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Abstract

Background Active commuting to/from school (ACS) is associated with multiple health and societal benefits,
yet school-based interventions have shown limited success in changing adolescents’commuting behavior, and
their effects on psychosocial factors remain unclear. This study primarily examined the effects of a school-based
cycling intervention on the usual mode and frequency of ACS, and ACS-related psychosocial outcomes in Spanish
adolescents. Secondary outcomes included device-measured sedentary time and physical activity (PA).

Methods A cluster-randomized controlled trial was conducted in eight Spanish secondary schools. A total of

256 adolescents (45.7% girls; mean age 14.4 years) were allocated to an intervention (n=127) or control group.

The intervention consisted of four weekly sessions delivered during Physical Education classes over one month,
combining cycling theory, skills training in closed circuits, and supervised on-road cycling in urban environments.
Outcomes were assessed at baseline and post-intervention and included usual mode and weekly frequency of ACS,
perceived barriers to ACS, basic psychological need satisfaction in ACS, motivation for ACS, and device-measured
sedentary time and PA across daily segments.

Results No significant between-group effects were observed for usual mode or frequency of ACS, nor for device-
measured sedentary time or PA. Most psychosocial outcomes did not differ between groups. However, perceived
environmental/safety barriers increased in the intervention group compared with controls (A=0.22, p=0.041).
Moderation analyses showed that girls in the intervention group reported greater increases in amotivation for ACS
than girls in the control group (A=0.54, p=0.018). Per-protocol analyses revealed higher external motivation (A=0.40,
p=0.029) and amotivation (A=0.38, p=0.037) in the intervention group, with stronger effects among girls and
adolescents from higher socioeconomic backgrounds.

Conclusions The school-based cycling program did not change the commuting behavior or device-measured
activity. Instead, participation was associated with increased awareness of environmental/safety barriers and higher

*Correspondence:
Palma Chillon
pchillon@ugr.es

Full list of author information is available at the end of the article

©The Author(s) 2026. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://doi.org/10.1186/s12966-026-01893-1
http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-026-01893-1&domain=pdf&date_stamp=2026-2-25

Campos-Garzon et al. International Journal of Behavioral Nutrition and Physical Activity

(2026) 23:29 Page 2 of 14

amotivation, particularly among girls. Per-protocol analyses also revealed increases in external motivation and
perceived barriers, particularly among girls and high-SES adolescents. These findings suggest that short-duration,
skills-focused cycling interventions may heighten perceived constraints without being sufficient to support behavior
change. Future programs may require longer duration, autonomy-supportive delivery, and complementary built
environmental and family-level strategies to effectively promote ACS among adolescents.

Trial registration ClinicalTrials.gov (Identifier: NCT03937336).
Keywords Active transport, Basic psychological needs, Barriers, Motivation, Public health

Background

Regular physical activity (PA) is associated with better
physical, mental, and social health in adolescents [1, 2].
Nevertheless, adolescent PA remains insufficient globally
with minimal progress over the last decade [3], along-
side pronounced gender and socioeconomic inequities
[4, 5]. In this context, active commuting to and from
school (ACS), mainly walking and cycling [6], represents
a scalable source of daily PA [7]. Beyond PA, it may also
improve other health indicators (e.g., body composi-
tion, fitness) [8], and yields societal co-benefits such as
reduced emissions and congestion [9].

Despite well-documented health benefits, ACS preva-
lence has declined in many countries [10-12]. In Spain,
however, ACS has remained relatively stable over 2010—
2017 [13] yet cycling to school remains uncommon (<
1%; [14]). This is striking given that ACS, and cycling in
particular, is linked to higher PA and fitness and better
health profiles in youth [8, 15]. Numerous school-based
programs have been trialed to reverse these patterns, but
effects are generally trivial-to-small [16—18]. Most inter-
ventions have prioritized shifts in the mode of commut-
ing or the number of active trips as primary endpoints
[19-21]. Nevertheless, an intervention can be successful
even without an immediate shift in mode of commuting
if it reduces perceived barriers, enhances basic psycho-
logical needs satisfaction (BPNS), or strengthens autono-
mous motivation [22-24]. Such changes indicate greater
capability and readiness for ACS and may lay the ground-
work for a durable behavior change. Regarding PA, many
studies implicitly assume that a shift in commuting mode
leads to higher daily activity. However, evidence on
whether mode of commuting shifts translate into higher
daily PA is inconsistent, with studies reporting increases
[25-27], no changes [21, 28], or even decreases [29].
These inconsistencies emphasize the need for school-
based cycling interventions to clarify their potential
effects among adolescents.

Therefore, this study aimed to analyze the effects of a
school-based cycling intervention on the usual mode and
frequency of ACS, as well as ACS-related psychosocial
outcomes (perceived barriers to ACS [i.e., environmental
and safety, planning and psychosocial], BPNS related to
ACS [i.e., autonomy, competence, and relatedness], and

motivation for ACS [i.e., intrinsic, integrated, identified,
introjected, external, and amotivation]). Secondary out-
comes included device-measured sedentary time and PA
levels (i.e., light PA [LPA] and moderate-to-vigorous PA
[MVPA] during the total day, weekdays, out-of-school
periods, and weekend days) in Spanish adolescents.

Methods

Study design

The PACO study is a cluster-randomized controlled trial
which was conducted in four Spanish cities (i.e., Almeria,
Granada, Jaén, and Valencia), with two arms (i.e., inter-
vention and control groups). Secondary schools served
as the unit of randomization. The primary aim of the
PACO study was to promote cycling to and from school
and PA in adolescents, through a school-based cycling
intervention. The intervention was based on the Bike-
ability framework, an evidence-based cycling education
approach widely implemented in school settings [30],
and was delivered over four weekly sessions intentionally
designed to ensure feasibility within the Physical Educa-
tion curriculum. Outcomes were assessed at baseline
and immediately after the four-week intervention period.
The full PACO study protocol and a detailed description
of the intervention have been published elsewhere [31].
The trial was registered at ClinicalTrials.gov (Identifier:
NCT03937336) and conducted in accordance with the
CONSORT guidelines for cluster-randomized trials. The
study protocol was approved by the Review Committee
for Research Involving Human Subjects at the University
of Granada (Reference: 162/CEIH/2016).

Participants

Eligible participants were adolescents enrolled in the
3rd grade of secondary education. Inclusion criteria for
school participation were: (1) having at least two classes
of 3rd grade with >15 adolescents per class; (2) obtain-
ing a minimum of 15 signed parental consent forms per
class; (3) no prior involvement of students in other inter-
ventions promoting PA or exercise during the PACO
study intervention period; and (4) no provision of school
transport to students. Adolescents were excluded if they
were unable to attend Physical Education lessons (e.g.,
due to physical or mental health conditions) at the time
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of data collection. A total of 454 students were invited to
participate, of whom 300 returned signed parental con-
sent forms. Of these, 256 provided data at either baseline
or follow-up and were included in the intention-to-treat
analyses (Fig. 1).

Recruitment and randomization

A list of all public high schools from each participating
city was obtained from the corresponding regional edu-
cational authorities. Schools were randomly selected
in each city, and this random selection was repeated to
create an ordered list of all the public high schools par-
ticipating. In each city, one school was allocated to the
intervention group and one to the control group. If a
selected school declined participation, the same pro-
tocol was applied to the next school in the ordered list.
Recruitment of students was conducted by research staff
during visits to the selected classes, where the study was
explained and consent forms were distributed. Only ado-
lescents with signed parental consent were included in
the study.

All schools sample (n = 75 schools)
Almeria = 16 schools
Granada = 19 schools

Jaén= 11 schools
Valencia = 29 schools
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Data collection

Data were collected from January 2018 to June 2021. Due
to a shortage of devices (i.e., accelerometers), only two
schools could be assessed simultaneously. Baseline and
follow-up assessments included a school visit for distri-
bution of belts equipped with accelerometers to be worn
for seven consecutive days. After one week, research staff
returned to administer questionnaires and collected the
devices. It is important to note that data collection was
affected by the COVID-19 pandemic due to public health
restrictions in Spain. As a result, the device-measured in
the follow-up was lost in the participants from Valencia,
and the questionnaire which was originally planned in
paper format was administered online.

Measures

Primary outcomes

Mode and frequency of ACS Mode of commuting to
and from school was assessed with a reliable and vali-
dated instrument, “the PACO questionnaire” [32, 33].
Four items assessed the usual and daily (previous week)

_-I Not randomly selected (n = 67 schools)

Randomly selected (n = 8 schools)
Almeria = 2 schools
Granada = 2 schools

Jaén = 2 schools
Valencia = 2 schools

Spanish adolescents invited
(n=454)

_-I No informed consent (n = 128) I

8 schools accepted
300 informed consents provided

Dropped out the study or did not complete cither
baseline and postintervention (n = 44)

4 schools

Intervention group

(n=127)

4 schools
Control group
(0~ 129)

Included in intention to treat-analysis
(n=256)

I

4 schools
Intervention group
(n=127)

4 schools

Control group

(n=129)

outcomes
(n=131)

Excluded from per-protocol analysis

* Non-attendance (i.c., at least 75% of the entire
intervention) (n = 30)

+ Didnot complete the baseline or the post

intervention in all the ACS outcomes assessed
Intervention group Control group
(0-52) (0n=19)

(n=95)
Fig. 1 Flow chart of the participants

| Included in per-protocol analysis for ACS

Included in per-protocol analysis for PA
outcomes
(n=61)

Excluded from per-protocol analysis

+ Non-attendance (ic., at least 75% of the entire
intervention) (n = 30)

+ Did not complete the baseline or the post

in all the PA outcomes assessed
Intervention group Control group
(n=25) (n=26)

(n=165)
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modes of commuting to and from school. Response
options included walking, cycling, car, motorcycle, school
bus, public bus, metro/train/tram, or other. For the usual
mode of commuting, walking and cycling were classified
as active, while all other modes were classified as passive.
The total number of weekly walking and cycling trips was
derived from the daily responses.

ACS-related psychosocial outcomes Perceived barri-
ersto ACS

Perceived barriers were measured with the Barreras en
el Transporte Activo al Centro Educativo questionnaire
[34]. Two categories of barriers were assessed: environ-
mental/safety and planning/psychosocial. Example items
include “There is too much traffic on the way to school”, ‘I
would have to walk or cycle through unsafe areas because
of crime or vandalism”. Each category was scored as a
continuous variable ranging from 1 (lowest possible per-
ception of barriers) to 4 (highest possible perception).

BPNS related to ACS

Autonomy, competence, and relatedness related to
ACS were assessed using the Basic Psychological Need
Satisfaction in ACS scale [34]. Example items include 7
can choose how I travel to school”, “I feel skilled at trav-
elling to school walking or cycling”, “I get al.ong very well
with the people who accompany me on the way to school”.
Each need was scored as a continuous variable ranging
from O (lowest possible perceived satisfaction) to 4 (high-
est possible perceived satisfaction).

Motivation for ACS

Motivation for ACS was measured with the Behav-
ioural Regulation in ACS questionnaire [35], which
assesses six types of motivation: intrinsic, integrated,
identified, introjected, external, and amotivation. Exam-
ple items include “T walk or cycle to school because I
enjoy it”, “I value the benefits of going to school walking or
cycling”, “I think that going to school walking or cycling is
a waste of time”. Each dimension was scored as a continu-
ous variable ranging from 1 (lowest possible motivation)
to 5 (highest possible motivation).

Sedentary time and PA levels

Sedentary time and PA were measured using triaxial
accelerometers (ActiGraph GT3x+, Pensacola, FL, USA).
Devices were initialized at 90 Hz and processed using the
open-source R package GGIR v.3.0-0 [36]. Data process-
ing included auto-calibration [36], non-wear detection
and imputation [37], and conversion of raw signals into
activity counts over 15-second epochs [38]. Cut-points
from Evenson et al. [39] were applied: 0-26 counts/15s
for sedentary time, 26—574 counts/15s for LPA, and >
574 counts/15s for MVPA.

Moreover, sedentary time and PA levels were estimated
across different time segments: total day (daily average),
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weekdays (school days), in-school hours (according to
each center’s schedule), out-of-school hours (all weekday
time outside school), and weekends. These filters were
applied during data processing using the open-source R
package GGIR (v3.0-0) [36].

Covariates

Participants completed a self-administered question-
naire in which they reported basic demographic informa-
tion, such as age and gender, and if they owned a bike in
good condition. Socioeconomic status (SES) was assessed
using a modified version of the Family Affluence Scale
II [40]. Home-to-school distance was calculated using
the geographic information system QGIS 3.28.8 as the
shortest network distance from each participant’s self-
reported home postal address to the school.

Intervention program

The school-based cycling intervention had a duration
of four weeks, one session per week, and it followed the
Bikeability methodology [30]. The intervention was deliv-
ered by members of the research staff with experience in
Physical Education and cycling training. The four inter-
vention sessions consisted in: (1) Theoretical Session (60
min - first week): In this session, participants learnt about
the importance and the benefits of cycling as a mode of
commuting, as well as they received information about
road safety rules, equipment, and hand signals in urban
contexts; (2) Closed Circuit Session (120 min - second
week): Participants had a practical session on the school
grounds to learn the fundamental cycling skills neces-
sary to ride safely. They practiced fitting their helmet,
checking their bike, and important skills such as start-
ing off, pedaling, braking, changing gears, and signaling;
(3) Urban Circuit Session (120 min - third week): In this
practical session on-road traffic, participants applied
their previously learned skills in new and uncertain situ-
ations. They experienced urban traffic scenarios such
as starting from the side of the road, overtaking slow-
moving vehicles, lane changing, and crossing a round-
about; and (4) Bicycle’s Party (120 min - fourth week):
This final session took place on the school grounds, and
it was designed to reinforce previous learning. Partici-
pants became teachers to younger peers and engaged in
activities such as bike fitting, helmet fitting, basic bicycle
checks, cycling rules and signaling, a basic cycling skills
circuit, and exercises to develop the main skills required
for road traffic. This last session was replaced by a sec-
ond urban circuit session during Covid times, since stu-
dents from different classes could not be mixed to avoid
contacts. Moreover, schools allocated to the control
group continued with their usual curriculum and did
not receive any cycling-related, active commuting, or PA
intervention during the study period. After completion of



Campos-Garzon et al. International Journal of Behavioral Nutrition and Physical Activity

the post-intervention assessments, control schools were
offered the intervention materials and the opportunity to
implement the cycling sessions at their own schools.

Statistical analysis

Descriptive characteristics of the sample are presented
as mean t standard deviation (SD) or as frequencies and
percentages, as appropriate.

The main effects of the PACO study were tested with
the intention-to-treat approach. Although the original
study protocol, published in 2021, described the use of
analysis of covariance (ANCOVA), intervention effects
have been analyzed using linear mixed-effects models,
which provide a more appropriate framework for cluster-
randomized longitudinal data by accounting for the hier-
archical structure of the data (schools and participants)
and repeated measurements over time [41]. A series of
linear mixed-effects models were fitted with fixed effects
for group (intervention vs. control), time (baseline vs.
follow-up), and their interaction. Random intercepts
were specified for participants nested within schools
to account for the clustered and longitudinal structure
of the data. Exploratory moderation analyses by gen-
der (boys, girls) and SES (high and medium categories,
with low-SES cases incorporated into the medium cat-
egory due to low frequency) were conducted, motivated
by prior evidence suggesting differential responses to
ACS interventions [42], by including three-way interac-
tion terms (group x time x moderator). No data imputa-
tion was conducted [43], as baseline measurements were
treated as components of the outcome variables, and all
participants with at least one available assessment were
included in the analysis [41]. Missing values in post-inter-
vention outcomes (both primary and secondary) were
due to study withdrawal prior to completion and were
assumed to be missing at random, given the absence of
significant differences between participants who dropped
out and those who completed the study.

Data were presented as means and differences in the
mean changes with 95% confidence interval as an indica-
tor of variance. The adequacy of the linear mixed-effects
models was assessed by inspecting predicted values and
the distribution of model residuals using graphical pro-
cedures (e.g., Q—Q plots). The following covariates were
included in the models: gender, owning a bike in good
conditions, SES, home-school distance, and wear time
for accelerometry analysis. The estimates were presented
both as raw values and as standardized mean differences
(Cohen’s d). Standardized scores were calculated relative
to the baseline mean and standard deviation. Effect sizes
were interpreted as small (0.2 SD), medium (0.5 SD), and
large (0.8 SD) [44].

Regarding sensitivity analysis, per-protocol analyses
were presented as supplementary material and followed
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the same procedure as the explained above for the inten-
tion-to-treat (ITT) analyses. Briefly, the inclusion criteria
for the per-protocol approach were: (1) to have valid data
in both pre- and post-intervention assessments and (2) to
attend at least 75% of the intervention sessions (interven-
tion group only), corresponding to a minimum of three
out of four sessions.

All analyses were performed using R software version
4.3.1 and RStudio version 2023.09.0 + 463. For inferential
statistics, the level of statistical significance was set at p
< 0.05. Moreover, multiple comparisons for both primary
and secondary outcomes were adjusted using the false
discovery rate approach described by Benjamini & Hoch-
berg [45].

Results

Descriptive data

Descriptive characteristics of the participants at baseline
are presented in Table 1. The total sample included 256
adolescents (53.1% girls) with a mean age of 14.4+0.6
years. Approximately 55% of participants actively com-
muted to school, and 57% reported active commut-
ing from school. The percentage of students owning a
bike in good condition was higher in the intervention
group compared to the control group (55.9% vs. 42.6%).
In both groups, participants lived farther from 3.0 km
from school (3.7+1.1 km and 3.3+4.3 km, respectively).
Overall, participants reported medium scores for per-
ceived barriers to ACS (range: 0—4), BPNS related to ACS
(range: 0-5), and motivation for ACS (range: 0—4), except
for introjected regulation, external regulation, and amo-
tivation, which showed low scores. Moreover, Table 2
presents accelerometer-derived estimates of wear time,
sedentary time, LPA, and MVPA across different time
contexts. Overall, participants spent most of their time
engaged in sedentary behaviors across all time contexts
assessed. Regarding PA levels, both LPA and MVPA were
higher during the total day and on weekdays, but lower
during out of school periods and on weekends.

ITT analysis: primary outcomes

Figure 2 displays the changes in the usual mode of com-
muting (active vs. passive) between baseline and follow-
up within and between groups (intervention vs. control).
No significant within-group changes from baseline to
follow-up nor the group x time interaction terms were
observed (all, p> 0.05).

Changes in ACS-related outcomes over time and
between groups are presented in Table 3. No significant
between-group effects were observed for the frequency
of ACS or for ACS-related psychosocial outcomes,
except for perceived environmental/safety barriers,
which increased in the intervention group compared
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Table 1 Descriptive characteristics of the participants in the
PACO study at baseline
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Table 2 Device-measured sedentary time and PA levels across
total day, weekdays, out-of-school, and weekends at baseline

All Inter- Control
(n=256) vention group
group (n=129)
(n=127)
Age (years) 144+06 143+06 144407
Girls (%) 136 (53.1) 58(45.7) 78(60.5)
Usual mode of commuting
Active commuting to school (%) 141 (55.1) 71 (559) 70 (54.3)
Active commuting from school 146 (57.0) 73(57.5) 73(56.6)
(%)
Weekly frequency of ACS
Walking (ne trips) 56+43 59438 53+46
Cycling (n° trips) 02+13 03x16 02£10
Bike in good condition
Yes 162 (63.3) 71(559) 55(426)
No 93(36.7) 55(54.1) 38(295)
SES
Medium (%) 111 (434) 50(394) 61(473)
High (%) 145 (56.6) 77 (60.6) 38(52.7)
Home-school distance (km) 35+82 37%1.1 33+43
Perceived barriers to ACS
Environmental/safety barriers 1.8+07 18+£06 18£07
(score)
Planning/psychosocial barriers 19+06 18+06 19407
(score)
Basic psychological needs related to ACS
Autonomy (score) 3411 41209  36+£1.1
Competence (score) 41+13  43+1.1 39+14
Relatedness (score) 44409 44+09 44+09
Motivation for ACS
Intrinsic (score) 24+14 25+13 23+14
Integrated (score) 2014 21x13  18%14
|dentified (score) 22+13  22+£13 21+14
Introjected (score) 05+0.7 04+06 05+0.7
External (score) 06+09 05+08 07+09
Amotivation (score) 07+09 06+08 08+09

Results are presented as mean+standard deviation for continuous variables
and as n (%) for categorical outcomes

Basic psychological needs related to ACS ranges from O (lower basic
psychological needs related to ACS) to 5 (higher basic psychological needs
related to ACS); perceived barriers to ACS ranges from1 (lower perception of
barriers to ACS) to 4 (higher perception of barriers to ACS; motivation for ACS
ranges from 0 (lower motivation for ACS) to 4 (higher motivation for ACS), it is
important to note that amotivation’s interpretation is inversely

n Sample size, % Percentage, SES Socioeconomic status, km Kilometer; n°
Number, ACS Active commuting to and from school

with the control group after the intervention (mean dif-
ference=0.22; p=0.041; d =0.26).

ITT analysis: Secondary outcomes

Changes in device-measured sedentary time and PA
are presented in Table 4. No significant group-by-time
interaction effects were found for sedentary time, LPA,
or MVPA across any of the time contexts assessed (all
p>0.05).

All Intervention Control
(n=256) group group
(n=127) (n=129)

Total day

Wear time (min) 7905+1134 7770+1147 8849+110.6

Sedentary time (min) ~ 597.1+£1083 582.8+1099 6125+104.9

LPA (min) 15594478 156.6+584 155.14+473

MVPA (min) 375+225 376+255 373%225
Weekdays

Wear time (min) 8099+1252 7934+1234 827711241

Sedentary time (min) 611541181 591541175 633.1+1153

LPA (min) 158.9+51.1 161.5+£53.1 156.2+49.0

MVPA (min) 3954234 405+239 3844228
Out of school

Wear time (min) 7170+£2242 694.6+2040 741.1+£242.7

Sedentary time (min) ~ 3528+120.6 3348+110.7 372741282

LPA (min) 1445+473 1474+454 14134493

MVPA (min) 3274202 31.9+20.7 335+19.7
Weekends

Wear time (min) 7212+1404 7162+141.0 725541405

Sedentary time (min) ~ 543.7+1358 543741251 543641452

LPA (min) 147.0+55.2 145.6+£54.5 1483 +56.0

MVPA (min) 30.5+305 269+264 335+336

Results are presented as mean + standard deviation

n Sample size, min Minutes, LPA Light physical activity, MVPA Moderate-to-
vigorous physical activity

ITT: moderation analysis

Regarding the moderation analysis, no significant three-
way interaction was observed between allocation group,
time point, and gender (Table S3, Figures S1, S2, and S5),
or between allocation group, time point, and SES (Fig-
ures S3, S4, and S6), for usual mode of commuting to
and from school, frequency of ACS, perceived barriers to
ACS, BPNS related to ACS, motivation for ACS, and all
PA outcomes, except for amotivation. Girls in the inter-
vention group showed greater increases in amotivation
for ACS compared with their counterparts in the control
group (mean difference: 0.54; p =0.018) (Figure S2).

Per-protocol analysis

The per-protocol analysis, which represents the sensitiv-
ity analysis, is presented in the Supplementary Material
(Tables S4-S7, Figures S7-S13). Regarding the attrition
and session attendance (Fig. 1), for the per-protocol anal-
yses of ACS outcomes, participants were excluded due
to insufficient intervention attendance (<75%; interven-
tion group only, 7n=30) or incomplete pre- or post-inter-
vention ACS data (intervention: n=45; control: n=>50).
Similarly, for PA outcomes, exclusions were due to insuf-
ficient session attendance (intervention group only,
n=30) or incomplete accelerometry data at baseline or
post-intervention (intervention: n="72; control: n=123).
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Active commuting to school

Within-group change: Intervention f

Within-group change: Control

Group x Time interaction } \ 4

Active commuting from school

Within-group change: Intervention f

Within-group change: Control f ®

Group x Time interaction f

1
I
1
|
I
I
I
|
!
I
1
I
I
I
|
]
|
I
1
1

® |

Odds Ratio (95% ClI)

Fig. 2 Within- and between-group changes in the usual mode of commuting to and from school from baseline to follow-up. Odds ratios (OR) and 95%
confidence intervals for between-group, within-group, and interaction effects. Reference: passive commuting. Adjusted for: gender, bike in good condi-

tion, SES, and home-school distance

Overall, the results were similar to those obtained in
the intention-to-treat approach, except for the motiva-
tion for ACS, where participants in the intervention
group showed higher external motivation (mean differ-
ence=0.38, p=0.037; d=0.38) and amotivation for ACS
(mean difference=0.45, p=0.030; d=0.39) compared to
the control group after the school-based cycling inter-
vention (Table S6). On the other hand, the moderation
analyses revealed more differences compared to the
ITT analysis. Girls in the intervention group showed an
increase in their perceived environmental/safety barriers
to ACS (mean difference=0.40; p=0.029) and external
motivation (mean difference =0.47; p=0.047) compared
to girls in the control group (Figure S9). Moreover, par-
ticipants in the high-SES group showed an increase
in both perceived environmental/safety (mean differ-
ence=0.47; p=0.010) and planning/psychosocial barriers
to ACS (mean difference=0.40; p=0.028), and in their
amotivation for ACS compared to their peers in the con-
trol group (mean difference = 0.54; p =0.047) (Figure S10).

Discussion

The main findings indicate no differential changes
between groups in the usual mode or in the frequency
of ACS to school from baseline to follow-up. Similarly,
no group-by-time effects were observed for most ACS-
related psychosocial outcomes. However, perceived
environmental/safety barriers to ACS increased in the
intervention group compared with the control group
after the program. Device-measured sedentary time
and PA also did not differ between groups across daily
segments. Moreover, moderation analyses revealed
subgroup-specific responses to the intervention. Girls
allocated to the intervention showed greater increases
in amotivation toward ACS compared with their peers
in the control group. Per-protocol analyses were broadly
consistent with the intention-to-treat findings, although
additional differences emerged, indicating higher exter-
nal motivation and amotivation for ACS in the interven-
tion group. Regarding subgroup patterns, girls reported
higher perceived environmental/safety barriers and
external motivation for ACS, while adolescents from
higher socioeconomic backgrounds showed higher envi-
ronmental/safety and planning/psychosocial barriers, as
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Table 3 Effects of the intervention on weekly frequency of ACS, basic psychological needs related to ACS, perceived barriers to ACS,
and motivational outcomes for ACS from baseline to follow-up

Outcome Intervention group Control group Difference in change from baseline to follow-up Group X time
Mean (95% Cl) Mean (95% Cl) Mean (95% Cl) p-value
(n=127) (n=129) (Intervention minus control)
(Follow-up minus baseline) (Follow-up minus baseline)

Weekly frequency of ACS

Walking trips

Number of trips  0.55 (-0.18 to 1.29) 0.29 (-0.40 t0 0.98) 0.26 (-0.74t0 1.27) 0.264

Cohen'sd 0.05 (-0.20 t0 0.30) 0.03 (-0.22t0 0.27) 0.06 (-0.18t0 0.31)

Cycling trips

Number of trips  -0.02 (-0.27 t0 0.22) 0.07 (-0.15t0 0.30) -0.10 (-0.44 t0 0.23) 0.552

Cohen'sd -0.01 (-0.26 t0 0.23) 0.03 (-0.21t0 0.28) -0.07 (-0.321t0 0.18)

Perceived barriers to ACS

Environmental/safety barriers

Score 0.20 (0.04 to 0.36) -0.02 (-0.17t0 0.12) 0.22 (0.01 to 0.44) 0.041

Cohen’s d 0.25 (0.01 to 0.50) -0.03 (-0.27 t0 0.22) 0.26 (0.01 t0 0.51)

Planning/psychosocial barriers

Score 0.14 (-0.01 t0 0.29) 0.08 (-0.08 t0 0.22) 0.06 (-0.14 t0 0.27) 0.530

Cohen'sd 0.16 (-0.09 to 0.40) 0.09 (-0.16 t0 0.33) 0.07 (-0.18t0 0.31)

Basic psychological needs related to ACS

Autonomy

Score 0.05 (-0.14t0 0.24) 0.12 (0.09 to -0.06) -0.07 (-0.32t0 0.19) 0.602

Cohen'sd 0.04 (-0.20t0 0.29) 0.09 (-0.16 t0 0.33) -0.01 (-0.25 t0 0.24)

Competence

Score -0.10(-0.32 10 0.13) 0.08 (-0.13 t0 0.30) -0.18 (-049t0 0.13) 0.251

Cohen'sd -0.07 (-0.31t00.18) 0.05 (-0.19t0 0.30) -0.18 (-042 10 0.17)

Relatedness

Score -0.16 (-0.35 t0 0.03) -0.11 (-0.29t0 0.07) -0.05 (-0.32t0 0.21) 0.694

Cohen’s d -0.12(-0.37 10 0.13) -0.08 (-0.3210 0.17) -0.05 (-0.29 t0 0.20)

Motivation for ACS

Intrinsic motivation

Score 0.11(-0.15t0 0.38) 0.18 (-0.06 to 0.43) -0.07 (04310 0.29) 0.698

Cohen'sd 0.07 (-0.18t0 0.31) 0.10 (-0.15t0 0.34) -0.05 (-0.29 t0 0.20)

Integrated motivation

Score 0.07 (-0.20t0 0.34) 0.24 (-0.02 t0 0.49) -0.17 (-0.54 t0 0.20) 0.367

Cohen'sd 0.02 (-0.22t0 0.27) 0.07 (-0.17t0 0.32) -0.11 (-0.36 10 0.13)

Identified motivation

Score 0.01 (-0.27 t0 0.26) 0.12 (-0.12t0 0.37) -0.13 (-049t0 0.23) 0.480

Cohen'sd 0.00 (-0.25 t0 0.25) 0.08 (-0.17 t0 0.32) -0.09 (-0.34t0 0.15)

Introjected motivation

Score 0.40 (0.17 to 0.62) 0.28 (0.07 to 0.49) 0.12 (-0.19t0 0.42) 0.459

Cohen's d 0.35(0.11 to 0.60) 0.24 (-0.01 to 0.48) 0.11 (-0.14t0 0.35)

External motivation

Score 0.27 (0.05 to 0.50) 0.11 (-0.10t0 0.32) 0.16 (-0.15t0 0.47) 0312

Cohen'sd 0.24 (-0.01 t0 0.49) 0.08 (-0.16 10 0.33) 0.13(-0.13t0 0.37)

Amotivation

Score 0.38(0.14t0 0.61) 0.05 (-0.18 t0 0.28) 0.33 (-0.01 t0 0.66) 0.050

Cohen's d 0.27 (0.02 to 0.52) 0.03 (-0.21 t0 0.28) 0.24 (-0.01 t0 0.48)

ACS Active commuting to and from school, C/ Confidence interval, n Sample size

All data presented were adjusted for gender, bike in good condition, SES and home-school distance. Bold values indicate significance (p <0.05)
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Table 4 Effects of the intervention on daily device-measured sedentary time and physical activity, during weekdays, out of school,
and during weekends from baseline to follow-up

Outcome Intervention group Control group Difference in change from base- Group
Mean (95% Cl) Mean (95% Cl) line to follow-up X time
(n=127) (n=129) Mean (95% Cl) p-
(Follow-up minus baseline) (Follow-up minus baseline) (Intervention minus control) value
Total day
Sedentary time (min) 12.00 (-2.76 to 26.80) 4.09 (-9.66 t0 17.83) 7.90 (-12.13 t0 28.02) 0437
Cohen'sd 0.07 (-0.18t0 0.33) 0.04 (-0.22 10 0.29) 0.10(0.15 t0 0.35)
LPA (min) -9.11 (-20.6 t0 2.39) -440 (-15.14 t0 6.26) -4.71 (-20.38 t0 10.84) 0.550
Cohen'sd -0.10(-0.35t0 0.16) 0.04 (-0.30t0 0.21) -0.07 (-0.32t0 0.17)
MVPA (min) -049 (-6.58 t0 5.61) -0.21 (-5.84t0 5.42) -0.28 (-8.52t07.97) 0.948
Cohen’s d -0.01 (-0.25t0 0.24) -0.01 (-0.25t0 0.24) -0.01 (-0.25t0 0.24)
Weekdays
Sedentary time (min) 9.92 (-7.24 t0 26.13) 0.28 (-14.58 to 15.17) 9.64 (-12.15t0 31.43) 0.383
Cohen’s d 0.06 (-0.19t0 0.31) 0.00 (-0.25 t0 0.25) 0.11 (-0.14 t0 0.35)
LPA (min) -9.71 (-21.89t0 2.42) -1.02 (-12.32t0 10.21) -8.69 (-25.11 t0 7.76) 0.297
Cohen’s d -0.11 (-0.36t0 0.14) -0.01 (-0.26 t0 0.23) -0.13(-0.381t00.12)
MVPA (min) -0.53 (-7.12 t0 6.06) 0.97 (-5.07 to 7.00) -1.50 (-10.46 to 7.37) 0.739
Cohen’s d -0.01 (-0.25t0 0.24) 0.01 (-0.23 t0 0.26) -0.04 (-0.29 t0 0.20)
Out of school
Sedentary time (min) 1.55(-32.20to 35.31) 2783 (-1.65t057.32) -26.37 (-69.44 to 16.84) 0.231
Cohen’s d 0.00 (-0.24 t0 0.25) 0.12(-0.13t0 0.37) -0.14 (-0.39t0 0.10)
LPA (min) 62.91 (43.60 to 82.22) 48.17 (31.15 t0 65.02) 14.8 (-9.71 t0 39.47) 0.235
Cohen'sd 0.61 (0.35 to 0.86) 0.48 (0.23 t0 0.73) 0.14 (-0.10t0 0.39)
MVPA (min) 7.97 (-4.56 to0 20.50) -149 (-11.97 t0 8.98) 946 (-6.59 to 25.50) 0.246
Cohen'sd 0.10 (-0.14 t0 0.35) -0.02 (-0.27 t0 0.22) 0.14 (-0.10t0 0.39)
Weekend
Sedentary time (min) 1.83 (-24.35t0 28.03) -0.71 (-24.45 to 23.08) 2.55-32.87t0 37.94) 0.887
Cohen'sd 0.01 (-0.23 t0 0.26) -0.01 (-0.25 t0 0.24) 0.02 (-0.23 t0 0.26)
LPA (min) -3.83(-23.81t0 16.17) 2.65 (-15.42 t0 20.77) -6.47 (-33.40t0 20.52) 0.635
Cohen’s d -0.03 (-0.28t0 0.21) 0.02 (-0.22t0 0.27) -0.06 (-0.31t0 0.19)
MVPA (min) 240 (-9.26 to0 14.05) -1.69 (12.13 t0 8.74) 409 (-11.68t0 19.83) 0.607
Cohen’s d 0.04 (-0.21 t0 0.28) -0.03 (-0.27t0 0.22) 0.06 (-0.18t0 0.31)

Cl Confidence interval, LPA Light physical activity, MVPA Moderate-to-vigorous physical activity, min Minutes, n Sample size

All data presented were adjusted for gender, bike in good condition, SES, home-school distance, and wear time in each examined context (i.e., total wear time,
weekdays wear time, out of school wear time, and weekends wear time). Bold values indicate significance (p <0.05)

well as higher amotivation, compared with their peers
in the control group. Thus, these findings suggest that
the intervention influenced how adolescents perceived
cycling and commuting, even in the absence of behav-
ioral change.

No intervention effect on the mode of commuting or
on the frequency of ACS was detected, which is consis-
tent with other school-based cycling programs [46, 47].
However, other studies have reported meaningful shifts
when family engagement was incorporated, a component
not feasible in the present study, suggesting that parental
support can catalyze behavior change [48—50]. Yet evi-
dence remains mixed, as other trials have found no effect
even with parental involvement [20, 51]. Another factor
that may explain the lack of change in the current study
in the mode of commuting is the relatively long distance
to school, with participants living on average more than
three kilometers away. Distance is widely recognized as

the main barrier to ACS [52]. Although this exceeds the
commonly suggested walking threshold for adolescents
(~ 1.3 km) [53], it remains below the cycling threshold
reported in the only Spanish study to date (= 5 km) [54].
Beyond these structural constraints (e.g., limited family
engagement and relatively long home-school distance),
the psychosocial findings provide a plausible explanatory
pathway for the lack of behavior change in the present
intervention.

The school-based cycling intervention was associated
with a significant increase in perceived environmental/
safety barriers, suggesting a meaningful shift in how ado-
lescents understand the influence of the environment
and safety of cycling to school. A plausible explanation
is that many participants cycled in urban traffic for the
first time and became more attuned to challenges such
as intersections, roundabouts, and sharing lanes with
motor vehicles. Rather than being a mere side effect of
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the program’s short duration, this increase in perceived
barriers may help explain the null behavioral effects.
Heightened hazard salience and perceived constraints
could have reduced the perceived feasibility and attrac-
tiveness of cycling for commuting to school, thereby
counteracting uptake. These findings suggest that the
intervention primarily influenced how adolescents per-
ceived cycling, by increasing awareness of risks and prac-
tical challenges, rather than changing their actual mode
of commuting to school. This interpretation is further
supported by the fact that nearly half of the students
did not even have a bicycle in good condition, suggest-
ing limited regular cycling experience and reinforcing the
distinction between cycling skills practiced in controlled
settings and cycling in real-world traffic conditions. This
aligns with students’ opinions from the pilot feasibility
study, in which the urban circuit session was the one they
liked the most, although cycling through the roundabout
was reported as difficult [55]. Furthermore, as it was not
a regular behavior for them, novelty should be acting as
a boost to the autonomous motivation of adolescents.
Moreover, BPNS related to ACS and motivation for ACS
showed no between-group differences. The current inter-
vention was too short to derive in any positive change;
however, it was the most feasible duration for Physical
Education teachers. Other trials have similarly found
minimal impact on motivational correlates of ACS when
using brief educational approaches [56, 57]. By contrast,
longer interventions, such as supervised “bike-bus” pro-
grams where adults regularly guided students cycling
to school, have achieved improvements in psychosocial
outcomes [58]. Such multi-faceted, high-support strate-
gies appear more effective than curriculum-only inter-
ventions [18], which may help explain why the present
low-dose program did not produce significant changes in
commuting outcomes. Thus, future interventions should
combine longer cycling skills training with gender-
responsive and context-tailored strategies (e.g., auton-
omy-supportive delivery, family/school engagement, and
route-safety measures) to address group-specific barriers.

From a practical view, beyond family involvement, peer
influence may represent an important yet underexplored
pathway for promoting ACS during adolescence. Obser-
vational evidence suggests that friends’ behaviors and
social support are associated with ACS and that transport
choices cluster within friendship networks, particularly
for cycling [59, 60]. Moreover, peer-led school programs
have shown that adolescents can successfully deliver
activity-related interventions within the school context,
supporting the feasibility of peer-based delivery strate-
gies [61]. For cycling-specific initiatives, group-based
approaches such as “bicycle trains” (i.e., cycling with oth-
ers under supervision) have increased cycling-to-school
in experimental studies, suggesting that structured group

(2026) 23:29 Page 10 of 14

rides may strengthen social support and norms around
active transport [25]. In future school cycling programs,
parental involvement could be incorporated through
brief, low-burden components (e.g., informational ses-
sions, safety reassurance, coordinated permissions,
and route planning) to address safety concerns without
undermining adolescents’ autonomy. Regarding gender,
prior research consistently shows lower cycling-related
engagement among girls [42, 62]. Evidence from school-
based ACS interventions also suggests that effects may
differ by gender, with some programs reporting more
favorable cycling changes among boys than girls [42].
Our findings (greater increases in perceived barriers and
amotivation among girls and higher-SES students), this
supports the need for gender-responsive, rather than
fully gender-segregated, strategies that explicitly address
safety perceptions, social norms, and autonomy-support-
ive delivery [63]. From a policy perspective, our results
reinforce that school-based cycling programs may be
insufficient unless embedded in broader initiatives con-
sidering built environmental factors (e.g., safer school
routes, traffic calming) and multisectoral collaborations
and cross-sector coordination between schools, munici-
palities, and families) [64].

The per-protocol analyses were consistent with ITT
findings. However, additional differences emerged after
the intervention, with increases in external motivation
in the intervention group compared to the control group.
These findings could be explained by the limited dura-
tion of the program, which was likely insufficient to foster
more self-determined forms of motivation, such as iden-
tified or intrinsic regulation [65, 66]. Evidence indicates
that longer, more comprehensive, and need-supportive
interventions, often involving family or peers, are more
effective at enhancing autonomous motivation, whereas
short, skills-focused curricula tend to yield modest or
null behavior change unless accompanied by stronger
and sustained support [65, 66]. The intervention also
increased participants’ amotivation toward ACS. While
participants acquired cycling skills and different knowl-
edges on cycling safety, traffic rules and equipment
checks, the challenges of riding in real urban traffic may
have heightened perceptions of difficulty and risk. Prior
research shows that when perceived barriers are salient
and not fully addressed, adolescents may feel less capable
or view the behavior as beyond their control, which is a
known antecedent of amotivation [23].

In moderation analyses by sex, girls allocated to the
intervention exhibited an increase in amotivation toward
ACS compared to their peers in the control group. Fur-
thermore, in the per-protocol moderation analyses, girls
in the intervention group reported higher perceived envi-
ronmental/safety barriers and higher external regulation
compared with girls in the control group. These results
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could be explained by the fact that girls perceive multi-
factorial barriers, including traffic exposure, intersections
and roundabouts, appearance, and peer norms, which
may reinforce the perception that cycling is effortful or
unsafe, thereby increasing amotivation [67, 68]. This
greater sensitivity to safety and environmental concerns
may also reflect broader gendered social and cultural
factors that shape perceived safety and the social accept-
ability of cycling and independent mobility during ado-
lescence. Evidence from observational research shows
that cycling (vs. walking) is often perceived as less safe
and receives less parental/peer encouragement, which
may disproportionately affect girls’ willingness to cycle
to school [69, 70]. Skills-focused programs can increase
hazard salience in real-world cycling (e.g., intersections,
roundabouts, and sharing carriageways), especially for
girls, who typically report greater safety concerns and
lower perceived cycling competence [71-73]. Further-
more, the per-protocol analyses showed that adoles-
cents with high SES in the intervention group reported
higher perceived environmental/safety and planning/
psychosocial barriers, as well as higher amotivation,
than their peers in the control group. In higher-affluence
settings, easy access to motorized transport and conve-
nience norms can reinforce the perception that cycling
is unnecessary or effortful once risks become more vis-
ible [74]. This interpretation is consistent with Spanish
evidence showing that higher socioeconomic indicators
are inversely associated with ACS in adolescents, likely
reflecting higher motorized access and convenience-
oriented routines [62]. In addition, adolescents’ mobil-
ity aspirations may be shaped by car-oriented norms in
more affluent contexts, which can further reduce the per-
ceived utility of cycling for school travel when constraints
are salient [75]. These patterns suggest that the pro-
gram may have heightened awareness of traffic risks and
shifted the motivational climate toward more controlled
forms without parallel improvements in contextual con-
ditions (e.g., safer routes, traffic calming, or parental and
school-level support) [22, 46]. These findings suggest that
brief, skills-based cycling programs with sessions deliv-
ered in real-traffic contexts may increase adolescents’
awareness of environmental/safety and planning/psycho-
social constraints, without being sufficient to internal-
ize and develop the skills needed to overcome perceived
risks. This may help explain the observed increases in
perceived barriers, external regulation, and amotivation,
among the intervention group, particularly among girls
and adolescents attending higher-SES schools, and indi-
cates that future interventions should combine cycling
skills training with gender-responsive and context-tai-
lored strategies (e.g., autonomy-supportive delivery, fam-
ily/school engagement, and route-safety measures) to
address group-specific barriers.
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Finally, the cycling intervention did not produce
detectable changes in either ITT or per-protocol analyses
for device-measured sedentary time or PA, which aligns
with previous interventions promoting ACS [21, 28].
From a behavioral perspective, this finding is coherent
with the absence of change in the mode of commuting to
school, as short-term educational or skills-based inter-
ventions are unlikely to modify total daily activity unless
they result in sustained changes in habitual commuting
behavior [17]. Future studies focusing on assessing ACS-
related PA should consider combining accelerometry
with Global Positioning System (GPS) data to more pre-
cisely capture activity changes occurring during ACS and
in adjacent time periods beyond the school context, and
to better isolate intervention-related effects on domain-
specific PA [76].

The current study is not without limitations. The usual
mode and the frequency of walking and cycling trips
were assessed only during the commuting to and from
school, leaving unknown whether the intervention influ-
enced other trip contexts (e.g., visiting friends or travel-
ing to recreational areas). Follow-up was limited to the
immediate post-intervention window, which may not
capture longer-term effects. The Bikeability program was
delivered in only four lessons, limiting opportunities to
practice cycling in real urban traffic. Another limitation
relates to adherence, as reflected in the drop-out between
the ITT and per-protocol analyses. This loss was mainly
due to COVID-19, which prevented post-test data collec-
tion for some participants with respect to accelerometry.
Nevertheless, the absence of effects in both approaches
suggests that the intervention’s limitations (e.g., short
duration, lack of parental involvement) were fundamen-
tal rather than merely a dilution caused by non-compli-
ers. Although accelerometry provided objective estimates
across daily segments, the absence of concurrent GPS
meant that activity could not be attributed specifically to
commuting, so any commute-related increase may have
been overlooked. In addition, even though no changes
were observed in the number of cycling trips from pre-
to post-intervention, it is important to acknowledge
the limitations of accelerometers in capturing PA dur-
ing cycling [77]. Finally, qualitative methods (e.g., focus
groups) were not used, which could have provided valu-
able insights into feasibility, acceptability, perceived bar-
riers, and helped explain the ACS-related psychosocial
outcomes.

Conclusions

The present study provides important lessons for
the design of future school-based cycling initiatives.
Although the PACO school-based cycling interven-
tion did not produce significant changes in the mode
or weekly frequency of ACS, ACS-related psychosocial
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outcomes, or device-measured sedentary time and PA, it
yielded meaningful insights into why behavior change did
not occur. Specifically, the intervention was associated
with higher perceived environmental/safety barriers and
greater amotivation for ACS, particularly among girls.
Moreover, in the per-protocol analysis, participants who
adhered to the intervention showed increases in exter-
nal regulation and amotivation, with effects especially
pronounced among girls and adolescents from higher
socioeconomic backgrounds, who also reported greater
perceived planning/psychosocial barriers post-interven-
tion. These findings suggest that cycling education and
skills training delivered in isolation may be insufficient,
and, in some contexts, may even heighten perceived con-
straints, if not accompanied by supportive built environ-
mental and social conditions. Future cycling initiatives
should combine sustained skills training with improve-
ments in the built environment, such as safe routes, pro-
tected infrastructure, and supervision (e.g., protected
links, safer crossings, secure bike parking), alongside
parental engagement and clear school arrival and parking
procedures. Delivering such programs in an autonomy-
supportive manner may strengthen adolescents’ percep-
tions of safety, confidence, and willingness to cycle.
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