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Abstract

Young adults are particularly at risk of dropping out of physical activity (PA).
European policies have addressed this issue by promoting PA and encouraging
better monitoring of PA through standardized and specific measures of its quantity.
The current paper used an ecological approach that considers interrelated
determinants at the individual, social, environmental, and policy levels to survey
2,165 undergraduate students (65.3% female) aged 18-25 years from 16 universities
via an online questionnaire as part of the “How Young People in Europe Move”
(HYPEM) project. A cluster analysis of mixed data was performed to identify profiles
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of sport and PA participation among undergraduates from 12 European countries
and to examine their associations with individual and contextual characteristics.

The results showed that individual and contextual characteristics were associated
with spatial, temporal, social, intensity-related, and equipment-related dimensions

of PA participation. Additionally, space, time and equipment were key variables for
profiling students. Furthermore, the cluster analysis revealed three typologies of
student sports and PA participation: ‘Autonomous’, ‘Networked Supervised’, and
‘Regularly Supervised'. These profiles suggest that undergraduate students engage
in PA through various formats, ranging from flexible, self-organized practices to more
structured, supervised forms of participation. Differences were also observed across
participating institutions, indicating that contextual factors should be considered when
interpreting these exploratory profiles. These profiles may help generate hypotheses
about how university PA opportunities could be designed and evaluated in future
prospective and intervention studies.

Introduction

Physical activity (PA) provides health benefits to all populations [1]. However, it is
widely recognized that the global population does not engage in sufficient PA, par-
ticularly at the moderate-to-vigorous intensities that have been shown to provide the
greatest health benefits [2,3]. In Europe, 35% of citizens reported never participating
in PA programs [4]. This increasing sedentary behavior is of concern as it leads to
numerous negative health outcomes [5,6].

Adolescents and young adults are among the most studied populations when
it comes to physical inactivity [2]. Several national reports [7] have shown that, on
average, more than 50% of young people (aged 16—25) are not considered ‘active’.
This transitional period, from adolescence to emerging adulthood, is particularly
vulnerable to declines in PA participation [8]. Undergraduate students represent a
subgroup of this population, undergoing a significant transitional period characterized
by increased autonomy, but also an environment conducive to sedentary behaviors
[2,9]. While university life is often liberating, it is also characterized by increased
academic pressure and a more sedentary lifestyle, which may hinder regular PA
participation. Indeed, although universities provide an environment conducive to
promoting PA, numerous studies have shown that PA levels decline in this age group,
particularly due to academic demands and time management challenges, which limit
students’ opportunities to engage in regular PA [8,10].

Moreover, undergraduate students also encounter distinctive barriers during the
transition to adulthood, such as the challenge of balancing academic responsibilities
with leisure time, constraints in accessing sport facilities due to financial limitations,
and a lack of awareness regarding the long-term health benefits of regular PA [11].
This transitional period, characterized by new life choices and responsibilities, is of
paramount importance for the establishment of active lifestyle habits and the pre-
vention of long-term sedentary behavior [10]. In this context, describing students’ PA
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and sport participation patterns and the factors associated with them may help formulate questions for future research on
university PA promotion.

The adoption of an ecological model that incorporates multiple theories is critical to understanding the dynamics that
influence university students’ engagement with PA. This model provides a comprehensive framework that considers inter-
related determinants at the individual, social, environmental and policy levels [12,13]. In the present study, this ecological
framework was employed both as a theoretical lens and as a means of organizing the variables included in the analysis.
The individual-level factors included sex, age, field of study, employment status, and previous PA-related background.
Social-level factors referred to the relational context of PA participation, such as practicing alone, with peers, in supervised
settings, or with an animal. Environmental and organizational factors included the place of practice, timing, seasonality,
duration, type of structure and equipment used. Finally, university and country indicators were considered as markers of
the broader institutional and regional environments, although policy-level determinants were not measured directly.

In addressing these concerns, the present study advances beyond the conventional emphasis on the energetic dimen-
sion of PA [14] by adopting a broader definition, as proposed by Piggin (2020), which sees PA as “people moving, acting
and performing within culturally specific spaces and contexts, and influenced by a unique set of interests, emotions, ideas,
instructions and relationships”[15, p. 5]. In this study, PA is conceptualized as a multidimensional phenomenon that includes
energy expenditure as well as contextual, social, and experiential dimensions of participation. However, it is empirically oper-
ationalized based on observable behavioral and contextual indicators, such as autonomy, supervision, location, timing, social
context, intensity, and equipment. This definition encompasses not only sports activities but also different forms of PA that
can occur in organized and non-organized contexts. These forms of PA aim to express, maintain or improve physical and/
or mental health [16]. Given the European scope of the analysis, this study adopts the definitions of sport and PA from the
European Sport Charter [17]. The Charter defines sport as ‘all forms of physical activity which, through casual or organized
participation, aim at expressing or improving physical fitness and mental well-being, forming social relationships, or achiev-
ing results in competition at all levels’ (n.p.). In this study, PA refers to sport participation and PA participation (recreational or
non-sport-related activities, such as cycling for transport, dancing, gardening, and walking [4,7]).

From a macro perspective, examining the broader dynamics impacting individuals’ engagement or disengagement with
PA, a multifaceted ecological model has been developed [12,13]. The ecological approach uses a comprehensive frame-
work to explain the whole of PA and proposes the consideration of interconnected determinants at all levels: individual,
social, environmental and policy. From this perspective, the analysis of undergraduate students’ PA requires an under-
standing of the places, times, and social relationships they seek, as well as the forms of PA and sport they prefer.

Recent studies have indicated a shift in the patterns of PA and sports engagement among young people, with a ten-
dency towards unstructured activities within the domestic environment [4,18]. A regional effect on the amount of PA and
sports participation of the population has been identified in Europe, reinforcing the idea of “situated” differences in PA and
sports favored by young adults [19]. For instance, the amount of PA and sports decreases from North to South and from
West to East [20]. Most studies have examined cross-country disparities in PA levels [21]. Regional differences in PA and
sport participation have also been identified at the European level, which supports the notion of a “location” effect on PA
preferences among young adults [21]. While often framed as a national issue, some institutions advocate for regional and
local strategies to support sustainable PA promotion and account for contextual differences [22].

Understanding how these factors are associated with students’ PA and sport behaviours may help formulate questions
for future research. Examining students’ reported locations, timing, social contexts, and forms of PA can provide a broader
description of participation patterns and inform the design of prospective and intervention studies.

While PA is often studied from a broad perspective, such as through the SLOTH model, which categorizes activity by
Sleep, Leisure, Occupation, Transportation, and Home settings [23], or from an intensity-based “caloric” approach using
light, moderate, and vigorous levels [24], less research has specifically examined how engagement in PA varies according
to contextual factors such as location, timing, social interactions, and intensity across different PA and sport settings.
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By conceptualizing engagement in PA as a phenomenon emerging from a network of interacting factors related to
individual characteristics, the living environment, and the broader socio-environmental context [25,26], this study seeks
to explore undergraduate students’ preferences for PA and sport participation across 12 European countries. Specifically,
it examines how individual and contextual characteristics are associated with PA and sport participation across spatial,
temporal, social, intensity, and equipment dimensions [18]. By identifying the most salient patterns of PA participation,
this analysis may generate hypotheses about how university PA opportunities could be designed and evaluated in future
research.

Materials and methods
Participants

Participants were recruited through convenience sampling at partner universities. Of the 4,321 individuals who initiated
the survey, 1,061 did not provide questionnaire responses, and the remaining 3,260 underwent eligibility and data-
completeness screening. Of these, 2,165 participants, including 1,413 women, were retained in the final analytic sample
following the screening described in the Analysis section. Eligible participants were enrolled at a participating university,
were aged 18-25 years, confirmed the truthfulness of their responses, and reported no health condition preventing
participation in PA. Their mean age was 20.02 £ 1.45 years. Detailed participant characteristics are presented in Table 1.

The study’s participants were students from 12 countries across Europe, selected to ensure a geographically diverse
sample. Each member of the university agreed to assist in the dissemination of the survey to their students, thus facilitat-
ing the recruitment process. This criterion made sense from an organizational point of view, as it allowed the researchers
to reach a diverse pool of students while ensuring consistency in the context of university education. Details of the partici-
pating institutions are given in Table 2.

Study design

This study was conducted within the framework of a European research project (HYPEM) involving 16 partner institutions.
A cross-sectional design was employed to collect data from undergraduate students across Europe at a single point in

Table 1. Characteristics of the participants.

Sex
Women 1413(65.3%)
Men 752(34.7%)
Field of study
Law and political science 120(5.5%)
Business and management 87(4.0%)
Medicine 298(13.8%)
Sports science 277(12.8%)
Humanities and social sciences or arts 458(21.2%)
Technology and engineering 272(12.6%)
Other field 653(30.1%)
Employment
Yes 583(26.9%)
No 1582(73.1%)
Age? (Years) 20.02+1.45

Results are expressed as the number of respondents (in %).

# data are in mean * standard deviation.

https://doi.org/10.1371/journal.pone.0360751.t001
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Table 2. Description of respondents included in the study, by country.

University (by country) Number of respondents
University of Prague (Czech Republic) 521(24.1%)
Haute école pédagogique du canton de Vaud, Lausanne (Switzerland) 58(2.7%)
Norwegian School of Sport Sciences, Oslo (Norway) 51(2.4%)
German Sport University Cologne & Technical University of Dortmund 106(4.9%)
(Germany)

University of Huelva (Spain) 65(3.0%)
University of Kent, Canterbury & University of Stirling (United Kingdom) 83(3.8%)
University of Liege (Belgium) 217(10.0%)
University of Lille (France) 184(8.5%)
University of Porto (Portugal) 125(5.7%)
University of Southern Denmark, Odense (Denmark) 54(2.5%)
University of Health and Sport Sciences, Wroctaw & Adam Mickiewicz 185(8.5%)
University, Poznan (Poland)

Sapienza University of Rome & University of Teramo (ltaly) 516(23.9%)

https://doi.org/10.1371/journal.pone.0360751.t002

time. This methodological approach enabled the study to examine participants’ PA preferences and behaviors in the con-
text of their university experience, obviating the necessity for long-term follow-up.

Data collection procedure

A structured questionnaire was developed to collect data, encompassing five sections: (1) identification of preferred PA
and sports participation; (2) identification of preferred types of PA practice; (3) general individual characteristics; (4) indi-
vidual characteristics related to PA background; and (5) individual characteristics related to motives to participate in PA.
Parts 1, 3, and 4 were adapted from French national surveys [27]. Part 2 was developed specifically for the present study.
It investigates all physical and sporting activities across the dimensions of time, space, intensity, social relationships and
equipment.

The French version of the questionnaire was translated into 10 languages (Czech, Danish, Dutch, English, German,
Italian, Norwegian, Polish, Portuguese, and Spanish) to match the national languages of the different countries. Trans-
lations followed the parallel back-translation method (Brislin, 1986). This process involved bilingual experts who inde-
pendently translated and back-translated the questionnaire. Subsequently, a review committee ensured the final version’s
accuracy and cultural appropriateness [28].

Data collection occurred between September 2021 and January 2023. Each member directly invited students to a mul-
tilingual website where the questionnaire was hosted using LimeSurvey. The recruitment strategy was consistent across
all universities, with the study being promoted through their established communication channels. However, the number
of participants varied between institutions due to differences in institutional support, student engagement and availability.
The study protocol was reviewed and approved by the Ethics Committee for Experimental Human Sciences at the Univer-
sity of Lille in France (CER-Lille; approval number 2021-475-S91) corresponding to the HYPEM project. It was conducted
as a multi-site European study, coordinated by the University of Lille. This central ethics approval covered the overall
research protocol, including the online questionnaire, consent procedure and data management plan. As recruitment and
dissemination were conducted through partner universities, each institution was responsible for ensuring compliance with
its own local institutional procedures and applicable national or regional regulations before distributing the questionnaire to
students.
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Prior to completing the questionnaire, participants were provided with information regarding the study’s objectives, the
voluntary nature of their participation, the data protection procedures in place, and their rights as participants. Electronic
informed consent was obtained prior to questionnaire completion.

Analysis

Before the multivariate analyses, 3,260 individuals who provided questionnaire data were screened sequentially for eligi-
bility and data completeness. Individuals were excluded because of missing age (n=890), age outside the eligible range
of 18-25 years (n=80), missing year-of-study information (n=1), or missing information on their participating university
(n=124). No individuals were excluded because of failure to confirm response truthfulness, a reported health condition
preventing participation in PA, inconsistent responses, or statistical outlier screening (n=0 for each). The final analytic
sample comprised 2,165 participants. All values were checked against the predefined response options, and no multivari-
ate outlier-detection procedure was applied to the mixed dataset.

To handle the mixed structure of the dataset, Factor Analysis of Mixed Data (FAMD) was conducted using the FactoM-
ineR package in R [29], which allows continuous, categorical and ordinal variables to be analyzed within a single analyti-
cal framework. This analytical strategy aligns with previous applications of FAMD and cluster analysis in studies examin-
ing the PA participation profiles of female university students [30]. Continuous variables were standardized and categorical
variables were encoded using a complete disjunctive indicator coding scheme. Ordinal variables were treated according
to their ordered response scales. The FAMD procedure automatically balances the contribution of different variable types,
thereby reducing the risk of one type of variable dominating the analysis. The resulting principal dimensions were then
used as input for the clustering procedure.

First, hierarchical agglomerative clustering was performed to identify natural groupings in the data. The number of
clusters was determined by examining the hierarchical clustering dendrogram, changes in within-cluster inertia, cluster
size and the interpretability of alternative solutions. Based on these criteria, a three-cluster solution was retained. To
further assess the robustness of the final solution, internal validation indices were computed for alternative solutions with
two to six clusters. The average silhouette width and gap statistics were examined alongside cluster size and substan-
tive interpretability. While these indices did not identify a single statistical optimum, the three-cluster solution offered the
best balance between internal validation indices, parsimony, cluster size and interpretability. These validation indices are
reported in S1 File. The final solution was then consolidated using the K-means algorithm, which refines cluster member-
ship by minimising within-cluster variance.

Cluster interpretation was based on comparisons between cluster-specific means or proportions of categorical vari-
ables and the corresponding values in the overall sample. The V-test statistic was used to identify variables that were
significantly over- or under-represented in each cluster based on their deviation from the overall sample distribution [31].
Associations between cluster membership and categorical supplementary variables were additionally examined using
Pearson’s chi-square tests, with Cramér’s V reported as a measure of association strength. Descriptive statistics included
means, standard deviations, frequencies, and proportions, as appropriate. The adequacy of the sample for factor analysis
was confirmed using the Kaiser—Meyer—Olkin (KMO) index, which indicated good suitability (KMO =0.849). All analyses
were conducted in R version 4.3.0 using packages including FactoMineR, factoextra, cluster, psych, rstatix, and effectsize.

Results

The obtained data are presented in Tables 3, 4 and 5, which illustrate three profiles of participants in PA and sports,
according to their preferences in terms of spatial, temporal, social, intensity and equipment dimensions.

Space, time and equipment: key variables for profiling students

The variables are organized in a two-dimensional plane. The variability among the variables is explained by 14.20% for
dimension 1 and 7.18% for dimension 2. These two dimensions collectively account for 21.38% of the total variability.
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Table 3. Significant correlations between variables and dimensions identified through factorial
analysis of mixed data (FAMD).

Dimension 1 Dimension 2

Positive correlation Positive correlation

Supervised practice 0.7 Running/walking 0.59
Structured association 0.69 During holidays 0.57
During autumn 0.67 Use of ICT 0.56
During winter 0.66 Outdoors 0.54
During spring 0.65 During summer 0.52
Regular throughout the year 0.62 Weekends 0.47
Precise timetable 0.62 Autonomy 0.44
Closed facilities 0.58 Cycling 0.40
Negative correlation Negative correlation

Completely free -0.56 Closed facilities -0.25
Practice at home -0.44 Precise timetable -0.20
Less than 30 minutes -0.44 Private structure -0.18
Variable throughout the year -0.42 Registration process -0.18
With an animal -0.42 Supervised practice -0.16
Free timetable -0.34 Club structure -0.007
Internet program -0.28 Less than 120 min -0.006
Use of ICT -0.22 Prescribed program -0.006

Full variable definitions, response scales and coding decisions are provided in S2 File.

https://doi.org/10.1371/journal.pone.0360751.t003

Table 3 presents the significant correlations between the variables and dimensions that were identified through the facto-
rial analysis of the mixed data.

Concerning the first dimension, the variables that are most directly related are those that involve supervised practice,
which is structured within clubs and practiced regularly during the academic year. Conversely, the variables that are
inversely related to the first dimension are those that involve a complete absence of cost, practice occurring within the
home environment, variability in the duration of the sport’s engagement over the course of the year, and a limited time
commitment. Dimension 2, on the other hand, is associated with independent practice (particularly walking, running, and
cycling), outdoor practice (during summer and weekends), and the overrepresentation of students utilizing ICT (Informa-
tion and Communication Technologies). Conversely, practices with an inverse relationship include facilities in enclosed
spaces and private structures, as well as specific times during supervised practices that require registration.

Three types of clusters: Autonomous, networked supervised and regularly supervised

Fig 1 illustrates the clustering model, which identifies three distinct types of clusters. Cluster 1, labelled ‘Autonomous’ and
comprising 42.6% of the participants, is predominantly characterized by engagement in autonomous PA. In contrast, Clus-
ter 2, labelled ‘Networked Supervised’ (28.6% of the participants), and Cluster 3, labelled ‘Regularly Supervised’ (28.8% of
participants), are primarily associated with structured forms of PA and sports. The characteristic variables for each cluster
are detailed in Tables 4 and 5.

Cluster 1 (in black in Fig 1) is characterized by a population that practices independently (p <.05), outside univer-
sity hours, free of charge (p<.05), often at home, with flexible schedules and highly variable frequency throughout the
year (p<.05). A significant over-representation of students from humanities, social sciences, or arts (63.7%, p<.01) and
women (51.3%, p<.001) was observed in this cluster. The highest proportions of students in this cluster were observed in
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Table 4. Characteristics for each cluster of qualitative data (in %).

Cluster 1 Cluster 2 Cluster 3
Autonomous Networked Supervised Regularly Supervised
42.6% 28.6% 28.8%
Sex*
Men 35.1% 39.1% ° 25.8% °
Women 51.3% &b 25.1% @ 23.6%°
Field of study*
Humanities, social sciences or arts 63.7% 221% 2 14.2% "
Engineering and technology 43.0% @ 23.2% a° 33.8%°
Sports Science 16.6% ° 68.6%* 2° 14.8% °
Student job*
Yes 39.3% @ 41.4% ° 19.3% @°
None 48.1% 2> 25.7% ® 26.2%°
University*
(only universities with significant results are shown here) T
University of Teramo 31.5% @ 11.5% @° 57.0% °
Sapienza University of Rome 32.8% @ 13.0% a° 54.2%* ¢
University of Prague 56.5% @ 36.1% ° 7.4% 2°
Adam Mickiewicz University, Poznan 71.4% ab 23.8% a° 4.8% b°
University of Health and Sport Sciences, Wroctaw 44.3% 38.1% ° 17.6% @°
Technical University of Dortmund 10.0% @ 70.0% @° 20.0% °
Norwegian School of Sport Sciences, Oslo 6.6% ? 86.6% *° 6.8% °
University of Porto 8.0% @ 36.0% @° 56.0% °©
University of Lille 11.1% @ 57.7% 2° 31.2%°
University of Liége 7.2% @ 55.1% a° 37.7%°

Full variable definitions, response scales and coding decisions are provided in S2 File.

Percentages are calculated within each category and indicate the proportion of participants in that category assigned to each cluster.

* Significant data (all for p<0.05);

TOnly institutions that are significantly associated with cluster membership are displayed. Due to the unequal distribution of respondents across universi-
ties, these results should be interpreted as exploratory site-level associations.

a b and © showed respectively significant differences between the Autonomous and the Networked Supervised, the Autonomous and the Regularly Su-
pervised, and the Networked Supervised and the Regularly Supervised.

https://doi.org/10.1371/journal.pone.0360751.t004

the participating institutions located in Poznan (71.4%, p<.001), Prague (56.5%, p<.001), and Wroctaw (44.3%, p<.001).
Furthermore, this cluster included a higher proportion of unemployed students (48.1%, p<.001). The most prevalent activ-
ities among these students were walking alone (2.34+1.17, p<.001) or with a pet (2.53+1.19, p<.001).

Clusters 2 (in red in Fig 1) and 3 (in green in Fig 1) are characterized by students engaging in supervised and struc-

tured PA during the school day.

Cluster 2 consists predominantly of male students (39.1%; p<.001), many of whom hold a job (40%; p<.001) and par-
ticipate in group-based activities, such as club sports, throughout the year (p<.05). The participating institutions with the
highest representation in this cluster included Oslo (86.6%), Dortmund (70.0%), Lille (57.7%), and Liege (55.1%).

Cluster 3 is predominantly composed of students pursuing technology and engineering programs (33.8%; p<.001) who
are less likely to have a student job (26.1%; p<.001). These students engage in PA in groups, within enclosed spaces,
and at scheduled times (p<.05). The participating institutions with the highest representation in this cluster included Ter-

amo (57.0%), Porto (56.0%), and Rome (54.2%).
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Table 5. Characteristics for each cluster of quantitative data (ordinal scale from 1 to 5).

Cluster 1 Cluster 2 Cluster 3 MeantSD
Autonomous Networked Supervised Regularly Supervised
42.6% 28.6% 28.8%
The different practices*
Independent practice 2.19+1.29° 213+1.22°¢ 0.97+1.09b° 1.87+1.33
Supervised practice 0.35+0.45 # 1.20+£0.84 @ 1.56+0.84 " 0.89+0.86
Practice indoors 1.09+£1.03 ab 214+1.162 293+1.21° 1.85+1.35
Practice at home 2.53+1.26° 2.04+1.01 1.04+1.01° 1.76+0.89
Outdoor activities 1.76+£1.27° 2.10+1.12° 0.77+0.89 b° 1.61+£1.25
With an animal 2.53+1.19° 1.93+1.18 1.21+£1.21° 2.03+1.30
Practical periods*
In autumn 2.20+1.05° 3.40+0.83 3.52+0.79 " 2.87+1.12
In summer 2.43+1.062 3.56+£0.78 a° 290+1.21° 2.79+1.14
In winter 1.85+1.13° 3.14%£1.03 3.43+0.88° 2.61+1.27
In spring 2.40+1.00° 3.49%0.72 3.54+0.76° 3.00+1.03
During the week 1.91+£1.13° 3.04+1.06 3.01+1.14° 2.51+1.25
On weekends 1.72+0.99 2.92+1.02 a° 1.84+1.28° 2.10+1.20
During holidays 2.20+1.06 3.25+0.93° 1.97+1.14° 2.45+1.17
At anytime 2.58+1.1° 1.60+1.05 0.93+1.01° 1.8+1.2
Regular throughout the year 1.94+1.11° 3.19+0.91 3.07+£0.96 ° 2.58+1.18
Variable throughout the year 2.88+0.97° 2.11+£1.29 1.85+1.34° 2.40+1.25
Physical activities*
Running/walking 2.34+1.17 2.95+0.90 ¢ 1.44+114° 2.32+1.22
Cycling 0.92+0.912 1.48+1.052 0.61+0.76 1.01+£0.97
Athletics 0.19+£0.51 2 1.14+1.19 a° 0.24+0.70 ° 0.47+0.91
Water sports 0.79+0.72 2 1.37+0.96 a° 0.82+1.01° 0.96+0.91
Use of ICT*
ICT Communication 0.60+0.63 2 1.15+0.88 a° 0.51+0.59 ¢ 0.73+0.75
Functional ICT 0.94+0.79 @ 1.60+0.95 a°¢ 0.57+0.64 ° 1.02+0.89
Duration of exercises*
Less than 30 min 1.12+£0.97 ab 0.67+0.76 ° 0.27+0.53° 0.78+0.89
Less than 60 min 2.10+1.03° 1.82+0.95 a°¢ 0.85+0.99 ¢ 1.66+1.15
More than 60 min 1.54+1.09 @ 2.61+0.972 2.89+1.11 2.19+1.23
More than 120 min 0.57+0.72 2P 1.37+1.012 1.12+1.11° 0.94+0.98

The results are presented as the mean + standard deviation.

Higher values indicate stronger endorsement of, or higher reported involvement in, the corresponding PA format.

Full variable definitions, response scales and coding decisions are provided in S2 File.

*Significant at p<.05;

a, ® and ¢ showed respectively significant differences between the Autonomous and the Networked Supervised, the Autonomous and the Regularly Su-

pervised, and the Networked Supervised and the Regularly Supervised.

https://doi.org/10.1371/journal.pone.0360751.t005

Table 4 reports the participating institutions that were significantly associated with cluster membership and therefore
contributed to the interpretation of site-level patterns. Given the unequal distribution of respondents across universities,
these associations should be interpreted cautiously as exploratory site-level patterns rather than as representative institu-

tional, national, or regional differences.
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Fig 1. Two-dimensional factorial design distribution of the three clusters.

https://doi.org/10.1371/journal.pone.0360751.9001

As illustrated in Table 5, PAin this cluster is performed regularly throughout the year (3.07 £.96; p<.001) but, typically
lasts more than 60 minutes (2.89 + 1.11; p <.001), and is primarily conducted indoors (2.93 £ 1.21; p <.001).

Pearson’s chi-square tests were conducted to examine associations between cluster membership and
categorical variables. Significant associations were found between cluster membership and sex, x3(2, N=2,165)
=17.54, p<.001, Cramér’s V =.09, indicating a small effect; field of study, x?(12, N=2,165) = 73.18, p<.001,
Cramér’s V =.13, indicating a small effect; student employment, x3(2, N=2,165) = 50.63, p<.001, Cramér’s V=.15,
indicating a small effect; and university, x2(22, N=2,165) = 1406.82, p<.001, Cramér’s V=.57, indicating a large
effect.

The highest proportion of students in the Autonomous cluster was observed in participating institutions located in
Prague, Poznan, and Wroctaw. The Networked Supervised cluster was more prevalent in Oslo, Dortmund, Lille, and
Liege, while the Regularly Supervised cluster was more prevalent in Teramo, Porto, and Rome.

Table 5 shows the over-representation for each quantitative data of each cluster. Table 6 summarizes the main vari-
ables that discriminate the three cluster profiles. It should be read together with the detailed statistical results reported in
Tables 4 and 5.

Discussion

The present study reveals distinct patterns and differences in how undergraduate students across European universities
engage in PA. Two main categories were identified: ‘Autonomous’ and ‘Supervised’. The latter category was further

PLOS One | https://doi.org/10.1371/journal.pone.0360751 November 4, 2026 10/17




PLO\Sﬁ\\.- One

Table 6. Summary of the discriminative variables, along with considerations for future research.

Cluster Overall profile Main discriminative variables Over-represented Considerations for future research
characteristics
Cluster 1 Flexible, self- Higher independent practice; more Women; humanities/ This profile reflects students who tend to
Autonomous | organized and home-based practice; more flexible timing | social sciences/arts; engage in PA outside formal or institutional
42.6% less constrained (“at anytime”); more variable frequency students without a job; structures. Future studies could examine
PA participation. throughout the year; more short-duration | students from some whether flexible, low-cost, and easily acces-
practice; more practice with an animal; participating institutions | sible PA opportunities are more acceptable to
lower supervised practice and lower located in Prague, students displaying this participation pattern.
indoor/structured practice. Poznan and Wroctaw.
Cluster 2 Supervised and Higher supervised practice than Cluster 1; | Men; sports science This profile reflects students who combine
Networked socially/net- higher outdoor activities; higher running/ | students; students with a | structured or supervised opportunities with
Supervised | worked practice walking, cycling, athletics and water job; students from some | social, digital, and outdoor dimensions. Future
28.6% with outdoor, sports; higher ICT communication and participating institutions | studies could evaluate whether adaptable
ICT-supported and | functional ICT use; more practice during | located in Oslo, Dort- organised activities, digital coordination, and
longer-duration summer, weekends and holidays; higher | mund, Lille and Liege. group-based opportunities are associated
components. durations above 60 or 120 minutes. with uptake or continued participation among
students displaying this pattern.
Cluster 3 Regular, struc- Highest supervised practice; highest Technology/engineering | This profile reflects students whose PA partici-
Regularly tured, indoor indoor practice; higher regular practice students; students less | pation is more embedded in regular, struc-
Supervised | and scheduled throughout the year; higher practice in likely to have a job; tured, and scheduled formats. Future studies
28.8% supervised PA autumn, winter and spring; more weekday | students from some could examine whether access to indoor
participation. practice; longer sessions above 60 min- participating institutions | facilities, structured sessions, and predictable
utes; lower independent/home/outdoor located in Teramo, Rome | schedules is associated with participation
and short-duration practice. and Porto. among students displaying this pattern.

This table provides an interpretive summary of the main variables that distinguish the three cluster profiles. It should be read alongside the detailed sta-
tistical results reported in Tables 4 and 5. The discriminative variables were selected based on significant over- or under-representation within clusters,
as well as differences in cluster-specific means or proportions compared to the overall sample. The final column presents hypotheses and considerations
for future prospective and intervention research derived from the observed profiles; it should not be interpreted as evidence that the proposed PA formats
are effective. This table is intended to facilitate the interpretation of the profiles and does not replace the full statistical information reported in the main
results tables.

https://doi.org/10.1371/journal.pone.0360751.t006

subdivided into ‘Regularly Supervised’ and ‘Networked Supervised’ groups. In this exploratory analysis, participation
format and regularity emerged as salient dimensions for distinguishing these profiles, alongside quantity- and intensity-
related characteristics.

The evolution and significance of considering undergraduate students’ preferred formats of experience regarding
space, time, and equipment

The literature shows that the intensity, type and amount of PA are important variables for differentiating students (e.g.,
[21,32]). However, the results of the current study demonstrate that the manner in which PA is engaged, the setting
where PA occurs, the time of day and season when PA is performed, and the presence of a pet, the utilization of ICT,
or the presence of friends, are significant variables for understanding the involvement of undergraduate students in
PA. This finding is noteworthy because it shows that similar levels of PA may involve diverse participation formats.
Recent reports and studies have highlighted the prominence of less structured, home-based, and digitally supported
forms of PA among young adults [4,30]. Consistent with this literature, the profiles identified in the present study
included home-based, pet-related, digitally supported, and free-of-charge practices. Considering the temporal, spatial,
social, and equipment-related conditions of participation may therefore complement analyses focused primarily on the
quantity of PA.
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Physical activity in new ways

The findings of this study highlight two predominant types of PA practices among European students: supervised activities
(predominant in clusters 2 and 3) and self-organized activities (predominant in cluster 1). This pattern aligns with national
reports [7] showing that young adults (16—25 years old) increasingly engage in less constrained forms of PA, particularly
in terms of space and time [18]. It is also consistent with recent research on emerging forms of self-organized, informal,
autonomous, and free PA [33]. Surveys by Croutte and Mdller (2021) [18] confirm this trend, indicating that individuals

in this age group are progressively favoring less structured formats that offer greater autonomy over space, time, and
scheduling.

Our results further show no statistically significant differences in the types of activities practised across demographic
clusters. Previous studies [7,18] have documented a growing diversification of activities among undergraduate students,
with many trying new forms of PA or engaging in multiple sports simultaneously, regardless of material constraints. This
shift is especially pronounced among those moving away from conventional or institutionalised sports.

One potential explanation for these changing participation patterns is the institutionalisation of PA, which may: (1) offer
less flexibility than home-based activities [4]; (2) require more time, 41% of 16—25-year-olds report insufficient time to
engage in sport [4]; and (3) entail higher costs, 10% consider sport too expensive [4]. In contrast, unstructured PA offers
autonomy, adaptability to personal schedules, and alignment with individual motivations such as maintaining physical and
mental health [34]. Previous research suggests that flexible PA formats may be associated with more personalised or
enjoyable experiences and with continued participation [35]; however, these outcomes were not evaluated in the present
study. Structured activities provide opportunities for social interaction and organised routines, whereas unstructured for-
mats may be more compatible with independence and individual scheduling preferences. The coexistence of supervised
and unsupervised participation profiles suggests a need to examine whether PA opportunities adapted to different prefer-
ences influence uptake, enjoyment, or continued participation.

From students’ perspectives, financial constraints remain a significant barrier to PA participation [36]. Nevertheless,
conventional supervised activities remain highly popular, with 57.4% of surveyed students over-represented in this cate-
gory. These factors shape individual PA habits [37] and are particularly relevant for the 35% of Europeans who have never
participated in PA [7]. Given that the transition to higher education represents a critical life stage for PA participation [8,10],
the varied participation profiles identified in this study suggest that inclusive programmes accommodating different forms
of PA warrant consideration and prospective evaluation.

Physical activity and differences across participating institutions

Our findings suggest that PA practices varied across the participating institutions. Cluster membership was therefore
significantly associated with the participating institution. However, given the uneven distribution of respondents across
universities, these associations should be interpreted with caution as exploratory, site-level patterns rather than as rep-
resentative of institutional, national or regional differences. Students from the participating universities located in Prague,
Poznan, and Wroctaw were more represented in the Autonomous cluster (Cluster 1), whereas students from some other
participating institutions were more represented in the supervised clusters. These observations align with Fromel et al.
(2022) [38], who reported that Czech and Polish boys preferred individual activities, often performed in natural settings or
water-based environments.

Cluster 2 (‘Networked Supervised’) was observed across several participating institutions. Finally, Cluster 3 (“Regularly
Supervised”) had a higher representation of students from participating universities in Teramo, Rome, and Porto, indicat-
ing a greater involvement in organized activities with peers during the academic year.

Furthermore, Gerovasili et al. (2015) [20] showed that time spent on sporting activities declines from northern to
western and southern Europe. Consistently, Lera-Lopez and Marco (2021) [21] identified significant regional disparities
in PA levels across 196 European regions, emphasizing the role of socioeconomic and cultural factors. They suggest that
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European regional coordination; through collaborative use of sports infrastructure, co-financing inter-regional facilities,
shared physical education programs, and inter-regional sporting events; could reduce disparities and enhance health-
promoting PA. While these regional effects should be interpreted with caution, these studies provide useful contextual
background for interpreting differences between participating institutions. However, the current study was not designed

to test cultural or regional mechanisms directly, and the observed patterns should therefore be interpreted as exploratory
associations rather than causal evidence of broader regional differences. Future research using balanced samples across
institutions and countries, together with multilevel designs, is needed to examine whether the observed profiles remain
stable across different institutional and geographic contexts.

Physical activity mode and sex

Our results reveal a distinction between cluster 1 (‘Autonomous’, with a significantly higher representation of women) and
cluster 2 (‘Networked Supervised’, with a significantly higher representation of men). This suggests that there are signifi-
cant differences (p<.05) in PA preferences between sexes, with women exhibiting a tendency (over-represented in cluster
1: 51.3%) to engage in independent PA, potentially alongside pets or friends. However, this association may partly reflect
differences in sample composition across participating institutions and should not be generalised to the broader European
undergraduate population. At the European level, recent studies have shown that girls tend to favour less intense PA com-
pared to boys [38]. Additionally, research by Croutte and Muller (2021) [18] has demonstrated that men tend to dominate
collective exercise spaces. However, the present study did not directly assess perceived comfort, safety, belonging, or
barriers related to structured or indoor PA settings. Therefore, the overrepresentation of women in the ‘Autonomous’ clus-
ter (cluster 1) should not be interpreted as evidence of discomfort in structured or indoor PA settings. Instead, this pattern
raises the question of whether flexible, self-organised, or less constrained PA formats are perceived differently by women
and men, which should be examined directly in future research.

Future research could examine whether students perceive PA sessions organised in smaller groups, outdoor settings,
or other formats differently, and whether these formats are associated with enjoyment, uptake, or continued participation.
As individual preferences vary widely [30], the effects of such organisational arrangements should be evaluated rather
than assumed. Prospective and intervention studies are also needed to test whether the experiential and pedagogical
characteristics of structured activities influence these outcomes [10]. Given the small association between sex and cluster
membership, it would be unwise to assume that any particular format is preferable or effective for women or men.

Limitations

A primary limitation of the current study is the significant variation in the number of respondents from different universities,
as well as the use of a convenience-based recruitment strategy. Since some institutions contributed a greater number of
responses than others, the resulting clusters and associations may reflect site-specific recruitment dynamics or institu-
tional contexts. Therefore, the sample should be considered a convenience sample rather than a representative sample
of European undergraduate students. The findings should be interpreted as exploratory, site-level patterns rather than as
representative estimates of broader institutional, national, or regional differences. Additionally, participants were nested
within universities and countries; however, this multilevel structure was not formally modeled in the exploratory clustering
approach. Consequently, the associations between cluster membership and variables such as sex, field of study, employ-
ment status or university should be interpreted with caution, as they may partly reflect site-specific recruitment dynamics
or institutional contexts. Future studies should use more balanced sampling strategies and consider multilevel or robust
inference approaches when examining whether these profiles remain stable across universities and countries. In addition,
important variables were not considered in this study, such as regional economic factors, tertiary education rates, social
use of the internet [21], and access to sports infrastructure [39]. Additionally, the academic programs followed by the
students and their perceived difficulty were not covered. A more comprehensive examination of these dimensions could
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provide a better understanding of how individual, institutional, and environmental constraints are associated with under-
graduate students’ PA participation, in line with Newell’s (1986) [40] model of constraints or systemic approaches.

Implications for future research and practice

The findings raise several considerations for addressing the increasingly sedentary lifestyles of undergraduate students.
Given the diversity of participation profiles identified, it may be worthwhile to consider offering a range of physical activity
(PA) opportunities adapted to different needs and to conduct a prospective evaluation. Notably, 42.6% of participants
belonged to the Autonomous cluster. Therefore, future research could examine the barriers to and facilitators of self-
organized PA. Potential avenues include campaigns, events, and attention to the physical and structural environments
of universities and their surrounding areas, particularly in areas where students live and study. These possibilities

are consistent with the ecological framework [12], which emphasizes the interaction between individuals and their
environments. However, the present study did not assess the effects of these interactions on PA participation. Another
potential approach to examine is the systematic integration of compulsory sports credits into university curricula,
particularly in relation to autonomous practice and individualized PA opportunities.

In countries such as Germany, France, and Denmark, universities provide access to a broad range of affordable sports
courses through dedicated sports programs. These existing models illustrate different ways of offering PA opportunities
that may correspond to varied student preferences. Future prospective and intervention studies should evaluate whether
such provisions facilitate the integration of PA into students’ daily routines and support continued participation over time.

Conclusion

This study illuminates the varied landscape of PA engagement among undergraduate students at participating European
universities. By identifying three distinct clusters: ‘Autonomous,’ ‘Networked Supervised,” and ‘Regularly Supervised’, the
findings underscore the importance of considering not only the quantity and intensity of PA, but also how, where, when,
and under what social and organisational conditions PA is practised.

Our results contribute to the existing body of knowledge by illustrating the dynamic nature of PA preferences among
undergraduates. Tailored approaches, such as offering diverse activity options and reimagining PA and sports pathways,
may warrant consideration and evaluation in future research as ways of responding to students’ varied behaviours and
preferences. Universities could examine whether creating more inclusive and flexible opportunities that align with stu-
dents’ lifestyles is associated with greater engagement or healthier routines.

Additionally, the differences observed across participating institutions suggest that the relevance of flexible and context-
sensitive approaches should be examined prospectively. These exploratory findings do not support a single approach to
promoting PA participation. Instead, a nuanced understanding of students’ preferences and needs may help formulate
hypotheses for prospective and intervention studies conducted during the transition from secondary school to higher
education.

The findings also reveal sex differences in PA engagement. These results do not support recommendations for a
specific sex-targeted PA format. Future research could examine whether organisational arrangements such as smaller
group sizes, outdoor settings, or other activity formats are perceived differently by women and men and whether they are
associated with participation, comfort, or belonging.

Furthermore, the study underscores the importance of considering how PA is experienced and the conditions under
which participation occurs when examining undergraduate students’ preferences. The acceptability and potential effects of
offering varied exercise formats and opportunities for autonomous participation should be evaluated in future prospective
and intervention studies. These insights may help generate hypotheses and inform the design and evaluation of future
university initiatives and public policies aimed at reducing sedentary lifestyles.
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Finally, investigating PA based on the types of experiences and practices undergraduate students seek provides a
broader framework for understanding participation beyond quantity and intensity alone. Whether offering PA in varied for-
mats increases students’ PA levels, supports continued participation, or contributes to healthier routines should be tested
through prospective and intervention research.
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