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Abstract 

This study examines sports and physical activities among Chinese aged 18–65, using 
network analysis on a significant random sample. It categorizes sports into 11 groups 
based on public selection, with a community detection algorithm aiding classification. 
Variables like age, gender, and education were integrated, revealing how life stages, 
gender disparities, and social class influence activity participation. The mixed graph 
model shows both positive and negative correlations among activities, highlighting 
the role of sports as both a social integrator and divider, reflective of broader soci-
etal norms and inequalities. The exponential random graph model further illustrates 
a complex network of demographic-driven participation patterns. The purpose of this 
investigation is twofold: to advance methodological approaches in the study of sports-
related social networks and to explore the broader implications such networks may 
have on individual and collective behaviors within this field.

Keywords:  Sports and physical activities, Network analysis, Social distinction, Mixed 
graphical model, Sociology of sports

The questions I shall raise come from outside; they are the questions of a sociologist 
who, among the objects he studies, encounters sporting activities and entertainments 
in the form, for example, of the statistical distribution of sports activities by educational 
level, age, sex, and occupation, and who is led to ask himself questions not only about 
the relationship between the practices and the variables, but also about the meaning 
which the practices take on in those relationships.

—— Pierre Bourdieu 1978

Background and issues
Acknowledging the rise of social network analysis and its previous marginalization in 
the realm of sports research, Nixon (1993, 2002) championed the integration of this ana-
lytical approach into the domain of sports studies. He suggested that this new approach 
helps sport sociologists look beyond individual traits to understand relationships and 
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complex social interactions in sports, revealing important dynamics within social net-
works (Nixon 1993, 2002). Heeding this call to action, the field has observed a discern-
ible transformation. While still in its developmental stages, network analysis is forging a 
novel paradigm in sports science research. This is substantiated by an expanding corpus 
of literature that employs these methods for exploring subjects ranging from organi-
zational behavior and performance benchmarks in sports (Onody and DeCastro 2004; 
Breznik and Batagelj 2012; Clemente and Rui 2016; Ribeiro et  al. 2017), to dynamics 
of sports communication (Hambrick 2013; Hambrick and Marion 2017), as well as the 
investigation of social capital and support mechanisms (Norris et al. 2020; Gemar 2021), 
and beyond.

Considering the methodologies of network analysis, Wäsche et al. (2017) categorized 
relevant studies into distinct types: competitive networks, interactional networks, both 
intra- and extra-organizational networks, affiliation networks, and networks pertain-
ing to the social milieu enmeshing sporting entities. In his latest scholarly work, Ham-
brick (2019) encapsulated the utilization of social network analysis across various tiers 
of sports entities, encompassing individuals, teams, organizations, and media, as well as 
within the broader scope of sports research. Nevertheless, when it comes to examining 
the nexus between sports and physical activities in and of themselves, the sociology of 
sport has yet to produce research employing network analysis on this particular subject.

Collectively, sports constitute a multifaceted system composed of numerous distinct 
events, necessitating a nuanced exploration of the relationship between sports and phys-
ical activities from diversified vantage points. Employing the network analysis meth-
odology, this paper delves into the categorization of various social groups engaged in 
sports and physical activities through a lens informed by the sociology of sports. It scru-
tinizes the intricate interplay between sports and physical activities and examines the 
social determinants underpinning these relational patterns.

The intrinsic characteristics and socio-physiological factors of participants significantly 
affect the patterns of clustering that arise within different sports and physical activities. 
Such clustering unveils complex interrelations that challenge rudimentary analytical 
approaches premised on the independence and irrelevance of choices. Thereby, conven-
tional analyses that consider variables in isolation fall short, for they fail to recognize 
these multifaceted interdependencies. In response to these methodological limitations, 
the current investigation harnesses the capabilities of mixed graphical model (MGM) 
and exponential random graph model (ERGM), underpinned by the descriptive statistics 
derived from survey data. MGM is proficient in delineating conditional dependencies 
among variables, thereby offering a refined perspective on the interplay between various 
activities. Complementarily, ERGM provides insights into the structural connections 
within these networks, highlighting the roles of variables such as gender, age, and social 
status (Lusher et al. 2013).

Literature review and research hypothesis
Firstly, initial examinations of extant literature (Gidlow et  al. 2006; Kahma 2012; 
Federico et  al. 2013) reveal a discernible link between social class and engagement 
in sports and physical activities, with higher social strata more frequently participat-
ing in activities of an above-moderate intensity level. Although sports may transcend 
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social boundaries to a degree, there remains a stark variance in how different social 
classes partake in various sports and physical activities. Bourdieu (1978) accentuated 
the contrast between the elite-oriented sports such as tennis, equestrianism, sailing, 
and golf, and those more commonly associated with the lower-middle class, such as 
basketball, rugby, cycling, football, boxing, and wrestling—each reflective of distinct 
social spheres. These preferences and proclivities, deemed as class habitus, are rooted 
in a system influenced by a myriad of factors, including economic capital—which 
encompasses leisure time—cultural capital, and the ethical and aesthetic predilec-
tions of distinct social classes. Fussell (1992: 112) referenced Birnbach’s observation 
that the upper echelons of society tended to favor sports involving smaller balls, 
which was indicative of underlying class differences. Consequently, this research pos-
its Hypothesis 1 (H1): There is a significant divergence in the participation within dif-
ferent sports and physical activities along the social class spectrum.

Secondly, there exists a notable correlation between the life course—specifically, 
age—and engagement in sports and physical activities, which is inherently linked to 
socio-physiological considerations. This manifests as an age cohort effect in physical 
activities, with younger cohorts demonstrating more frequent participation compared 
to their older counterparts (Hirvensalo and Lintunen 2011; Apostolou 2015; Gantz 
and Lewis 2021). Longitudinal research (Vandervoort et al. 2012; Aggio et al. 2018) 
has observed the continuity of participation in certain sports (e.g., golf ) throughout 
the lifespan but has often overlooked the shifts in preferences for specific sports with 
advancing age. Despite the straightforward nature of this observation, there remains 
a conspicuous scarcity of systematic, quantitative investigations into the selection of 
specific physical activities by different age demographics. With a foundational com-
prehension of this subject, this paper introduces Research Hypothesis 2 (H2): There is 
considerable variability in participation within different sports and physical activities 
across various age groups.

Thirdly, gender segregation exists in sports and physical activities, particularly in cer-
tain sports characterized by prominent gender stereotypes (Koivula 2001; Hardin and 
Greer 2009; Chınurum et  al. 2014; Bandy 2014). Notwithstanding, scholarly inquir-
ies have predominantly examined professional sports contexts, paying less attention to 
gender disparities in the realm of communal sports engagement. It has been recognized 
(Paloian 2012) that traditionally masculine sports such as boxing, ice hockey, weight-
lifting, and motorsports contrast with those activities where female participation is 
typically encouraged, including figure skating, gymnastics, and tennis. In light of these 
observations, this paper posits Research Hypothesis 3 (H3): There exists a significant 
gender-based differentiation in the participation in sports and physical activities.

Examining the available literature reveals that conducting a detailed and comprehen-
sive review of the distribution patterns of various sports and their connections to soci-
etal impacts remains a significant challenge. This difficulty is partly due to a reality where 
a vast number of studies are primarily focused on secondary analyses of generic social 
survey data. Although some research endeavors are thematically focused, they typically 
concentrate on a restricted set of sports or engage with the concept of sports participa-
tion in a broad sense, rather than conducting an exhaustive study of specific sports and 
physical activities. Utilizing national data from a dedicated survey on sports and physical 



Page 4 of 17Bi et al. Applied Network Science            (2024) 9:22 

exercises, the current research offers an opportunity for a more detailed examination of 
this subject area.

Methodology
Survey and data

To fulfill the assignment from the China Basketball Association, our research team 
engaged a specialized cloud-based survey platform for conducting an online panel 
survey concerning general sports and physical activities.1 Drawing upon the 2015’ 1% 
Population Sample Statistical Yearbook issued by the National Bureau of Statistics, this 
project utilized a multi-stage, unequal probability stratified random sampling method, 
stratifying by region, urban–rural classification, and age across eight geographic areas 
of China (excluding Hong Kong, Macao, and Taiwan). The survey, employing a web-
based questionnaire, reached participants through an online sampling pool from Janu-
ary 21 to February 3, 2021. Of the 7081 questionnaires received, 7075 met the quality 
standards upon review. The analysis excluded responses indicating no participation in 
sports or physical activities (12.0% of the population aged 18–65 years) due to its logical 
exclusivity and disregarded the “other” option (chosen by 0.7% of the population aged 
18–65 years) due to its minimal selection rate. Consequently, the final valid sample size 
for this study was determined to be 6464.

The design of the questionnaire was a collaborative effort by the project team. Data 
pertinent to this study were gleaned from responses to the question, “What sports and 
physical activities do you usually engage in?” included in the questionnaire. This ques-
tion allowed for multiple responses from a list of 45 options (including “not doing any 
sports and physical activities” and “other” options). Respondents had the liberty to select 
options that best reflected their personal activities. To ensure the survey’s impartial-
ity, its administration was entrusted to an independent third-party organization that 
conducts cloud surveys. The survey, under the title “Research on Public Attitudes and 
Behaviors towards Daily Activities in China,” was administered on behalf of the “China 
Sports Policy Research Institute, Beijing Sport University.” It is noteworthy that the ques-
tionnaire was generalized and did not contain inquiries specifically oriented towards 
basketball. In sections where participants and their offspring were queried about their 
“usual sports and physical activities” and “the most significant sport or physical activity” 
(the latter requiring a singular choice from the previously selected options), basketball 
was merely one among the 45 possibilities. This design ensured that the survey would 
not be unfairly biased towards basketball or against other types of sports due to the 
inclusion of basketball-specific questions. Additionally, to mitigate any order effect bias, 
the presentation of 45 options was randomized.

Following the collection of data, the data from the online sample survey were assessed 
across several demographics—gender, age, education level, region, and urban/rural clas-
sification—as delineated in the national 1% population sample survey. The dataset was 
then weighted through a combined approach of post hoc stratified weighting and raking 

1  The URL of the questionnaire is: https://​www.​epanel.​cn/​evt/​C0410​B25A7​F04B5​1DFBD​E7040​04950​78. The preview 
version of pilot survey can be visited from: https://​www.​epanel.​cn/​works/​257429/​previ​ew. The exclusive sample size of 
online panel poolis 2 million.

https://www.epanel.cn/evt/C0410B25A7F04B51DFBDE70400495078
https://www.epanel.cn/works/257429/preview
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weighting across all these demographic fields. The outcomes revealed that, after adjust-
ment through weighting, the composition of the sample closely mirrored the overall 
demographic distribution of the census population, thereby endowing the sample with 
robust representativeness. This alignment allows for reliable extrapolations regard-
ing the sports and physical activities engaged in by the national population aged 6–65.2 
Unless specifically indicated otherwise, the conclusions drawn in this study are all based 
on data subjected to this weighted analysis.

Description of background variables

Given the simplistic nature of the occupational metric within the questionnaire, this 
study adopts educational level as a proxy for the social class dimension. Educational 
level, which is intricately linked to tangible aspects such as occupation and income, 
serves as a principal indicator of an individual’s cultural and social capital. In the context 
of this survey, the variable of educational level is recalibrated into years-of-schooling, 
corresponding to the respondents’ educational phases; for instance, completion of ele-
mentary school is equated to 6 years, while junior high school completion is equated to 
9 years. This re-coding renders educational level as a continuous variable. The average 
educational attainment among respondents is 12.1 years, with a standard deviation of 
2.8 years. Within the sample demographic, males constitute 52.1%, while females rep-
resent 47.9%. The average age of respondents is 37.8 years, with a standard deviation of 
12.3 years (see Table 1).

Research findings

Descriptive analysis

The survey findings indicate that among individuals aged 18–65 who engage in sports 
and physical activities, activities such as running, walking, and rope skipping are notably 
prevalent. In addition to these general physical activities, sports that are more accessi-
ble in terms of equipment and venue, including badminton, table tennis, and basketball, 
emerge as the most favored options (See Table 2). 

Mixed graphical model

To concurrently ascertain the intricate interplay among various sports and physical 
activities and socio-physiological determinants such as age, gender, and educational 

Table 1  Statistical description

Variable Mean Std

Years-of-schooling 12.1 2.8

Age 37.8 12.3

Gender Percentage

Male Female

47.9% 52.1%

2  The survey inquired about the athletic habits of the respondents, as well as those of their offspring. Of the respond-
ents, 1928 had children ages 6–17 years. Nevertheless, owing to significant disparities in sports involvement between 
youth and adults, and the complexities associated with assessing educational levels in adolescents, this study focuses 
exclusively on the adult demographic.
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Table 2  Selected sports and physical activity preferences and background variables in 18–65 year 
olds

All Physically 
active 
population

Percent of male Percent 
of 
female

Mean of age Mean of Edu

1 Football 3.8 4.1 6.1 2.0 33.1 14.0

2 Basketball 9.5 9.2 14.3 3.7 31.7 13.7

3 Volleyball 2.0 1.9 2.6 1.2 33.6 14.5

4 Badminton 18.2 18.8 16.2 21.6 36.9 12.9

5 Tennis 2.4 2.5 2.8 2.2 34.8 14.3

6 Table Tennis 11.1 11.9 14.2 9.5 38.6 13.2

7 e-Sports 3.8 3.1 4.4 1.7 27.5 14.0

8 Chess and cards 9.6 10.5 11.7 9.1 44.7 12.0

9 Run 36.7 37.9 37.4 38.5 38.1 12.5

10 Walk/Skelp/Speed 
walking

21.5 21.3 19.5 23.3 42.6 11.7

11 Equipment fitness/
Bodybuilding

3.3 3.3 2.5 4.1 39.6 13.1

12 Community sports 
equipment activities

9.4 10.2 10.4 10.0 45.6 11.8

13 Golf 1.3 1.2 1.7 0.6 37.7 14.4

14 Gymnastics/Eurhyth-
mics

1.5 1.4 1.0 1.9 37.1 12.6

15 Aerobics/Body dance 3.9 3.6 0.9 6.6 37.8 12.2

16 Martial arts/Sanda/
Wrestling

1.2 1.3 2.3 0.3 35.5 13.6

17 Swimming/Synchro-
nized swimming

2.7 3 4.0 1.9 36.6 14.0

18 Yoga 6.3 6.6 1.1 12.5 34.6 13.1

19 Mountain-climbing/
Rock climbing

4.1 4.7 5.6 3.8 35.5 12.6

20 Taekwondo/Judo/
Karate

1.5 1.2 1.6 0.8 33.6 14.7

21 Cycling/Bicycle riding 14.9 14.9 14.8 15.0 37.5 12.4

22 Rope skipping 11.0 10 6.1 14.1 32.8 12.8

23 Roller-skating/Skate-
board

2.0 1.3 1.6 1.1 30.0 14.4

24 Croquet 1.3 1 1.2 0.7 40.9 13.3

25 Boxing 1.5 1.6 2.5 0.6 31.6 14.0

26 Equestrain/Polo 0.7 0.7 0.9 0.4 34.5 14.7

27 Fencing 1 1.0 1.5 0.5 38.7 14.7

28 Bowling 1.6 1.7 2.2 1.0 37.9 14.1

29 Shooting/Archery 1.3 1.3 1.8 0.7 34.5 13.4

30 Skating/Skiing 1.7 1.8 1.9 1.6 29.9 13.9

31 Curling/Floor curling 0.6 0.4 0.6 0.2 26.4 15.3

32 Ice hockey 0.8 0.8 1.2 0.4 30.8 14.6

33 High jump/Long jump 3.9 3.1 4.1 2.0 31.4 13.5

34 Shot-put/Discus/Ham-
mer-throwing/Javelin/
Medicine ball

1.0 1.0 1.5 0.4 34.3 14.0

35 Outdoors/Directional 
off-load/Hiking

10.6 11.1 13.8 8.2 38.3 12.6

36 Billiards 5.7 6.5 10.1 2.6 31.0 13.2

37 Aquatics (Sailboat, 
surfing, diving etc.)

1.9 1.5 1.8 1.1 29.5 14.6
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attainment, the present study utilizes an undirected probabilistic graphical model. 
The data encompasses binary variables for sports and physical activity options as well 
as gender, alongside continuous variables for age and educational attainment, suggest-
ing an integration of Ising and Gaussian distributions. Thus, a mixed graphical model 
is employed for analytical purposes. Within this model, a simple undirected graph, 
G = (V ,E) , is formulated, where V  represents the set of nodes corresponding to attrib-
ute and continuous variables, and E denotes the set of edges. Each node symbolizes 
a particular variable, and the absence of an edge between any two nodes within the 
undirected graph signifies their conditional independence when all other variables are 
accounted for. Conversely, the presence of an edge indicates a conditional dependency 
(refer to the Fig. 1 for the model’s specific values). In the graphical representation gener-
ated by the mixed graphical model’s mgm function, various types of relationships are 
color-coded for clarity: green edges represent positive correlations, red edges signify 
negative correlations, and gray edges are used when the relationship is undefined or 
unspecified.

The mixed graphical model employed in this study leverages L1-Regularized (lasso) 
neighborhood regression, which is a technique grounded in machine learning algo-
rithms designed to refine the model by controlling for exogenous edge parameters. This 
is achieved by optimizing the penalized conditional likelihood at each node, thereby pro-
viding a reliable and precise estimation of the network structure among the variables 
(Yang et al. 2014; Lee and Hastie 2015; Baker 2017; Haslbeck and Waldorp 2018). The 
deployment of this analysis was facilitated through the mgm package within the R pro-
gramming environment (Haslbeck and Waldorp 2020).3

Table 2  (continued)

All Physically 
active 
population

Percent of male Percent 
of 
female

Mean of age Mean of Edu

38 Folk Traditional sports 
(Kick key, kite, diabolo 
etc.)

6.0 5.6 5.9 5.3 39.9 12.4

39 Hockey 1.2 1.2 1.7 0.6 31.8 14.7

40 Rugby 1.7 1.5 2.2 0.8 33.5 13.8

41 Model airplane/Model 
car/Rado direction 
finding

1.2 1.2 1.3 1.0 30.9 13.2

42 Racing 1.7 1.8 2.5 1.0 30.9 13.5

43 Pull-up/Sit-up/Sit and 
reach

11.4 10.6 13.6 7.4 32.0 13.1

44 Other 0.7 – – – – –

45 No sports or exercise 12.0 – – – – –

Total 251 239 – – – –

Respondents’ selections of sports and physical activities were made through a multiple-choice format, with the findings 
displayed as a percentage of cases

3  We use msm function to estimate k-degree mixed graphical model via nodewise regression. Here we are interested in 
fitting a pairwise MGM, and we, therefore, choose k = 2. Tuning parameter takes cross-validation (lambdaSel = “CV”, 
lambdaFolds = 10). In default setting of mgm function, gaussian nodes are centered and divided by their standard devia-
tion, i.e., scale = TRUE.
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Employing the output matrix derived from the mixed graphical model, in the absence 
of background variables, the study proceedes with community detection using the spin-
glass algorithm.4 This analytical approach successfully segmentes sports and physical 
activities into 11 distinct categories, as illustrated in Fig. 2.

Fig. 1  Network coefficients matrix outputted by mixed graph model

Fig. 2  Network of sports and physical activities based on MGM estimation

4  Related options settings: implementation = ‘neg’, gamma = 2, spin = 20, weights = E(gra)$weight.
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•	 Category 1 includes Football (1), Basketball (2), Volleyball (3), Tennis (5) and 
Table Tennis (6), which are not only popular but also require public facilities. 
These activities are not only widely embraced by the public but also necessitate 
the utilization of communal facilities, underscoring the importance of community 
involvement and the imperative for infrastructural provision.

•	 Category 2 is characterized by a mass appeal and accessibility, featuring low-
entry barriers and minimal physical demands. This category includes Badminton 
(4), Chess and Cards (8), Running (9), Walking/Speed Walking (10), Community 
Sports Equipment Activities (12), Cycling (21), Rope Skipping (22), and traditional 
folk sports (38) such as Kicking Key, Kite Flying, and Diabolo. Many of these 
activities are leisurely by nature and are commonly engaged in within community 
settings.

•	 Category 3 is diversified, comprising e-Sports (7), Swimming and Synchronized 
Swimming (17), Outdoors/Directional off-load/Hiking (35), Billiards (36), and 
exercises like Pull-ups, Sit-ups, and the Sit and Reach test (43). While some are 
predominantly youth-oriented leisure activities or components of physical educa-
tion assessments, others are favored by young adults frequenting gaming arcades 
and similar venues.

•	 Category 4 is associated with body sculpting and is notably more prevalent among 
females. It includes activities such as Equipment Fitness/Bodybuilding (11), Gym-
nastics/Eurhythmics (14), Aerobics/Dance Fitness (15), and Yoga (18).

•	 Category 5 is distinguished by its niche-oriented, elite nature, comprising sports 
such as Golf (13), Curling (31), various Aquatic activities including Sailing, Surf-
ing, and Diving (37), and Model Aviation/Car Racing and Radio Direction Finding 
(41).

•	 Category 6 is geared toward combat and strength, appealing predominantly to 
male participants. It includes Martial Arts/Sanda/Wrestling (16), Mountain/Rock 
Climbing (19), and Taekwondo/Judo/Karate (20).

•	 Category 7 comprises activities like Roller-skating/Skateboarding (23), Ice Skating/
Skiing (30), and High Jump/Long Jump (33). These sports have garnered popularity 
among urban youth, necessitating considerable physical flexibility and balance.

•	 Category 8 encompasses games such as Croquet (24) and Ice Hockey (32), sharing 
attributes of being goal-oriented and relatively niche-oriented, with a collective 
aspect to the sporting experience.

•	 Category 9 includes physically intensive sports like Boxing (25), Field Hockey (39), 
Rugby (40), and Racing (42). These have gained traction in urban regions of China 
in recent years, with most entailing significant physical contact and a higher sus-
ceptibility to injuries.

•	 Category 10 is represented by Equestrian/Polo (26) and Shooting/Archery (29). This 
category is indicative of an exclusive and niche-oriented segment of sports that have 
found a particular resonance among urban youth from affluent backgrounds.

•	 Category 11 features sports such as Fencing (27), Bowling (28), and various field 
events including Shot Put, Discus, Hammer Throw, Javelin, and Medicine Ball 
(34). These activities typically occur in specialized facilities or arenas and neces-
sitate the use of protective professional equipment.
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Overall, the correlation between sports and physical activities reveals a strong positive 
linkage among niche-oriented sports and a relatively weaker connection among main-
stream sports. This trend persists in the interactions between mainstream and niche 
sports as they typically exhibit a more remote relationship. Specifically, a notable nega-
tive correlation is identified between certain sports and activities, exemplified by Tennis 
(5) and a range of traditional folk sports such as Kick Key, Kite Flying, and Diabolo (38). 
The data further indicates that Running (9) occupies a distinct niche within the realm of 
specialized sports, commanding widespread appeal among its adherents. These enthu-
siasts typically exhibit a negative correlation with engagement in other niche sporting 
activities. Such a pattern may stem from the considerable investment of time, energy, 
and resources that running—a strenuous endeavor demanding both physical and mental 
exertion—necessitates. Consequently, those devoted to the discipline of running prefer 
to focus their efforts on improving their capabilities within this singular pursuit, rather 
than diluting their focus by engaging in a variety of sports. Yet, positive correlations are 
observed between Golf (13) and Equestrian/Polo (26), as well as Fencing (27) and Bowl-
ing (28).

However, exceptions to these general trends exist. For instance, Football (1) and Bas-
ketball (2) demonstrate a significant correlation (0.74), indicating a considerable over-
lap among individuals who participate in both sports. This relationship is not one of 
mutual exclusion but rather one of mutual reinforcement. Furthermore, there is a mod-
est positive correlation (0.25) between Basketball (2) and eSports (7). The data analysis 
regarding adolescents indicates that a pronounced triangular connection exists between 
Football (1), Basketball (2), and eSports (7) among participants aged 6 to 17, suggesting 
that eSports serves as a complement to, rather than a replacement for, traditional sports 
such as football and basketball.

Within the context of demographic variables, the female group demonstrates a pro-
nounced positive correlation with activities such as Yoga (18), Aerobics/Body Dance 
(15), Rope Skipping (22), and Badminton (4). Excluding Equipment Fitness/Bodybuild-
ing (11), these activities predominantly attract female participants in Category 4. Con-
versely, this group exhibits significant negative correlations with sports traditionally 
dominated by males, including Football (1),5 Basketball (2), Martial Arts/Sanda/Wres-
tling (16), Boxing (25), and field events like Shot Put, Discus, Hammer Throwing, Javelin, 
and Medicine Ball (34). Additionally, female participation is negatively correlated with 
Billiards (36) and strength training exercises such as Pull-ups, Sit-ups, and the Sit and 
Reach (43).

Age appears to have a notable negative correlation with engagement in eSports (7), 
Basketball (2), Rope Skipping (22), Roller-Skating/Skateboarding (23), and exercises 
such as Pull-ups, Sit-ups, and the Sit and Reach (43), among others. The likelihood of 
involvement in these sports and physical activities decreases with advancing age. Con-
versely, this trend is inverted for activities such as Chess and Card Games (8), Commu-
nity Sports Equipment Activities (12), and Walking activities, including Skelp and Speed 
Walking (10), where participation tends to increase as age progresses.

5  Football enjoys greater popularity among females compared to basketball, partly attributable to the recent promotion 
of school-level football as a state policy in mainland China.
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Within this analytical framework, an individual’s level of educational attainment does 
not exhibit negative correlations with engagement in any sport or physical activity; 
instead, relationships are either neutral or positive. Specifically, individuals with higher 
educational qualifications demonstrate significant positive correlations with a variety of 
sports and physical activities. These include Fencing (27), Hockey (39), Tennis (5), Mar-
tial Arts such as Taekwondo, Judo, and Karate (20), aquatic activities like Swimming and 
Synchronized Swimming (17), Curling and Floor Curling (31), Golf (13), Volleyball (3), 
Yoga (18), Bowling (28), Ice Hockey (32), and other Aquatic sports (e.g., Sailing, Surfing, 
Diving) (37), among others.

Exponential random graph model

To delve deeper into the structural associations between various categories of sports and 
physical activities, as well as the impact of socio-physical characteristics, we employ an 
exponential random graph model (ERGM) (Harris 2013; Lusher et al. 2013). The ERGM 
articulates the likelihood of network ties (binary relationships) through a dual-compo-
nent approach: the endogenous structural embeddings and the exogenous attributes of 
nodes. Integrating the endogenous configuration factor within the model circumvents 
the limitations inherent in conventional regression techniques, which often breach the 
assumption of non-independence.

Prior to conducting the modeling analysis, the output matrix derived from the mixed 
graph model (refer to Fig.  1) is processed such that elements with values exceeding 0 
are recalibrated to 1, while those with values of 0 or below are recalibrated to 0. Sub-
sequently, demographic variables including gender, age, and educational attainment 
are compiled by sport category to summarize overall characteristics. These aggregates, 
alongside data on sports clusters and participation rates, are then assigned to the attrib-
utes of the respective sports network nodes (detailed results can be found in Table 2). 
At the project level, all continuous variables—namely, the proportion of males, propor-
tion of females, years-of-schooling, age, and the multiple responses associated with each 
sport—are normalized, i.e., each is centered and divided by its standard deviation. This 
normalization serves to mitigate the issue of comparability that arises from the inherent 
variation in the natural distribution of different factors across sports, thus enhancing the 
robustness of the model estimates.For the actual analysis, the “ergm” package in the R 
programming language is utilized to conduct the ERGM analysis (Hunter et al. 2008), 
with Monte Carlo maximum likelihood estimation (MCMLE) being applied to estimate 
model parameters.6 The findings are presented in Table 3. 

The edge values in our analysis represent the mean influence that edges exert in 
the formation of networks, serving a function analogous to the intercept in ordinary 
least squares (OLS) regression models. According to our findings, the network mod-
el’s density, considering only the edges, is calculated as 0.283, derived from the for-
mula [exp(− 0.927)/(1 + exp(− 0.927))]. Within the realm of endogenous effects, the 

6  Related options settings: burnin = 15,000, MCMCsamplesize = 30,000. Furthermore, employing the latent space model 
while excluding the aforementioned categorical factors from the explanatory variables yields results that are comparable 
to those of Model 4. In addition, inspection of the four subgraphs included in  Fig. 3 demonstrates that the data gener-
ated by the current ERGM model exhibits a good fit with the empirical observations across all assessed indicators. This 
congruence indicates that the ERGM model in question is well-calibrated to the empirical data, suggesting its adequacy 
in capturing the underlying network structure and dynamics.
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geometrically weighted edgewise shared partners (GWESP) count is incorporated as 
a higher-order configurational variable. This measure is often implemented to depict 
intricate network structures and dependency scenarios, and it plays a role in mitigat-
ing the issue of model degeneracy by capturing the tendency towards forming closed 
triangular configurations. However, upon controlling for background variables, the 
GWESP term’s statistical significance diminished and is further attenuated following 
the addition of categorical factors. This indicates that within the scope of the current 
study, such structural interconnections are more pronounced within distinct clusters, 
and socio-physiological factors have a substantive underlying influence.

In the analysis of exogenous effects within the ERGM, it is found that the primary 
effects associated with gender proportion (nodecov.male and nodecov.female) do not 
reach statistical significance for either gender. This suggests that the overall presence 
of each gender within the population under study does not notably affect network 
formation. Yet, the analysis of absolute attribute differences (absdiff.male and absdiff.
female) indicates that increased disparities in female participation rates among sports 
and physical activities markedly diminish the likelihood of establishing network con-
nections. This phenomenon is mirrored in the participation patterns of males. Con-
sequently, gender stands out as a critical discriminant in the participation patterns of 
individuals across a range of sports activities. Notably, the data reveals that women’s 
participation in these activities is characteristically more specialized, or exhibits less 
diversity, in comparison to the participation trends of men.

From the results, years-of-schooling doesn’t significantly influence the overall prob-
ability of linkage between different sports and physical activities according to the 
main effect (nodecov.edu). To some extent, this means people in different education 
levels can play as many sports and physical activities as they want. However, from the 
result of Model 4 (see the fourth column of Table 3), the coefficient of absdiff term of 
years-of-schooling (absdiff.edu) is statistically significant, indicating the probability 

Fig. 3  Goodness-of-fit diagnostics on the final exponential family random graph model
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Table 3  The outputs of ERGM for sports and physical activities and background factors

+ p < 0.1; *p < 0.05; ***p < 0.01; ***p < 0.001; Standard errors are in parentheses

Variable Model

(1) (2) (3) (4) (5)

edges − 0.927*** − 2.759*** − 2.767*** 0.522 − 1.475*

(0.074) (0.630) (0.625) (0.601) (0.693)

gwesp.fixed.0.3 1.114** 0.611+ 0.431 0.325

(0.402) (0.341) (0.325) (0.312)

nodefactor.membership.2 − 0.417+ 0.916*

(0.245) (0.453)

nodefactor.membership.3 0.784** 0.833**

(0.256) (0.274)

nodefactor.membership.4 − 0.538+ 0.629

(0.286) (0.486)

nodefactor.membership.5 0.419 0.868**

(0.274) (0.316)

nodefactor.membership.6 0.538+ 0.930**

(0.289) (0.327)

nodefactor.membership.7 0.912** 1.080***

(0.281) (0.322)

nodefactor.membership.8 − 0.078 0.682+

(0.349) (0.384)

nodefactor.membership.9 0.668* 0.886**

(0.271) (0.304)

nodefactor.membership.10 0.534+ 1.015**

(0.323) (0.364)

nodefactor.membership.11 0.540+ 1.262***

(0.289) (0.340)

nodematch.membership 3.832*** 3.073***

(0.412) (0.399)

absdiff.male − 1.402** − 0.785+

(0.434) (0.472)

absdiff.female − 1.892*** − 1.172*

(0.501) (0.546)

absdiff.age − 0.439*** − 0.513***

(0.118) (0.139)

absdiff.edu − 0.244+ − 0.176

(0.137) (0.149)

absdiff.multiple_responses 1.524* 0.504

(0.774) (0.820)

nodecov.male − 3.958 3.492

(8.072) (9.209)

nodecov.female − 3.817 2.970

(8.051) (9.236)

nodecov.age − 0.295*** − 0.327**

(0.079) (0.109)

nodecov.edu 0.050 0.101

(0.095) (0.127)

nodecov.multiple_responses 8.657 − 5.349

(15.626) (17.873)

AIC 1,078.788 1,069.824 906.108 930.349 845.227

BIC 1,083.594 1,079.435 968.582 988.018 955.759



Page 14 of 17Bi et al. Applied Network Science            (2024) 9:22 

of connection decreases for those sports and physical activities with a participation 
percentage of high education degree and a participation percentage of low education 
degree accord this coefficient. In other words, the analysis suggests there is a ten-
dency for sports and physical activities to be more popular within certain educational 
groups, indicating some level of clustering based on education. This reflects the dif-
ference of social class in the field of sports and physical activities. After the inclusion 
of the clustering factor, this item is no longer statistically significant, suggesting that 
the clustering of sports and physical activities is potentially done with the educational 
level factor as the main axis.

Observations reveal a pattern with age that parallels the aforementioned educa-
tional trends. When controlling for other variables, the absolute difference in age 
(absdiff.age) emerges as statistically significant. Negative coefficients indicate that a 
greater disparity in age among participants in different sports and physical activities 
lessens the likelihood of forming connections between these groups. In other words, 
as the age gap widens among participant groups, the chance of establishing connec-
tions across various sports and physical activities diminishes. However, even when 
the effect of clustering is taken into consideration, the main effect of age (nodecov.
age) maintains its statistical significance. This finding suggests that older age cohorts 
tend to engage in a more limited or less diverse range of sports and physical activities. 
The implication of this result is that there appears to be a narrower range or fewer 
options of sports and physical activities that are associated with older age groups. 
This suggests a potential age-related homogeneity in the choice of physical activities, 
which could be due to various factors, including but not limited to physical limita-
tions, preferences, or availability of opportunities.

Despite the main effect of the percentage of participation for each sport and physi-
cal activity (nodecov.multiple_responses) being initially positive, it becomes negative 
when clustering factors are taken into account; however, it consistently lacks statis-
tical significance. Correspondingly, while the absolute difference in the participa-
tion percentage (absdiff.multiple_responses) is initially significant, its significance 
dissipates upon the control for clustering factors. This suggests that the variability 
in participant proportions across different sports does not influence the likelihood 
of connections among those sports when clustering is considered. Consequently, it 
appears that the clustering factors subsume the distinctive impact of participation 
proportions on the sports and physical activities, thereby mitigating its influence on 
network connections.

Furthermore, the examination of the nodematch term linked to the sports category 
(nodematch.membership) illustrates a significant homophily effect within individual 
clusters. The odds of connections between sports and physical activities classified 
within the same cluster is substantially higher—specifically, 21-fold (exp(3.073))—
when compared to connections between sports and physical activities from disparate 
categories. Upon investigating the main effect pertaining to sports categories (node-
factor.memberships), with category 1 serving as the reference, it is evident that nearly 
all other categories exhibit significantly stronger intra-category associations, and this 
pattern holds true even after adjusting for other variables. The majority of these cat-
egories tend to be specialized and are frequently characterized by exclusivity.
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Discuss and conclusion
This study harnesses data from sample surveys on public preferences across a spectrum 
of 43 sports and physical activities. Through the deployment of network analysis, it 
classifies these activities and deciphers the intricate topological interrelations between 
them. It further probes into the multifaceted participation trends in sports and physical 
activities, examining how these are correlated with the socio-physical characteristics of 
the individuals involved.

While prior research has often investigated the influence of social networks or social 
capital on sports engagement primarily at an individual level, this study broadens the 
scope by employing network analysis to synthesize both macro-level (sports and physi-
cal activities) and micro-level (individuals) perspectives, thus considering the interplay 
between sports and physical activities, and various background factors. The study’s 
outcomes draw attention to the significant role of gender, age, and education in shap-
ing the diversity of sports and physical activities. It reveals a gender gap in participation 
rates and a tendency for females to participate in a narrower range of activities when 
compared to males, with certain activities being perceived as gendered. Moreover, the 
study finds a negative correlation between participant age and the variety of sports 
activities, indicating a decline in diversity as age increases. Additionally, it identifies a 
trend among more educated individuals to specialize in sports perceived as prestigious, 
such as tennis and golf, suggesting that educational attainment influences patterns of 
sports participation. These findings corroborate and expand upon existing literature on 
the socio-economic determinants of sports engagement by identifying specific patterns 
of connectivity and dissociation among various sports and activities, thereby contribut-
ing to the discourse on the socio-economic stratification of sports participation, as dis-
cussed in the works of Stempel (2005) and Federico et al. (2013).

The study further illuminates a significant clustering effect within sports and physi-
cal activities, suggesting that participation choices are not randomly scattered but rather 
exhibit associative patterns, especially among niche sports. This indicates the existence 
of sub-communities within the broader sporting community, which may be formed 
based on shared socio-physical traits.

From a methodological standpoint, the application of network analysis to the study 
of sports participation provides an intricate understanding of the interconnectivity 
between different sports and physical activities and how these interrelationships are 
modulated by the socio-physical attributes of participants. This approach enriches the 
methodological toolkit of sports studies and is in alignment with the recent methodo-
logical advancements in network analysis across various fields, as highlighted by Borgatti 
et al. (2009), who emphasized its efficacy in unraveling the complex patterns of relation-
ships in data sets.

It is important to note that the analysis level of this study, especially ERGM, is the 
sports and physical activities. Therefore, the conclusions obtained cannot be directly 
extrapolated to the individual level. The present study addresses sports and physical 
activities in China, and some of the results are contextualized, such as the characteris-
tics of the participating population in some emerging sports such as boxing, which dif-
fer from the situation in other developed countries. In addition, the expression of some 
specific options (e.g., “aquatics”) in the questionnaire is not reasonable enough and the 
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understanding of some respondents, especially rural residents, might be skewed, poten-
tially impacting the reliability of the results. Additionally, there are certain unobserved 
factors that influence participation in sports and exercise programs, which cannot be 
addressed by the network analysis model itself. This limitation may render the educa-
tional attainment variable potentially endogenous, resulting in biased estimations of the 
coefficient. These issues warrant further refinement in future studies.
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