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Abstract
Active commuting offers health, social, and environmental benefits, yet remains 
uncommon in university settings. This study evaluated the effects of a three-month 
bicycle promotion intervention using a mobile app and gamified elements on bicycle 
commuting behavior and physical activity levels among university students and 
staff. A quasi-experimental pre–post design with self-selection into groups was 
applied, including an experimental group (n = 27) that participated in the app-based 
intervention, and a control group (n = 25). Both groups completed pre- and post-
intervention questionnaires on commuting behavior and physical activity levels. 
Results showed a significant increase in bicycle commuting within the experimental 
group (55.6% to 77.8%; p = .031) and in vigorous physical activity (p = .015), with no 
meaningful changes in the control group. However, no clear improvements were found 
in overall physical activity levels, and baseline differences between groups limit causal 
interpretations. These findings suggest that gamified interventions may represent a 
promising strategy for promoting sustainable mobility in university settings, although 
their impact on overall physical activity is modest and may depend on contextual 
and environmental factors.
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Introduction
Promoting active commuting has garnered increasing 

attention as a strategy to address multiple global challenges, 

including physical inactivity, environmental degradation, and 

urban congestion (United Nations, 2021). Active commuting, 

primarily through walking or cycling, refers to commuting 

to work, school, or other destinations using non-motorized 

modes of transportation (Ogilvie et al., 2012). It has been 

associated with higher physical activity levels (PALs) and 

improved fitness (Henriques-Neto et al., 2020), which largely 

explain its related health benefits (Laeremans et al., 2017). 

Studies link active commuting with reduced mortality, 

lower incidence of cardiovascular disease, cancer, type 2 

diabetes, overweight, and obesity (Dinu et al., 2019). Bicycle 

commuting is also associated with perceived health, well-

being, fitness, and productivity (Henriques-Neto et al., 2020). 

Beyond individual benefits, it contributes to societal goals 

such as reducing pollution and greenhouse gas emissions, 

aligning with Sustainable Development Goals (SDGs) 3, 

4, 11, and 13 (United Nations, 2015).

Despite its advantages, bicycle commuting remains 

uncommon: in Spain, only 3.5% commute daily by bicycle 

(GESOP, 2019), with car and public transport dominating 

university settings (Barranco-Ruiz et al., 2019; Chillón 

et al., 2016). Promoting cycling requires understanding 

determinants that vary across populations and contexts 

(Rowe et al., 2013), including personal, social, cultural, 

and environmental factors (Hermida et al., 2024; Ruiz-

Hermosa et al., 2021). The COVID-19 pandemic also 

reshaped commuting habits (Buehler & Pucher, 2021). 

The effectiveness of bicycle promotion interventions 

depends not only on individual motivation but also on 

supportive infrastructure and institutional conditions. In 

this context, app-based strategies may be more effective 

when cycling is safe, feasible, and locally supported 

(Roaf et al., 2024).

Universities can act as agents of behavioral and 

environmental change by embedding sustainability into 

their operations and promoting active commuting through 

programs, biking schemes, apps, and sharing initiatives 

(Bopp et al., 2018; Molina-García et al., 2015). Yet, such 

measures often lack systematic evaluation. Incorporating 

Behavior Change Techniques (BCTs) can enhance their 

effectiveness (Michie et al., 2015). In bicycle promotion, 

effective BCTs include behavior monitoring, environmental 

restructuring, and infrastructure improvements (Doğru et 

al., 2021). Many of these techniques are incorporated in 

gamified interventions (Cugelman, 2013; Deterding et 

al., 2011), which use elements such as goals, challenges, 

rewards, leaderboards, and feedback (Wang et al., 2022; Xu 

et al., 2022). Evidence supports the use of gamification to 

promote active commuting and increase PALs (Laeremans 

et al., 2017; Mildestvedt et al., 2020; Xu et al., 2022).

Several universities have implemented common 

gamification elements in their mobility initiatives to promote 

sustainable transport, such as the “European University 

Tournament on Sustainable Mobility” (U-MOB, 2019) 

or the “TrafficO2” project (Di Dio et al., 2018), although 

evidence regarding their effectiveness remains limited. In 

Spain, several universities have used the Ciclogreen app 

to promote sustainable commuting behaviors. Launched 

in 2014 and awarded the Gold Medal for Sustainable 

Mobility by the Spanish Ministry of the Agriculture an 

Fisheries, Food and Environment in 2017, the app aims 

to promote sustainable commuting (by bicycle, walking, 

public transport, carpooling, or electric scooter) through 

a system that converts kilometers travelled into points to 

achieve challenges and rewards, using both web and mobile 

technology. According to the Ciclogreen official website 

(http://ciclogreen.com) more than 50 organizations, including 

numerous Spanish universities, have used the app to promote 

sustainable commuting and reduce their carbon footprint, 

although no peer-reviewed studies have been identified to 

date. Based on this background and the identified research 

gaps, the present study aimed to evaluate the effects of a 

three-month bicycle promotion intervention using a mobile 

app and gamified elements on bicycle commuting behavior 

and PALs among university students and staff, as well as 

to assess participants’ perceptions and engagement with 

the intervention.

http://www.revista-apunts.com
http://ciclogreen.com
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Materials and Methods

Study Design
This quasi-experimental study with self-selection bias was 

conducted within a broader initiative to promote active 

transportation, implemented by the Healthy and Sustainable 

University Office at the University of the Balearic Islands 

during the 2020–2021 academic year. The initiative included 

two main phases: (1) a diagnostic assessment of commuting 

patterns and determinants of bicycle use (Martín-López 

et al., 2025), and (2) the design, implementation, and 

evaluation of a three-month intervention using a mobile 

app and gamified elements. A two-group pre-post design 

was applied. Participants were not randomly assigned 

but instead selected their preferred group, resulting in 

a self-selection process. The experimental group (EG, 

n = 27) used the app and completed online questionnaires 

before and after the intervention, whereas the control group 

(CG, n = 25) completed the same questionnaires without 

receiving the intervention. This allocation procedure reflects 

the ecological and voluntary nature of the intervention but 

introduces potential baseline differences between groups 

and limits the ability to draw causal inferences from the 

observed effects.

Study Settings and Sample
The study was conducted on the main campus of a public 

university located in a peri-urban area, approximately 7–8 

km from the city center. The campus is accessible by public 

transportation (bus, train, metro), private vehicles, and 

personal bicycles, with a dedicated bike lane connecting 

it to the city. Parking facilities and changing rooms are 

available, although at the time of the study there was no 

municipal bicycle-sharing station or bicycle loan service 

on campus.

The university community included approximately 

13,500 students, 1,000 academic staff, and 600 

administrative and service personnel. A total of 52 volunteers 

were recruited by convenience sampling. Upon signing 

informed consent, participants indicated their preference 

to join either the experimental group (EG, n = 27), which 

involved the use of the app, or the control group (CG, 

n = 25), which did not. The EG comprised 44.4% women 

and 55.6% men, with a mean age of 31.0 ± 9.2 years; 

37.0% were students (n = 10) and 63.0% were staff (n = 11 

professors, n = 6 administrative and service personnel). The 

CG comprised 64.0% women and 36.0% men, with a mean 

age of 30.1 ± 10.9 years; 42.3% were students (n = 12) and 

57.7% were staff (n = 4 professors, n = 9 administrative 

and service personnel). Given the small subgroup sizes, 

professors and administrative personnel were analyzed 

together as staff. The study protocol was approved by the 

Research Ethics Committee of the University of the Balearic 

Islands (Approval Code: 172CER20; February 11, 2021). 

Participation was voluntary and based on informed consent.

Instruments and Measures
Data were collected at baseline (February–March 2021) 

and post-intervention (June 2021) through: (1) an online 

questionnaire, and (2) the Ciclogreen app (EG only).

Online questionnaire 
At baseline, all participants completed an ad hoc self-

administered questionnaire (Google Forms, 15–20 min), 

including validated instruments and adapted items tailored 

to the university context. It comprised the following 

sections: 

•	 �Sociodemographic: gender, age, university role, 

residence, car and bicycle ownership, and self-rated 

health status.

•	 �Commuting behavior: regular and university-specific 

travel patterns, assessed using the validated Modes 

of Commuting to University Questionnaire (MODU; 

Palma-Leal et al., 2020). 

•	 �Purpose of bicycle use: categorized as non-cyclists, 

commuters, leisure cyclists, or competitive cyclists 

(Rowe et al., 2013).

•	 �Frequency of bicycle use: almost daily, 3–4 times per 

week, 1–2 times per week, weekends only, occasionally, 

or not at all.

•	 �Intention to commute by bicycle: both general and 

university-specific.

•	 �Physical activity levels (PALs): measured using the 

International Physical Activity Questionnaire-Short 

Form (IPAQ-SF; Cancela et al., 2019). 

http://www.revista-apunts.com
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Ciclogreen app 
For this intervention, a three-month license of the Ciclogreen 

app was acquired and customized with the university’s 

visual identity and a distinctive program icon (Figure 1). EG 

participants downloaded the app using a unique password 

provided by the research team and accessed both the mobile 

and web interfaces. The intervention incorporated five 

BCTs aligned with gamification elements:

•	 �Goal setting. Participants committed to the primary 

goal of increasing bicycle use for commuting and other 

daily trips, using conventional or electric bicycles. 

•	 �Graded challenges. Three monthly distance goals: 

80 km (March), 120 km (April), 140 km (May), 

accumulated and distributed according to personal 

circumstances.

•	 �Rewards and reinforcement. Challenge completers 

entered a €50 prize draw; those completing all 

challenges received an extra prize and a cycling kit. 

Rewards were both extrinsic and intrinsic (achievement, 

enjoyment).

•	 �Social comparison. Real-time rankings by subgroup 

(students, administrative staff, academic staff).

•	 �Performance feedback. Immediate trip data (e.g., 

distance, time, calories, CO2 saved). Only distance 

was analyzed to verify challenge completion.

Procedure
Recruitment was carried out through a university-wide 

communication campaign (newsletters, websites, social 

media, and in-person channels), supported by a coherent 

visual identity. Recruitment strategies included an 

information booth alongside a bicycle exhibit, a raffle 

for a folding bicycle, and brief in-class presentations (20 

min) delivered by several faculty members to encourage 

voluntary participation. Enrolment was completed via 

an online form, with participants providing informed 

consent. Both groups completed the baseline questionnaire 

(February–March 2021) and post-intervention questionnaire 

(June 2021). The EG used the Ciclogreen app for three 

months and received weekly emails containing information 

on the health and environmental benefits of cycling, 

recognition of challenge completion, and announcements 

of prize draw winners. The CG received no intervention 

during this period (Figure 1).

Quasi-experimental study

Participant recruitment

Diagnostic analysis: baseline questionnaire

Intervention study (n = 52)

Follow-up questionnaire (n = 52)

EG (n = 27) CG (n = 25)

No interventionChallenges;  
Month 1: ≥ 80km  
Month 2: ≥120km  
Month 3: ≥140km

Figure 1
Flow diagram of the quasi-experimental design

Statistical Analyses 
Data were analyzed using IBM SPSS Statistics, version 

29.0.1.0 (171). Descriptive statistics were used to 

summarize participant characteristics and study variables, 

with frequencies and percentages for categorical data and 

means, and standard deviations (SD) for continuous data. 

Normality of continuous variables was assessed using the 

Shapiro–Wilk test. Given that most continuous variables 

were not normally distributed, non-parametric tests were 

applied. Between-group differences at baseline were 

analyzed using chi-square tests for categorical variables 

and Mann–Whitney U tests for continuous variables. Several 

http://www.revista-apunts.com
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variables originally collected as multi-category or ordinal 

items were recoded to facilitate analysis and interpretation. 

Specifically, commuting modes were classified as active 

(walking, cycling) or passive (car, motorcycle, public transport, 

scooter, or mixed passive modes), bicycle use purpose was 

dichotomized into bicycle commuters (commuters) and 

non-bicycle commuters (non-users, leisure and competitive 

cyclists), and frequency of bicycle usage was recoded into 

two categories: high frequency (≥3 times/week) and low or 

no usage (<3 times/week), based on previously established 

thresholds (e.g., Ek et al., 2020). To assess within-group 

changes from pre- to post-intervention, McNemar tests were 

used for paired categorical variables, and Wilcoxon signed-

rank tests were used for paired continuous variables. Given 

the small sample size, baseline differences between groups, 

and the self-selection of participants into the experimental 

and control groups, the analysis primarily focused on within-

group comparisons. This approach was considered more 

appropriate to explore changes over time within each group 

while minimizing bias derived from non-equivalent baseline 

characteristics. Effect sizes were calculated for continuous 

variables using Cohen’s d, interpreted as small (d ≥ 0.2), 

medium (d ≥ 0.5), and large (d ≥ 0.8). Additionally, absolute 

changes (Δ) from baseline to follow-up were reported for 

each outcome. A post hoc power analysis was conducted 

using G*Power (Faul et al., 2007), targeting 80% power 

at an alpha level of .05, to determine the minimum sample 

size required to detect the observed effect sizes. Statistical 

significance was set at p < .05.

Results

Sample Characteristics and Baseline 
Comparisons
Table 1 summarizes baseline characteristics of participants. 

No significant differences were observed between groups 

in age, gender, university role, residential environment, car 

ownership, self-rated health, or PALs (p > .05). By contrast, 

the EG showed significantly higher bicycle ownership 

(96.3% vs. 72%; p = .01) and greater engagement in active 

commuting modes (81.5% vs. 40%; p = .002). Bicycle 

commuting was also more prevalent in the EG (55.6% vs. 

8%; p < .001), with higher frequency across all commuting 

categories (p < .001). These differences reflect baseline 

imbalances due to the non-randomized allocation and 

participants’ self-selection into groups.

Table 1 
Baseline characteristics of participants in the experimental group (EG) and control group (CG) 

Variables Total (n = 52) EG (n = 27) CG (n = 25) p

Gender % (n)

Male 46.2% (24) 55.6% (15) 36% (9) .16

Female 53.8% (28) 44.4% (12) 64% (16)

Age (x̄̄ ± SD) 30.6 ±  9.94 31.04 ±  9.20 30.12 ±  10.85 .57

Role % (n)

Students 42.3% (22) 37% (10) 48% (12) .42

Staff 57.7% (30) 63% (17) 52% (13)

Residential setting

Rural 9.6% (5) 3.7% (1) 16% (4) .13

Urban 90.4% (47) 93.3% (26) 84% (21)

Car ownership % (n)

Yes 80.8% (42) 77.8% (21) 84% (21) .57

No 19.2% (10) 22.2% (6) 16% (4)

Note. x̄ = mean; SD = standard deviation; EG = experimental group; CG = control group; METs = metabolic equivalents of task. 
Statistical analyses were performed using the chi-square for categorical variables and the Mann–Whitney U test for continuous 
variables. Statistical significance was set at: p < .05 (*), p < .01 (**) and p < .001 (***).

http://www.revista-apunts.com
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Intervention Effects
Table 2 presents the pre- and post-intervention outcomes. 

In the EG, the proportion commuting by bicycle increased 

significantly (from 55.6% to 77.8%; p = .031), with positive 

but non-significant trends for active commuting to the 

university and frequent cycling (≥3/week). Intentions to 

cycle remained stable in the EG but rose slightly in the CG, 

though without statistical significance.

For PALs, total METs, and sedentary time declined 

slightly in both groups. A significant increase in vigorous 

PA was observed in the EG (p = .015, d = 0.41), while 

moderate PA increased in the CG (p = .018, d = 0.55). 

Walking decreased substantially in both groups (EG: 

d = –1.00; CG: d = –0.93). Sedentary time fell significantly 

in the CG (–0.9 h/day, p = .025) but showed no meaningful 

change in the EG.

Table 1 
Baseline characteristics of participants in the experimental group (EG) and control group (CG) 

Variables Total (n = 52) EG (n = 27) CG (n = 25) p

Bicycle ownership % (n)

Yes 84.6% (44) 96.3% (26) 72% (18) .01**

No 15.4% (8) 3.7% (1) 28% (7)

Self-rated health % (n)

Excellent 28.8% (15) 37% (10) 20% (5) .38

Good 61.5% (32) 55.6% (15) 68% (17)

Fair 9.6% (5) 7.4% (2) 12% (3)

PALs  (METs) (x̄̄ ̄ ± SD)

Total 4786.3 ± 3036.5 5224.2 ± 3767.2 4313.5 ± 1941.7 .72

Vigorous 1438.5 ± 1380.6 1484.4 ± 1610.0 1388.8 ± 1112.3 .93

Moderate 790.4 ± 863.3 1039.3 ± 1074.3 521.6 ± 434.1 .06

Walking 2557.5 ± 1590.2 2700.5 ± 1853.9 2403.1 ± 1265.8 .81

Sedentary behavior (hours) (x̄̄ ̄ ± SD) 8.2 ± 3.1 8.3 ± 3.8 8.2 ± 2.2 .98

Regular mode of commuting

Active 61.5% (32) 81.5% (22) 40% (10) .002**

Passive 38.5% (20) 18.5% (5) 60% (15)

Mode of commuting to university

Active 25% (13) 44.4% (12) 4% (1) <.001***

Passive 75% (39) 55.6% (15) 96% (24)

Purpose of bicycle use

Non-users 28.8% (15) 3.7% (1) 56% (14) <.001***

Commuters 32.7% (17) 55.6% (15) 8% (2)

Sport 17.3% (9) 25.9% (7) 8% (2)

Leisure 21.2% (11) 14.8% (4) 28% (7)

Frequency of bicycle use

Almost or every day 13.5% (7) 22.2% (6) 4% (1) <.001***

3–4/week 23.1% (12) 37% (10) 8% (2)

1–2/week 9.6% (5) 14.8% (4) 4% (1)

On weekends 9.6% (5) 11.1% (3) 8% (2)

Once a month 15.4% (8) 11.1% (3) 20% (5)

Non-users 28.8% (15) 3.7% (1) 56% (14)

Note. x̄ = mean; SD = standard deviation; EG = experimental group; CG = control group; METs = metabolic equivalents of task. 
Statistical analyses were performed using the chi-square for categorical variables and the Mann–Whitney U test for continuous 
variables. Statistical significance was set at: p < .05 (*), p < .01 (**) and p < .001 (***).

(Continued)
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Post hoc Power Analysis
A post hoc analysis indicated that a minimum of 117 

participants would have been required to detect the observed 

effect size for bicycle use (OR = 0.36) with 80% power 

(α = .05).

Discussion
This study aimed to evaluate the effects of a three-month 

bicycle commuting promotion intervention using a mobile 

app and gamified elements on bicycle commuting behavior 

and PALs among university students and staff. While the 

intervention was associated with positive trends in bicycle 

commuting within the EG, the overall effects were modest 

and should be interpreted cautiously. The absence of between-

group analyses, together with baseline differences and the 

self-selection of participants, limits the extent to which these 

changes can be attributed to the intervention.

Baseline findings showed a low prevalence of bicycle 

commuting, consistent with previous studies in university 

settings (Barranco-Ruiz et al., 2019; Chillón et al., 2016). 

The intervention produced modest changes in commuting and 

no significant overall effects on PALs, but provides insights 

into the challenges and potential of gamified approaches in 

higher education.

Effects on Commuting Behavior
The intervention promoted positive trends in bicycle 

commuting, particularly among participants who actively 

engaged with the program. Although no statistically 

significant within-group changes were detected, these 

results are consistent with other university-based gamified 

interventions, which reported small improvements even 

without environmental changes (Di Dio et al., 2018; U-MOB, 

2019). Structural barriers —such as campus location, distance 

from residences, terrain, or limited cycling infrastructure— 

likely constrained behavior change (Piatkowski et al., 

2015). Many participants lived beyond a feasible cycling 

radius, limiting adherence regardless of motivation.  

Table 2 
Pre- and post-intervention outcomes for the experimental group (EG) and control group (CG)

Variables G Pre (x̄̄ ± SD/%) Post (x̄ ± SD/%) Δ Within-group (p) Cohen’s d

Bicycle commuting (yes)
EG 55.6% 77.8% +22.2 .031* —

CG 8% 24.0% +16.0 .22 —

Frequency bicycle usage  
(≥ 3/week)

EG 59.26% 70.37% +11.1 .25 —

CG 12% 16% +4 1.0 —

Mode of commuting to university 
(active)

EG 44.4% 59.3% +14.9 .55 —

CG 4% 8.3% +4.3 .16 —

Intention to use bicycle for  
commuting (yes)

EG 96.3% 96.3% 0.0 1.0 —

CG 48% 56% +8 .73 —

Intention to use bicycle  
to university (yes)

EG 85.19% 74.07% -11.1 .45 —

CG 20% 40% +20 .18 —

Total PALs (METs)
EG 5224.2 ± 3767.2 4893.3 ± 4614.2 -330.9 .19 -.3

CG 4313.5 ± 1941.7 3877.4 ± 3150.5 -436.1 .078 -.17

VPA (METs)
EG 1484.4 ± 1610.0 2635.3 ± 3589.9 +1150.9 .015* .41

CG 1388.8 ± 1112.3 1617.6 ± 2154.2 +228.8 .962 .13

Moderate PA (METs) 
EG 1039.3 ± 1074.4 1108.1 ± 856.4 +68.8 .78 .07

CG 521.6 ± 434.0 968.8 ± 1057.6 +447.2 .018* .55

Walking (METs)
EG 2700.5 ± 1853.9 1149.9 ± 1165.1 -1550.6 <.001*** -1.00

CG 2403.1 ± 1265.8 1291.0 ± 1112.6 -1112.1 <.001*** -.93

Sedentary time (hours/day)
EG 8.31 ± 3.84 7.78 ± 1.87 -0.53 .98 -.17

CG 8.16 ± 2.16 7.26 ± 4.04 -0.9 .025* -.28

Note. G = group; EG = experimental group; CG = control group; SD = standard deviation; PALs = physical activity levels; 
VPA = vigorous physical activity; p-values refer to within-group comparisons (Wilcoxon or McNemar tests, as appropriate); 
Δ = absolute change from pre- to post-intervention; “—” indicates not applicable or not calculated (no statistical test conducted  
due to polytomous variables or low cell frequency). Statistical significance was set at:  p < .05 (*), p < .01 (**) and p < .001 (***).
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Thus, environmental factors should be taken into account 

when planning strategies to promote active mobility. 

Our findings also point to ceiling effects, as the EG already 

exhibited higher baseline bicycle use. When participants are 

already predisposed, further increases are harder to achieve. 

This pattern has been described in other interventions using 

gamified or reward-based approaches (Bopp et al., 2018). 

Future interventions may benefit from tailoring digital 

strategies to address individual barriers and motivational 

profiles rather than relying only on general gamified elements.

Intention to bicycle commute was already high in the EG, 

leaving little scope for change. According to the Theory of 

Planned Behavior (Ajzen, 1991), intention is a key predictor 

of behavior, but practical barriers —distance, heavy materials, 

or concerns about appearance— may prevent the translation 

of intention into action. This may explain why intention to 

cycle to university was lower than general cycling intention, a 

discrepancy also noted in earlier studies (Milkovic & Štambuk, 

2015). Broadening gamified challenges beyond commuting 

to include daily errands may help engage those for whom 

university travel by bicycle is impractical.

Finally, although this study recorded self-reported 

bicycle use purpose, the app did not differentiate trip types. 

Given that some participants may have cycled primarily 

to accumulate kilometers for rewards, future work should 

consider tracking purpose to improve data interpretability 

and optimize motivational strategies. 

Effects on Physical Activity Levels
The intervention did not lead to an overall increase in PALs. 

Although VPA increased significantly in the EG, this was 

offset by a marked reduction in walking-related METs in 

both groups, resulting in a net decline in total PALs. This 

paradoxical pattern may be partially explained by a substitution 

effect, whereby participants replaced longer habitual walking 

commutes with shorter bicycle trips. This finding is consistent 

with previous research suggesting that increases in one form 

of active transport do not necessarily translate into higher 

overall physical activity levels, particularly when one active 

behavior displaces another (Mildestvedt et al., 2020; Xu et al., 

2022). In the present study, cycling may have partially replaced 

longer walking commutes or other low-intensity activities, 

leading to a redistribution rather than an increase in total PA.  

Interventions aimed at promoting active commuting should 

not assume additive effects on PA but rather consider potential 

behavioral trade-offs between different activity domains. 

Designing strategies that complement, rather than replace, 

existing active behaviors may be necessary to achieve 

meaningful increases in overall PALs.

Unexpectedly, the CG also showed a modest PALs 

increase, possibly due to uncontrolled contextual factors 

(seasonal variation, academic calendar, or personal routines). 

The quasi-experimental design and small sample make such 

influences plausible. Baseline activity levels were already high, 

limiting potential improvements and contributing to ceiling 

effects. Molina-García et al. (2015) also reported that students 

in advanced stages of behavior change did not experience 

major increases in activity levels after using a shared bike 

system, supporting this interpretation. It is also important 

to consider that PA was assessed through self-reported 

questionnaires, which are prone to recall and social desirability 

biases and may not accurately detect nuanced behavioral 

changes. Nevertheless, the increase in VPA observed in the 

EG suggests that gamified elements may be effective in 

encouraging higher-intensity PA in certain subgroups. Future 

studies should employ objective measurements and stratified 

analyses to better understand the domain-specific effects of 

active commuting interventions on PA behavior.

Strengths and Limitations
This study highlights the potential of gamified elements to 

foster healthier and more sustainable commuting in higher 

education. A key strength lies in its ecological validity, 

as the intervention was implemented in a real university 

context with institutional support and a commercial platform, 

providing practical insights for future applications.

Nonetheless, several limitations should be considered. 

The small and self-selected sample reduced statistical 

power and introduced baseline differences between groups, 

limiting generalizability of the findings. In particular, the 

self-selection of participants into the experimental or control 

group likely resulted in a more motivated and predisposed 

profile in the intervention group, which may have contributed 

to the observed changes independently of the intervention 

itself. Consequently, the results should be interpreted with 

caution, as causal inferences cannot be established. Similarly, 

the statistical approach relied primarily on within-group 

comparisons, and no group-by-time interaction analyses 

were conducted. Therefore, it is not possible to determine 

whether the observed changes differed significantly between 

the experimental and control groups, further limiting causal 

interpretation.

Recruitment proved challenging due to the low prevalence 

of regular bicycle commuters. Additionally, external factors 
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such as weather conditions, academic workload, and 

infrastructure availability could not be controlled and may 

have influenced behavior. The reliance on self-reported 

PA measures (IPAQ-SF) may have introduced recall and 

social desirability biases. Finally, the observed reduction 

in walking alongside increased cycling suggests a possible 

substitution effect, which complicates the interpretation of 

overall changes in physical activity levels. Future studies 

should include larger and more representative university 

samples to improve statistical power and strengthen the 

generalizability of the findings.

Conclusion
The three-month intervention delivered through a mobile 

app with gamified elements led to positive trends in bicycle 

use and active commuting, although its overall impact on 

PALs was modest. Despite limitations in sample size and 

study design, these findings add to the emerging evidence 

supporting gamification and Behavior Change Techniques 

as promising strategies to encourage active commuting 

in higher education. This study underscores the potential 

of such interventions to promote healthier lifestyles and 

advance sustainability goals while also providing evidence 

to guide campus mobility policies. Future studies should aim 

to recruit larger and more diverse samples, apply objective 

measures (e.g., accelerometry or GPS), and refine incentive 

structures while isolating specific gamification components 

to clarify their role.
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