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Abstract

Purpose: Cycling, as a form of active transport, had become a public health issue, relevant for maintaining a
sustainable level of daily physical activity. School-based interventions promoting active transport had the
potential to encourage more young people to adopt physically active lifestyles, but their impact, designs, and
target populations in the literature remained limited. The concept of physical literacy held great promise for
developing sustainable education interventions in physical activity, but it had not yet been adapted to the
specificities of cycling. This systematic review examined how physical education teachers could design active
transport interventions to promote sustained engagement in physical activity. Method: Using the PI(E)CO
framework and PRISMA checklist, a research algorithm was applied across eleven databases. The eligibility
criteria included school-aged populations, active transport interventions to and/or from school, primary studies,
quantitative physical activity outcomes, and English language publications. Results: Six studies were found to
meet the inclusion criteria. Half of these studies had implicitly designed their interventions following the four
dimensions of physical literacy, while the other half focused only on the physical dimension. The meta-analysis
indicated a non-significant increase in physical activity but a significant negative association between the age of
participants and physical activity outcomes. The two studies with the highest impact on physical activity had
undertaken a design following the four dimensions of physical literacy adapted to active transport.
Discussion/Conclusion: To achieve the effectiveness of active transport school-based interventions, physical
education teachers needed to follow the four dimensions of the physical literacy concept from early primary
school age.

Keywords. Health, children, physical literacy, ecological model, energy expenditure.

Introduction

Encouraging Active Transport to and/or from School (ATS) represents a promising public health
initiative with the potential to increase Physical Activity (PA) among children and adolescents (Faulkner et al.,
2009; Wanjau et al., 2023). This is especially critical given that over 80% of youth are reported to be physically
inactive (Guthold et al., 2020). Reducing physical inactivity could lower the incidence of 6-10% of major non-
communicable diseases, which are currently the leading cause of death worldwide (Lee et al., 2012).

However, the prevalence of active transport declines with age, accounting for 53% of total PA in
adolescents (Gonzalez et al., 2020) but dropping to just 36% in adults (Strain et al., 2020). One of the main
barriers to maintaining PA into adulthood is the perception of a lack of time (Duffey et al., 2021), while cycling
enables individuals to optimize their time to be physically active. Despite this, no study to date has examined the
relationship between age and ATS, a gap that poses a significant challenge to behavior change. This is crucial for
two reasons: first, Varma et al. (2017) demonstrated that establishing PA habits early in life is essential for
maintaining high activity levels over time. Second, from a developmental perspective, there may be a critical age
for fostering sustainable ATS behaviors (Schoen et al., 2022; Zeuwts et al., 2020).

Schools and Physical Education (PE) lessons have the potential to adress this public health challenge by
implementing ATS school-based interventions. These interventions, led by PE teachers or educators, are
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designed to promote various forms of active transport, such as walking, cycling, skateboarding, or rollerblading.
Van Sluijs et al. (2021) highlighted schools as one of the three key pillars for encouraging behavioral change
towards more physically active, healthy and sustainable lifestyles. Building on this, Derigny, Schnitzler et al.
(2022) proposed incorporating “time education” into PE lessons to create and seize more opportunities of active
transport.

Chillén et al. (2011) reported only trivial to small effects of school-based ATS intervention on PA
levels. In a meta analysis, Rodrigo-Sanjoaquin et al. (2022) attributed this limited impact on sustainable PA to
the failure to anchor these interventions in the ecological model (Bauman et al., 2012). This model emphazsizes
the development as a multi-level approach, where a set of interlocking systems are in constant interaction
(Bronfenbrenner & Morris, 2006). The relationship between the individual and their environments can be
considered as a set of Russian dolls, with each layer influencing the others. Schonbach et al. (2020) recently
reinforced the importance of this multi-level approach to design ATS school-based interventions. Nevertheless,
there remains no consensus on the most effective design or the target population for building succesfull ATS
school-based interventions.

At the individual level, the ecological model can be closely aligned with the concept of Physical
Literacy (PL). O’Sullivan et al. (2020) confirmed this connection, demonstrating that PL is rooted in ecological
theories of human development to promote healthy behaviour. According to the International Physical Literacy
Association (IPLA), PL is traditionnaly defined as the initial definition proposed by Margareth Whitehead
(2001) as “the motivation, confidence, physical competence, knowledge and understanding to value and take
responsibility for engagement in physical activities for life” (IPLA, 2017). In this context, PL represents the
individual behaviours at the core of the micro-system of the ecological approach. As Carl et al. (2023)
highlighted, the surrounding environment plays a key role in shaping and nurturing the development of PL.

While school-based interventions using the ecological model have yielded better long terms outcomes
(Hynynen et al., 2016), PL has gained increasing attention in international literature (Young et al., 2019). PL has
been both philosophically (Durden-Myers et al., 2018; Pot et al., 2018) and empirically (Gandrieau et al., 2023;
Carl et al., 2023) validated as a framework for designing and delivering school-based interventions. However,
ATS school-based interventions have yet to be examined through the lens of PL (Carl et al., 2022). Consistent
with the Australian conception (Keegan et al., 2019), pedagogical keys could be identified in the four individual
dimensions of PL: physical, cognitive, psychological and social.

Schonbach et al. (2020) showed that ATS school-based interventions have been already designed for
children and were mostly implemented in primary schools. Nevertheless, most of the ATS were not framed by
theoretical grounds such as ecological model and/or the PL concept. For example, Rodrigo-Sanjoaquin et al.
(2023) proposed a multi-level intervention based on the ecological model and assessed psychological variables
on the intention to ATS (e.g., psychological domain of PL), but no other PL dimensions were targeted. Derigny,
Gandrieau et al. (2024) proposed a multilevel intervention based on PL and measure the feeling of competences
in ATS, but no environmental design were proposed.

Thus, it seems essential to analyze ATS school-based interventions through the combined lens of the
ecological model and PL to identify the pedagogical key elements that can enhance the effectiveness of these
interventions and promote sustainable PA. Whithead (2010) explained that the physical dimension relates both to
motor engagement as a learning objective and as an end goal of engagement. For instance, Derigny, Gandrieau et
al. (2024) suggest adaptating ATS through the development of motor skills specific to cycling (i.e., physical
dimension), acquiring technical knowledge about cycling path or bycicle repairs (i.e., cognitive domain and
raising awareness of a collective road environment (i.e., social domain) to foster motivation and pleasure in
cycling (i.e., the psychological dimension

This systematic review, combined with a meta-analysis, aims to identify the most effective design and
target age group for ATS interventions that enhance PA among children and adolescents. Grounded in both the
ecological and PL models, the findings will provide a strong foundation for improving the design of ATS
interventions that promote PA and overall health.

Matherial & methods
Information sources

This systematic review was conducted using the protocol developed by the Cochrane Institute (Higgins
et al., 2023), following the checklist of the “Preferred Reporting Items for Systematic Reviews and Meta-
Analysis: The PRISMA Statement” (Page et al., 2021) and have been registered in PROSPERO. The research
algorithm was run throughout January 2023 on 11 databases: Web Of Science, Embase, PsycInfo, Cochrane,
PubMed, Proquest, Education Resources Information Center, Opengrey, Latin American and Caribbean Health
Sciences Literature, SportDiscus and Scopus. All articles included were published before December 2022.
Search strategy

Table 1 indicates the keywords used in the search strategy. The following research question was
formulated, based on the PI(E)CO protocol (Population, Intervention, Exclusion, Comparison, Outcome):
“Among school-aged children and adolescents from 6-to-18 years of age (P), with no health problems (E), what
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are the characteristics of cycling interventions (I) that impact PA in a short and long term process (O),
compared with children and adolescents of the same age who did not benefit from these interventions (C)?”.
Table 1. Keywords of PI(E)CO algorithms

Participants ‘“child* OR teen* OR student™ OR pupil* OR "young adult*”

“bicycl* intervention*" OR "bik* intervention*" OR "transport* intervention*" OR "bicycl*
lesson*" OR "bik* lesson*" OR "bicycl* teach*" OR "bik* teach*" OR "bicycl* educati*" OR
"bik* educati*" OR "transport* educati*" OR "bicycl* instruction*" OR "bik* instruction*" OR
"bicycl* program*" OR "bik* program*" OR "transport* program*" OR "bicycl* training" OR
"bik* training*" OR "transport* training*" OR "bicycl* participation*" OR "bik* participation*"
OR "transport* participation*" OR "bicycl* path*" OR "bik* path*" OR "transport* path*" OR
"bicycl* built environment*" OR "bik* built environment*" OR "transport* built environment*"
OR "bicycl* environment*" OR "bik* environment*" OR "transport* intervention*”

“obesity* OR diseas* OR autism* OR disabilit* OR suicide OR ADHD OR patholog* OR
asthma OR depression OR cancer OR deficienc* OR injur*”

Intervention

Exclusion

Controle Not applicable these keywords in search strategy.

“physic* activit*" OR PA OR skill* OR competenc* OR "physical literac*" OR sedentarit* OR
Outcomes  behavi* OR inactivit* OR perce* OR feel* OR prevention* OR risk* OR secur* OR
environment* OR "activ* transpor*”

Eligibility criteria. The inclusion criteria were: (1) sampling a school-aged population, (2) ATS school-
based interventions, (3) a primary study, (4) quantitative outcomes on PA engagement, and (5), written in the
English language. Studies on populations with special needs (e.g., disabilities) were excluded. Once all the
articles were included in the full-text analysis, a snowballing process was carried out in the references. The title
article matching the inclusion criteria were included in the abstract and full-text analysis.

Selection process. After running the algorithm in the databases, duplicates were removed. The title,
abstract and full-text were screened in a double-blinded process (LéM and LoM). Disagreements on the
inclusion of any study were solved by consensus with a third researcher (TD). If an article was not published in
open-acess, a personal message was send to the corresponding author.

Data extraction. Information was extracted in a double-blinded step (LéM and LoM) with a third
agreement by the same researchers as part of the selection process (TD). Data were saved on an Excel
spreadsheet shared between the research team on the security application “Nuage” [Cloud of the University].
During the full-text analysis, the following information were extracted: (1) authors and date of publication, (2)
study design including pre-post and follow-up measurement, (3) total number of participants (4) in both
experimental and control groups included in the analysis, (5) population age, (6), interventions duration, (7)
interventions description, (8) theoretical framework used, (9) measurement tools, and (10), outcomes. Then, each
study design was analysed according to the four individual dimensions of PL (i.e., physical, psychological, social
and cognitive) and the environmental dimension (e.g., all dimensions of the ecological model, except the
individual’s one).

Risk of bias assessment. For both the Quasi-Experimental Study (QES) and Randomized Controlled
Trial (RCT), the risk of bias was assessed by two researchers (LoM and TD) using, respectively, the Cochrane
Risk Of Bias in Non-randomised Studies of interventions (ROBINS-I) tool (Sterne et al., 2016) and the Risk of
Bias for randomised trials (RoB 2) tool (Sterne et al., 2019). For QES, seven items were assessed: (1)
confounding, (2) selection of the participants, (3) classification of the interventions, (4) deviations from planned
confounding interventions, (5) missing data, (6) measurement of outcome(s), and (7), selection of the reported
outcome(s). For RCT, five items were assessed: (1) randomisation process, (2) deviations from the planned
intervention, (3) missing data on outcomes, (4) the measurement of outcomes, and (5), the selection of the
reported outcome(s).

Meta-analysis

A meta-analysis was conducted to observe the effect of ATS interventions on PA outcomes. According
to the literature (Higgins et al., 2023), no sub-group analyses were planned due to the reduced number of studies
included (i.e., less than 10 studies). Effects were analysed using the DerSimonian-Laird random effects model
because heterogeneity was expected among different types of interventions (Cooper et al., 2009). The Hedges’ g
parameter was used to report effect size (Higgins et al., 2023), classified as small (0 < g < 0.5), medium (0.5< g
<0.8) or large effect (g > 0.8). For expected outcomes, positive effect sizes values indicated greater levels of PA
in the experimental group, compared with the control group. Pooled effect sizes were estimated using 95%
confidence intervals (CIs).
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Meta-regression analyses were performed to address whether the duration of the intervention, age of
participants, theoretical framework, PL dimensions and type of design influenced the modification of the effect
of ATS interventions on PA outcomes. Heterogeneity across studies was calculated using the Cochrane Q
statistic and using the tau-squared test (t°), 7> 0.1 suggests substantial heterogeneity between studies (Higgins
& Thompson, 2002). The proportion of variation across studies was estimated using the inconsistency index (I°)
interpreted as follows: 0% to 30%: not important, 30% to 60%: moderate, 60% to 75%: substantial or 75% to
100%: considerable.

Finally, small study effects and publication bias were examined using both the Egger regression
asymmetry test and the Begg test (Higgins et al., 2023). A p-value < 0.05 was chosen to establish statistical
significance levels. All statistical analyses were conducted with the Stata software (v16.1; StataCorp, College
Station, TX, USA).

Results
Overview

The PRISMA flowchart presents the process of selection in each step of the analysis (see Figure 1).
1,091 results were obtained after running the algorithm. 329 results were immediately removed due to
duplication. Of the 762 titles analysed, 129 were retained for the abstract analysis and 62 for full-text analysis.
27 articles were added by snowballing, following title, abstract and full-text analysis. At the end, 6 articles,
which met the inclusion criteria, were selected to answer the research question and were subjected to qualitative
and meta-analysis.

‘ Identification of studies via databases and registers ]
'
Records identified from databases
- (n=1091)
S Cochrane, n = 35 Record od b .
8 Embase, n = 121 cords remov fore screening
!E ERIC. n=4 Duplicate records removed
5 LILACS, n=13 (n=329)
- Opengrey, n =0
ProQuest, n= 163
Psychlnfo n = 63
PubMed, n = 247
Scopus, n= 166
SportDiscus, n= 19
Web of Science, n= 260
) i
Records screened Records excluded
>
(m=762) (n =633)
Reports sought for retrieval > Reports not retrieved
e (h=129) (n =67)
g T A4
Additional
. Reports
article d for _ Reports excluded:
through eligibility g Population (n = 15)
rere‘;m“s (n =62 Intervention (n = 17)
(n=27) Comparison (n = 2)
QOutcome (n = 22)
—_
v
B - N
2 Studies included in review
S h=6)
=
E
—

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram
presenting the analysis process
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Table 2. Description of the studies included.

Author(s), Study 1(\11;mber Groups e Duration Intervention Theoritical Tools Data
date design gi:ls) (n) g description framework (unit)
EG = Raising
awareness,
countering passive
transport, and
RCT. helping parents
Pre/ n=46 10.85 3 months support, health
Borrestad post. 46 EG= +0.7 (= benefits and road Not Ereometer VO
etal., 2017 No (47%) 24 CG (mean S D) safety issues. mentioned g 2
follow- =22 +sd) CG = Not reported
up. but delivery of four
parental
informational letters
(study
aims/implications).
Pre/ 1,348 12.6 £ 24 months . — Living by Active
Christiansen ~ post. 1,348 EG= 0.63 (session eZtabli%hin a school Design: 5P transport PA
etal., 2014 No (48.6%) 623 (mean  not traffic pa trfl model diarigs
follow- CG= +sd) mentioned) _ P ’ (Bors et al.,
CG=No
up. 725 . . 2009)
intervention.
RCT. EG = Promoting
Pre/ n=>54 99+ 12 months cycling to and from
Mendoza post. 54 EG= 0.7 5 deyae school over passive Not Accelerometers MVPA
etal., 2017 No (64.8%) 24 CG (mean Week}), p commuting. mentioned & GPS
follow- =30 +sd) CG=No
up. intervention.
EG = Structural
QES changes near the
Pre /' n =968 109 + school and Correlates
Ostergaard post. 1934 95 0.54 Not Inereasement of of cycling
ctal. 2015 No (51.2%) 106 (e B schqol gychng to school Andersen test VO,
” follow- : CG= +od motivation as well (Hume et
- 862 =) as cycling safety. al., 2009)
p- CG=No
intervention.
008 n =206
Villa- Pre/ 206 EG = 8§—11 EG = Children and Questionnaires
Gonzalez post / (NA) 17cGg YO teachers participated mode of PA
etal., 2015 follow- —g9 (range) 6 months in all scheduled Active commuting
up. (60 to 120 activities. Parents travel in
QES. 5 participated to a children
_ min each . . P
Villa- Pre/ n=251 s_11 — questionnaire on (Panter et
. post. 251 EG= mode of commuting.  al., 2008)
Gonzalez No (49.7%) ucg YO CG = No Shuttle run test VO,
etal, 2017 follow- =110 (range) intervention.
up.

Note. n: number; EG: Experimental Group; CG: Control Group. RCT: Randomized Controled Trial; QES:
Quasi-Experimental Study; PA: Physical Activity; MVPA: Moderate and Vigorous Physical Activirty; VO2:
Oxygen Volume; yo: years old; sd: Standard Deviation

Description of articles included

Overall. As presented in Table 2, six studies, published between 2012 and 2017, were included. Three
studies were RCTs (Berrestad et al., 2012; Christiansen et al., 2014; Mendoza et al., 2017) and the other three
studies were QESs (Dstergaard et al., 2015; Villa-Gonzalez et al., 2015, 2017). Concerning the methodological
reliability, only Villa-Gonzélez et al. (2015) carried out a retention test six months after the post-test. The five
other studies conducted a longitudinal measurement with pre- and post- tests, but without a follow-up.
A total of 3,839 children and adolescents were included in the six selected studies. The smallest sample size is in
Borrestad et al.” study (2012; n = 46) and the largest in Christiansen et al.” study (2014; n = 1,348). Except for
the study by Villa-Gonzalez et al. (2015), where no information was provided, the numbers were balanced in
terms of biological sex, ranging from 47% girls (Berrestad et al., 2012) to 64.8% (Mendoza et al., 2017). In all
six studies, the number of participants in both experimental and control groups were equilibrated. Participants
ranged in age from 8 (Villa-Gonzalez et al., 2015, 2017) to 13 years old (Christiansen et al., 2014).

Interventions ranged from 3 (Berrestad et al., 2012) to 24 months (Christiansen et al., 2014), with daily
(Mendoza et al., 2017), weekly (Berrestad et al., 2012) or monthly (Villa-Gonzalez et al., 2015, 2017)
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interventions. For the six study included, the control group had no specific intervention. For all the experimental
group, the aim was to promote ATS throughout individual and environmental actions (see Table 3). Four
interventions followed the ecological framework adapted to ATS: 5P model of active living (Christiansen et al.,
2014), cycling to school (@stergaard et al., 2015) and active travel in children (Villa-Gonzélez et al., 2015,
2017). The two other interventions were not theoretically anchored (Berrestad et al., 2017; Mendoza et al.,
2017).

The measurement of PA showed considerable heterogeneity between studies: ergometer with VO,
(Borrestad et al., 2012), ATS diaries with the percentage of ATS and the PA level (Christiansen et al., 2014),
accelerometers and GPS with the MVPA in minute per day (Mendoza et al., 2017), the Andersen test with the
VO, (Ostergaard et al., 2015), questionnaires on commuting mode with the frequency of ATS (Villa-Gonzalez et
al., 2015) and a shuttle running test with VO, (Villa-Gonzélez et al., 2017).

Design of the interventions. Table 3 describes the design of the six ATS school-based interventions included,
according to the actions proposed in the four individual dimensions of PL and in the environmental dimension.
All studies used both the individual and environmental dimensions of the ecological model.

All the studies suggested a design including relationships with environmental dimensions: bicycle train
between homes and school (Mendoza et al., 2017), cycle path design near the school (Christiansen et al., 2014;
Ostergaard et al., 2015) or collaboration with parents (Berrestad et al., 2017; Villa-Gonzalez et al., 2015; 2017),
Three studies focused only the individual’s physical dimension of PL and do not provide any evidence on the
cognitive, psychological and social dimensions (Berrestad et al., 2017; Christiansen et al., 2014; Mendoza et al.,
2017). The three other studies designed the interventions following the four individual dimensions of PL,
without explicitely mentioned it (@stergaard et al., 2015; Villa-Gonzélez et al., 2015; Villa-Gonzalez et al.,
2017).

For the physical dimension, Villa-Gaonzales (2015; 2017) specified the use of activity of traditional
games adapted to ATS. The other studies proposed cycling practices without specifying the motor content
(Berrestad et al., 2017; Christiansen et al., 2014; Mendoza et al., 2017; Ostergaard et al., 2015). For the cognitive
dimension, @stergaard et al. (2015) proposed bike maintenance workshops and Villa-Gonzalez et al. (2015;
2017) offered activities of knowledge about the environmental characteristics around the school. For the
psychological dimension, @stergaard et al. (2015; 2017) developed the motivation to come cycling with
competitive practice formats and Villa-Gonzalez et al. (2015; 2017) with readings and theatre scenes related to
ATS. Concerning the social dimension, all studies focused on developing safe practice, whether in the form of a
school traffic policy (QDstergaard et al., 2015) or activity of road safety and behaviour in the street (Villa-
Gonzalez et al., 2015; Villa-Gonzélez et al., 2017).

Table 3. Design of each intervention according to the four individual dimension of physical literacy and the
global environmental actions.

Individual dimension of physical literacy
Cognitive
dimension

Environmental

Author(s), date dimension

Physical dimension P?‘y cho{oglcal Social dimension
dimension

Collaboration

Borrestad et al.,
2017

Bicyle learning, no
information on motor
skills

No information

No information

No information

between school
staff, a specialist in
cycling safety and
parents

Christiansen et
al., 2014

Bicyle learning, no
information on motor
skills

No information

No information

No information

A cycle path and a
new parking build
near the school

Mendoza et al.,
2017

Bicycle practice, no
information on motor
skills

No information

No information

No information

A bicycle train to be
followed along the
route to the school

Monitoring

Bicycle learning, no . o School traffic Structural changes
Ostergaard et . . Bicycle competitions to . .

information on motor b X policy education near the school, no
al., 2015 . maintenance increase the school . .

skills . R for safety more information

cycling motivation
Villa-Gonzélez el Knpyvl'edge Ty ——" Activity of road Families sensibility
etal, 2015 activities about . safety and throughout a
o~ games adapted to a . performing scenes o .

Villa-Gonzalez the characteristics behaviour in the commuting

safe ATS related to ATS X >
etal., 2017 around the school street questionnaire

Risk of bias. The risks of bias assessment are described in Figure 2. For QESs, the studies by Ostergaard et al.
(2015) and Villa-Gonzalez et al. (2015) were rated with a low risk of bias. The study by Villa-Gonzalez et al.
(2017) had a moderate risk of bias due to missing data. The articles by Villa-Gonzalez et al. (2015, 2017) lacked
information about the selection of participants and the measurement of outcomes. In RCTs, two are rated as high
risk (Christiansen et al., 2014; Mendoza et al., 2017) and one with some concerns (Berrestad et al., 2012).
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Regarding the measurement of outcomes, two “some concerns” are reported (Borrestad et al., 2012; Christiansen
et al.,, 2014). One study is reported to have a high risk of bias for deviating from the intended intervention
(Mendoza et al., 2017).

ROBINS-1 tool (quasi experimental study) Risk of bias domains

[ Dt [ p2 | pa | o4 | b5 | pe | D7 [overall

Ostergaard et al. (2015) . . . . . . . .
@
g Villa-Gonzélez et al. (2015) . @ . . @ @ . . -
Villa-Gonzilez et al. (2017) . @ . . @ @ . @ @ e
- Some concerns
ROB2-tool (randomized controlled trial) Risk of bias domains . Low
D1 | D2 | D3 ] D4 I D5 | Overall ‘ @ No information
| Bomestadetal. (2012) ® ® ®® ¢ & ©
23
ffommuey © © @ © O ©
w
Mendoza et al. (2017) . . ’ . @ .

Note. ROBINS-1: (D1) confounding, (D2) selection of the participants, (D3) classification of the interventions,
(D4) deviations from planned confounding interventions, (D5) missing data, (D6) measurement of outcomes,
and (D7), selection of the reported outcome(s). ROB2: (D1) randomisation process, (D2) deviations from the
planned intervention, (D3) missing data on outcomes, (D4) the measurement of outcomes, and (D5), the
selection of the reported outcome(s).

Figure 2. Risk of bias according to the both tools ROBINS-1 (top) and ROB-2 (down).

Meta- analysis

In order to assess publication bias with meta-analysis, two different tests were implemented. The Egger
test (Z = 0.98, p = 0.32) and the Begg test (Z = 1.13, p = 0.26) suggest no evidence of publication bias in this
meta-analysis.

Summary of results. The effect of cycling interventions on PA outcomes is displayed in Figure 3. The
mean effect size for PA outcomes was g = 0.30 (95%CI, -0.08 to 0.69), indicating a statistically no-significant
increase. The Cochrane Q and t° showed a statistically significant level of heterogeneity (Q = 111.52, ©° = 0.21,
p < 0.001), with a considerable inconsistency measure (I* = 95.52%). Sensitivity analysis removing (one at a
time) each study from the total sample revealed that only one study (Villa-Gonzélez et al., 2015) was a potential
outlier and considered overly influential (g = -0.01, 95%CIL -0.13 to 0.12). The Cochrane Q and t* showed a
statistically non-significant heterogeneity level (Q = 7.87, ©* = 0.01, p = 0.10), with a moderate inconsistency
measure (I* = 49.19%).

Hedges's g Weight
Study Energy Expenditure with 95% CI (%)
Borrestadt et al, (2012) -0.24[ -0.85, 0.17] 15.52
Christiansen et al, (2014) -0.00[ -0.12, 0.12] 18.39
Ostergaard et al, (2015) 0.02[ -0.07, 0.11] 18.55
Villa-Gonzalez et al, (2015) —@— 1.70[ 1.38, 2.02] 16.61
Mendoza et al, (2017) —— 0.61[ 0.06, 1.15] 13.70
Villa-Gonzalez et al, (2017) @ -0.17[ -0.43, 0.10] 17.23
Overall L 0.30[ -0.08, 0.69]
Heterogeneity: v = 0.21, I* = 95.52%, H” = 22.30
Test of 6, = 6; Q(5) = 111.52, p = 0.00
Testof6=0:z=1.53,p=0.13

-1 0 1 2

Random-effects DerSimonian-Laird model
Figure 3. Forest plot showing the effects sizes (Hedges’ g) of cycling interventions on PA outcomes for each
study.
Meta-regression analysis. Results of the random-effects meta-regression analyses are presented in Table 4. Two
significant association with changes in PA behaviours were found. Firstly, as can be appreciated in the bubble
plot (Figure 4), there is a negative association between the age of participants and the intervention effects on PA
outcomes (f = -0.311, 95%CI: -0.66 to -0.02; SE = 0.17; p = 0.047). Secondly, there is a positive association
between the use of the four individual dimensions of PL for designing the intervention on PA outcomes,
compared to the use of only a single dimension (f = 0.793, 95%CI: 0.06 to 1.52; SE = 0.37; p = 0.033). The
duration of the intervention, theoretical framework and design were not associated with changes in PA
behaviours.
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Table 4. Physical activity outcomes meta-regression analyses using random-effects models.
Physical activity related outcomes

Variables 95% CI S
s E p-value
Continuous variables
Duration (months) —-0.008 (-0.12, 0.10) 0.06 0.890
Age -0.311 (-0.66, -0.02) 0.17 0.047
Dichotomous variables
Theorical Framework
No Reference
Yes —-0.383 (-1.52,0.75) 0.58 0.510
Design
RCT Reference
QES 0.396 (-0.72, 1.51) 0.57 0.488
Individual dimensions (physical literacy)
Single dimension Reference
Four dimensions 0.793 (0.06, 1.52) 0.37 0.033

Note. Bold: significant result; f: beta coefficient; SE: standart error; CI: confidence interval; RCT:
randomized controlled trial; QES : Quasi Experimental Study.

Meta-regression

Hedges's g

9 10 11 12
Age

95% Cl - Studies
Linear prediction

Weights: Inverse-variance

Notes. The sizes of cercles correspond to the number of participants in each study (weight column in the forest
plot, Figure 3). The effect sizes (y axis) are identical to those of the forest plot studies (Figure 3), making it easy
to identify each study.

Figure 4. Bubble plot showing the association between the age of participants and the intervention effect sizes.

Discussion

The aim of this systematic review and meta-analysis was to highligth the key elements for designing
ATS interventions, providing guidance for educators and PE teachers on implementing such programm in school
settings. The analysis identified four main findings regarding the effectiveness of current ATS school-based
interventions: (a) a lack of studies in the ATS field highlighting the need for high quality research methodologies
to assess interventions, (b) an overall non-significant increase on PA, (c) interventions incorporated both the four
indivudal dimensions of PL and an environmental dimension showed the greatest impact on PA, and (d), a
significative negative association between PA-outcome and the participant age (B = -0.311, p = 0.047). This
findings suggest that to maximize the effectiveness of ATS interventions, they be implemented starting in
primary school age and designed with a multi-level approach that integrates PL framework.
1. An overall non-significant increase on PA

In a previous systematic review, Schnobach et al. (2020) have demonstrated the positive effects of
interventions to improve ATS: bicycle train among children indicated great potential to increase cycling to
school. However, our study shows that this intervention design is not sufficient to improve participants’ PA. Our
non-significant increase in PA among children could be explain by a high degree of methodological
heterogeneity and the lack of consensus in the theoretical frameworks used. PL provide a complementary design’
perspective to the study of Schnobach et al. (2020).
The main limitation of our study is that it included only six studies, compared to nine in the review by
Schonbach et al. (2020). However, the research questions differ: while Schonbach et al. (2020) analysed the
interventions through the lens of the ecological model, our study introduced a novel approach by incorporating
the concept of PL into the design analysis. Although the limited number of studies prevented a sub-group
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analysis, statistical tests were applied to validate the number of participants included, ensuring reiable results
(Egger test and Begg test). Despite this limitation, we present an innovative meta-analysis aimed at identifying
the most effective design and age for achieving optimal outcomes.
2. Fostering the impact of ATS school-based interventions with a design anchored in the PL framework

The meta-regression analysis revealed that incorporating all four dimensions of the PL in the design of
ATS interventions was a key factor in enhancing their impact on PA. Notably, two of the three interventions with
the greatest benefits in PA targeted all four PL dimensions. One study (Villa-Gonzalez et al., 2015) revealed
significantly better results than others (g = 1.7, 95%CI: 1.38 to 2.02) by proposing a holistic development
approach in children and adolescents. This approach included motor (e.g. activity of traditional games or active
behaviours in the street), cognitive (e.g. activity of knowledge about the environmental characteristics around the
school or road safety education), psychological (e.g. reading a story on ATS to school) and social dimensions
(involvement of families). Therefore, addressing all PL dimensions, rather than focusing on just one, led to
superior outcomes
The remaining five studies can be characterized as follows: (i) they did not specifically focus on developing
ATS related motor skills, (ii) they focused on safety with a home to school bicycle transport service, and (iii),
they involved infrastructural changes around the school often coupled with a “awareness-raising” campaign for
children and adolescents. Although two of these studies adopted a multi-level approach, neither addressed the
development of the individual across all PL dimensions.
3. Promotion of active communities as earlier as possible

The meta-regression analysis highlighted a significant negative association between participants’ age
and the PA outcomes. This correlation reinforces the widely accepted notion, supported by international
literature, that introducing healthy habits early in life increases their likelihood of their long term adoption
(Varma et al., 2017). However, there remains a lack of clarity in the literature regarding the optimal age for
acquiring such healthy habits, especially in active transport.
These results can be explained by the fact that children start to ride their bicycle at the young age of five (Zeuwts
et al., 2016). Zeuwts et al. (2020) considered cycling as a “joint-skill” that requires sufficient (1) motor skills
(e.g., the ability to coordinate steering, balancing, pedalling, braking, etc.), (2) perceptual-motor skills (e.g.,
hazard perception, time-to-contact, attention, planning, judgment, decision-making, etc.), (3) knowledge of the
traffic rules and (4) attitudes (e.g., the willingness to obey the traffic rules or risky behaviour (Ducheyne et al.,
2013). Given that most of thid children’s holistic development continues well into adolescence, with age-related
maturation of the central nervous system and practice (Casey et al., 2000), education can be used to prepare
young cyclists to manage the risks they face and provide them with the necessary motor skills and strategies to
cope with the dynamicity of traffic. However, although cycling education programmes improve cycling motors
skills (Ducheyne et al., 2013), the relationship between the level of cycling motor skills and lifestyle habits in
terms of PA (particularly cycling to and/or from school) remains to be demonstrated (Ducheyne et al., 2014).
The inclusion of parents in these programmes seems to be a promising avenue, particularly since the studies by
Borrestad et al (2017) and Villa-Gonzalez et al (2015; 2017) proposed a plan with parents and had positive
results. In France, the mandatory national curriculum on “knowing how to ride a bike” encourages motor
development from the age of 8. However, the design of lessons based on the PL reinforces the need for
multidimensional teaching. In the context of New-Zealand, Mandic et al. (2022) have demonstrated the
importance of parental support, geographical proximity and a safe environment to increase PA levels. In France,
educational initiatives on cycling according to the LP are emerging through professional (Derigny, Gandrieau, et
al., 2022) or scientific (Derigny, Gandrieau et al., 2024) publications, but the multidimensional aspect remains to
be explored.
4. Methological recommandations: the need to measure sustainability

Although only Villa-Gonzélez et al. (2015) reported encouraging results on the sustainability of ATS
through a follow-up retention test, the issue of long-term persistence remains unresolved. Specifically, how do
individuals who adopt active travel modes maintain this behavior throughout their lives? Educating children and
adolescents to adopt persistent PA behaviours is a critical challenge in contemporary societies, where various life
events and transitions often lead to a decline in active lifestyles (Gropper et al., 2020). Initial studies have
highlighted ATS as a resilient form of PA, underscoring the need for more interventions that engage adolescents
and emerging adults in active travel (Derigny, Gandrieau et al., 2022). However, future interventions should
include three key assessments: pre-, post- and follow-up to better understand long-term impacts.

Conclusions

To the best of our knowledge, while previous systematic reviews have addressed the effectiveness of
cycling school-based interventions (Schonbach et al., 2020), this study is the first one to synthesize evidence for
PA outcomes. Some reviews have already explored a broader domain of results, helping to provide an overview
of the effectiveness of ATS interventions: skills (Ducheyne et al., 2014), perceptions of practice (Mandic et al.,
2022) or parental-control (Gutierrez et al., 2014). A scoping review of reviews indicates that current teaching
approaches may overly focus on enhancing motor skills and increasing PA, while neglecting the cognitive,
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social, and environmental dimensions of healthy habits (Ramires et al., 2023). The concept of PL represents a
promising avenue for future school-based active transport interventions.

This systematic review has provided evidence to design further ATS school-based intervention, reinforcing the
four following message: (1) future RCTs on ATS promotion must start as ealier as possible (i.e., ideally in
primary school), (2) must seek to develop children and adolescents in all dimensions (i.e., physical, cognitive,
psychological and social), (3) must be rooted in the interaction of the evels of the ecological model to effectively
and sustainably change behaviours and (4) must included a follow-up measurements to ensure sustainability.
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