffer the practical impact of con-
straints without necessarily lowering perceived barriers, thereby atten-
uating the observed barriers—PA association (16, 44-46). Alternatively,
sustained engagement across settings may increase children’s aware-
ness/salience when reporting barriers (e.g., time constraints), which
could also weaken statistical associations despite improvements in
other cognitive constructs.

From an applied perspective, future programs may address barri-
ers through both cognitive and structural pathways—helping children
identify and manage perceived constraints while improving feasibility,
access, and family/community support. Longitudinal or experimental
mediation designs are needed to test directionality and mechanisms
linking cognition-related appraisals with PA change.
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4.4 Strengths, limitations, and future
outlook

To the best of our knowledge, this study is among the first to
implement a one-academic-year family-school-community collab-
orative intervention in primary school students. Key strengths include
the multi-contextual, ecologically grounded design integrating school
opportunities, family engagement, and community support, and the
use of validated instruments and standardized implementation pro-
cedures. Methodologically, intervention effects were estimated using
ANCOVA with class-clustered robust standard errors, with standard-
ized effect sizes (Hedges’ g) and small-cluster-robust inference (exact
class-level permutation tests and wild cluster bootstrap-t confidence
intervals) to strengthen inference with 12 classes.

However, several limitations should be noted. First, the quasi-
experimental, single-school design limits causal inference and exter-
nal validity. Second, because intervention and control classes were
within the same school, contamination/spillover through student
interaction could not be ruled out and may have attenuated between-
group differences. Third, improvements in both groups suggest pos-
sible shared school-wide influences, maturation, and seasonal/
timetabling variation, which may partly explain the modest incremen-
tal effect on PA. Fourth, PA was assessed via self-report, which may be
subject to recall and social desirability bias; the lack of objective PA
measures (e.g., accelerometry) limits measurement precision. Finally,
we did not collect family-level or socioeconomic covariates (e.g.,
parental education/household SES), precluding assessment of these
potential confounders or moderators. The absence of longer-term
follow-up also prevents evaluation of sustainability beyond the post-
intervention assessment.

Future research should adopt multi-site or school-level cluster
designs, incorporate objective PA assessment and key socio-demo-
graphic covariates, and include follow-up measurements to test gen-
eralizability, mechanisms, and sustainability.

5 Conclusion

This study evaluated a one-academic-year family-school-com-
munity collaborative physical activity program in a primary school
population. The intervention was associated with higher exercise cog-
nition and higher perceived exercise benefits, whereas the adjusted
between-group difference in physical activity was small and not sta-
tistically significant after accounting for class-level clustering. Overall,
these findings suggest that the program may be more effective in
improving children’s benefit-barrier appraisals than in producing a
clear incremental increase in self-reported physical activity within a
single-school implementation. Future studies should use multi-site,
school-level designs, incorporate objective PA measures, strengthen
implementation dose and fidelity documentation, and include follow-
up assessments to examine generalizability and sustainability.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Frontiers in Public Health

10.3389/fpubh.2026.1767961

Ethics statement

The studies involving humans were approved by Ethics Committee
of East China Normal University (No. HR359-2022). The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this study
was provided by the participants’ legal guardians/next of kin.

Author contributions

LK: Writing - original draft, Writing — review & editing,
Conceptualization, Data curation, Funding acquisition. XC: Writing —
original draft, Writing - review & editing, Formal analysis, Methodology.
BG: Investigation, Methodology, Writing — original draft, Writing -
review & editing. XZ: Funding acquisition, Project administration,
Supervision, Visualization, Writing — original draft, Writing - review &
editing. MG: Software, Supervision, Validation, Visualization, Writing —
original draft, Writing - review & editing.

Funding

The author(s) declared that financial support was received for this
work and/or its publication. This work was supported by the Guangdong
Key Construction Discipline Scientific Research Capacity Enhancement
Project (2022ZD]JS104), the General Project of Guangdong Philosophy
and Social Sciences Planning (GD24CTY08), the Guangdong Provincial
Innovation Team Project for Higher Education Institutions (Humanities
and Social Sciences) (2024WCXTD030), and the Fundamental Research
Funds for the Central Universities.

Acknowledgments

We would like to express our gratitude to all the staff for their
assistance with this study. In addition, we would like to acknowledge
the support and participation of the primary school, the children, and
their parents and guardians involved in this study.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1767961
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Kong et al.

including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product

References

1. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical
fitness: definitions and distinctions for health-related research. Public Health Rep. (1985)
100:126-31.

2. Tambalis KD. Physical activity, physical education, and health benefits in children and
adolescents. Eur ] Public Health Stud. (2022) 5:157-73. doi: 10.46827/ejphs.v5i1.112

3. Recchia F, Bernal JDK, Fong DY, Wong SHS, Chung P-K, Chan DKC, et al. Physical
activity interventions to alleviate depressive symptoms in children and adolescents: a
systematic review and meta-analysis. JAMA Pediatr. (2023) 177:132-41. doi: 10.1001/
jamapediatrics.2022.5090

4. Rodriguez-Ayllon M, Cadenas-Sanchez C, Estévez-Lépez F, Muiioz NE, Mora-
Gonzalez ], Migueles JH, et al. Role of physical activity and sedentary behavior in the
mental health of preschoolers, children and adolescents: a systematic review and meta-
analysis. Sports Med. (2019) 49:1383-410. doi: 10.1007/s40279-019-01099-5

5. Messing S. How can physical activity be promoted among children and adolescents? A
systematic review of reviews across settings. Front Public Health. (2019) 7:55. doi: 10.3389/
fpubh.2019.00055

6. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World
Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J
Sports Med. (2020) 54:1451-62. doi: 10.1136/bjsports-2020-102955

7. Chaput J-P, Willumsen J, Bull E Chou R, Ekelund U, Firth J, et al. 2020 WHO guide-
lines on physical activity and sedentary behaviour for children and adolescents aged 5-17
years: summary of the evidence. Int ] Behav Nutr Phys Act. (2020) 17:141. doi: 10.1186/
512966-020-01037-z

8. Aubert S, Brazo-Sayavera J, Gonzalez SA, Janssen 1, Manyanga T, Oyeyemi AL, et al.
Global prevalence of physical activity for children and adolescents; inconsistencies,
research gaps, and recommendations: a narrative review. Int ] Behav Nutr Phys Act. (2021)
18:81. doi: 10.1186/s12966-021-01155-2

9. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient physical activ-
ity among adolescents: a pooled analysis of 298 population-based surveys with 1-6 million
participants. Lancet Child Adolescent Health. (2020) 4:23-35. doi: 10.1016/
$2352-4642(19)30323-2

10. Reilly J, Aubert S, Brazo-Sayavera J, Liu Y, Cagas ], Tremblay M. Surveillance to
improve physical activity of children and adolescents. Bull World Health Organ. (2022)
100:815-24. doi: 10.2471/BLT.22.288569

11. Guo MM, Koh KT, Wang XZ. Trends of physical activity and recreational screen time
among Chinese children and adolescents: a national study from 2017 to 2019. BMC Public
Health. (2024b) 24:1305. doi: 10.1186/s12889-024-18822-1

12. Zhu Z, Tang Y, Zhuang J, Liu Y, Wu X, Cai Y, et al. Physical activity, screen viewing
time, and overweight/obesity among Chinese children and adolescents: an update from
the 2017 physical activity and fitness in China—the youth study. BMC Public Health.
(2019) 19:197. doi: 10.1186/s12889-019-6515-9

13. Walker R, House D, Kent-Saisch S, Porter A, Salway R, Emm-Collison L, et al.
Designing context-specific physical activity interventions for English primary schools:
key learning from a four-month rapid ethnography. BMC Public Health. (2025) 25:288.
doi: 10.1186/s12889-025-23682-4

14. Brennan C, Streight E, Cheng S, Rhodes RE. Parents” experiences of family-based
physical activity interventions: a systematic review and qualitative evidence synthesis. Int
] Behav Nutr Phys Act. (2025) 22:15. doi: 10.1186/s12966-025-01778-9

15. Dlugonski D, Cecil A, Ohrnberger E, Osborne R, White B, Mabson R, et al.
Co-designing a physical activity intervention for low-income mothers of preschool-aged
children with community leaders: a qualitative study. BMC Public Health. (2024) 24:1658.
doi: 10.1186/512889-024-21064-w

16. Santos E, Sousa H, Gouveia ER, Lopes H, Peralta M, Martins J, et al. School-based family-
oriented health interventions to promote physical activity in children and adolescents: a
systematic review. Am J Health Promot. (2023) 37:243-62. doi: 10.1177/08901171221113836

17. Bachouri Muniesa H, Murillo-Pardo B, Astn-Dieste S. What is needed to promote
physical activity in a secondary school? Movimento. (2023) 29:€29054. doi:
10.22456/1982-8918.130358

Frontiers in Public Health

10.3389/fpubh.2026.1767961

that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2026.1767961/
full#supplementary-material

18. Jago R, Salway R, House D, Beets M, Lubans DR, Woods C, et al. Rethinking children’s
physical activity interventions at school: a new context-specific approach. Front Public
Health. (2023) 11:1149883. doi: 10.3389/fpubh.2023.1149883

19. Michael SL, Barnes SP, Wilkins NJ. Scoping review of family and community engage-
ment strategies used in school-based interventions to promote healthy behaviors. J Sch
Health. (2023) 93:828-41. doi: 10.1111/josh.13367

20. Pulling Kuhn A, Stoepker P, Dauenhauer B, Carson RL. A systematic review of multi-
component comprehensive school physical activity program (CSPAP) interventions. Am
] Health Promot. (2021) 35:1129-49. doi: 10.1177/08901171211013281

21. Cassar S, Salmon J, Timperio A, Naylor P-J, van Nassau E Contardo Ayala AM, et al.
Adoption, implementation and sustainability of school-based physical activity and sed-
entary behaviour interventions in real-world settings: a systematic review. Int ] Behav Nutr
Phys Act. (2019) 16:120. doi: 10.1186/s12966-019-0876-4

22. Brown SA. Measuring perceived benefits and perceived barriers for physical activity.
Am ] Health Behav. (2005) 29:107-16. doi: 10.5993/AJHB.29.2.2

23. Ying S, Li H. Reliability and validity of the short version of perceived benefits and
barriers scale for physical activity. Phys Act Health. (2022) 6:64-72. doi: 10.5334/paah.178

24. Koehn S, Amirabdollahian F. Reliability, validity, and gender invariance of the exercise
benefits/barriers scale: an emerging evidence for a more concise research tool. Int |
Environ Res Public Health. (2021) 18:3516. doi: 10.3390/ijerph18073516

25. Kowalski KC, Crocker PRE, Faulkner RA. Validation of the physical activity question-
naire for older children. Pediatr Exerc Sci. (1997) 9:174-86. doi: 10.1123/pes.9.2.174

26. Crocker PRE, Bailey DA, Faulkner RA, Kowalski KC, McGrath R. Measuring general levels
of physical activity: preliminary evidence for the physical activity questionnaire for older chil-
dren. Med Sci Sports Exerc. (1997) 29:1344-9. doi: 10.1097/00005768-199710000-00011

27. Erdim L, Ergun A, Kuguoglu S. 71 reliability and validity of Turkish version of the
physical activity questionnaire for older children (PAQ-C). Arch Dis Child. (2012) 97:A20.
doi: 10.1136/archdischild-2012-302724.0071

28. Guo MM, Koh KT, Wang XZ. The effects of COVID-19 on the physical activity and
recreational screen time among Chinese children and adolescents. ] Exerc Sci Fit. (2024a)
22:288-96. doi: 10.1016/j.jesf.2024.04.002

29. Sechrist KR, Walker SN, Pender NJ. Development and psychometric evaluation of
the exercise benefits/barriers scale. Res Nurs Health. (1987) 10:357-65. doi: 10.1002/
nur.4770100603

30. Guo Q. A study on physical activity levels and influencing factors among Chinese chil-
dren and adolescents (doctoral dissertation). Shanghai: East China Normal
University (2016).

31. Kriemler S, Meyer U, Martin E, van Sluijs EMF, Andersen LB, Martin BW. Effect of
school-based interventions on physical activity and fitness in children and adolescents: a
review of reviews and systematic update. Br ] Sports Med. (2011) 45:923-30. doi: 10.1136/
bjsports-2011-090186

32. Contardo Ayala AM, Parker K, Mazzoli E, Lander N, Ridgers ND, Timperio A, et al.
Effectiveness of intervention strategies to increase adolescents’ physical activity and
reduce sedentary time in secondary school settings, including factors related to imple-
mentation: a systematic review and meta-analysis. Sports Med Open. (2024) 10:11. doi:
10.1186/540798-024-00688-7

33. Jones M, Defever E, Letsinger A, Steele ], Mackintosh KA. A mixed-studies systematic
review and meta-analysis of school-based interventions to promote physical activity and/
or reduce sedentary time in children. J Sport Health Sci. (2020) 9:3-17. doi: 10.1016/j.
jshs.2019.06.009

34. Love R, Adams J, van Sluijs EMF. Are school-based physical activity interventions
effective and equitable? A meta-analysis of cluster randomized controlled trials with
accelerometer-assessed activity. Obes Rev. (2019) 20:859-70. doi: 10.1111/0br.12823

35. Porter A, Walker R, House D, Salway R, Dawson S, Jjaz S, et al. Physical activity
interventions in European primary schools: a scoping review to create a framework for
the design of tailored interventions in European countries. Front Public Health. (2024)
12:1321167. doi: 10.3389/fpubh.2024.1321167

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1767961
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1767961/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2026.1767961/full#supplementary-material
https://doi.org/10.46827/ejphs.v5i1.112
https://doi.org/10.1001/jamapediatrics.2022.5090
https://doi.org/10.1001/jamapediatrics.2022.5090
https://doi.org/10.1007/s40279-019-01099-5
https://doi.org/10.3389/fpubh.2019.00055
https://doi.org/10.3389/fpubh.2019.00055
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1186/s12966-020-01037-z
https://doi.org/10.1186/s12966-020-01037-z
https://doi.org/10.1186/s12966-021-01155-2
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.2471/BLT.22.288569
https://doi.org/10.1186/s12889-024-18822-1
https://doi.org/10.1186/s12889-019-6515-9
https://doi.org/10.1186/s12889-025-23682-4
https://doi.org/10.1186/s12966-025-01778-9
https://doi.org/10.1186/s12889-024-21064-w
https://doi.org/10.1177/08901171221113836
https://doi.org/10.22456/1982-8918.130358
https://doi.org/10.3389/fpubh.2023.1149883
https://doi.org/10.1111/josh.13367
https://doi.org/10.1177/08901171211013281
https://doi.org/10.1186/s12966-019-0876-4
https://doi.org/10.5993/AJHB.29.2.2
https://doi.org/10.5334/paah.178
https://doi.org/10.3390/ijerph18073516
https://doi.org/10.1123/pes.9.2.174
https://doi.org/10.1097/00005768-199710000-00011
https://doi.org/10.1136/archdischild-2012-302724.0071
https://doi.org/10.1016/j.jesf.2024.04.002
https://doi.org/10.1002/nur.4770100603
https://doi.org/10.1002/nur.4770100603
https://doi.org/10.1136/bjsports-2011-090186
https://doi.org/10.1136/bjsports-2011-090186
https://doi.org/10.1186/s40798-024-00688-7
https://doi.org/10.1016/j.jshs.2019.06.009
https://doi.org/10.1016/j.jshs.2019.06.009
https://doi.org/10.1111/obr.12823
https://doi.org/10.3389/fpubh.2024.1321167

Kong et al.

36. Alvarez-Bueno C, Pesce C, Cavero-Redondo I, Sdnchez-Lépez M, Martinez-
Hortelano JA, Martinez-Vizcaino V. The effect of physical activity interventions
on children’s cognition and metacognition: a systematic review and meta-analysis.
J Am Acad Child Adolesc Psychiatry. (2017) 56:729-38. doi: 10.1016/j.jaac.
2017.06.012

37. Rico-Gonzalez M. The effect of primary school-based physical education programs:
a systematic review of randomized controlled trials. ] Phys Act Health. (2023) 20:317-47.
doi: 10.1123/jpah.2022-0452

38. Lee J, Hoornbeek J, Oh N. Social cognitive orientations, social support, and
physical activity among at-risk urban children: insights from a structural equation
model. Int J Environ Res Public Health. (2020) 17:6745. doi: 10.3390/
ijerph17186745

39.Lu Y, YuK, Jin J, Gan X. The effects of a multicomponent social support inter-
vention on physical fitness and exercise attitude in children: a 12-week random-
ized controlled trial. Int ] Environ Res Public Health. (2022) 19:9922. doi: 10.3390/
ijerph19169922

40. Abarca-Gomez L, Abdeen ZA, Hamid ZA, Abu-Rmeileh NM, Acosta-Cazares B,
Acuin C, et al. Worldwide trends in body-mass index, underweight, overweight, and
obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement
studies in 128-9 million children, adolescents, and adults. Lancet. (2017) 390:2627-42.
doi: 10.1016/S0140-6736(17)32129-3

Frontiers in Public Health

10

10.3389/fpubh.2026.1767961

41. Andermo S, Hallgren M, Nguyen T-T-D, Jonsson S, Petersen S, Friberg M, et al. School-
related physical activity interventions and mental health among children: a systematic review
and meta-analysis. Sports Med Open. (2020) 6:25. doi: 10.1186/s40798-020-00254-x

42. Masini A, Marini S, Gori D, Leoni E, Rochira A, Dallolio L. Evaluation of school-
based interventions of active breaks in primary schools: a systematic review and meta-
analysis. J Sci Med Sport. (2020) 23:377-84. doi: 10.1016/j.jsams.2019.10.008

43. Mello JB, Costa RR, da Silva FE, Martins R, Cristi-Montero C. School ACTIVE, brain
active: a meta-analysis and meta-regression on chronic school physical activity effects on
cognitive performance in children and adolescents. Educ Res Rev. (2025) 46:100658. doi:
10.1016/j.edurev.2024.100658

44. Butun A. The relationship between family nutrition and physical activity practices
and physical activity attitudes in children. BMC Public Health. (2025) 25:166. doi:
10.1186/512889-025-24230-w

45. Donnelly JE, Hillman CH, Castelli D, Etnier JL, Lee S, Tomporowski P, et al.
Physical activity, fitness, cognitive function, and academic achievement in children:
a systematic review. Med Sci Sports Exerc. (2016) 48:1197-222. doi: 10.1249/
MSS.0000000000000901

46. van Sluijs EME Kriemler S, McMinn AM. The effect of community and family inter-
ventions on young people’s physical activity levels: a review of reviews and updated sys-
tematic review. Br J Sports Med. (2011) 45:914-22. doi: 10.1136/bjsports-2011-090187

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1767961
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.jaac.2017.06.012
https://doi.org/10.1016/j.jaac.2017.06.012
https://doi.org/10.1123/jpah.2022-0452
https://doi.org/10.3390/ijerph17186745
https://doi.org/10.3390/ijerph17186745
https://doi.org/10.3390/ijerph19169922
https://doi.org/10.3390/ijerph19169922
https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1186/s40798-020-00254-x
https://doi.org/10.1016/j.jsams.2019.10.008
https://doi.org/10.1016/j.edurev.2024.100658
https://doi.org/10.1186/s12889-025-24230-w
https://doi.org/10.1249/MSS.0000000000000901
https://doi.org/10.1249/MSS.0000000000000901
https://doi.org/10.1136/bjsports-2011-090187

	Effectiveness of a family–school–community collaborative physical activity intervention
	1 Introduction
	2 Methods
	2.1 Research design and participants
	2.2 Procedure
	2.3 Intervention and fidelity
	2.4 Tools and measurement
	2.5 Data analysis

	3 Results
	3.1 Descriptive results
	3.2 Primary outcomes: class-clustered ANCOVA
	3.3 Secondary outcomes and small-cluster robustness
	3.4 Robustness and supplementary analyses

	4 Discussion
	4.1 Impact of the family–school–community collaborative intervention on primary school students’ physical activity
	4.2 Impact of the family–school–community collaborative intervention on primary school students’ exercise cognition
	4.3 Impact of the family–school–community collaborative intervention on the relationship between PA levels and exercise cognition
	4.4 Strengths, limitations, and future outlook

	5 Conclusion

	Acknowledgments
	References

