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ABSTRACT
Physical activity (PA) and screen time (ST) are complex behaviors influenced by social factors such as 
relationships with family and friends, linked to mechanisms such as social support. This study implemen
ted a segmentation-based social network intervention which is a promising approach to improving 
health-behaviors in a network. The objective was to determine the effects of a social network intervention 
through social support from friends and parents on PA and ST among adolescents. A cluster-randomized 
controlled trial was conducted involving 4 schools, 24 classrooms, with 787 adolescents. A segmentation- 
based social network intervention was implemented over ten weeks in physical education classes. Two 
components, ClassI involving friends support and ParentsI involving parents support was included. 
Follow-up was conducted at week ten post-intervention. A mixed-effects model was used to determine 
the effectiveness. Network mechanisms of perceived social support from friends most associated with PA 
and ST were explored. Findings indicated a significant increase of 12.2 daily minutes of PA in the 
intervention group (95% CI: 1.9 to 22.5, p = .02). Main effects suggest sustainability over time. Social 
support from friends and parents was significant (p < .001), and homophily was positively associated with 
PA (p < .05). For ST, a reduction of 56.7 minutes was observed in the intervention group (95% CI: −105.2 to 
−8.1, p = .02). Main effects indicate that the effectiveness for ST was not sustainable over time. 
Implementing a social support network intervention from friends and parents within physical education 
classes is effectively increased daily PA and decreased ST among adolescents.
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Physical activity (PA) and sedentary behaviors (SB) are highly 
complex (Pettee Gabriel et al., 2012). Jointly or independently, 
are associated with the development of risk factors for non- 
communicable diseases from an early age (Anderson & 
Durstine, 2019). There is growing concern regarding adoles
cence, a stage characterized by a low prevalence of compliance 
with PA recommendations (Cardon & Salmon, 2020; Guthold 
et al., 2020) and the high prevalence of SB (Arundell et al.,  
2016), particularly excessive recreational screen time (ST). The 
protective role of PA in adolescent health is widely recognized, 
as it reduces the risk of developing non-communicable dis
eases such as hypertension, metabolic syndrome, and obesity, 
among others (Janssen & LeBlanc, 2010). Additionally, PA is 
associated with better mental health, improved executive func
tions, and higher quality of life (Bidzan-Bluma & Lipowska,  
2018; de Greeff et al., 2018; Wu et al., 2017), as well as lower 
cigarette and alcohol consumption (de Victo et al., 2024). 
Conversely, excessive ST has been linked to negative physical, 
mental, and social health outcomes, as well as a decline in 
health-related quality of life (V. Carson et al., 2016; Fang 
et al., 2019; Rodriguez-Ayllon et al., 2019).

The World Health Organization (WHO) has set a goal of 
reducing physical inactivity levels by 15% in both adults and 
adolescents by 2030, along with decreasing time spent in SB 

(Bull et al., 2020). One potential strategy to contribute to this 
goal is integrating schools and physical education classes into 
interventions targeting these behaviors (Hills et al., 2015). 
However, a recent review of school-based interventions con
cluded that their effects on increasing PA and reducing SB 
time in children and adolescents are small or negligible (Neil- 
Sztramko et al., 2021). The limited effectiveness of these inter
ventions may stem from an inadequate consideration of the 
diverse and multidimensional factors influencing health- 
related behaviors (Hosseini Shokouh et al., 2017).

The socio-ecological model suggests that health behaviors 
are shaped by multiple levels of influence (McLeroy et al.,  
1988). One of these is the interpersonal level, which highlights 
relationships established with family, friends, classmates, and 
other actors that have a direct impact on PA and SB behaviors 
(Berkman et al., 2014; Norman et al., 2005; J. F. Sallis et al.,  
2006). Evidence suggests that low levels of social connection 
and interaction are associated with risk factors such as heart 
disease and diabetes mellitus (Abreu et al., 2024), In contrast, 
strong social interactions can serve as a protective factor for 
health (Hunter et al., 2019) and have been identified as an 
independent protective factor against mortality, regardless of 
age, sex, or baseline health status (Holt-Lunstad et al., 2010). 
Within these interpersonal relationships with family and 
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friend networks, mechanisms such as influence, social norms, 
and social support (SS) are developed (de la Haye et al., 2011; 
Sawka et al., 2013). The SS mechanism has been established as 
a key determinant of PA behaviors in adolescents (H. Lin et al.,  
2024; Mendonça et al., 2014; J. F. Sallis et al., 2000), whereas 
a lack of SS is considered one of the main barriers to PA 
promotion in children and adolescents (Hu et al., 2021). 
Although further research and stronger evidence are still 
needed regarding SB, SS could be a relevant mechanism to 
consider in interventions (Draper et al., 2015). Therefore, 
different types of SS, as well as sources such as family and 
friends, may be promising factors in enhancing the effective
ness of PA and ST behavior interventions among adolescents 
(Duncan et al., 2005; H. Lin et al., 2024; Mendonça et al., 2014).

School-based interventions for adolescents should prioritize 
participatory and co-creative approaches, integrating a systemic 
perspective that actively engages key stakeholders (Cardon & 
Salmon, 2020). Systems dynamics, which emerged in the 1950’s, 
provides a robust framework for capturing the complexity of 
interactions and nonlinear relationships between variables, par
ticularly those linked to the social environment and human 
behavior (Sterman, 2000). Two key tools, social network analy
sis (SNA) and group model building (GMB) facilitate the under
standing of social systems and the dynamics of complex 
problems (Baugh Littlejohns et al., 2023). Social networks enable 
the diffusion of behaviors by leveraging the ties and structural 
properties of connections within the network (H. Lin et al.,  
2019). These networks properties can be quantified and strate
gically used to implement network-based interventions aimed at 
fostering complex behavioral changes within the network 
(Valente, 2010, 2012). Evidence has shown that network-based 
interventions can effectively promote health-related behaviors 
(Hunter et al., 2019) including PA and SB (Petro-Petro et al.,  
2024). Furthermore, GMB has been recognized as a powerful 
tool for contextualizing interventions by engaging stakeholders 
in problem-solving and decision-making processes (S. Gerritsen 
et al., 2019, 2020; Hovmand, 2014). These tools can be inte
grated to design successful interventions aimed at promoting 
healthy behaviors (Hennessy et al., 2020).

Despite this progress, it is still required to further expand 
research on the effectiveness of interventions based on social 
networks and their different approaches, to modify PA and ST 
behaviors, especially in the adolescent population (Hunter et al.,  
2019). While it is true that SNA allows mapping the social 
system to identify intervention elements within the network, 
there is a limited research production that examines the joint 
relationship between the network structure and the promoted 
social mechanisms such as social support from friends and 
family using participatory methods (Baugh Littlejohns et al.,  
2023). This gap is more evident in the context of PE classes, 
from which opportunities can be created to co-design interven
tions by giving participation to adolescents, which is often 
underutilized. Although it is known that the network of friends 
and parents, as well as the social support from both sources is 
a key determinant in the improvement of PA and ST behaviors, 
the combination of both supports has been little explored, 
especially integrating the co-design of the activities from parti
cipatory tools like GMB. In response to this need, the present 
study focuses on examining the combination of these elements 

to deepen the understanding of the social dynamics and their 
influence on PA and ST behaviors in adolescents.

This study aimed to assess the effectiveness of a social net
work-based intervention implemented within physical educa
tion (PE) classes, using SS as a mechanism to promote PA and 
reduce ST among school-aged adolescents. Additionally, it 
sought to explore network parameters that could explain 
these effects. SNA was applied to deploy the intervention by 
leveraging adolescents’ best friend networks, while GMB was 
used to engage adolescents in understanding the issue and 
constructing a causal relationship model related to PA and 
ST behaviors. This process helped identify key leverage points 
(Meadows, 2008) which were crucial for maximizing the inter
vention’s impact and ensuring its contextual adaptation.

Material and methods

Study design

A two-arm, cluster-randomized controlled trial (1:1 allocation) 
was conducted in four public schools in Montería, Colombia, 
following the guidelines of the Consolidated Standards of 
Reporting Trials (CONSORT) for this type of study (Moher 
et al., 2012). Two schools were randomly allocated to the 
intervention group and two to the control group. The flow 
diagram is presented in Figure 1. The study protocol is regis
tered and openly available on the Open Science Framework 
(https://doi.org/10.17605/OSF.IO/W3HKF) and was approved 
by the Ethics Committee of the University of Antioquia (ACEI 
44–2023). Furthermore, the study aligns with the best-practice 
standards for intervention reporting outlined in the Template 
for Intervention Description and Replication (TIDieR) frame
work (Hoffmann et al., 2014).

Participants and sample

Twelve public schools from the southern of Montería, 
Colombia, were considered for the study. As characteristics 
of the local context, in this population it has been found that 
about 25% of adolescents reported a high level of physical 
activity and about 71% reported spending 4 hours or more 
per day on screen time (Arango-Paternina et al., 2022). Due 
to resource limitations, six schools were invited to participate, 
of which four agreed to participate. These schools predomi
nantly serve students from low-income backgrounds and offer 
educational services across all grade levels. Furthermore, they 
have a similar sports infrastructure and the same intensity 
schedule for PE classes. The school principals were initially 
contacted via a formal letter explaining the study objectives, 
followed by a meeting with both the principal and the PE 
teacher. The sample estimation was based on the study by 
Sebire et al. (2018) who, in a feasibility study, found 
a significant effect of 6.09 daily minutes of moderate-to- 
vigorous physical activity (MVPA) in the intervention group 
compared to the control group in adolescent girls (95% CI: 
1.43–10.76), reporting intraclass correlation coefficients (ICC) 
for the daily minutes of MVPA between 0.00 and 0.02 (Sebire 
et al., 2018). Consistent with these findings, this study assumed 
an ICC of 0.01 for a difference of 10 daily minutes of MVPA 
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between groups as an absolute effect size. Using the 
Epidemiological Data Analysis Program, Epidat version 4.2, 
with a 95% confidence level, 90% power, and a 1:1 allocation 
ratio, the required sample size was estimated at n = 257 per 
group (n = 514 total). Considering an expected attrition rate of 
30%, as observed in similar studies (Borde et al., 2017; Corder 
et al., 2020; Sebire et al., 2018), the final sample size was set at 
n = 336 per group (n = 672 total).

Six classrooms per school were selected, distributed across 
the seventh, eighth, and ninth grades (two per grade). Sixth- 
grade students were excluded due to their transition from 
primary to secondary education, during which social networks 
are still developing. Tenth and eleventh grades were also 
excluded due to fewer scheduled PE sessions. To ensure 

adequate social network data, classrooms with an informed 
consent return rate below 60% were excluded, as this threshold 
is necessary for reliable SNA (Marks et al., 2013). Students 
were recruited within each classroom and provided with 
detailed study information. Informed consent forms were dis
tributed to parents or guardians, and students provided assent 
before participating. Students who did not provide consent or 
assent participated in intervention or control activities as part 
of their regular PE class, but no data were collected from them.

Procedures

Four schools participated in the study, with a total sample of 
879 adolescents distributed across 24 classrooms. Informed 
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Figure 1. Flow diagram of participants during the study.
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consent was not obtained for 92 adolescents. Two schools were 
randomly allocated to the intervention group (12 classrooms, 
n = 402) and two to the control group (12 classrooms, n = 385), 
resulting in a total of 24 classrooms and 787 adolescents 
assessed at baseline (T0). The randomization sequence was 
generated using the online software Sealed Envelope Ltd. 
2022 (Pocock, 2013) by an independent professional. To mini
mize performance and detection bias, several levels of blinding 
were implemented. Measurement staff were trained and were 
fully blinded to group allocation and to the content of the 
intervention throughout the entire study. Due to the study 
design, PE teachers who implemented the intervention and 
student participants were not blinded to the intervention, but 
both were blinded of group allocation. Similarly, the researcher 
conducting statistical analyses remained blinded to allocation 
until all primary analyses were completed

Intervention description

Intervention design
Prior to the implementing of the intervention, the GMB tech
nique was applied in the two schools assigned to the experi
mental group to enhance contextual understanding and 
identify key intervention components (Hovmand, 2014). Two 
GMB sessions of 210 minutes each were conducted with 
groups of students (n = 14, M = 14.4, SD = 0.7, 57.1% girls) 
and (n = 12, M = 14.1, SD = 0.9, 50% girls), respectively. 
During these sessions, participants created two causal loop 
diagrams illustrating sources and actions of SS for the targeted 
behaviors. These diagrams were refined and validated in 
a follow-up 60-minute session with the same participants, 
resulting in a final consolidated diagram identifying key ele
ments to be integrated into the intervention. All sessions 
followed structured protocols based on previous studies 
(Hovmand et al., 2012).

Intervention implementation
A segmentation-based social network intervention (Valente,  
2012) was implemented to promote SS mechanisms among 
adolescents and their parents (Beets et al., 2010; Duncan et al.,  
2005). The intervention was embedded within the PE classes 
that students regularly attended, and the activities were 
designed following the cooperative learning pedagogical 
model (Dyson & Casey, 2016) and guided by the principles 
of Self-Determination Theory (SDT) (Ryan & Deci, 2017). 
Network segmentation was conducted using sociometric data 
from each classroom, based on clusters detected through 
sociometric analysis. The software Gephi 0.10.1 was employed, 
applying the modularity function and community detection 
algorithm (Blondel et al., 2008). Multiple clustering configura
tions were explored by adjusting the resolution parameter until 
identifying the most pedagogically appropriate number and 
size of clusters. In cases of unequal group sizes—where one 
group exceeded another by more than two students-two smal
ler subgroups were merged based on visual network analysis 
and the existing interpersonal connections within the network.

The intervention was conducted between February and 
June 2024, spanning the first semester of the academic year. 
It comprised ten structured PE sessions, each delivered once 

per week in a two-period block (100–110 minutes per session). 
A didactic unit was designed for the ten classes, with each 
session focusing on a specific type of SS (Duncan et al., 2005) 
related to each targeted behavior. The activities were delivered 
by the PE teachers at each school, who received prior training 
through four virtual meetings (2.5 hours each) and three per
sonalized in-person meetings (2 hours each). The training 
covered essential topics such as SDT strategies (Gillison 
et al., 2019), cooperative learning pedagogy (Dyson & Casey,  
2016), PA and ST behaviors in adolescents (Bull et al., 2020) 
and types and sources of SS (Duncan et al., 2005). To guarantee 
fidelity in the delivery of the intervention, teachers received 
continuous supervision and support via phone calls, 
WhatsApp messages, and weekly on-site visits. The interven
tion was led by a PhD-level teacher with 20 years of experience, 
a master’s-level teacher with 18 years of experience, and 
a specialist teacher currently completing a master’s degree, 
also with 18 years of experience. A teacher with a doctorate 
in education and 20 years of experience, a teacher with 
a master’s degree in education and 18 years of experience, 
and a teacher specialist in the process of completing 
a master’s degree in education with 18 years of experience, 
delivered the intervention. Two teachers with specialization 
studies in education with over 20 years of experience and 
a teacher with a master’s degree in education with 15 years of 
experience were in charge of the control group.

During sessions 1 to 10, a school-based intervention within 
PE classes (ClassI) was implemented, aimed at enhancing SS 
within friend’s networks to promote PA and reduce ST across 
all domains. Additionally, in each session, an infographic 
related to the session’s topic was presented and discussed, 
and students were assigned a weekly challenge to improve 
these behaviors during their leisure time. Between sessions 6 
and 10, in addition to ClassI, a parental intervention (ParentsI) 
was introduced, aimed at engaging parents in supporting their 
children’s PA and reducing ST. Parents were contacted and 
added to a WhatsApp group with the assistance of the school’s 
PE teachers. Weekly, parents received two infographics devel
oped by the research team and two videos recorded by stu
dents. The infographics covered PA, ST, and SS, providing 
evidence-based recommendations. As part of the class activ
ities, students, working in groups, created short videos (2–3
minutes) explaining various forms of SS to their parents and 
suggesting supportive actions. Parents received a video and an 
infographic on Mondays with recommendations for weekdays, 
and another infographic and video on Fridays with weekend 
strategies, aiming to foster PA and reduce ST in their children. 
Table 1 summarizes the components developed in the inter
vention and their alignment with SDT-based motivational 
strategies (Ahmadi et al., 2023).

The control group completed 10 instructional sessions 
(effective classes) through a 10-class didactic unit following 
the Sport Education model, which facilitates social interactions 
by structuring activities in teams (Siedentop et al., 2011). The 
activities were delivered by PE teachers, who received training 
in three in-person meetings (2 hours each) and ongoing sup
port via WhatsApp and weekly visits. The intervention was led 
by two specialist teachers with 25 years of experience and one 
teacher with a master’s degree and 14 years of experience. 
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Although both pedagogical models foster social interaction, 
their fundamental difference lies in the cooperative learning 
model used in the experimental group, which explicitly 
emphasizes social support mechanisms, whereas the Sport 
Education model applied in the control group does not neces
sarily promote SS as a core component. Additionally, no social 
network segmentation was conducted in the control group.

Primary and secondary outcomes

As the primary outcome, the total volume of PA across all 
domains and intensities was considered, based on current 
evidence highlighting the health benefits of total PA volume 
(Tarp et al., 2024) including light-intensity PA (V. Carson 
et al., 2013; Vieira et al., 2024). Minutes of PA reported during 
PE classes were excluded, as this is a mandatory activity that is 
not entirely dependent on the adolescent’s choice. As 
a secondary variable, daily minutes of ST over the seven days 
were considered.

Data collection

PA was measured using the Questionnaire for Physical 
Activity Assessment “SAYCARE PA QA,” which has been 
validated in the Colombian population (Nascimento-Ferreira 
et al., 2018). The questionnaire consists of 47 items and 
assesses the past 7 days across domains such as school, leisure 
time, and transportation. It measures intensity using 
a subjective scale: light intensity (“I do not sweat, and my 
breathing is normal”), moderate intensity (“I am slightly 

sweaty and breathing faster”), and vigorous intensity (“I am 
or feel very sweaty and out of breath”). For total PA, it shows 
good criterion validity with rho = 0.88 (p ≤ .05) and acceptable 
reliability with rho = 0.60 (p ≤ .05).

ST was measured using the Sedentary Behaviour 
Questionnaire “SAYCARE SB QA” (De Moraes et al., 2020), 
validated in the Colombian population, which consists of 5 
items. It assesses the time in hours and minutes during the 
week and weekend spent in ST over the past seven days. For 
total minutes of ST, it shows low validity with rho = 0.05 and 
acceptable reliability with rho = 0.50. To obtain information 
specifically related to prolonged ST and because the question
naire does not inquire about cell phone use, the last question of 
the questionnaire, which asked about time spent “Sitting read
ing books, studying, or working outside of school,” was 
removed. In its place, a question was added to inquire about 
time spent “Watching a cell phone for hobby during leisure 
time.”

For SS for PA, the Sallis questionnaire (2002) was used. 
This tool assesses five types of SS (instrumental, motiva
tional, conditional, informational, and emotional) from 
different sources, including parental and friends support, 
using a 5-point Likert scale ranging from “Never = 1” to 
“Always = 5” (J. F. Sallis et al., 2002). Previous studies 
have reported good internal consistency with Cronbach’s 
alpha (α) and reliability with the intraclass correlation 
coefficient (ICC) for friends support for PA: α = 0.90, 
ICC = 0.89, and for parental support for PA: α = 0.81, 
ICC = 0.91 (de Farias Júnior et al., 2011). Other studies 
have reported α = 0.72 for family support and α = 0.77 for 

Table 1. Weekly summary of the components of a social network-based intervention implemented in physical education classes to promote physical activity and 
reduce screen time through social support.

Week 
(Session)

Student-focused content and activities 
(ClassI)

Parent-focused content and 
activities (ParentsI) Example of practical application

SDT-based motivational 
strategies

1 Introduction to the concepts of PA, ST, and 
SS. Classroom-based practical activities.  
C-BPA

N/A Challenge: Support a friend in 
increasing their PA by following PA 
and ST recommendations.

Relatedness supportive: 
Encouraging peer support 
and care

2 Overview of international PA and ST 
guidelines; emphasis on motivational 
social support. C-BPA

N/A Challenge: Identify close friends and 
encourage them to become more 
physically active.

Relatedness supportive: 
Promoting cooperation

3 Benefits of regular PA and reducing ST. Focus 
on informational social support.

N/A Challenge: Follow PA and ST 
guidelines and educate peers 
about their benefits.

Competence support: Setting 
goals based on the 
guidelines

4 Types of PA and the importance of 
conditional social support. C-BPA

N/A Challenge: Find a reading on PA 
benefits and types. Share insights 
with peers.

Autonomy  
support: Providing 
informational resources

5 Interrelation of PA, sedentary behaviour, and 
sleep. Introduction to instrumental social 
support.

N/A Challenge: Invite friends to engage in 
PA, especially when they are using 
screens.

Relatedness support: 
Expressing affection and 
care

6 PA, sedentary behaviour, nutrition, and 
hydration in adolescence. Emphasis on 
social support for healthy behaviors. C-BPA

Concepts of PA, ST, and social 
support. Introduction to 
behavioral guidelines.

Challenge: Donate or lend a tool (e.g., 
ball, skipping rope) to help friends 
engage in PA.

Competence supportive: 
Providing opportunities for 
action

7 PA and ST behaviors in childhood; gender 
differences in social support provision. 
C-BPA

Motivational social support 
strategies to reduce ST and 
promote PA in children.

Challenge: Discuss the importance of 
PA and limiting ST with peers.

Competence supportive: 
Creating a space for 
improving effort

8 Patterns of PA and ST during weekdays and 
weekends. Reinforcement of informational 
social support. C-BPA

Informational strategies to 
promote PA and reduce ST.

Challenge: Invite friends to play on 
weekdays and encourage weekend 
PA.

Relatedness supportive: 
Promoting cooperation

9 PA and ST behaviours across different settings 
(school, home, transportation). Contextual 
application of social support. C-BPA

Companion social support 
strategies tailored to 
different environments.

Challenge: Brainstorm ways with 
peers to improve PA and ST habits 
at home, school, and during travel.

Autonomy support: Fostering 
alternatives to be physically 
active outside the school

10 Reflection on PA and ST behaviours and the 
role of social support in promoting healthy 
routines. C-BPA

Instrumental support 
strategies to encourage PA 
and limit ST.

Challenge: Motivate and support both 
friends and family to adopt 
healthier PA and ST behaviours.

Autonomy support: Providing 
a variety of options for SS

Note. PA = physical activity; ST = screen time; SS = social support; C-BPA = classroom-based practical activities.
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friend support, with moderate reliability of r = 0.56 and r  
= 0.54, respectively (Pirasteh et al., 2008). Another study 
has reported good consistency and reliability for family 
support (α = 0.78, ICC = 0.81) and for friend support (α =  
0.74, ICC = 0.70) (J. F. Sallis et al., 2002). For social sup
port related to ST, a questionnaire was validated to mea
sure four types of support (motivational, conditional, 
informational, and emotional) from parents and friends 
using a 5-point Likert scale ranging from “Never = 1” to 
“Always = 5.” Although the study reporting the validity 
and reliability of this instrument has not yet been pub
lished, the results support its validity and reliability (rho  
> 0.8 and ICC > 0.5).

For the friend’s social network, participants were given a list 
of their classmates and asked to nominate their best friends 
without any restrictions (Collonnaz et al., 2022). To measure 
the SS network, they were asked to nominate classmates who 
provided them with SS for PA and ST. Using this information, 
the parameters of the social network were calculated: density 
(the proportion of the total number of nominations relative to 
the number of possible nominations), centrality (the partici
pant’s intermediation within their own network, measured as 
the proportion of times the participant lies on the shortest path 
between two nominees), homophily (nominations made to 
peers with similar attributes, in this case, the same level of 
perceived social support), friend triads (the number of times 
the participant is part of a triad), and new and maintained ties 
measured at the end of the intervention. These parameters were 
obtained using the Ucinet software (Everett & Freeman, 2002).

For height, a mechanical stadiometer (Tánita HR 200) 
was used. Weight was measured using a Health o meter 
professional scale, model 844KL, with a capacity of up to 
200 kg and an accuracy of 0.05 kg. Established protocols 
were followed (Lohman et al., 1988). For body mass 
index, the World Health Organization were followed (de 
Onis et al., 2007). A generic questionnaire was used to 
collect sociodemographic variables. Additionally, family 
structure (nuclear, single-parent, other) was assessed, the 
Family Affluence Scale II (FAS II) was used as 
a socioeconomic proxy (Currie et al., 1997), and the family 
functionality questionnaire (APGAR) was applied 
(Smilkstein, 1978).

The reliability of all questionnaires was analyzed in 
a pilot test involving 105 adolescents from a public 
school, of whom 89 (mean age 14.43, SD = 1.53, 42.7% 
female) completed the test-retest with an 8-day interval. 
Reliability was measured using the intraclass correlation 
coefficient (ICC) through a random-effects model and 
absolute agreement using average measures in IBM SPSS 
version 25. The ICC values indicated moderate reliability 
for daily minutes of total PA, ICC = 0.68 (95% CI = 0.52 to 
0.79) and total ST, ICC = 0.72 (95% CI = 0.57 to 0.81). SS 
for PA from parents had an ICC = 0.78 (95% CI = 0.66 to 
0.85), SS for PA from friends ICC = 0.68 (95% CI = 0.21 to 
0.79), SS for ST from parents ICC = 0.52 (95% CI = 0.28 to 
0.69), and SS for ST from friends ICC = 0.83 (95% CI =  
0.74 to 0.88), p < .001. This indicates that the question
naire measures are consistent and reliable for use in this 
context.

Measures and follow-up

At baseline (T0), all variables were measured in n = 787 
adolescents (intervention group n = 402, control group n =  
385). At the fifth contact (developed class), the first follow- 
up (T1) was conducted, measuring PA, ST, and SS in n = 733 
adolescents (intervention group n = 372, control group n =  
361), with a follow-up loss of 6.8%. At posttest (T2), all 
variables were measured in n = 713 adolescents (intervention 
group n = 370, control group n = 343), with a follow-up loss 
of 9.4%. After the intervention, a follow-up (T3) was con
ducted at 10 weeks, measuring PA, ST, and SS in n = 696 
adolescents (intervention group n = 353, control group n =  
343) The total follow-up loss was relatively low (11.5%), 
furthermore it was gradual and the number of students 
withdrawn from the intervention group was similar to the 
control group (49 vs 42 participants), and it was due to 
voluntary withdrawals. Comparisons were made between 
those who completed and those who did not complete the 
intervention, and no significant differences were found 
between the several variables, suggesting a low risk of differ
ential bias due to loss. On the other hand, the mixed-effects 
analysis allowed the inclusion of the available data in all 
measurements, mitigating the impact of incomplete follow- 
up.

Statistical analysis

Descriptive statistics were performed at baseline (T0). Due to 
the non-normal distribution of the data according to the 
Shapiro-Wilk test (p < .001), medians and interquartile ranges 
are reported for continuous variables. For categorical variables, 
frequencies (n) and percentages are reported. A comparison of 
medians between the intervention and control groups was 
conducted to determine differences at T0 (p < .05), and the 
Chi-square test was used for categorical variables (p < .05). SS 
network variables for PA and ST were analyzed using Ucinet 6, 
version 6.8 (Everett & Freeman, 2002). Means and confidence 
intervals are reported for these variables. For effectiveness 
analyses of primary and secondary outcome variables, mixed 
models were performed using the Restricted Maximum 
Likelihood (REML) method in the GAMLj module of 
Jamovi, version 2.5, which is open access (Gallucci, 2019). 
Outliers for daily minutes of PA and ST across all measure
ments were addressed through the winsorization process, 
applied only to values exceeding the upper limit calculated as 
(Q3 + 1.5 × IQR). Extreme values were replaced with the max
imum allowed value to minimize distortion in the analyses 
(Wilcox, 2022). No data imputation was performed, consider
ing the type of analysis and the low follow-up loss. All analyses 
were conducted on an intention-to-treat basis. For SS network 
variables, only pre- and posttest values were included in the 
model, in an effort to reduce bias due to regression to the mean 
and initial differences.

Results

Table 2 describes the baseline characteristics of the partici
pants. In total, 787 adolescents (52.0% girls), were evaluated in 
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the study. The median age was 13.9 (IQR = 1.58), and 82.1% 
had a normal weight according to BMI-for-age. The socio
economic status questionnaire (FAS) indicates that 59.6% of 
the adolescents reported low-income families, and 37.1% 
reported middle-income families. Additionally, 50.2% had 
functional families (APGAR), and 43.6% had single-parent 
families, with no differences between groups (p > .05). The 
median baseline PA was 35 minutes per day, and ST was 316  
minutes per day. No significant differences were observed 
between the control group and the intervention group 
(p > .05). SS variables indicate baseline differences in homo
phily for social support related to PA and ST, centrality for SS 
related to PA, and triads for SS related to ST (p < .05).

Primary outcomes

A mixed model was developed using the REML method to 
determine the effectiveness of the intervention and the pre
dictive variables on PA behaviors in a parsimonious manner. 
To determine the random intercept variables for PA, the 
literature related to social network interventions with 
mixed model analyses was first considered, which includes 

the subject and the classroom as a social network 
(Amirkhanian et al., 2015; van Woudenberg et al., 2020). 
Additionally, the school was considered. The variability of 
PA attributable to these variables was evaluated using an 
independent random intercept model, calculating the 
Intraclass Correlation Coefficient (ICC). The highest varia
bility was attributed to subject (ICC = 0.445), followed by the 
classroom (ICC = 0.04) and the school (ICC = 0.01). The 
Likelihood Ratio Test (LRT) was significant for all variables 
in the model (p < .001). The analysis began with a simple 
model including only the subject as a random intercept, 
followed by the inclusion of the classroom variable. 
According to the Chi-square test, the model improved sig
nificantly (X2(1) = 15.84, p < .001). When the school inter
cept was included, the model showed no improvement, so 
this variable was discarded. Subsequent models included 
subject and the classroom as random effects, treating the 
classroom as a social network.

For the fixed-effects variables, the group, sex, measurements, 
and the interaction between measurements and time were 
included to identify the effects between groups across different 
measurements. The model was adjusted with covariates such as 

Table 2. Baseline characteristics by group.

Variable All (n = 787) Intervention (n = 402) Control (n = 385) p-value

Sex, n (%)
Girls 409 (52.0) 200 (25.4) 209 (26.6) .2
Boys 378 (48.0) 202 (25.6) 176 (22.4)

Age, years - Median (IQR) 13.9 (1.58) 13.9 (1.68) 14.0 (1.52) .1
Body mass index, n (%)

Normal weight 646 (82.1) 325 (41.3) 321 (40.8) .3
Overweight 141 (17.9) 77 (9.8) 64 (8.1)

FAS, n (%)
High 26 (3.3) 16 (2.0) 10 (1.3) .3
Middle 292 (37.1) 154 (19.6) 138 (17.5)
Low 469 (59.6) 232 (29.5) 237 (30.1)

APGAR, n (%)
Functional 174 (22.1) 91 (11.6) 83 (10.5) .5
Dysfuntional low 314 (39.9) 167 (21.2) 147 (18.7)
Dysfuntional moderate 191 (24.3) 89 (11.3) 102 (13.0)
Dysfuntional severe 108 (13.7) 55 (7.0) 53 (6.7)

Family type, n (%)
Functional 395 (50.2) 194 (24.7) 201 (25.5) .5
Single parents 343 (43.6) 181 (23.0) 162 (20.6)
Other 49 (6.2) 27 (3.4) 22 (2.8)

Daily minutes of PA (Median-IQR) 35.0 (71.4) 31.5 (66.1) 39.0 (75.1) .09
Daily minutes of ST (Median-IQR) 316 (358) 316 (342) 315 (374) .6
Social support (Median-IQR)

SS parents for PA 2.20 (1.60) 2.20 (1.60) 2.40 (1.60) .3
SS friends for PA 1.40 (1.20) 1.40 (1.20) 1.40 (1.40) .4
SS parents for ST 3.00 (1.75) 3.00 (1.75) 3.25 (2.00) .6
SS friends for ST 1.00 (1.00) 1.00 (0.75) 1.00 (1.00) .1
SS Network for PA (Mean-CI 95%)
Density 0.49 (0.15/0.82) 0.74 (0.11/1.37) 0.22 (0.04/0.41) .1
Centrality 0.26 (0.20/0.32) 0.32 (0.23/0.42) 0.19 (0.11/0.27) .03
Homophily 0.35 (0.32/0.38) 0.43 (0.38/0.48) 0.26 (0.22/0.31) <.001
Triads 0.02 (0.01/0.04) 0.03 (0.01/0.05) 0.02 (0.00/0.04) .4
New ties* 0.43 (0.37/0.49) 0.41 (0.33/0.50) 0.45 (0.37/0.54) .5
Keep ties* 0.15 (0.12/0.18) 0.14 (0.10/0.18) 0.16 (0.12/0.21) .4
SS Network for ST (Mean-CI 95%)
Density 0.92 (0.45/0.38) 0.56 (0.06/1.06) 1.29 (0.49/2.09) .1
Centrality 0.12 (0.07/0.17) 0.12 (0.04/0.19) 0.13 (0.05/0.20) .9
Homophily 0.24 (0.21/0.27) 0.27 (0.23/0.31) 0.21 (0.17/0.25) .04
Triads 0.04 (0.02/0.06) 0.02 (0.00/0.03) 0.07 (0.03/0.38) .02
New ties* 0.22 (0.19/0.26) 0.24 (0.19/0.30) 0.20 (0.15/0.26) .2
Keep ties* 0.08 (.05/0.10) 0.06 (0.03/0.09) 0.10 (0.06/0.14) .1

Note. IQR = interquartile range; FAS = family affluence scale; APGAR = family functioning questionnaire; PA = physical activity; ST = screen time; 
SS = social support. *Compared between pre-intervention and post-intervention.
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baseline PA, parental SS, and friends SS, which are established as 
correlates and determinants of PA in adolescents (J. F. Sallis 
et al., 2000; Sterdt et al., 2014). Additionally, the following 
friends SS network measures were included as covariates: den
sity, centrality, homophily, and triads. Finally, variables related 
to new ties and keep ties over time were included, comparing SS 
networks before and after the intervention. These variables were 
added to the model sequentially, ensuring that each addition 
provided a significant improvement based on Chi-square criti
cal values. The omnibus test indicated significant differences in 
the following variables: group 33(F(1, 19.9) = 5.11, p = .03), sex 
(F(1, 763.3) = 47.78, p < .001), measurements (F(3, 2078.3) =  
35.25, p < .001), baseline PA (F(1, 804.5) = 749.24, p < .001), 
parental SS (F(1, 2139.7) = 13.30, p < .001), friends SS 
(F(1, 2503.5) = 20.01, p < .001), group*measurements interac
tion (F(3, 2073.7) = 4.50, p = .004), and homophily 
(F(1, 2604.6) = 4.10, p = .04). Once the model was adjusted for 
fixed effects and covariates, the variability explained by the 
subject decreased (ICC = 0.15, LRT = 72.9, p < .001), as did the 
variability for the classroom (ICC = 0.02, LRT = 9.3, p = .002).

The group*time interaction indicates that the interven
tion had a positive effect on total PA, with an increase of 
12.2 minutes per day between baseline (T0) and posttest 
(T2) (95% CI: 1.9 to 22.5, p = .02). The greatest difference 
was achieved from baseline (T0) to week five (T1), during 
which the ClassI component was implemented (b = 17.4, 
95% CI = 7.2 to 27.5, p < .001). No changes were observed 
between T1 and T2, during which the ClassI + ParentsI 
component was implemented. The main effects, consider
ing all four measurements, indicate a positive impact on 
sustainability over time (b = 8.2, 95% CI = 1.1 to 15.7, p  
= .03). Boys exhibited 17.1 more minutes of PA compared 
to girls (95% CI = 12.2 to 21.9, p < .001). Baseline PA, as 
well as parental and friends SS, predicted PA within the 

model, with increases of 0.6, 3.7, and 4.6 minutes, respec
tively, for each unit increase in these variables (p < .001). 
Among the friends SS network variables, only homophily 
was significantly associated, predicting an increase of 6.8  
minutes of PA (95% CI = 0.2 to 13.7, p = .04). The full 
model explains 48% of the variability in PA among adoles
cents (marginal R2 = 0.376, conditional R2 = 0.480, as mea
surements of effect size). Table 3 shows the mixed effects 
model for PA.

Secondary outcomes

For the mixed model of ST, the same procedure was 
followed for the random intercept. The subject variable 
explained the highest variability of ST (ICC = 0.39), fol
lowed by the classroom variable (ICC = 0.05), with the 
LRT test showing p < .001. The simple model included the 
subject as the first random intercept variable, and then the 
classroom variable was added, improving the model (X2(1)  
= 31.36, p < .001). Subsequent models included both the 
subject and the classroom as random intercepts. The 
same fixed effects and covariates from the PA model were 
used. The omnibus test for fixed effects indicated signifi
cant differences in the model for the following variables: 
measurements (F(3, 2222.2) = 6.35, p < .001) and baseline 
ST (F(1, 717.6) = 682.4, p < .001). The group*measurements 
interaction showed a marginal difference (F(3, 2073.2) =  
2.61, p = .05). No significant differences were found in the 
other variables. The variability explained by the subject 
decreased once fixed effects and covariates were included 
in the model (ICC = 0.172, LRT = 93.12, p < .001), as did 
the variability for the classroom (ICC = 0.0080, LRT = 2.63, 
p = .1). Although the classroom variable explained very 

Table 3. Fixed and random effects model for physical activity.

Random effects s2 (SD) ICC LRT p-value

Subject 417.2 (20.4) 0.151 72.9 <.001*
Classroom 47.9 (6.9) 0.020 9.3 0.002*
Residual 2337.9 (48.3)

Fixed effects b SE DF CI 95% p-value

Intercept 65.8 1.8 19.7 62.2 69.5 <.001*
Group Intervention -Control 8.2 3.7 19.9 0.9 15.4 0.03*
Sex Boys-Girls 17.4 2.4 766.9 12.5 22.2 <.001*
Measures T1-T0 14.1 2.8 2201.1 8.5 19.1 <.001*

T2-T1 −2.8 3.0 2199.0 −8.7 3.0 0.3
T2-T0 11.3 3.1 2243.9 5.1 17.4 <.001*
T3-T2 17.5 3.0 2214.7 11.5 23.5 <.001*

Physical activity Baseline 0.6 0.02 806.7 0.58 0.68 <.001*
Social support Parents 3.7 1.01 2133.0 1.7 5.7 <.001*

Friends 4.6 1.06 2525.1 2.5 6.7 <.001*
Group*Measures Intervention-control*T1-T0 17.4 5.1 2063.6 7.2 27.5 <.001*

Intervention-control*T2-T1 −5.1 5.3 2068.4 −15.6 5.3 0.2
Intervention-control*T2-T0 12.2 5.2 2083.3 1.9 22.5 0.02*
Intervention-control*T3-T2 4.7 5.4 2089.3 −5.8 15.3 0.3

SS network perceived for PA Density −.04 0.2 2174.6 −0.5 0.4 0.8
Centrality −2.1 1.9 2629.0 −5.9 1.7 0.2
Homophily 6.9 3.4 2604.6 0.2 13.7 0.04*
Triads 6.8 6.1 2627.1 −5.1 18.8 0.2
New ties −.18 2.6 2587.8 −5.3 4.9 0.9
Keep ties 4.7 4.6 2535.8 −4.2 13.8 0.3

Note. s2 = variance; SD = standard deviation; ICC = intraclass correlation index; LRT = likelihood ratio test; b = estimated daily minutes of physical activity; SE = standard 
error; DF = degrees of freedom; CI = confidence interval; T0 = baseline; T1 = follow-up week five; T2 = post-intervention; T3 = follow-up week ten post-intervention. 

*Statistically significant differences p < .05.
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little variability and was not statistically significant in the 
model, it was retained due to theoretical plausibility, given 
that the intervention was based on a social network 
approach, where each classroom was treated as a network 
of friends.

The group*measurements interaction indicates that the 
intervention was effective in reducing ST by 56.7 minutes 
per day between T0 and T2 (95% CI: −105.2 to −8.1, p = .02). 
Despite this reduction, the main effects suggest that the effec
tiveness was not sustained over time (b = −18.8, 95% CI: −47.5 
to 9.8, p = .2). The greatest reduction in ST was achieved 
between week 5 and week 10, when the ParentsI component 
was included alongside the ClassI component. However, the 
effectiveness was lost between post-intervention and the 10- 
week follow-up. Parental and friends SS were not significant 
predictors, nor were the SS network variables for ST. Baseline 
ST significantly predicted ST in the model, with an increase of 
0.5 minutes per day (95% CI: 0.52 to 0.61, p < .001). The full 
model explains 41.5% of the variability in SB (marginal R2 =  
0.288, conditional R2 = 0.415, as measurements of effect size). 
Table 4 shows the mixed effects model for ST.

In both models, the assumption of normality for the 
residuals was not met (Shapiro-Wilk test, p < .001). 
However, a visual inspection of the histogram and the 
Q-Q plot showed that the residual data did not deviate 
significantly from the reference line. Additionally, post- 
hoc analyses (data not shown) confirmed the significance 
of each variable for both the PA model and the ST model 
(Bonferroni test, p < .05). Graphs 1 and 2 show the evolu
tion of the means for PA and ST variables, measured in 
daily minutes, at baseline (T0), the 5-week follow-up (T1), 
post-intervention (T2), and the 10-week follow-up after the 
intervention (T3).

Discussion

This study aimed to determine the effectiveness of a social 
network intervention using a segmentation approach, specifi
cally promoting the mechanism of SS from friends and par
ents, on PA and ST among school adolescents. An intervention 
component was developed for PE classes, called ClassI, imple
mented between weeks 1–10, and a ParentsI component, com
bined with ClassI, implemented between weeks 6–10. 
A mixed-model analysis indicates that the PA intervention 
was effective, increasing PA by 12.2 minutes among adoles
cents between baseline and post-intervention. This effective
ness stabilized after the intervention, and the main effects 
suggest sustainability up to 10 weeks post-intervention. 
Previous studies have shown that social network-based inter
ventions can be effective in improving health-related behaviors 
within adolescent social networks, such as reducing sugary 
drink consumption and smoking (Campbell et al., 2008; Smit 
et al., 2021).

The results of this study are consistent with other social 
network-based interventions that have also been effective in 
improving PA-related behaviors within social networks. For 
example, a study conducted with Italian pre-adolescents 
increased PA by 24.4 minutes per week through a network 
alteration and induction intervention that promoted social 
influence and social pressure (Proestakis et al., 2018). In 
England, a study with adolescent girls, based on an individual 
network intervention promoting social influence, achieved an 
increase of 6 minutes of daily PA (Sebire et al., 2018). 
Meanwhile, a study in the United States, also based on an 
individual network intervention promoting influence, norms, 
and social support, increased moderate PA by 14 minutes 
per day (Barr-Anderson et al., 2012). The difference with these 

Table 4. Fixed and random effects model for screen time.

Random effects s2 (SD) ICC LRT p-value

Subject 10868 (104.2) 0.172 93.1 <.001*
Classroom 467 (21.6) 0.008 2.5 0.1
Residual 52021 (228.1)

Fixed effects b SE DF CI 95% p-value

Intercept 391.4 7.3 20.9 377.1 405.7 <.001*
Group Intervention -Control −18.8 14.6 20.9 −47.5 9.8 0.2
Sex Boys-Girls −17.4 11.7 775.7 −40.4 5.5 0.1
Measures T1-T0 3.5 13.1 2158.2 −22.1 29.3 0.7

T2-T1 −35.8 13.4 2140.4 −62.1 −9.5 0.008*
T2-T0 −32.2 13.9 2193.6 −59.5 −4.9 0.02*
T3-T2 63.7 14.7 2311.8 34.9 92.6 <.001*

Screen time Baseline 0.5 0.02 717.6 0.52 0.61 <.001*
Social support Parents 2.5 4.4 2655.1 −6.2 11.3 0.5

Friends 9.0 5.0 2531.4 −0.8 18.8 0.07
Group*Measures Intervention-control*T1-T0 8.3 2.4 2063.3 −39.4 56.1 0.7

Intervention-control*T2-T1 −48.3 25.2 2072.0 −97.7 1.0 0.05
Intervention-control*T2-T0 −56.7 24.7 2069.8 −105.2 −8.1 0.02*
Intervention-control*T3-T2 7.80 25.5 2084.8 −42.3 57.9 0.7

SS network for ST Density −0.2 1.7 2572.9 −3.6 3.1 0.8
Centrality −15.1 13.7 2598.0 −42.0 11.7 0.2
Homophily −4.0 18.8 2602.7 −41.0 32.8 0.8
Triads 23.7 45.3 2566.1 −65.1 112.5 0.6
New ties 20.6 17.1 2565.2 −12.9 54.2 0.2
Keep ties −32.8 26.4 2526.9 −84.7 19.0 0.2

Note. s2 = variance; SD = standard deviation; ICC = intraclass correlation index; LRT = likelihood ratio test; b = estimated daily minutes of physical activity; SE = standard 
error; DF = degrees of freedom; CI = confidence interval; T0 = baseline; T1 = follow-up week five; T2 = post-intervention; T3 = follow-up week ten post-intervention. 

*Statistically significant differences p < .05.
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previous studies lies in the fact that the current intervention 
aligned a group-based approach through social network seg
mentation and specifically promoted the mechanism of SS 
from friends and parents within PE classes. Other interventions 
have promoted mechanisms such as social norms, social pres
sure, and social influence (Proestakis et al., 2018; Sebire et al.,  
2018) and only one of them promoted social support alongside 
norms and social influence (Barr-Anderson et al., 2012).

On the other hand, there is evidence of social network- 
based interventions using an individual approach that have 
not been effective in promoting PA among adolescents (Jago 
et al., 2021; van Woudenberg et al., 2018, 2020). These unsuc
cessful interventions utilized an individual network approach, 
focusing on training central members of the network to pro
mote behavior change among the rest of the group. These 
members were selected based on peer nominations, and only 
individuals with a certain level of popularity within the net
work were trained to drive behavioral change. The present 
study differs from these interventions because the educational 
component, ClassI, focused on SS was directed at all members 
of the network. The goal was to help them understand the 
elements of different types of SS and develop these within their 
network whenever possible, aiming to encourage PA and 
reduce ST. The segmentation of groups was implemented to 
enhance the SS mechanism and integrate it into PE class 
activities through the principles of the cooperative learning 
pedagogical model.

The methodological differences in intervention between 
this study and previous interventions are important. These 
previous studies have intervened from individual approaches, 
which are based on the dissemination of information through 
influential actors. Group intervention approaches, on the other 
hand, can strengthen norms and behaviors within a network 
and have been shown to have great potential in school settings 
(Prochnow et al., 2020; Sawka et al., 2014). Likewise, unlike 
interventions focused on norms and social influence 
(Proestakis et al., 2018; Sebire et al., 2018), the present study 
specifically promoted emotional, instrumental, and compa
nionship support from friends and parents. This approach 
may have the potential to explain increases in PA behaviors 
observed up to 10 weeks post-intervention.

The model indicates that the ClassI component, focusing on 
friends SS within PE classes, was crucial for achieving the inter
vention’s effectiveness in increasing PA. When the ParentsI com
ponent was added, no significant changes were observed, 
suggesting that friends SS is more influential in promoting PA. 
However, evidence shows that both parental and friends SS are 
positively associated with adolescent PA in cross-sectional and 
longitudinal studies (Gill et al., 2017; Mendonça et al., 2014). The 
results also show that girls engage in less PA than boys, which 
aligns with current evidence (Guthold et al., 2020). In this regard, 
a systematic review on SS and PA in adolescent girls concluded 
that different types and sources of SS are associated with increased 
PA. Although SS is not a strong predictor of PA, it is possible that 
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support from parents and friends could be key to overcoming this 
gender disparity related to PA (Laird et al., 2016). Evidence from 
intervention studies specifically developing SS to promote PA in 
adolescent girls is scarce. Two secondary analyses of interventions 
have concluded that SS, in general, is a mediator of PA in adoles
cent girls (L. B. Robbins et al., 2019) and that support from 
mothers is particularly important for promoting PA (L. B. 
Robbins et al., 2018). Therefore, SS may represent an opportunity 
to encourage girls to engage in more PA.

The gender differences observed in the PA behavior of this 
study suggest that future social network interventions integrate 
methods with gender perspectives. Evidence indicates that 
support from peers, family, and teachers is one of the facil
itators of PA in adolescent girls, and that to overcome the 
gender gap it is essential to incorporate approaches with gen
der perspectives (Duffey et al., 2021). For this reason, social 
network interventions aimed at improving PA in girls can 
benefit from pedagogical and contextual strategies such as 
social connection, enjoyment, and access to PA programs 
and safe environments (Martins et al., 2021).

As a secondary outcome, the effectiveness of the interven
tion on daily minutes of ST was explored. The model indicates 
that the intervention was effective between baseline (T0) and 
post-intervention (T2), achieving a reduction of 56.7 minutes 
of daily ST in the intervention group. This reduction was 
achieved after including the ParentsI component in week 6. 
This reinforces evidence showing that family support is a key 
factor in adolescent SB behaviors (Norman et al., 2005).

Despite achieving significant effects during the interven
tion period, the follow-up measure at 10 weeks post- 
intervention (T3) demonstrated that the changes were not 
sustainable for ST. These results are consistent with the 
literature. Literature syntheses show that for this behavior, 
short intervention periods tend to have transient effects, 
especially when not reinforced with other behavioral stra
tegies such as progressive goals, continuous feedback, plan
ning, behavior repetition and substitution, among others 
(Jones et al., 2021; Lewis et al., 2021). Furthermore, ST is 
influenced by other contextual and family factors such as 
household norms, and by social determinants such as safe 
environments and access to recreational spaces, which 
makes it necessary to implement multilevel strategies 
(Tock et al., 2025). The intervention in the present study 
focused solely on social support as a behavioral strategy 
and did not address other determinants essential for sus
tainability. Future research should consider more beha
vioral strategies and integrate them into the context to 
achieve greater sustainability of the effects.

Since the model shows that parental and friends SS does not 
significantly reduce ST. But, there was a significant reduction 
of ST was identified when the parental component was imple
mented (T1 and T2), it is likely that the intervention’s effec
tiveness is not due to this mechanism. Possibly other 
mechanisms, such as social norms or social pressure, may 
have emerged from the complexity of social interactions 
when the ParentsI component was introduced. Once the inter
vention ended, the norms or pressure from parents may have 
diminished, causing the effectiveness to fade out. However, 
since these mechanisms were not measured, we cannot 

attribute the change to any of them. The results of this study 
differ from an intervention aimed at reducing ST in Brazilian 
adolescents, which concluded that school-based SS (from 
friends and teachers) mediated the effectiveness in reducing 
ST, while family support did not play a mediating role 
(Bandeira et al., 2020).

Previous social network-based interventions have 
addressed SB, measured objectively in daily minutes. Only 
one study found effectiveness, reducing SB by 23 minutes 
between posttest and the 4-month follow-up (Sebire et al.,  
2018). Two other interventions did not achieve effectiveness 
in reducing SB (Bell et al., 2017; Jago et al., 2021). Typically, 
these interventions addressed SB alongside another variable, 
such as PA. For example, a social network intervention by Bell 
et al. (2017) promoted SS to encourage PA and improve diet
ary habits to reduce obesity in adolescents. However, it was not 
effective, concluding that promoting two behavioral changes 
within the network may be too complex and recommending 
a focus on a single behavior change (Bell et al., 2017). The 
present study focused on two behaviors, both considered 
highly complex (Pettee Gabriel et al., 2012) achieving positive 
results, particularly for PA. For ST, a parental intervention 
with more time and incorporating other social interactions 
beyond SS might yield more sustainable results. Similarly, 
other social aspects should be considered in friends SS inter
ventions for ST.

The observed increase of 12.2 minutes/day in PA and the 
reduction of 56.7 minutes in ST represent significant effects, 
considering the context of findings from previous studies, 
which have documented increases ranging from 6 (Sebire 
et al., 2018) to 14 minutes (Barr-Anderson et al., 2012) 
per day of PA, and reductions in ST of around 23 minutes 
per day (Sebire et al., 2018). This magnitude of effect in 
minutes of physical activity represents approximately 20% of 
the daily recommendation for adolescents, while the 56.7-min
ute/day reduction in screen time corresponds to almost half of 
the maximum recommended daily exposure. From a public 
health perspective, it is likely that these changes, if sustained 
over time, will have a positive effect on adolescent health.

This study explored the extent to which SS network vari
ables explained the outcomes, PA and ST, pioneering this type 
of analysis as no prior evidence exists. Only homophily (the 
tendency to connect with peers who have similar attributes) 
was positively associated with adolescent PA. However, since 
significant differences between groups were found at baseline, 
this association may not be entirely attributable to the inter
vention. Previous observational studies have analyzed friend
ship network parameters. For example, Sawka et al. (2014) 
found that denser social networks in children were associated 
with more SB compared to less dense networks, while having 
active friends was positively related to being more active. 
Other studies also found that having more active friends in 
the network was positively associated with individual activity 
levels, and an inverse relationship was observed between hav
ing active friends and engaging in SB (Arango-Paternina et al.,  
2022; Marks et al., 2016). A systematic review documented that 
among friend network variables, centrality, network composi
tion, and homophily were the social network parameters asso
ciated with PA in children and adolescents (Prochnow et al.,  
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2020). These studies are cross-sectional, and the parameters 
analyzed pertain to friendship networks, not social support 
networks. It is worth noting that friendship networks tend to 
be larger compared to social support networks.

Strengths and limitations

Among the strengths of the study is its participatory design, 
which allowed the use of systems dynamics tools such as GMB 
to engage stakeholders and identify key aspects of the inter
vention, such as the ParentsI component and specific friends 
SS actions to promote PA. Additionally, the complementary 
use of social network analysis enabled the identification of 
friend network parameters and the enhancement of the SS 
mechanism within PE classes. Furthermore, the study is well- 
grounded theoretically, as it aligns SDT with social network 
theory, SS theory, and cooperative learning principles to guide 
the intervention activities.

One limitation of the study, also reported in previous 
research, relates to the requirement of informed consent as 
a legal prerequisite for collecting student data (van 
Woudenberg et al., 2018). Students whose consent forms 
were not signed could not be included, which may have 
affected the social network measures used for group segmenta
tion. However, all students were included in groups based on 
social connections identified by their peers. Another limitation 
was that the implemented strategies were incorporated in the 
two components, ClassI and ParentsI, with this design it was 
not possible to identify the isolated effects of individual stra
tegies. The use of self-report questionnaires, which may intro
duce bias in behavior measurements was a limitation. To 
minimize this, reliability pilot tests were conducted, and 
a pilot intervention was carried out using the same question
naires and measurement personnel, who were well-trained and 
followed established protocols for questionnaire administra
tion. Although the pilot test detected moderate reliability for 
the scales used to measure physical activity and screen time, 
the risk of bias was present. For future studies, an alternative 
could be to use procedures that guarantee greater reliability, 
such as accelerometers.

Given that the questionnaires were administered four times, 
the measurement team had to maintain the motivation and 
focus of the adolescents to ensure responses were as objective 
and accurate as possible. However, social desirability bias may 
have influenced the responses. First, since the educational 
component emphasized the importance of PA and the negative 
aspects of ST, adolescents might have adjusted their reported 
behaviors, particularly in the T2 and T3 measurements. 
Second, as adolescents became more aware of the behaviors 
being addressed, they may have responded more thoughtfully 
in the later measurements.

Another limitation was that the intervention was conducted 
only in public schools in an urban area. The characteristics of 
urban and public schools, as opposed to rural and private 
schools, can be differentiated in terms of levels of socioeco
nomic vulnerability, availability of resources for structured PA, 
patterns of exposure to screen use, as well as the structure of 
family and friend support networks for such behaviors. Future 

interventions could include comparisons between private 
schools and rural areas to yield more generalizable results. 
Additionally, the dynamics of the schools themselves posed 
challenges. The ClassI component, delivered during PE classes, 
was sometimes interrupted due to school closures for reasons 
such as external exams, union activities, civic or cultural 
events, etc. These occasional interruptions were similar for 
the participant schools and did not affect the content or num
ber of PE sessions. But it affected the planned continuity to 
some extent. To address this, the number of completed classes 
was tracked to ensure that all institutions reached the 10 
planned contacts, ensuring a homogeneous intervention dose 
for both the control and intervention groups.

Implications

The findings highlight the benefits of social network inter
ventions in promoting PA and reducing ST. They also 
underscore the potential of integrating theoretical frame
works that foster socialization skills, such as social support 
and the principles of the cooperative learning pedagogical 
model, into PE classes. Additionally, the study demonstrates 
that PE classes play a significant role in promoting healthy 
behaviors among adolescents through the application of 
participatory research during the curriculum design. 
However, implementing practice-based models can pose 
a significant challenge in shifting teachers’ instructional 
approaches. Similarly, the use of systems thinking tools 
like GMB and the creation of Causal Loop Diagrams 
(CLDs) can be challenging for both teachers and students. 
Therefore, training in these elements is essential to trans
form PE classes into spaces for socialization and the promo
tion of healthy behaviors. Finally, the use of participatory 
tools like Group Model Building (GMB) and their comple
mentation with Social Network Analysis (SNA) can be 
highly beneficial in school-based interventions, helping to 
understand and address complex problems in a more con
textualized and effective manner. This requires the involve
ment and commitment of families to establish connections 
that provide strategies for maintaining adequate PA levels 
and combating excessive SB among adolescents. It is also 
crucial to establish clear school policies and guidelines on 
screen use in both school and family contexts, combined 
with alternative educational strategies.

Suggestions for future research

For future research, it is recommended to delve deeper into the 
different types of SS (instrumental, motivational, companion
ship, informational) provided by friends and parents, and their 
impact on adolescents’ PA and ST behaviors. Longitudinal 
studies are also suggested to evaluate changes in these beha
viors in relation to SS dynamics over longer periods. Future 
interventions should continue to focus on and evaluate specific 
strategies related to reducing ST, based on co-design and 
involving both schools and families to assess potential sustain
able solutions for this behavior.

Further exploration of the characteristics of social networks 
and how they can be leveraged to promote healthy behaviors is 
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also recommended. Replicating this type of network interven
tion in other contexts would help assess the generalizability of 
the results. Finally, future research should address socio- 
cultural aspects of the context, including norms that influence 
the acceptance and success of implementing PA and ST inter
ventions. Comparing participatory models with other 
approaches could help identify contextual elements relevant 
to the success and sustainability of interventions.

Conclusions

The social support network intervention in PE classes was 
effective in increasing daily minutes of PA and reducing ST 
among adolescents. However, interventions need to be 
enriched to ensure the sustainability of these effects over 
time, particularly for ST. The involvement of stakeholders 
and the co-creation of the intervention through GMB were 
key elements in the intervention design. GMB and SNA were 
useful in understanding the problem and identifying leverage 
points within the system for subsequent intervention. The 
integration of strategies to promote SS in PE classes was 
facilitated by the cooperative learning teaching model. 
Additionally, involving parents in the initiative highlighted 
the importance of integrating system actors to address com
plex behaviors. Among the SS network parameters, only 
homophily partially explained changes in daily minutes of 
PA. The other parameters were not relevant in explaining 
changes in PA or ST. Therefore, further studies are needed to 
explore other social mechanisms that better explain changes in 
PA and ST.
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