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Abstract

Objective

This study explores the relationships among physical exercise, social support, and
feelings of inferiority among college students, with a particular focus on the mediat-
ing role of social support. Using a sample of Chinese college students, the results
demonstrate that physical exercise significantly reduces feelings of inferiority, both
directly and indirectly through enhanced social support.

Method

Pearson correlation analysis confirmed the positive correlation between physical
exercise and social support, while also showing that both physical exercise and
social support negatively correlate with feelings of inferiority. Structural equation mod-
eling further supported the hypothesized relationships, revealing that the mediation
pathway through social support accounted for 51.95% of the total effect. Additionally,
multi-group invariance testing indicated that these relationships were consistent
across genders, underscoring the universal applicability of the model.

Results

The findings highlight the dual pathways through which physical exercise allevi-
ates feelings of inferiority: by fostering personal competence and enhancing social
resources.

Conclusion

This study emphasizes the importance of integrating physical exercise and social
support, providing evidence-based intervention recommendations for improving
students’ mental health. By validating the dual-pathway model, the research offers
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theoretical support and practical significance for promoting students’ mental health
through physical exercise and social support.

1 Introduction

In Modern Higher Education, Physical exercise in modern higher education is not
merely a means to enhance physical fithess but also an effective approach to cul-
tivating psychological resilience and promoting social adaptation. With the growing
emphasis on mental health in society, the psychological benefits of physical exer-
cise have increasingly become a focus of academic research. Recent studies have
revealed that the positive effects of physical exercise on mental health extend far
beyond simple mood enhancement. It plays a unique role in shaping self-awareness,
improving social relationships, and fostering self-esteem [1,2]. Among these issues,
feelings of inferiority, as a typical negative emotional state often stemming from low
self-evaluation, have a profound adverse impact on university students’ learning,
social interactions, and daily lives [3]. Thus, understanding how physical exercise
can alleviate feelings of inferiority has become a critical topic in psychological and
sports education research.

Studies have shown that physical exercise not only directly improves physical
fitness but also offers participants a rich social platform [4]. In team sports such as
basketball or soccer, students engage in collaboration and interaction with team-
mates, gradually building trust and a sense of belonging. Within such interactive
environments, encouragement and support from team members help individuals
gain social recognition, enhance self-assessment, and reduce negative emotions
stemming from isolation [5]. The social support formed during sports activities not
only fulfills the need for belonging but also plays a vital role in alleviating loneliness
and boosting self-confidence [6]. Particularly in team sports, individuals are more
likely to reassess their value and capabilities through positive feedback from peers,
thereby mitigating excessive self-doubt [7].

Additionally, social support, as a multi-dimensional psychological resource, is
indispensable in fostering individual mental health. Studies suggest that various
forms of social support—such as emotional support, practical assistance, and infor-
mational support—provide comprehensive psychological backing [8]. Specifically,
when facing academic pressure or life challenges, support from family, friends, and
peers can significantly alleviate emotional stress and motivate individuals to confront
difficulties [9]. In the context of physical exercise, this social support is embodied
through guidance from coaches, encouragement from teammates, and recognition
from spectators, which gradually permeates individuals’ emotions and cognition.
Through constant interaction, they gain self-affirmation and social acceptance [10].
This psychological encouragement and positive feedback help students find solace
and recognition amidst feelings of inferiority, providing a solid foundation for their
psychological development.

In summary, physical exercise serves not only as a means of physical training
but also as a source of psychological nourishment and a foundation for building
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support networks. Through physical exercise, university students experience positive changes in emotions, cogni-
tion, and behaviors. These changes manifest not only in the enhancement of self-worth but also in the reduction of
feelings of inferiority and the steady improvement of mental health. Exploring this process offers a new perspective
for psychological interventions in higher education and provides scientific evidence for designing more targeted cam-
pus sports programs and psychological support strategies in the future.

2 Literature review and research hypotheses
2.1 The impact of college students’ physical exercise on feelings of inferiority

The positive impact of physical exercise on mental health has been a long-standing research focus in the field of sports
psychology. A review of relevant studies both domestically and internationally reveals two primary areas of emphasis:
first, exploring the relationship between physical exercise and mental health indicators, such as emotional regulation,
self-concept, cognitive processes, and personality traits; and second, utilizing physical exercise as an intervention to
improve psychological disorders, including but not limited to autism, anxiety disorders, depression, and schizophrenia
[11-13]. Physical exercise is not only a means to promote physical health but also an important tool for improving mental
well-being. Among these studies, self-concept, as a key indicator of mental health, serves as a foundational theoretical
basis for understanding the psychological benefits of physical exercise. Self-concept refers to an individual's subjective
evaluation of their own physical, psychological, cognitive, and emotional attributes, formed through a cumulative pro-
cess of self-perception [14]. Since physical exercise is not only a form of bodily activity but also closely linked to specific
social contexts, individuals can enhance their physical fithess while improving their ability to adapt to social environments
through exercise. Research indicates that physical exercise enhances bodily confidence, helps individuals gain greater
social recognition, and ultimately improves self-evaluation [15]. Garn A. C. and colleagues further noted that physical
activities significantly enhance mental health by improving individuals’ self-concepts, showcasing the multidimensional
psychological benefits of physical exercise [16].

Feelings of inferiority are a negative manifestation of self-concept, defined as a negative emotional state arising from
an individual’s low self-evaluation [17]. When persistent, this state can lead to anxiety, social withdrawal, depression,
and even severe psychological disorders [18]. The formation of feelings of inferiority is closely related to individual
cognition, social comparison, and environmental support. Given that physical exercise significantly improves self-
perception, enhances social support, and boosts positive emotions, it is regarded in academic circles as an effective
intervention for inferiority. In recent years, researchers have conducted extensive intervention studies targeting college
students and found that physical exercise positively affects feelings of inferiority on multiple levels. Studies indicate that
moderate-intensity physical exercise can significantly reduce college students’ feelings of inferiority while improving
their physical self-esteem and psychological capital [19,20]. Through regular and moderate physical activities, college
students can gradually enhance positive perceptions of their physical appearance, derive a sense of achievement from
improved physical fitness, and ultimately develop a more favorable overall self-evaluation. These changes not only pro-
mote mental health but also help individuals better adapt to academic and social environments. In competitive sports
contexts, college students gain confidence, pride, and a sense of achievement through competition and interaction with
others [21]. These positive experiences help mitigate feelings of inferiority to some extent. In particular, participants in
team sports not only find value in their roles during the activity but also strengthen their self-identity through collective
support and recognition.

The form of physical exercise significantly influences its intervention effects. Studies have shown that guided physical
exercise has a greater impact than autonomous exercise [22]. Guided exercise, supported by professional trainers, provides
technical guidance and psychological encouragement, enabling individuals to achieve their exercise goals more effectively
while feeling external attention and support, thereby significantly boosting self-confidence [23]. Additionally, team sports are
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more effective in alleviating feelings of inferiority than individual sports. In team activities, individuals enhance their sense of
belonging through cooperation with others and improve their self-evaluation through group recognition [24,25]. Exercise vol-
ume is significantly negatively correlated with levels of inferiority, indicating that higher exercise volume corresponds to lower
levels of inferiority [19]. This finding highlights the importance of exercise duration and frequency in the intervention process.
Adequate exercise not only contributes to physical health but also accumulates psychological benefits, leading to deeper
emotional improvements. This provides scientific guidance for college students to design reasonable exercise plans.

Based on this understanding, we propose the following hypothesis

Hypothesis1(H1): Physical exercise has a direct negative effect on feelings of inferiority among college students.

2.2 The relationship between college students’ physical exercise and social support

Physical exercise is an activity that combines collectivity and interaction, offering a unique social context that fosters the
acquisition of social support. In team sports (such as basketball and soccer) or guided activities (such as fitness classes),
participants often find themselves in high-frequency interactive settings where pursuing common goals strengthens
emotional bonds and a sense of collaboration. These interactions not only enhance the quality of relationships but also
promote a sense of team belonging [26—28]. For example, college students engaging in group sports activities often
experience support and encouragement from their teammates. This support manifests not only in the shared effort on the
field but also in practical help and emotional encouragement among team members [29]. Additionally, sports create unique
social dynamics: competitive scenarios (e.g., matches) intensify the frequency and depth of interactions, while cooper-
ative activities (e.g., group hiking) reinforce trust and intimacy within teams [30]. These interactions fostered by physical
activities provide immediate social satisfaction while laying the groundwork for long-term interpersonal networks, offering
sustainable social support for college students.

Physical exercise is not merely a physical activity but also a psychological process that enhances emotional con-
nections. Within sports settings, participants often receive emotional support through encouragement, recognition, and
companionship. Studies suggest that sports provide opportunities for emotional exchange, whether in the joy of success
or the setbacks of failure. This shared resonance, from teammates, coaches, and even spectators, serves as a vital
psychological driver for overcoming challenges and fostering personal growth [31]. Campus sports clubs or class activities
create opportunities for shared experiences among college students. In these activities, students not only build physical
fithess but also form deep friendships through emotional exchanges while confronting challenges together [32,33]. Such
emotional support is crucial in alleviating loneliness and enhancing a sense of belonging, particularly in the high-pressure
academic environment where sports activities offer a meaningful outlet for emotional expression and understanding [34].
The encouragement and support from team members help release tension, enhance psychological comfort, and deepen
and broaden social connections. These emotional bonds extend beyond the sports setting into daily life, enabling college
students to face academic and social challenges with greater ease [35].

Physical exercise also indirectly enhances social support by expanding social networks and increasing social recogni-
tion. Research indicates that participants in sports activities are more likely to interact with diverse social groups, including
individuals from different ages, cultures, and backgrounds [36]. Through these interactions, participants gain access to
richer resources of support, such as emotional comfort, information sharing, and practical advice for solving problems.
This diversified network creates a more inclusive support system for college students, helping them establish a sense
of identity and belonging in broader social contexts, thereby alleviating feelings of isolation. Additionally, participation in
sports enhances an individual’s social image and status. Outstanding performance in team sports or contributions to the
group enable college students to earn respect from their peers for their athletic abilities or leadership skills [37,38]. This
social recognition further strengthens the perception and stability of social support. For instance, exceptional performance
in group sports not only brings short-term satisfaction but also elevates an individual’s long-term status within the group,
making it easier for them to gain support and recognition in future social interactions [39].
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Based on this understanding, we propose the following hypothesis
Hypothesis2(H2): Physical exercise positively influences social support among college students.

2.3 The relationship between college students’ social support and feelings of inferiority

Social support is widely recognized as a vital resource for individual mental health, playing a significant role in mitigating
negative emotions [40,41]. Feelings of inferiority, as a typical negative emotional state, often stem from an individual’s
negative self-perception and are accompanied by psychological distress such as loneliness and helplessness. Social
support, through emotional comfort and encouragement, effectively alleviates these negative emotions and injects psy-
chological resilience into individuals [42]. Research highlights emotional support as the cornerstone of the social support
system. Particularly for college students facing academic pressure or social setbacks, care from family, friends, or peers
can significantly enhance psychological resilience [43]. For instance, when a student falls into self-doubt after failing an
exam, encouragement from friends or understanding from family can help rebuild their confidence. Such emotional inter-
vention not only alleviates the psychological stress caused by feelings of inferiority but also provides a source of strength
to face challenges [44]. Moreover, a strong sense of social support helps break the vicious cycle of inferiority by liberating
individuals from negative emotions and enabling them to view themselves with a more positive mindset [45,46].

The root of feelings of inferiority lies not only in emotional distress but also in an individual’s low self-evaluation. Social
support plays a critical role in reshaping self-perception through positive feedback and subtle influences. It helps individu-
als redefine their self-worth, gradually weakening their negative self-evaluations, thereby reducing the intensity of feelings
of inferiority [47]. For example, peer support, through praise and affirmation, significantly enhances students’ self-efficacy,
making them more aware of their strengths [48—50]. Family support, on the other hand, provides a foundation of positive
values through long-term stable relationships. Studies show that affirmation from close friends and classmates effec-
tively prevents students from excessively magnifying their weaknesses, helping them avoid falling into cognitive traps of
self-deprecation [51,52]. Additionally, social support not only fosters positive self-perception but also encourages students
to actively participate in social and academic activities, further boosting their confidence. Positive feedback from participa-
tion reinforces their self-evaluation, ultimately reducing the occurrence of feelings of inferiority [53].

Beyond directly influencing emotions and cognition, social support indirectly enhances individuals’ social adaptabil-
ity through behavioral shaping, further reducing feelings of inferiority. Individuals with adequate social support typically
have more opportunities to engage in social activities, providing them platforms to showcase themselves and accumulate
successful experiences, thus creating a positive feedback loop [54—56]. For example, social support in team activities
encourages students to actively engage in more social behaviors, enhancing their social adaptability through successful
interactions [57,58]. Such experiences not only help overcome social anxiety but also diminish avoidance tendencies
caused by feelings of inferiority. Furthermore, social support offers external resources for coping with setbacks. When stu-
dents encounter failures in academics or life, practical assistance and emotional support from others significantly alleviate
feelings of frustration, preventing them from falling into a vicious cycle where failure exacerbates inferiority [59,60]. Par-
ticularly in campus environments, diverse forms of social support, through varied interactive scenarios, enhance students’
psychological flexibility and emotional stability, providing a solid foundation for improving their social adaptability.

Based on this understanding, we propose the following hypothesis

Hypothesis3(H3): Social support has a negative effect on feelings of inferiority among college students.

2.4 The mediating role of social support in the relationship between physical exercise and feelings of inferiority
among college students

Physical exercise is not merely a means to enhance physical fitness but also a powerful catalyst for social interaction.
Through participation in sports, particularly team-based activities such as basketball and soccer, college students forge
meaningful interpersonal connections in contexts of collaboration and competition. These interactions extend beyond
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on-field cooperation and encouragement to include the mutual support and understanding fostered during daily training
sessions [61]. For instance, trust among teammates, guidance from coaches, and recognition from spectators provide
participants with a sense of emotional belonging and acceptance. This sense of belonging helps reduce the feelings of
inferiority caused by isolation, allowing students to discover their value within a group [27,62]. Through sports, college
students gain more opportunities to express themselves and experience group support and encouragement.

Social support alleviates feelings of inferiority through emotional care and positive feedback at multiple levels. On an
emotional level, friendships and care are direct manifestations of social support. When college students encounter set-
backs or failures in sports, the comfort and encouragement provided by teammates offer psychological solace, enabling
them to face difficulties with greater ease [43,63]. For example, a student participating in a group activity gains support
and motivation from peers, which not only eases the loneliness stemming from failure but also strengthens their sense
of belonging within the team. On a cognitive level, social support reshapes self-evaluation, helping individuals view their
self-worth from a more positive perspective [64]. For instance, recognition from teammates, praise from coaches, and
applause from spectators are forms of positive feedback that encourage individuals to reassess their abilities and value
[48,49,65]. These seemingly small actions subtly transform participants’ cognitive patterns, shifting their focus away from
their weaknesses toward their strengths and potential. This cognitive shift significantly reduces feelings of inferiority, pro-
viding students with the psychological drive to confront life’s challenges.

The influence of physical exercise extends beyond physical enhancement or short-term achievements. Its deeper
significance lies in constructing a sustainable social support network for college students. Within this network, students
not only receive emotional encouragement from teammates but also earn societal recognition for their contributions
through their performance in sports [66,67]. For example, when students achieve success in team collaborations or
excel in individual events, they often receive group admiration for their contributions. This positive experience further
strengthens their social adaptability [68]. More importantly, this social network fosters healthy interpersonal relationship
patterns. The positive interactions formed through sports often carry over into daily life, providing students with ongoing
psychological support [69]. These relationships offer a sense of inner security and satisfaction, enabling them to gradually
overcome excessive self-doubt and self-criticism. This transformation makes physical exercise an effective tool for psy-
chological adjustment, with value extending beyond the sports field to deeply influence individual mental health and social
adaptation.

2.5 Construction of the comprehensive theoretical hypothesis model

Based on the literature review and the related hypotheses, this study has constructed a theoretical hypothesis model, as
shown in Fig 1. The model aims to integrate existing research findings, optimize the relationships among the hypotheses,
and expand the theoretical framework to provide a more comprehensive understanding of the research topic.

Social support

Feelings of
inferiority

Physical exercise

Fig 1. Heoretical Model of the Relationship Between Physical Exercise and Feelings of Inferiority in College Students: The Mediating Role of
Social Support.

https://doi.org/10.1371/journal.pone.0321685.9001

PLOS One | https://doi.org/10.137 1/journal.pone.0321685 May 7, 2025 6/20



https://doi.org/10.1371/journal.pone.0321685.g001

PLO\Sﬁ\\.- One

3 Materials and methods
3.1 Research participants and data

3.1.1 Sample size justification. To ensure the scientific rigor and reliability of this study, we utilized both G*Power
software for power analysis and classical heuristic rules in social science research to perform a detailed sample size
estimation. This dual approach ensured the robustness of the sample design and the reliability of the study results.

First, using G*Power 3.1 software, a power analysis was conducted for multiple regression analysis, focusing on four
independent variables: physical exercise, social support, emotional regulation ability, and feelings of inferiority. Assuming
a medium effect size (f=0.15), a significance level of a=0.05, and statistical power of 1-f=0.80, the analysis indicated
a minimum sample size of 90 participants to detect significant statistical effects. This result provides a baseline for the
minimum sample size required.

To further validate the adequacy of the sample size, we adopted a commonly accepted heuristic rule in social science
research, which recommends that the sample size be 10-15 times the number of items in the questionnaire. This study
involves three scales: the physical exercise scale (3 items), the social support scale (12 items), and the feelings of inferi-
ority scale (36 items), for a total of 51 items. According to this rule, the minimum sample size should range between 510
and 765 participants (51 x 10-51 x 15), sufficient to meet the statistical requirements of the questionnaire design.

Ultimately, to ensure the broad representativeness of the study and the robustness of its conclusions, we far exceeded
the minimum sample size requirements during data collection, obtaining 2,036 valid questionnaires from college students.
This sample size not only significantly surpasses the G*Power power analysis minimum requirement (90 participants) but
also far exceeds the upper limit of the heuristic rule (765 participants). Such a large sample size enhances the statistical
power of the analysis, reduces the likelihood of sampling errors, and significantly improves the generalizability and exter-
nal validity of the study findings.

3.1.2 Participant selection process. To ensure representation across different regions and demographic groups,
this study employed a stratified random sampling technique to minimize selection bias. The sampling framework included
college students from 15 provinces and municipalities in China. The randomization process was conducted in multiple
stages to achieve diversity and balance in the sample.

Stratification by region: First, China was divided into five geographic strata based on its socioeconomic and cultural
diversity. Three provinces or cities were randomly selected from each stratum to ensure balanced regional representation
(see Table 1 for details of the regions and selected provinces). Next, universities within the selected provinces or cities
were randomly sampled, with the number of universities selected adjusted proportionally according to the distribution

of universities in each region. This ensured that the sample accurately reflected the overall characteristics of college
students in different regions. Finally, students were randomly selected from the chosen universities, ensuring that every
student had an equal chance of participating in the study.

Random selection of universities: Within each geographic stratum, universities were selected using a random number
generator. The number of universities chosen was proportional to the region’s share of the national college student popu-
lation, ensuring balanced regional representation. For example, if a region accounted for 20% of the total college student

Table 1. Stratification by region and province in the sampling frame.

Region Province

Eastern China Shanghai, Jiangsu, Shandong
Central China Henan, Hubei, Hunan
Western China Sichuan, Guizhou, Chongqing
Southern China Guangdong, Guangxi, Hainan
Northern China Beijing, Shaanxi, Liaoning

https://doi.org/10.1371/journal.pone.0321685.t001
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population in China, 20% of the universities in the sample were selected from that region. This approach ensured the
fairness and scientific accuracy of the sample distribution.

Random selection of students: From each selected university, participants were randomly drawn using a random num-
ber generator from student rosters spanning first-year to fourth-year undergraduates. This process ensured that every
student had an equal chance of selection, minimizing selection bias and achieving balanced representation in terms of
gender, academic year, and field of study.

Exclusion of certain regions: Due to logistical constraints and geographical complexities, some regions were
excluded from the sampling frame. For instance, Xinjiang and Tibet were excluded because of their vast geographical
areas, remote locations, and diverse ethnic compositions, which complicated data collection. Taiwan was not included
due to additional challenges related to research permissions and participant cooperation. While the exclusion of these
regions may somewhat limit the generalizability of the findings, the included regions sufficiently represent the overall
characteristics of China’s college student population, providing broad reliability and representativeness for the study’s
conclusions.

3.1.3 Data collection methods. To ensure the validity and reliability of the data, a standardized data collection
process was strictly followed, as outlined below:

Training of data collectors: Before the distribution of questionnaires, all members of the research team underwent sys-
tematic training. The training covered the clarification of research objectives, the importance of random sampling, and the
standardized procedures for distributing and collecting questionnaires. This unified training ensured consistency among all
researchers throughout the data collection process.

Questionnaire distribution: The distribution of questionnaires was scheduled on regular school days and was super-
vised by the research team to ensure that students could complete the questionnaires independently in an environment
free from external interference. To maintain the integrity and accuracy of the data, completed questionnaires were col-
lected immediately after they were filled out.

Confidentiality and informed consent: Confidentiality and Informed Consent: This study strictly adhered to the Decla-
ration of Helsinki and relevant national and institutional ethical guidelines. Ethical approval was obtained from the Ethics
Committee of Chengdu Sport University (Approval Number: CTYLL2024010). All participants were adults and provided
verbal informed consent before participating in the study, confirming their understanding of the study’s content and vol-
untary involvement. During the consent process, researchers provided each participant with a detailed explanation of the
study’s purpose, procedures, and their rights, ensuring that participants had ample time to ask questions. During data
processing, all responses were fully anonymized, ensuring the privacy and confidentiality of participants’ data were thor-
oughly protected.

3.1.4 Data processing. The survey was conducted over a five-month period, starting on April 1, 2024, and concluding
on September 1, 2024. A total of 2,200 questionnaires were distributed during this time. To ensure data accuracy and
research rigor, all returned questionnaires underwent meticulous screening. Invalid questionnaires, including those
with missing answers, errors, or fixed response patterns, were excluded from the dataset. Ultimately, 2,036 valid
questionnaires were retained, resulting in a high effective response rate of 92.55%. During the screening process,
predefined criteria were strictly applied to eliminate incomplete responses or inconsistencies in answers, ensuring the high
quality and integrity of the data. Detailed information about the respondents is presented in Table 2.

3.2 Measurement

The measurement of physical exercise utilized a scale developed by Liang Deqing et al. [70], comprising 3 items.
Responses were rated on a 5-point Likert scale ranging from 1 (very poor) to 5 (very good), evaluating the level of individ-
uals’ physical activity. This scale has demonstrated excellent reliability and validity in previous research, with an internal
consistency reliability (Cronbach’s a) of 0.885 in this study, further confirming its reliability.
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Table 2. The sample information.

Basic information Category Frequency Percentage Cumulative percentage
Gender Male 101 49.66% 49.66%

Female 1025 50.34% 100%
Grade Freshman (Year 1) 506 24.85% 24.85%

Sophomore (Year 2) 503 24.71% 49.56%

Junior (Year 3) 501 24.61% 74.17%

Senior (Year 4) 526 25.83% 100%

https://doi.org/10.1371/journal.pone.0321685.t002

The assessment of feelings of inferiority employed a scale developed by Wang Lei [71], consisting of 36 items across
five dimensions: self-esteem, social confidence, learning ability, appearance, and physical ability. The scale also used a
5-point Likert format, from 1 (never) to 5 (always). Widely recognized for its structural validity and reliability, this scale is an
essential tool for evaluating feelings of inferiority. In this study, the scale achieved an internal consistency reliability (Cron-
bach’s a) of 0.963, indicating high reliability in measurement.

Social support was measured using a scale developed by Jiang Qianjin [72], comprising 12 items divided into three
dimensions: family support, friend support, and support from others. Responses were rated on a 5-point Likert scale from
1 (completely disagree) to 5 (completely agree), providing a comprehensive evaluation of an individual’s level of social
support. This scale has shown strong reliability and validity in various studies and achieved an internal consistency reli-
ability (Cronbach’s a) of 0.887 in this study, confirming the stability and credibility of its measurements.

Table 3 summarizes the measurement scales used in this study.

3.3 Data analysis procedures

3.3.1 Common method bias. To evaluate potential common method bias in the data, this study utilized Harman’s
single-factor test through principal component analysis. All questionnaire items were loaded into an unrotated factor
solution to examine the proportion of variance explained by a single factor. If the single factor accounted for more than
40% of the total variance, it could indicate the presence of common method bias, which might threaten the validity of the
study.

3.3.2 Descriptive statistics. This study conducted statistical analyses of the means and standard deviations for the
three key variables: physical exercise, social support, and feelings of inferiority among college students. This process
aimed to reveal the central tendencies and variability characteristics of the sample, providing a comprehensive depiction
of the sample’s overall profile and laying a solid foundation for subsequent analyses.

3.3.3 Internal consistency reliability. This study utilized Cronbach’s alpha coefficient to evaluate the internal
consistency of each dimension, ensuring the reliability of the scales in measuring their intended constructs. Generally,
an alpha coefficient of 0.70 or above is considered acceptable, while a value exceeding 0.80 indicates high internal
consistency. This analysis confirmed the stability and coherence of the scales, providing a robust foundation for the
scientific validity and reliability of the study’s results.

Table 3. Scales used in this study.

Scale Author (Year) Item quantity ' Scoring Dimensions

Physical exercise Deqing Liang (1994) |3 5 Exercise intensit, Duratio, exercise Frequency

Social support Qianjin Jiang (2001) |12 5 Family, Friends, Others

Feelings of inferiority | Lei Wang (1999) 36 5 Self-esteem, Social confidence, Learning ability, Appearance, Physical fitness

https://doi.org/10.1371/journal.pone.0321685.t003
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3.3.4 Confirmatory factor analysis (CFA). To validate the measurement model’s fit, this study conducted
confirmatory factor analysis (CFA) in two stages. First, CFA was performed individually for the three constructs—physical
exercise, social support, and feelings of inferiority—to independently test whether their factor structures aligned with
theoretical expectations. The evaluation of model fit was based on the following widely accepted criteria: x?/df<3.0, CFI
(Comparative Fit Index) > 0.90, TLI (Tucker-Lewis Index) > 0.90, RMSEA (Root Mean Square Error of Approximation) <
0.08, and SRMR (Standardized Root Mean Square Residual) < 0.08. These thresholds ensured that the factor models
achieved an acceptable level of fit based on recognized standards.

Second, to evaluate the discriminant validity among constructs, multiple CFA models were tested, comparing the
three-factor model with alternative combined models. A superior fit of the three-factor model indicated that the constructs
exhibited good discriminant validity, thereby supporting the independence of the dimensions.

3.3.5 Correlation analysis. This study conducted correlation analysis to examine the relationships among physical
exercise, social support, and feelings of inferiority in college students, with the significance level set at p<0.05 to
determine statistically significant correlations between the variables. By analyzing the magnitude and direction of the
correlation coefficients, preliminary validation and support were provided for the hypothesized model.

3.3.6 Evaluation of structural model fit. This study evaluated the overall fit of the structural model using multiple fit
indices to verify whether the structural equation model (SEM) accurately reflected the data characteristics. The evaluation
criteria included x?/df<3.0, CFI>0.90, TLI>0.90, SRMR <0.08, and RMSEA<0.08. These indices collectively ensured
that the model’s fit met widely accepted scientific standards, providing a solid foundation for validating the research
hypotheses and the accuracy of the proposed path relationships.

3.3.7 Path analysis. This study conducted path analysis within the framework of structural equation modeling (SEM)
to systematically examine the direct and indirect effects among the variables. The significance of path coefficients (8
values) was determined at p<0.05. The analysis focused on the direct impact of physical exercise on feelings of inferiority
while also exploring the indirect pathway mediated by social support. Through rigorous examination of these path
relationships, the study further elucidated the interactions between variables, providing empirical support for the research
hypotheses.

3.3.8 Effect size testing. This study evaluated the effect sizes of direct and indirect effects using standardized
coefficients and applied a bootstrapping method with 2,000 resamples to compute bias-corrected confidence intervals
for indirect effects. If the 95% confidence interval did not include zero, the mediation effect was deemed statistically
significant. This method provided high reliability for the precise testing of mediation effects and established a solid
foundation for the scientific validity of the study’s conclusions.

3.3.9 Invariance testing of structural equation models across genders. To examine the consistency of the model
across genders, this study conducted a structural invariance analysis. Nested models were compared by sequentially
introducing constraints on measurement weights, structural weights, structural covariances, and structural residuals to
evaluate the model’s applicability for both male and female students. If the ACFI value was less than 0.01, the model was
deemed to have structural invariance, indicating its applicability and stability across different gender groups.

4 Result
4.1 Common method bias and multicollinearity test

To assess the potential influence of common method bias in the study, Harman’s single-factor test was performed. All
variables were subjected to an unrotated principal component analysis (PCA) to evaluate the variance explained by a
single factor. The results revealed the extraction of 9 factors with eigenvalues greater than 1, collectively accounting for a
substantial proportion of the variance. Notably, the first factor explained 35.738% of the total variance, which is below the
critical threshold of 40%. This finding indicates that common method bias is unlikely to significantly influence the results of
this study.
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4.2 Descriptive statistics, reliability, and construct validity of the measurement model

The descriptive statistics, internal consistency reliability, and confirmatory factor analysis (CFA) results for the key con-
structs—physical exercise, social support, and feelings of inferiority—are summarized in Table 4. The results show that:
Descriptive statistics: The mean (M) and standard deviation (SD) values indicate the general tendencies and variability
for each construct. For instance, feelings of inferiority had a mean of 3.30 (SD=0.66), suggesting a moderate level among
participants.

Reliability: Cronbach’s alpha (a) values for all constructs exceeded the recommended threshold of 0.70, indicating high
internal consistency. Specifically, the reliability for physical exercise was 0.885, for social support was 0.887, and for feel-
ings of inferiority was 0.963.

Construct validity: The CFA results provided evidence for the construct validity of the measurement model. Both the
social support and feelings of inferiority constructs achieved excellent model fit indices, with Comparative Fit Index (CFl)
values exceeding 0.980, Tucker-Lewis Index (TLI) values above 0.976, and Root Mean Square Error of Approximation
(RMSEA) values within the acceptable range (0.047 and 0.027, respectively). These results confirm that the measurement
model is valid and reliable.

As shown in Table 5, the fit indices for the three-factor model (x*/df=5.36, CF1=0.985, TLI=0.979, SRMR=0.030,
RMSEA=0.046) were superior to those for the two-factor and one-factor models. The significant improvement in fit indices
(Ax?) supports the distinctiveness of the three constructs—physical exercise (PEX), social support (SSU), and feelings of
inferiority (FOI). This finding establishes strong discriminant validity for the measurement model, as the three-factor model
better represents the data compared to the alternative combined models.

In conclusion, the descriptive statistics, reliability analysis, and CFA results validate the robustness of the constructs
and the appropriateness of the measurement model for the subsequent analyses.

4.3 Correlation analysis among key variables

The relationships among physical exercise (PEX), social support (SSU), and feelings of inferiority (FOI) were examined
using Pearson correlation analysis. The results are visualized in Fig 2, which presents the correlation matrix of the key
variables.

Table 4. Descriptive Statistics, Reliability, and CFA Fit Indices for Key Variables.

Variable M SD a CFI TLI SRMR RMSEA (90%Cl)
Physical exercise 28.97 31.97 0.885 - - - -

Social support 3.41 0.65 0.887 0.981 0.976 0.027 0.047(0.042-0.052)
Feelings of inferiority 3.30 0.66 0.963 0.982 0.980 0.019 0.027(0.025-0.028)

https://doi.org/10.1371/journal.pone.0321685.t004

Table 5. Comparative fit indices for alternative factor structures of key constructs.

Model Factor X2 df AX 2 CFI TLI SRMR RMSEA
A(df) (90%Cl)
Three-factor model PEX, SSU, FOI 134.116 25 - 0.985 0.979 0.030 0.046
(0.039-0.054)
Two-factor model PEX+SSU, FOI 220.140 26 86.024 0.973 0.963 0.042 0.061
(1) (0.053-0.068)
One-factor model PEX+SSU+FOlI 741.643 27 607.527 0.902 0.870 0.070 0.114
(2) (0.107-0.121)

PEX, Physical exercise. SSU, Social support. FOI, Feelings of inferiority. All 2x 2 passed the significance test at 0.05 level.

https://doi.org/10.1371/journal.pone.0321685.t005
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Fig 2. Correlation Matrix of Key Variables: Physical Exercise (PEX), Social Support (SSU), and Feelings of Inferiority (FOI). p<0.05.
https://doi.org/10.1371/journal.pone.0321685.9002

Key findings include
Physical exercise (PEX) and feelings of inferiority (FOI): A significant negative correlation was observed between
physical exercise and feelings of inferiority (r=-0.51, p<0.05), indicating that higher levels of physical exercise are associ-
ated with lower levels of feelings of inferiority.

Physical exercise (PEX) and social support (SSU): Physical exercise showed a significant positive correlation with
social support (r=0.48, p<0.05), suggesting that individuals who engage in more physical exercise tend to experience
greater social support.

Social support (SSU) and feelings of inferiority (FOI): A significant negative correlation was found between social
support and feelings of inferiority (r=-0.50, p<0.05), indicating that higher levels of social support are linked to reduced
feelings of inferiority.

These results provide preliminary support for the hypothesized relationships among the key variables and validate the
conceptual framework of this study. The significant correlations suggest that physical exercise and social support play
crucial roles in mitigating feelings of inferiority among college students. Additionally, the findings highlight the mediating
potential of social support in the relationship between physical exercise and feelings of inferiority, which will be further
explored in subsequent analyses.

4.4 Test results of mediation effects

The results of the structural equation model are summarized as follows. According to Table 6, the model achieved
excellent fit indices, indicating that the hypothesized framework fits the data well. The fit indices include x?/df=15.365,
CF1=0.985, TLI=0.979, SRMR=0.030, and RMSEA=0.046 (90% CI: 0.039-0.054), all within the acceptable range.

The relationships among physical exercise, social support, and feelings of inferiority were examined through path
analysis. As shown in Fig 3, physical exercise had a significant direct negative effect on feelings of inferiority (3 =-0.259,
p<0.001), which supports Hypothesis 1 (H1). This finding confirms that as levels of physical exercise increase, feelings of
inferiority among college students decrease.

Table 6. Questionnaire model fitting indicators.
Model Fit X 2/df CFI TLI SRMR RMSEA (90%Cl)
Model 5.365 0.985 0.979 0.030 0.046 (0.039, 0.054)

https://doi.org/10.1371/journal.pone.0321685.t006
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Fig 3. Structural equation model depicting the relationships between physical exercise, social support, and feelings of inferiority.

https://doi.org/10.1371/journal.pone.0321685.9003

Additionally, physical exercise showed a significant positive effect on social support (3=0.561, p<0.001), validating
Hypothesis 2 (H2). This suggests that engaging in physical exercise can enhance the social support that individuals per-
ceive, providing a beneficial platform for emotional and interpersonal connections. Social support, in turn, demonstrated a
significant negative effect on feelings of inferiority (3 =-0.499, p<0.001), supporting Hypothesis 3 (H3). This indicates that
higher levels of social support are associated with a reduction in feelings of inferiority.

Furthermore, mediation analysis results in Table 7 confirmed that social support mediates the relationship between phys-
ical exercise and feelings of inferiority. The indirect effect of physical exercise on feelings of inferiority through social support
was significant (=-0.280, p<0.001), as the 95% bootstrap confidence interval (-0.321, -0.243) did not include zero. The indi-
rect effect accounted for 51.95% of the total effect, while the direct effect accounted for 48.05%. The total effect of physical
exercise on feelings of inferiority was 3=-0.539, p<0.001, emphasizing the dual pathways—direct and mediated—through
which physical exercise influences feelings of inferiority. These results provide strong evidence supporting Hypothesis 4 (H4),
which posits that social support mediates the relationship between physical exercise and feelings of inferiority.

In conclusion, Table 7 underscores the importance of mediation in this framework. It highlights that physical exer-
cise significantly reduces feelings of inferiority among college students, not only directly but also indirectly through the
enhancement of social support. This dual mechanism demonstrates the critical role of social support as a psychological
resource in alleviating negative emotional states and maximizing the mental health benefits of physical exercise.

Table 7. Total, direct and indirect effects in the multiple mediator model.

Path 'Estimated effect  Boot SE P 'Boot LLCI 'Boot ULCI Ratio
Direct effect

PEX—FOI -0.259 0.027 0.001 48.05%
Indirect effects

PEX—SSU—FOI -0.280 0.020 0.001 -0.321 -0.243 51.95%
Total effect -0.539 0.017 0.000 -0.569 -0.506 -

PEX, Physical exercise. SSU, Social support. FOI, Feelings of inferiority. Boot LLCI, the lower bound of the 95% confidence interval. Boot ULCI, the
upper limit of the 95% confidence interval (Percentile Bootstrap Method with Bias Correction). The Bootstrap sample size is set at 2000.

https://doi.org/10.1371/journal.pone.0321685.t007
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4.5 Testing for structural invariance across gender

To examine whether the structural equation model is applicable across male and female college students, a multi-group
analysis was conducted to test for structural invariance. The results are presented in Table 8 and include fit indices for dif-
ferent levels of constraint: unconstrained, measurement weights, structural weights, structural covariances, and structural
residuals.

The unconstrained model fit the data well, with x*/df=3.180, CFI1=0.985, TLI=0.979, SRMR=0.031, and
RMSEA=0.033 (90% CI: 0.027—-0.038). Subsequent models added increasing constraints to test measurement and struc-
tural invariance. The changes in CFI (ACFI) and TLI (ATLI) were minimal across all levels of constraint, with ACFI<0.002
and ATLI<0.002, meeting the widely accepted thresholds (ACFI<0.01, ATLI<0.01) for invariance. These results indicate
that the factor loadings, structural paths, and covariances do not differ significantly between male and female students.

Specifically
Measurement weights invariance: When equality constraints were imposed on the factor loadings, the model fit
remained excellent (CFI1=0.984, ACFI=-0.001; TLI=0.981, ATLI=+0.002), indicating that both genders interpret the latent
constructs in a similar manner.

Structural weights invariance: Adding constraints on the structural paths showed no significant changes in model fit indi-
ces (CFI=0.984, ACFI=-0.001; TLI=0.981, ATLI=+0.002), supporting the equality of structural relationships across genders.
Structural covariances and residuals invariance: When constraints were applied to covariances and residuals, the
model continued to fit well, with minimal changes in CFl and TLI values (ACFI<0.002, ATLI<+0.001), confirming invari-
ance at these levels.

In summary, the invariance testing results demonstrate that the structural equation model is stable and consistent
across male and female college students. The findings suggest that the relationships among physical exercise, social sup-
port, and feelings of inferiority are not moderated by gender, highlighting the generalizability of the proposed model across
different gender groups. This invariance further strengthens the validity and reliability of the study’s conclusions.

5 Discussion

This study aimed to explore the relationships among physical exercise, social support, and feelings of inferiority in college
students, with a particular focus on the mediating role of social support. The findings not only confirm the hypothesized
relationships but also shed light on the intricate mechanisms through which physical exercise alleviates feelings of infe-
riority. This section delves into the implications of these findings, contextualizes them within the broader literature, and
highlights their theoretical and practical significance.

Table 8. Testing for structural invariance across gender.

X 2/df CFI ACFI TLI ATLI SRMR RMSEA
(90%Cl)
Unconstrained 3.180 0.985 - 0.979 - 0.031 0.033
(0.027-0.038)
Measurement weights 2.983 0.984 -0.001 0.981 +0.002 0.036 0.031
(0.026-0.037)
Structural weights 2.935 0.984 -0.001 0.981 +0.002 0.036 0.031
(0.026-0.036)
Structural covariances 3.108 0.983 -0.002 0.979 0 0.033 0.032
(0.027-0.037)
Structural residuals 3.023 0.983 -0.002 0.980 +0.001 0.033 0.032
(0.026-0.037)

https://doi.org/10.1371/journal.pone.0321685.t008
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5.1 Physical exercise as a direct buffer against feelings of inferiority

The results provide compelling evidence that physical exercise has a significant direct negative effect on feelings of inferi-
ority. This aligns with prior research suggesting that physical exercise enhances self-perception and physical self-esteem,
thereby counteracting the negative self-evaluations that characterize inferiority [16,34]. Importantly, this study extends
existing findings by demonstrating that the effect is robust among college students, a population particularly vulnerable to
feelings of inferiority due to academic pressure and the demands of social comparison.

A key reason for this relationship lies in the psychological benefits of physical activity. Beyond physical health, exer-
cise fosters a sense of achievement and mastery. Engaging in structured physical activities allows students to develop
self-discipline, set and achieve goals, and experience tangible improvements in physical performance, all of which contrib-
ute to improved self-worth [19]. Furthermore, competitive sports or fitness activities often provide an opportunity to receive
external validation for physical abilities, further reinforcing positive self-perceptions.

This direct link between physical exercise and feelings of inferiority has important implications for intervention strate-
gies. Physical activity should not only be promoted for its physical health benefits but also as an accessible and effective
tool for improving psychological resilience in students. Universities and mental health professionals should consider lever-
aging physical activity programs as part of broader strategies to address negative emotional states among students.

5.2 Social support as a mediating mechanism

Social support emerged as a critical mediating factor in the relationship between physical exercise and feelings of inferi-
ority. The findings demonstrate that physical exercise significantly enhances social support, which in turn reduces feelings
of inferiority. This mediation pathway accounted for 51.95% of the total effect, underscoring the substantial role of social
support in amplifying the psychological benefits of physical exercise.

This study supports the idea that physical exercise, particularly in social or team settings, fosters interaction and coop-
eration among participants. Team sports, group fitness classes, and even casual recreational activities provide a platform
for building trust, collaboration, and mutual encouragement [20,29]. These interactions lead to increased emotional and
practical support, fulfilling individuals’ psychological needs for belonging and recognition. Additionally, receiving recogni-
tion and encouragement during physical activities can significantly enhance social bonds, reducing feelings of loneliness
and isolation that often accompany inferiority.

Moreover, social support acts as a buffer against the cognitive distortions that drive feelings of inferiority. The
encouragement and positive feedback received from peers and coaches help individuals challenge their negative self-
evaluations and adopt more balanced, positive perspectives [8,41]. For instance, participants who initially feel inadequate
in physical performance may gradually build confidence through repeated encouragement and successful experiences,
weakening the negative self-concept at the root of inferiority.

This finding is particularly significant as it demonstrates the dual role of physical exercise in addressing inferiority—not
only as an individual activity that builds personal competence but also as a social platform that fosters critical interper-
sonal connections.

5.3 Gender invariance: Consistency across male and female students

The invariance testing revealed that the relationships among physical exercise, social support, and feelings of inferiority
are consistent across genders. This finding has two important implications. First, it highlights the universal applicability

of physical exercise as a psychological intervention. Both male and female students benefit from the direct and indirect
effects of physical exercise on reducing feelings of inferiority. This consistency suggests that gender-specific approaches
to promoting physical activity may not be necessary, as the psychological mechanisms underpinning its benefits are simi-
lar for both genders.
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Second, the results suggest that universities can design inclusive physical activity programs that cater equally to male
and female students. Programs emphasizing both individual activities and team sports can be effective in fostering social
support and reducing inferiority, regardless of gender [19,30]. However, future research could further explore whether
specific types of physical activities (e.g., individual versus team-based, high- versus moderate-intensity) yield differential
benefits across genders.

5.4 Theoretical contributions

This study makes several important contributions to the literature. First, it advances understanding of the role of physical
exercise in alleviating negative emotional states such as feelings of inferiority. While prior research has extensively exam-
ined the benefits of physical exercise on mental health, this study specifically identifies inferiority as a unique construct
affected by exercise, filling a gap in the existing literature.

Second, the findings provide empirical support for the mediating role of social support, offering a nuanced under-
standing of how physical exercise exerts its psychological benefits. This underscores the importance of considering both
individual and social pathways when examining the mental health outcomes of physical activity. The dual pathway model
proposed in this study—direct effects through improved self-perception and indirect effects through social support—pro-
vides a comprehensive framework for future research.

Third, the study’s robust methodological approach, including the use of structural equation modeling and multi-group
invariance testing, enhances the validity and generalizability of the findings. The demonstration of gender invariance fur-
ther strengthens the applicability of the proposed model across diverse student populations.

5.5 Practical implications

The practical implications of this study are substantial. Universities should prioritize physical activity programs as part of
their mental health initiatives. Specifically, team-based sports and group fitness activities should be emphasized, as they
provide both physical and social benefits [14]. Such programs can be integrated into campus wellness initiatives or offered
as part of orientation activities to help students build social connections early in their college experience.

Additionally, the findings highlight the importance of fostering supportive social environments within physical activity
settings. Coaches, fitness instructors, and peer leaders play a crucial role in providing encouragement and positive feed-
back, which can amplify the mental health benefits of physical activity [20]. Universities should train these individuals to
recognize and address the psychological needs of participants, particularly those struggling with feelings of inferiority.

Finally, the universal applicability of the findings suggests that these interventions can be widely implemented across
diverse student populations. However, culturally tailored approaches may be necessary to address unique challenges
faced by students in different regions or educational contexts.

6 Limitations and future research

Despite its strengths, this study has several limitations. First, its cross-sectional design limits the ability to draw causal infer-
ences. Longitudinal studies are needed to confirm the temporal relationships among the variables and to examine whether
the effects of physical exercise and social support on feelings of inferiority are sustained over time. Second, the study was
conducted in a Chinese college student population, which may limit the generalizability of the findings to other cultural con-
texts. Future research should replicate this study in diverse cultural and educational settings to enhance external validity.

Additionally, this study focused on social support as the primary mediator. Future research could explore other potential
mediators, such as emotional regulation, self-efficacy, or social identity, to provide a more comprehensive understanding
of the mechanisms underlying the effects of physical exercise. Furthermore, examining the effects of different types of
physical activities (e.g., aerobic versus resistance training, team-based versus individual activities) could yield more spe-
cific recommendations for interventions.
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7 Conclusion

This study underscores the significant impact of physical exercise on reducing feelings of inferiority among college
students, both directly and indirectly through social support. By fostering a sense of achievement and enhancing inter-
personal connections, physical exercise serves as a powerful tool for improving students’ mental health. The findings
highlight the critical role of social support as a mediator, emphasizing the need to integrate social dimensions into physical
activity interventions. Additionally, the consistency of the model across genders suggests that these benefits are univer-
sally applicable. These results provide a strong foundation for evidence-based interventions that leverage physical activity
to enhance the psychological well-being of college students, ultimately promoting healthier and more resilient student
populations.

Supporting information

S1 Data. English version of the supporting data.
(ZIP)

Acknowledgments

The authors thank all individuals who participated in this study.

Author contributions

Data curation: Weisong Chen.

Formal analysis: Huan Lei, Minghuan Tang, hongshen wang.

Investigation: Huan Lei, Bo Peng, Ting Yu.

Methodology: Huan Lei, Bo Peng, Minghuan Tang, Weisong Chen, Ting Yu.

Project administration: hongshen wang.

Writing — original draft: Huan Lei, Bo Peng, Minghuan Tang, Weisong Chen, hongshen wang, Ting Yu.
Writing — review & editing: Huan Lei, Bo Peng, Minghuan Tang, Weisong Chen, hongshen wang, Ting Yu.

References

1. ChuT. The Influence of sports on health science and its factors. Rev Bras Med Esporte. 2021;27(3):327-30. https://doi.
org/10.1590/1517-8692202127032021_0074

2. JiH, Zheng C. The influence of physical exercise on college students’ mental health and social adaptability from the cognitive perspective. Work.
2021;69(2):651-62. https://doi.org/10.3233/WOR-213506 PMID: 34120942

3. Cimsir E. The roles of dispositional rumination, inferiority feelings and gender in interpersonal rumination experiences of college students. J Gen
Psychol. 2019;146(3):217-33. https://doi.org/10.1080/00221309.2018.1553844 PMID: 30663531

4. Vankim NA, Nelson TF. Vigorous physical activity, mental health, perceived stress, and socializing among college students. Am J Health Promot.
2013;28(1):7-15. https://doi.org/10.4278/ajhp.111101-QUAN-395 PMID: 23470187

5. Campo M, Champely S, Louvet B, Rosnet E, Ferrand C, Pauketat JVT, et al. Group-Based Emotions: Evidence for Emotion-Performance Relation-
ships in Team Sports. Res Q Exerc Sport. 2019;90(1):54—63. https://doi.org/10.1080/02701367.2018.1563274 PMID: 30707087

6. Barnett F, Thomas Y, Northey A, et al. The physical health and activity of people with severe mental illness (SMI); 2011. https://doi.
org/10.1111/J.1440-1630.2011.00938.X

7. YuD, Che X, Wang H, Ma N, Wan Z, Wan B, et al. The Relationship between Football Participation and Sport Trait Confidence for Adolescents: A
Chain-Mediated Effect of Collective Self-Esteem and Self-Esteem. Behav Sci (Basel). 2024;14(8):656. https://doi.org/10.3390/bs14080656 PMID:
39199052

8. Hefner J, Eisenberg D. Social support and mental health among college students. Am J Orthopsychiatry. 2009;79(4):491-9. https://doi.org/10.1037/
20016918 PMID: 20099940

PLOS One | https://doi.org/10.1371/journal.pone.0321685 May 7, 2025 171720



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0321685.s001
https://doi.org/10.1590/1517-8692202127032021_0074
https://doi.org/10.1590/1517-8692202127032021_0074
https://doi.org/10.3233/WOR-213506
http://www.ncbi.nlm.nih.gov/pubmed/34120942
https://doi.org/10.1080/00221309.2018.1553844
http://www.ncbi.nlm.nih.gov/pubmed/30663531
https://doi.org/10.4278/ajhp.111101-QUAN-395
http://www.ncbi.nlm.nih.gov/pubmed/23470187
https://doi.org/10.1080/02701367.2018.1563274
http://www.ncbi.nlm.nih.gov/pubmed/30707087
https://doi.org/10.1111/J.1440-1630.2011.00938.X
https://doi.org/10.1111/J.1440-1630.2011.00938.X
https://doi.org/10.3390/bs14080656
http://www.ncbi.nlm.nih.gov/pubmed/39199052
https://doi.org/10.1037/a0016918
https://doi.org/10.1037/a0016918
http://www.ncbi.nlm.nih.gov/pubmed/20099940

PLO\Sﬁ\\.- One

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Li M. The interplay between perceived teacher support, grit, and academic engagement among Chinese EFL learners. Learning and Motivation.
2024;85:101965. https://doi.org/10.1016/j.Imot.2024.101965

Lieber SB, Moxley J, Mandl LA, Reid MC, Czaja SJ. Social support and physical activity: does general health matter?. Eur Rev Aging Phys Act.
2024;21(1):16. https://doi.org/10.1186/s11556-024-00347-6 PMID: 38902616

Yang M, Si S, Zhang K, Xi M, Zhang W. Bridging the relationship between physical exercise and mental health in adolescents based on network
analysis. Psych J. 2024;13(5):835-48. https://doi.org/10.1002/pchj.756 PMID: 38627203

Chekroud SR, Gueorguieva R, Zheutlin AB, Paulus M, Krumholz HM, Krystal JH, et al. Association between physical exercise and mental health in
1-2 million individuals in the USA between 2011 and 2015: a cross-sectional study. Lancet Psychiatry. 2018;5(9):739-46. https://doi.org/10.1016/
S$2215-0366(18)30227-X PMID: 30099000

Deslandes A, Moraes H, Ferreira C, Veiga H, Silveira H, Mouta R, et al. Exercise and mental health: many reasons to move. Neuropsychobiology.
2009;59(4):191-8. https://doi.org/10.1159/000223730 PMID: 19521110

Mayo Bs D, Le PhD B. Perceived discrimination and mental health in college students: A serial indirect effects model of mentoring support and aca-
demic self-concept. J Am Coll Health. 2023;71(4):1184-95. https://doi.org/10.1080/07448481.2021.1924725 PMID: 34242542

Holler P, Jaunig J, Amort F-M, Tuttner S, Hofer-Fischanger K, Wallner D, et al. Holistic physical exercise training improves physical literacy
among physically inactive adults: a pilot intervention study. BMC Public Health. 2019;19(1):393. https://doi.org/10.1186/s12889-019-6719-z PMID:
30971234

Garn AC, Morin AJS, Martin J, Centeio E, Shen B, Kulik N, et al. A Reciprocal Effects Model of Children’s Body Fat Self-Concept: Relations With
Physical Self-Concept and Physical Activity. J Sport Exerc Psychol. 2016;38(3):255-67. https://doi.org/10.1123/jsep.2015-0255 PMID: 27385738

Nagae A, Asano K, Kotera Y. Moderating Effects of Striving to Avoid Inferiority on Income and Mental Health. Front Psychol. 2022;13:838991.
https://doi.org/10.3389/fpsyg.2022.838991 PMID: 35719576

Akdogan R. A model proposal on the relationships between loneliness, insecure attachment, and inferiority feelings. Personality and Individual
Differences. 2017;111:19-24. https://doi.org/10.1016/j.paid.2017.01.048

Long Z, Liu G, Xiao Z, Gao P. Improvement of Emotional Response to Negative Stimulations With Moderate-Intensity Physical Exercise. Front
Psychol. 2021;12:656598. https://doi.org/10.3389/fpsyg.2021.656598 PMID: 34276479

Welch AS, Hulley A, Beauchamp M. Affect and self-efficacy responses during moderate-intensity exercise among low-active women: The effect of
cognitive appraisal. Journal of Sport & Exercise Psychology. 2010;32(2):154. https://doi.org/10.1016/j.jse.2010.01.008

Hidayat Y, Yudiana Y, Hambali B, Sultoni K, Ustun UD, Singnoy C. The effect of the combined self-talk and mental imagery program on the badmin-
ton motor skills and self-confidence of youth beginner student-athletes. BMC Psychol. 2023;11(1):35. https://doi.org/10.1186/s40359-023-01073-x
PMID: 36737818

Knobf MT, Thompson AS, Fennie K, Erdos D. The effect of a community-based exercise intervention on symptoms and quality of life. Cancer Nurs.
2014;37(2):E43-50. https://doi.org/10.1097/NCC.0b013e318288d40e PMID: 23519041

Wang Y, Jia N, Zhou Y, Fu L, Fan L, Li B. A comparison of the effects of remote coaching HIIT training and combined exercise training on the physi-
cal and mental health of university students. Front Psychol. 2023;14:1182332. https://doi.org/10.3389/fpsyg.2023.1182332 PMID: 37251041

Malik A, Singh B, Malik S. Association between Digital Finger Ratio (2D:4D) and Salivary Testosterone level in Combative Sports and Non-
Sportsmen. Inte Jour of Phys Educ Spor Manag and Yog Scie. 2014;4(1):41. https://doi.org/10.5958/].2278-795x.4.1.010

Ren Z, Hu L, Yu JJ, Yu Q, Chen S, MaY, et al. The Influence of Social Support on Physical Activity in Chinese Adolescents: The Mediating Role of
Exercise Self-Efficacy. Children (Basel). 2020;7(3):23. https://doi.org/10.3390/children7030023 PMID: 32245103

Coudevylle G, Stéphane S, Cairo E, et a. Impact of claimed self-handicapping on cohesion and perceived collective efficacy in basketball. Interna-
tional Journal of Sport Psychology. 2018. https://doi.org/10.7352/IJSP2018.49.311

Zhao YD, Liao S, Cui MF. The application of innovative game-based teaching methods in basketball education in general universities. Journal of
Guangzhou Sport University. 2021;41(03):104—107. https://doi.org/10.13830/j.cnki.cn44-1129/98.2021.03.026

Dong P, Yu SM. Physical education classroom teaching guided by the integration of five educations: Definition, strategies, and avoidance of misun-
derstandings. Sports Science Research. 2022;36(02):103-110. https://doi.org/10.15877/j.cnki.nsic.20211227.001

Dong YQ, Ge YY, Ding F, et al. The influence of cumulative ecological risk on college students’ physical exercise: The mediating effects of exercise
atmosphere and self-efficacy. Chinese Journal of Health Psychology. 2022;30(08):1244-9. https://doi.org/10.13342/j.cnki.cjhp.2022.08.025

Yu SY, Liu B. How sports diplomacy comes about: An examination based on political modernity. Journal of Beijing Sport University.
2024;47(05);76-85. https://doi.org/10.19582/j.cnki.11-3785/98.2024.05.006

Sun YL, Sun DR, Liu JY. The relationship between physical activity and moral development in adolescents. Journal of Tianjin University of Sport.
2007;22(4):5. https://doi.org/10.3969/j.issn.1005-0000.2007.04.003

Yu XM, Yan JH, Zhang YA. The social transformation of Chinese family sports values from the perspective of individual needs. Sports and Science.
2024;45(05):112—120. https://doi.org/10.13598/j.issn1004-4590.2024.05.014

Ma C, Shi ZG, Wang XL, et al. The mutual promotion of physical activity and well-being: The mediating effect of college students’ peer relationships
and self-cognition. Chinese Journal of Health Psychology. 2022;30(06):893-899. https://doi.org/10.13342/j.cnki.cjhp.2022.06.020

PLOS One | https://doi.org/10.1371/journal.pone.0321685 May 7, 2025 18720



https://doi.org/10.1016/j.lmot.2024.101965
https://doi.org/10.1186/s11556-024-00347-6
http://www.ncbi.nlm.nih.gov/pubmed/38902616
https://doi.org/10.1002/pchj.756
http://www.ncbi.nlm.nih.gov/pubmed/38627203
https://doi.org/10.1016/S2215-0366(18)30227-X
https://doi.org/10.1016/S2215-0366(18)30227-X
http://www.ncbi.nlm.nih.gov/pubmed/30099000
https://doi.org/10.1159/000223730
http://www.ncbi.nlm.nih.gov/pubmed/19521110
https://doi.org/10.1080/07448481.2021.1924725
http://www.ncbi.nlm.nih.gov/pubmed/34242542
https://doi.org/10.1186/s12889-019-6719-z
http://www.ncbi.nlm.nih.gov/pubmed/30971234
https://doi.org/10.1123/jsep.2015-0255
http://www.ncbi.nlm.nih.gov/pubmed/27385738
https://doi.org/10.3389/fpsyg.2022.838991
http://www.ncbi.nlm.nih.gov/pubmed/35719576
https://doi.org/10.1016/j.paid.2017.01.048
https://doi.org/10.3389/fpsyg.2021.656598
http://www.ncbi.nlm.nih.gov/pubmed/34276479
https://doi.org/10.1016/j.jse.2010.01.008
https://doi.org/10.1186/s40359-023-01073-x
http://www.ncbi.nlm.nih.gov/pubmed/36737818
https://doi.org/10.1097/NCC.0b013e318288d40e
http://www.ncbi.nlm.nih.gov/pubmed/23519041
https://doi.org/10.3389/fpsyg.2023.1182332
http://www.ncbi.nlm.nih.gov/pubmed/37251041
https://doi.org/10.5958/j.2278-795x.4.1.010
https://doi.org/10.3390/children7030023
http://www.ncbi.nlm.nih.gov/pubmed/32245103
https://doi.org/10.7352/IJSP2018.49.311
https://doi.org/10.13830/j.cnki.cn44-1129/g8.2021.03.026
https://doi.org/10.15877/j.cnki.nsic.20211227.001
https://doi.org/10.13342/j.cnki.cjhp.2022.08.025
https://doi.org/10.19582/j.cnki.11-3785/g8.2024.05.006
https://doi.org/10.3969/j.issn.1005-0000.2007.04.003
https://doi.org/10.13598/j.issn1004-4590.2024.05.014
https://doi.org/10.13342/j.cnki.cjhp.2022.06.020

PLO\Sﬁ\\.- One

34. Biddle SJH, Ciaccioni S, Thomas G, Vergeer |. Physical activity and mental health in children and adolescents: An updated review of reviews and
an analysis of causality. Psychology of Sport and Exercise. 2019;42:146-55. https://doi.org/10.1016/j.psychsport.2018.08.011

35. Xiong H. The social dynamics and historical experience of women'’s sports development in New China over 70 years. Sports Science.
2020;40(07):31-39. https://doi.org/10.16469/j.css.202007004

36. Zhong HM, Wang ZH. The income effect on physical exercise participation among Chinese residents: An empirical study based on the Chinese
labor force dynamics survey. Journal of Shandong Sport University. 2024;40(03):104—113. https://doi.org/10.14104/j.cnki.1006-2076.2024.03.012

37. Duncan SC, Duncan TE, Strycker LA. Sources and types of social support in youth physical activity. Health Psychol. 2005;24(1):3—10. https://doi.
org/10.1037/0278-6133.24.1.3 PMID: 15631557

38. Cheng H. The path of friend support to enhance college students’ aerobic fitness: The mediating role of physical activity and self-efficacy. Sports
and Science. 2019;40(04):114—120. https://doi.org/10.13598/j.issn1004-4590.2019.04.016

39. Yang SJ. The relationship between social support, self-efficacy, and adolescent sports exercise satisfaction. Journal of Wuhan Institute of Physical
Education. 2016;50(02):90-94. https://doi.org/10.15930/j.cnki.wixb.2016.02.015

40. LiKS, Zhang T, Ma P, et al. The relationship between life events and anxiety in relocated adolescents: The mediating role of coping styles and
social support. Chinese Journal of Clinical Psychology. 2023;31(05):1243—1247. https://doi.org/10.16128/j.cnki.1005-3611.2023.05.043

41. Yang X, Zhu J, Hu P. Perceived social support and procrastination in college students: A sequential mediation model of self-compassion and nega-
tive emotions. Curr Psychol. 2021;42(7):5521-9. https://doi.org/10.1007/s12144-021-01920-3

42. Feng YH, Yan K, Gai YC. The effect of bullying victimization on self-harm behavior in middle school students: A moderated mediation model. Chi-
nese Journal of Clinical Psychology. 2024;32(02):350—-355. https://doi.org/10.16128/j.cnki.1005-3611.2024.02.019

43. Legault L, Green-Demers |, Pelletier L. Why do high school students lack motivation in the classroom? Toward an understanding of academic
amotivation and the role of social support. Journal of Educational Psychology. 2006;98(3):567—82. https://doi.org/10.1037/0022-0663.98.3.567

44. ZhouY, He JW, LiL, et al. The relationship between anxiety, depression, and perceived social support in foreign military students. Journal of Sec-
ond Military Medical University. 2021;42(02):224—-227. https://doi.org/10.16781/].0258-879x.2021.02.0224

45. Ringdal R, Bjgrnsen HN, Espnes GA, Bradley Eilertsen M-E, Moksnes UK. Bullying, social support and adolescents’ mental health: Results from a
follow-up study. Scand J Public Health. 2021;49(3):309—16. https://doi.org/10.1177/1403494820921666 PMID: 32456594

46. McConnell EA, Birkett MA, Mustanski B. Typologies of Social Support and Associations with Mental Health Outcomes Among LGBT Youth. LGBT
Health. 2015;2(1):55-61. https://doi.org/10.1089/Igbt.2014.0051 PMID: 26790019

47. Zhou Y. The relationship between life stress and depression among Chinese and Korean college students: A comparative study of the mediating
role of social support. Shandong Social Sciences. 2017;37(06):115-122. https://doi.org/10.14112/j.cnki.37-1053/c.2017.06.016

48. CuiLX, Liu J, Luo XJ. The mediating model of social support on depression. Psychological Science. 2014;37(04):980-984. https://doi.
org/10.16719/j.cnki.1671-6981.2014.04.003

49. Cheng Y. The relationship between social support and mental health in impoverished college students. Journal of Chongging University (Social
Sciences Edition). 2011;17(4). https://doi.org/10.3969/j.issn.1008-5831.2011.04.028

50. Agoes Salim RM, Istiasih MR, Rumalutur NA, Biondi Situmorang DD. The role of career decision self-efficacy as a mediator of peer support on
students’ career adaptability. Heliyon. 2023;9(4):e14911. https://doi.org/10.1016/j.heliyon.2023.e14911 PMID: 37025764

51. Diaconu-Gherasim LR, Mairean C, Brumariu LE. Quality of teachers’ and peers’ behaviors and achievement goals: The mediating role of self-
efficacy. Learning and Individual Differences. 2019;73:147-56. https://doi.org/10.1016/j.lindif.2019.06.001

52. Orejudo S, Zarza-Alzugaray FJ, Casanova O, McPherson GE. Social Support as a Facilitator of Musical Self-Efficacy. Front Psychol.
2021;12:722082. https://doi.org/10.3389/fpsyg.2021.722082 PMID: 34690881

53. LilL, PengZ, LulL, Liao H, Li H. Peer relationships, self-efficacy, academic motivation, and mathematics achievement in Zhuang adolescents: A
moderated mediation model. Children and Youth Services Review. 2020;118:105358. https://doi.org/10.1016/j.childyouth.2020.105358

54. AnF, Guo J. Does students’ perceived peer support facilitate their deeper learning? The chain mediating role of computer self-efficacy and per-
ceived classroom mastery goal structure. Educ Inf Technol. 2023;29(7):9013-36. https://doi.org/10.1007/s10639-023-12193-7

55. Rashid S, Shaukat A, Ahmed M. Moderating role of peer relations and executive functioning on the relationship between self-efficacy, empathy &
social skills. Curr Psychol. 2024;43(39):30828-41. https://doi.org/10.1007/s12144-024-06676-0

56. Cattelino E, Chirumbolo A, Baiocco R, Calandri E, Morelli M. School Achievement and Depressive Symptoms in Adolescence: The Role of
Self-efficacy and Peer Relationships at School. Child Psychiatry Hum Dev. 2021;52(4):571-8. https://doi.org/10.1007/s10578-020-01043-z PMID:
32804307

57. Shao TY, Li QD. An examination of China’s sports curriculum competency goals — A multidimensional exploration based on subject and theoretical
considerations. Sports Science Journal. 2024;31(01):8—15. https://doi.org/10.16237/j.cnki.cn44-1404/98.2024.01.014

58. Zhu CQ, Shu SF. The causal relationship between physical exercise and adolescents’ social adaptability: A cross-lagged analysis. Chinese Sports
Science and Technology. 2022;58(07):42—47. https://doi.org/10.16470/j.csst.2021090

59. Chen ZY, Zhang TC, Zhang FL, et al. The developmental trajectory of early suicidal ideation in adolescents: Analysis based on latent variable
mixture growth models. Modern Preventive Medicine. 2024;51(18):3314-3319. https://doi.org/10.20043/].cnki.MPM.2024064 31

PLOS One | https://doi.org/10.1371/journal.pone.0321685 May 7, 2025 19/20



https://doi.org/10.1016/j.psychsport.2018.08.011
https://doi.org/10.16469/j.css.202007004
https://doi.org/10.14104/j.cnki.1006-2076.2024.03.012
https://doi.org/10.1037/0278-6133.24.1.3
https://doi.org/10.1037/0278-6133.24.1.3
http://www.ncbi.nlm.nih.gov/pubmed/15631557
https://doi.org/10.13598/j.issn1004-4590.2019.04.016
https://doi.org/10.15930/j.cnki.wtxb.2016.02.015
https://doi.org/10.16128/j.cnki.1005-3611.2023.05.043
https://doi.org/10.1007/s12144-021-01920-3
https://doi.org/10.16128/j.cnki.1005-3611.2024.02.019
https://doi.org/10.1037/0022-0663.98.3.567
https://doi.org/10.16781/j.0258-879x.2021.02.0224
https://doi.org/10.1177/1403494820921666
http://www.ncbi.nlm.nih.gov/pubmed/32456594
https://doi.org/10.1089/lgbt.2014.0051
http://www.ncbi.nlm.nih.gov/pubmed/26790019
https://doi.org/10.14112/j.cnki.37-1053/c.2017.06.016
https://doi.org/10.16719/j.cnki.1671-6981.2014.04.003
https://doi.org/10.16719/j.cnki.1671-6981.2014.04.003
https://doi.org/10.3969/j.issn.1008-5831.2011.04.028
https://doi.org/10.1016/j.heliyon.2023.e14911
http://www.ncbi.nlm.nih.gov/pubmed/37025764
https://doi.org/10.1016/j.lindif.2019.06.001
https://doi.org/10.3389/fpsyg.2021.722082
http://www.ncbi.nlm.nih.gov/pubmed/34690881
https://doi.org/10.1016/j.childyouth.2020.105358
https://doi.org/10.1007/s10639-023-12193-7
https://doi.org/10.1007/s12144-024-06676-0
https://doi.org/10.1007/s10578-020-01043-z
http://www.ncbi.nlm.nih.gov/pubmed/32804307
https://doi.org/10.16237/j.cnki.cn44-1404/g8.2024.01.014
https://doi.org/10.16470/j.csst.2021090
https://doi.org/10.20043/j.cnki.MPM.202406431

PLO\S\% One

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

Zhou T M, Zhang QW, Wang CY. The impact of social support on middle school students’ resilience: A chain mediation effect model. Journal of
Southwest Normal University (Natural Science Edition). 2020;45(06):88-96. https://doi.org/10.13718/j.cnki.xsxb.2020.06.014

Dai J, Chen H. A study on the factors influencing adolescent extracurricular physical activity behaviors from a social ecological perspective. Journal
of Capital University of Physical Education. 2018;30(04):371-377. https://doi.org/10.14036/j.cnki.cn11-4513.2018.04.017

Zhang H, Dong BL. The effects of sport friendship, intrinsic motivation, and gender roles on adolescent exercise persistence. Journal of Tianjin
University of Sport. 2017;32(04):355-363. https://doi.org/10.13297/j.cnki.issn1005-0000.2017.04.013

Bao R, Cai YJ, Li K, et al. Peer support and physical activity in children and adolescents: The mediating effects of intrinsic motivation and
self-efficacy. China Sport Science and Technology. 2022;58(03):35—42. https://doi.org/10.16470/j.csst.2019192

Gu ML, Xu JD, Jiang MM, et al. The relationship between perceived social support and emotional regulation in college students. Chinese Journal
of School Health. 2024;45(01):82—-86. https://doi.org/10.16835/j.cnki.1000-9817.2024016

Wang D, Ouyang CY, Sun KH, et al. The influence of social goal orientation on athletes’ retaliatory aggression behavior: A construction and testing
of a multiple mediation model. Journal of Beijing Sport University. 2023;46(03):121-131. https://doi.org/10.19582/j.cnki.11-3785/98.2023.03.011

Du WY, Shen Y, Qiu J. A study on the social support of winter sports adolescent athletes. Journal of Beijing Sport University. 2021;44(12):135-146.
https://doi.org/10.19582/j.cnki.11-3785/98.2021.12.012

Liu T, Lan T, Jia XF. The talent cultivation model of Japanese table tennis players under the integration of sports and education and its implications.
Journal of Shenyang Sport University. 2021;40(3):11. https://doi.org/10.12163/j.ssu.20210211

Chai J, Wu PX. Analysis of the changing characteristics of youth sports enjoyment in China and its theoretical responses. Journal of Beijing Sport
University. 2023;46(12):65-79. https://doi.org/10.19582/j.cnki.11-3785/98.2023.12.006

Xia SH, Yin SZ, Peng YL. Progress in the impact of complex sports situations on the psychological health of primary and secondary school stu-
dents. Chinese Journal of School Health. 2024;45(10):1511-1515. https://doi.org/10.16835/j.cnki.1000-9817.2024306

Liang DQ. Stress levels of college students and their relationship with physical exercise. Chinese Journal of Mental Health. 1994;(01):5-6.

Wang L. The structure and measurement of self-efficacy. Journal of Peking University (Natural Science Edition). 1999;47(03):136—142. https://doi.
org/10.13209/j.0479-8023.1999.062
Chen W, Huang CY, Mao TX, et al. SEM analysis of the convergent and discriminant validity of multi-dimensional evaluation tools: The case of the

Perceived Social Support Scale. Journal of Southwest University (Natural Science Edition). 2016;41(02):136—140. https://doi.org/10.13718/j.cnki.
xsxb.2016.02.024

PLOS One | https://doi.org/10.1371/journal.pone.0321685 May 7, 2025 20/20



https://doi.org/10.13718/j.cnki.xsxb.2020.06.014
https://doi.org/10.14036/j.cnki.cn11-4513.2018.04.017
https://doi.org/10.13297/j.cnki.issn1005-0000.2017.04.013
https://doi.org/10.16470/j.csst.2019192
https://doi.org/10.16835/j.cnki.1000-9817.2024016
https://doi.org/10.19582/j.cnki.11-3785/g8.2023.03.011
https://doi.org/10.19582/j.cnki.11-3785/g8.2021.12.012
https://doi.org/10.12163/j.ssu.20210211
https://doi.org/10.19582/j.cnki.11-3785/g8.2023.12.006
https://doi.org/10.16835/j.cnki.1000-9817.2024306
https://doi.org/10.13209/j.0479-8023.1999.062
https://doi.org/10.13209/j.0479-8023.1999.062
https://doi.org/10.13718/j.cnki.xsxb.2016.02.024
https://doi.org/10.13718/j.cnki.xsxb.2016.02.024
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

