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Abstract

Student engagement is a malleable behavior shaped by instructional environments
and widely regarded as a key component of higher education quality. Nevertheless,
many college students have inadequate positive experiences with physical educa-
tion classes, characterized by a lack of engagement. Therefore, framed within the
self-determination theory and social cognitive theory, the present empirical research
investigates how autonomy, relatedness, and competence support are associated
with student engagement during physical education learning, focusing on the medi-
ating variables of autonomous motivation and self-efficacy. Data collection involved
a cross-sectional survey administered to undergraduates from four colleges located
in Jiangxi Province, China. After excluding invalid questionnaires, 406 eligible
responses were included in the data analysis. Structural equation modelling was
then constructed through AMOS 26.0 for hypothesis testing. According to the find-
ings, teacher autonomy and relatedness support were significantly related to student
engagement, while competence support showed no significant correlation. Addition-
ally, the pathways from autonomy and competence support to student engagement
were both mediated by autonomous motivation. However, its mediating role was not
supported in the link between relatedness support and student engagement. Fur-
thermore, teacher autonomy, competence, and relatedness support all significantly
influence student engagement via self-efficacy. The present study explores the rela-
tional mechanisms linking teacher support to student engagement in college physical
education. These results contribute to refining teaching strategies to enhance student
engagement while providing insights into optimally motivating instruction in higher
education physical education teaching.

PLOS One | https://doi.org/10.1371/journal.pone.0331876  September 18, 2025

1/21



http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0331876&domain=pdf&date_stamp=2025-09-18
https://doi.org/10.1371/journal.pone.0331876
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-7839-1481
https://orcid.org/0000-0002-3599-6974
mailto:shamariffin@upm.edu.my

PLO\Sﬁ\\.- One

Competing interests: The authors have
declared that no competing interests exist.

1 Introduction

Student engagement has been widely regarded as vital to achieving academic suc-
cess [1]. Increasingly, research has revealed that enhancing student engagement
leads to diverse educational benefits, from academic achievement [2] and per-
sistence [3] to future success in life [4]. Collectively, this line of evidence underscores
the pivotal role of student engagement through all stages of the learning process. By
contrast, students with low engagement typically have lower academic expectations.
They tend to experience negative emotional states, including anxiety and boredom,
which may result in disruptive behaviors and even dropping out of school prematurely
[5,6]. Encouraging active student engagement is a primary aim of Physical Education
(PE), as students need to participate to some extent in school PE in order to achieve
the ability to maintain healthy exercise. Highly engaged students in PE classes
demonstrate diligence in acquiring knowledge and skills, and acknowledge the signifi-
cance of maintaining lifelong physical activity to promote physical and mental well-
being [7]. Hence, fostering student engagement in PE programs warrants substantial
attention from educational practitioners.

In the landscape of contemporary higher education, student engagement has
gained widespread attention as a critical measure of educational quality [8]. However,
the increasing scale and complexity of higher education institutions gradually lead to
the differentiated development of student engagement [9]. Many college students in
PE classes exhibit inattentiveness and a lack of effort toward learning tasks [10]. In
China, due to shortcomings in the college entrance examination evaluation system,
PE holds a marginal position within the broader education system. Consequently, a
considerable number of students enter college with low levels of engagement in PE
[11]. They often exhibit a passive and utilitarian attitude in PE classes, participating
primarily to earn course credits [12]. On the other hand, Low levels of engagement
in physical education classes serve as a precursor to students’ health issues and
behavioral problems [5]. More broadly, sustained low engagement of college students
is associated with crime, substance abuse, and depression [13,14]. Simply increas-
ing the number of PE courses or introducing different instructional equipment may
not effectively enhance student engagement [15]. Therefore, investigating predictors
of student engagement during PE sessions is critical for enhancing the educational
value of PE programs at the collegiate level.

Student engagement is a malleable behavior, which means that teachers can
make appropriate adjustments at the instructional level to stimulate student engage-
ment [16]. As posited by Self-Determination Theory (SDT), teachers supporting
students’ basic psychological needs, which consist of autonomy, competence, and
relatedness, can facilitate internalizing external motivation, thereby promoting student
engagement [17]. In contrast, if students’ psychological needs are obstructed, these
thwarted needs potentially initiate a decline in intrinsic motivation, resulting in nega-
tive behaviors such as low engagement, fear of failure, and avoidance of challenges
[18]. Prior studies suggest that teacher support significantly predicts student engage-
ment [19], including in PE settings [20,21]. Thus, creating a supportive teaching
environment is essential for fostering student engagement. Nevertheless, the current
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content of PE in higher education tends to exhibit formalism, with instructors often neglecting students’ intrinsic psycholog-
ical needs and emotional interactions [22]. Although this topic is gaining increasing attention, empirical studies focusing on
PE contexts remain limited compared to traditional classroom settings and lack consideration of all dimensions of teacher

support [23]. Compared to research conducted at the middle and high school levels, studies examining students in higher

education have emerged relatively late, and empirical evidence remains limited [1]. Given this context, this research draws
on SDT to comprehensively explore the mechanisms linking teacher support (autonomy, competence, and relatedness) to
student engagement in college PE classes.

From the perspective of Social Cognitive Theory (SCT), self-efficacy functions as a key personal factor in predicting
behavioral outcomes, while also being shaped by environmental influences [24]. Li et al. [25] indicate that teacher support for
students’ psychological needs, including collaborative problem-solving discussions and valuing student perspectives, con-
tributes to the strengthening of students’ self-efficacy. Students characterized by higher self-efficacy are inclined to maintain
active engagement in learning tasks [26,27], whereas those with lower self-efficacy levels often exhibit apathy [28]. Unlike
other disciplines, students’ self-efficacy in PE is more outwardly visible and less easily hidden because physical performance
is accompanied by immediate, observable feedback. Nevertheless, the relevance of self-efficacy in shaping teacher support’s
connection to student engagement in PE has yet to be thoroughly examined. Autonomous motivation facilitates a range of
behavioral and psychological processes by reflecting individuals’ initiative and sense of control over their actions [29]. Empiri-
cal studies demonstrate that students exhibiting strong autonomous motivation can internalize external incentives, developing
intrinsic drives that sustain optimal engagement [30,31]. It is worth noting that Chinese education tends to emphasize collectiv-
ism, and students’ learning motivation is usually driven by external factors [32]. Therefore, the stimulation of students’ autono-
mous motivation to improve their engagement in PE within a collectivist cultural context warrants further investigation.

SCT and SDT have been widely applied in educational contexts to explain learning motivation process [33]. SDT primar-
ily emphasizes that the satisfaction of three basic psychological needs, namely autonomy, competence, and relatedness,
serves as the foundation for the internalization of motivation. By satisfying these needs, students are more likely to trans-
form external tasks or behavioral demands into autonomous motivation rooted in personal values, thereby demonstrating
sustained learning behaviors [34]. In contrast, SCT highlights self-efficacy, generally interpreted as one’s perceived capa-
bility to accomplish specific tasks, and identifies it as a key determinant of initiating learning behaviors [33]. Put differently,
autonomous motivation reflects an internalized willingness to act (I want”), whereas self-efficacy represents a subjective
belief in one’s ability to succeed (“I can”). These two constructs correspond to the core theoretical features of motivational
quality and efficacy beliefs, respectively, and together offer a complementary perspective for understanding the psycholog-
ical mechanisms underlying student engagement in physical education. In addition, Triadic Reciprocal Determinism (TRD),
a core principle of SCT, conceptualizes behavior, personal factors, and environmental influences as dynamically intercon-
nected elements. Within this triadic system, self-efficacy is categorized as a personal factor and functions as a mediator
linking environmental input to behavioral outcomes [35]. Accordingly, this study adopts TRD as the basis for its theoretical
framework (Fig 1), in which teacher support represents the environmental component, self-efficacy and autonomous moti-
vation constitute the personal component, and student engagement reflects the behavior component.

Drawing on SDT and SCT, this study focuses on investigating how teacher support relates to student engagement
in PE, with autonomous motivation and self-efficacy as mediators. The current study helps reveal the mechanisms that
influence student engagement, providing a theoretical basis for addressing the negative state of college students in PE
classes and serving as a reference for promoting high-quality PE instruction.

2 Literature review
Teacher support and student engagement

Student engagement entails the quality of a student’s connection or involvement with people, places, goals, values, and tasks
throughout the educational process [36]. It is a multifaceted construct typically divided into three components: behavioral,
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emotional, and cognitive. These aspects reflect students’ behavioral performance, emotional responses, and use of
self-regulation strategies in academic settings [16]. Among the external factors affecting student engagement, the impor-
tance of teacher support cannot be overlooked. The concept of teacher support is derived from Self-Determination Theory
(SDT), which underscores the existence of three basic psychological needs in every individual: autonomy, competence,
and relatedness [37]. Teachers can activate students’ intrinsic motivational resources by supporting their basic psycholog-
ical needs, thereby sustaining their ongoing engagement [38]. Throughout this process, teachers are not only technical
instructors but also creators of a supportive learning environment. By fostering a positive interpersonal interactions, they
enhance students’ emotional experiences, creating conditions that encourage the development of positive learning behav-
iors [39]. Specifically, autonomy support encompasses a range of teacher behaviors aimed at fostering students’ sense of
volition and personal agency in the learning process. It refers to teachers providing students with space for self-directed
decision-making, recognizing students’ perspectives, employing instructional strategies that align with their interests,

and clearly communicating the value and purpose of learning tasks [40]. Competence support involves teachers assign-
ing appropriately challenging tasks, providing directive feedback, and acknowledging students’ efforts to enhance their
perceived effectiveness in relevant learning tasks [40]. Relatedness support is reflected in educators fostering positive
teacher—student relationships through emotionally connective behaviors, including conveying warmth and care, providing
unconditional positive regard, and establishing reciprocal interaction grounded in respect and empathy [40].

Current research generally recognizes that teacher support plays an integral role in improving student engagement. A
study in mathematics classrooms suggested that student engagement improved when teachers responded to learners’
psychological needs [41]. Chiu [42] revealed that, even without direct interaction, teacher support significantly promoted
student engagement in remote education during the COVID-19 outbreak. According to Patall et al. [43], teachers’ auton-
omy support shows a strong association to students’ intrinsic motivation and engagement. Likewise, teacher competence
support improves engagement and academic performance [44]. Additionally, teacher relatedness support increases stu-
dents’ motivation and engagement [45]. Research on related topics is increasingly focused on the field of PE. Otundo and
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Garn [20] found that a need-supportive environment created by teachers fosters a favorable climate for teacher-student
relationships, significantly enhancing middle school students’ interest in and engagement with PE. Leo et al. [36] inves-
tigated 2065 adolescent students and analyzed need-supportive and need-thwarting instruction. The analysis indicated
that students in the high-low group (high need-supportive and low need-thwarting instruction) had higher behavioral and
emotional engagement levels in PE. Exploration of specific aspects of teacher support in PE has occurred in multiple stud-
ies. In an experimental study using a PE teaching-style video for intervention, secondary school students who watched
autonomy-supportive teaching clips reported higher engagement levels than those who watched controlling teaching
clips [46]. Yoo [47] suggested that autonomy support from PE teachers can increase student engagement, particularly for
students with positive emotions in PE. In addition, relatedness support significantly predicted emotional and behavioral
engagement among female high school students in PE. Conversely, students lacking relatedness support were likelier to
lack enthusiasm and detachment from PE classes [48]. Current research pays relatively insufficient attention to teacher
competence support, and its specific role in PE instruction remains unclear, which may be due to the implementation dif-
ferences of this support strategy in various teaching scenarios.

However, some studies have also reported negative results. Gonzalez-Pefo [49] reported that PE teachers’ autonomy
support did not relate to students’ behavioral engagement. The literature explains that students may view the autonomy
provided by teachers as disorganized, which may lead to students showing waiting behavioral traits. Similarly, a prior
investigation involving obese Chinese adolescents indicated that the support of PE teachers does not directly affect
students’ engagement [50]. Considering the different interpretations regarding how teacher support influences student
engagement in PE provided by existing literature, further research could help clarify the underlying mechanisms. Accord-
ingly, the following hypothesis is formulated:

H1: Autonomy support (H1a), competence support (H1b), and relatedness support (H1c) positively predict student
engagement.

Mediating role of autonomous motivation

Autonomous motivation embodies a highly self-determined form of motivation developed by interacting with an individual’s
internal psychological and external environmental factors [51]. Autonomous motivation denotes one’s inclination to volun-
tarily engage in a task out of their own will and choice [52]. It is the driving factor for individuals to maintain specific behav-
iors and comprises three dimensions: identified regulation, integrated regulation, and intrinsic motivation [53]. As outlined
in SDT [54], identified regulation is characterized by individuals recognizing the importance of their behavior. Integrated
regulation involves aligning behavior with one’s values. Intrinsic motivation refers to people spontaneously engaging in
behavior following their innate interests and satisfactions.

It is well-documented that teacher support positively influences the formation of students’ autonomous motivation.
Autonomy-supportive teaching positively predicts students’ extracurricular physical activity motivation [55]. PE teachers’
relatedness support allows students to experience caring and personalized attention, which leads to stronger autonomous
motivation in physical activities [56]. Moreover, empirical literature suggests that students with autonomous motivation
exhibit significantly increased engagement in learning. To illustrate, a study by Ganotice et al. [57] on interdisciplinary
learning demonstrated that students with autonomous motivation tended to stay focused, which benefited their emotional
engagement. In a study involving 1,120 students, Leo et al. [58] revealed that students exhibiting strong autonomous
motivation were more resilient to frustration, thereby demonstrating more engagement. An investigation in an online EFL
setting reveals that students’ perception of teacher support was positively associated with learning engagement, with this
connection significantly mediated by autonomous motivation [59]. Polet et al. [60] reported that teacher support serves as
a positive contributor to the development of students’ autonomous motivation, indirectly shaping their intention to partici-
pate in physical activities. Even for less appealing tasks, teacher support for psychological needs can stimulate students’
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autonomous motivation, which in turn can increase their level of engagement [61]. SDT posits that the satisfaction of basic
psychological needs serves as a precursor to the internalization of motivation [34]. Accordingly, physical education teachers
can enhance students’ autonomous motivation by engaging in need-supportive behaviors, thereby promoting more positive
learning outcomes [62]. Chinese college students are situated within a collectivist cultural context, where group-oriented
values may lessen the salience of individual autonomy [63]. However, multiple meta-analyses have demonstrated that the
beneficial effects of psychological need support in educational settings are applicable across cultural contexts [64—66].
Based on the above, autonomous motivation may serve as a mediator linking teacher support (autonomy, competence, and
relatedness support) to student engagement in PE among college students. Accordingly, we hypothesize the following:

H2: Autonomy support (H2a), competence support (H2b), and relatedness support (H2c) have mediation effects through
autonomous motivation on student engagement.

Mediating role of self-efficacy

As a key psychological construct in learning, self-efficacy denotes an individual's perceived ability and skill performance

in learning [67]. Over recent decades, it has emerged as a vital influence on university-level academic performance [68].
Bandura [69] emphasized in his Social Cognitive Theory (SCT) that the learning process can be explained through the
interactions between the environment, person, and behavior. Positioned within Bandura’s triadic framework, self-efficacy
is a pivotal personal construct that is both influenced by environmental conditions and affects the learner’s behavior

[70]. Within educational environments, teacher support greatly contributes to students’ awareness of their competencies
and the development of self-efficacy. Specifically, teachers may establish a supportive learning atmosphere by setting
appropriate learning goals and providing individualized instruction. This support enhances students’ self-perceptions and
advances their self-efficacy during the course [71]. Recent research indicates that the freedom of communication and
choice embodied in autonomy-supportive teaching helps promote self-efficacy as students develop a clearer awareness of
their competence on a subjective level [72]. Students with elevated self-efficacy beliefs tend to perceive academic chal-
lenges not as threats but as opportunities to grow, which in turn fosters adaptive coping mechanisms and a greater willing-
ness to exert effort in overcoming learning obstacles [73]. This psychological trait not only enhances students’ confidence
in accomplishing a specific learning task but also further promotes their persistence and engagement [74]. When teachers
offer competence support through consistent guidance and structured feedback that reinforces students’ sense of capabil-
ity, learners typically build strong self-efficacy, thereby promoting deeper engagement in learning activities [75]. Through
network analysis, Hu et al. [71] identified self-efficacy as an intermediary in the link between teacher autonomy support
and learning engagement. In light of the above, there is a research gap in the indirect pathway by which teacher support
affects student engagement via self-efficacy in PE settings. Therefore, the subsequent hypotheses are posited:

H3: Autonomy support (H3a), competence support (H3b), and relatedness support (H3c) have mediation effects through
self-efficacy on student engagement.

In summary, while the impact of teacher support on shaping student engagement has received considerable global atten-
tion, the potential mechanisms in the context of PE remain inadequately explored. To this end, Fig 2 illustrates the con-
ceptual model developed to examine how teacher support (autonomy, competence, and relatedness) influences student
engagement through the mediation effects of autonomous motivation and self-efficacy.

3 Method
Participants

The research employed stratified random sampling to conduct a questionnaire survey on first-year to third-year under-
graduate students enrolled at four comprehensive colleges in Jiangxi Province, China, from March 11-22, 2024. We
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focused exclusively on undergraduate students, given that most Chinese colleges do not offer compulsory PE courses for
the master’s and doctoral levels [76]. Following a thorough ethical review, the Universiti Putra Malaysia Ethics Committee
approved this research (JKEUPM-2023—-685), which was undertaken in compliance with the Declaration of Helsinki. Prior
to commencing the survey, participants were assured that their responses would be kept confidential and used exclusively
for academic research purposes. Furthermore, to help participants clearly grasp the study objectives and procedures, we
provided a detailed informed consent form outlining rights and privacy, designed to uphold the right to information and
emphasize voluntary participation. Written informed consent was obtained from all participants, and the questionnaire was
completed anonymously. This rigorous process is designed to guarantee that our research adheres to ethical principles
and regulations and to protect the rights of the subjects participating in the study.

The survey questionnaires were distributed on-site, and 450 college students completed the survey. Participants came
from different faculties that did not major in PE. After excluding 44 invalid questionnaires, the researchers collected 406
with a valid response rate of 90.2%. The main criteria for excluding invalid questionnaires were: (1) the completion time
was too short; (2) there was excessive repetition of the same answers or patterns; (3) there were unanswered items. The
participants comprised 191 female (47.0%) and 215 male students (53.0%), aged 17-22 years. By academic year, 159
(39.2%) were first-year, 130 (32.0%) second-year, and 117 (28.8%) third-year undergraduates.

Instruments

All measures used in the study were well-established scales developed by scholars. Since the participants were native
Chinese speakers, following Brislin [77], the original scales were translated into Chinese, with a subsequent back-
translation into English to confirm semantic consistency. Two bilingual professionals carried out this procedure and
resolved discrepancies between the two versions through discussion. Subsequently, a panel of three PE experts reviewed
and confirmed the final Chinese version of the questionnaire. Demographic information on respondents’ gender, academic
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year, was gathered in the initial part of the questionnaire. The second part utilized scales from previous studies to assess
teacher support, self-efficacy, autonomous motivation, and student engagement.

Teacher support scale. College students’ views on teacher support were assessed through the instrument
proposed by Standage et al. [78]. The measure consisted of three distinct aspects: autonomy support, competence
support, and relatedness support. Participants evaluated 24 items assessing this construct through a 5-point Likert
response format, anchored at 1=completely disagree and 5=completely agree. This scale was widely applied in
PE class scenarios [79]. The reliability test yielded a Cronbach’s a coefficient of 0.89, which signifies high internal
consistency.

Student engagement scale. The Engagement versus Disaffection with Learning Student Report (EVDLS) and
the Metacognitive Strategies Questionnaire were employed to measure student engagement among undergraduates
[80,81]. The 10 items in the EVDLS assess students’ behavioral and emotional engagement. Eight items adapted from
the Metacognitive Strategies Questionnaire assessed cognitive engagement. Participants evaluated a total of 18 items
assessing this construct through a 5-point Likert response format, anchored at 1=completely disagree and 5=completely
agree. The student engagement scale has been shown to demonstrate good reliability [43]. The reliability test yielded a
Cronbach’s a coefficient of 0.84, suggesting high internal consistency.

Autonomous motivation scale. The Behavioural Regulation in Exercise Questionnaire-3 (BREQ-3) evaluated college
students’ autonomous motivation [82]. It encompasses three key dimensions: identified regulation, integrated regulation,
and intrinsic motivation. Each dimension contained four items. Participants evaluated a total of 12 items assessing this
construct through a 5-point Likert response format, anchored at 1 =completely disagree and 5=completely agree. The
BREQ-3 was verified to have satisfactory reliability and validity within a Chinese undergraduate sample [83]. The reliability
test yielded a Cronbach’s a coefficient of 0.90, suggesting strong internal consistency.

Self-efficacy scale. College students’ self-efficacy was assessed using the General Self-Efficacy Scale (GSES),
created by Schwarzer and Jerusalem [84]. Participants evaluated 10 items assessing this construct through a 5-point
Likert response format, anchored at 1=completely disagree and 5=completely agree. GSES was identified as highly
reliable and valid for the Chinese college student sample [85]. The reliability test yielded a Cronbach’s a coefficient of
0.92, suggesting strong internal consistency.

Data analysis. Statistical analyses were performed with SPSS and AMOS software (both version 26.0). The initial
stage involved descriptive and correlational analyses performed in SPSS 26.0. Subsequently, Amos 26.0 was employed to
conduct confirmatory factor analysis (CFA) and structural equation modelling. Following the guidance of previous studies
[86], items grouped under the same dimension in the multidimensional autonomous motivation and student engagement
scales were packaged separately using the internal consistency method. Evaluation of model fit was conducted using
six indices: x2/df, SRMR, RMSEA, CFI, TLI, and IFI. Finally, the mediation analysis used the bias-corrected percentile
bootstrap method with 5000 resamples to calculate a 95% confidence interval (Cl). If the CI did not contain zero, it
indicated a significant mediation effect [87].

4 Results
Common method bias analysis

In light of the exclusive use of self-report measures, this study assessed the presence of common method bias. Based
on Harman'’s single-factor test, six factors with eigenvalues greater than 1 were extracted, and the variance explained

by the dominant factor was 36.81%, falling short of the 40% threshold [88]. Moreover, we employed the unmeasured
latent method construct (ULMC) technique [88] to examine common method bias. A seven-factor model was specified on
the basis of the original six-factor measurement model by adding a common method factor with all items as indicators.
The results indicated that incorporating the common method factor showed no significant improvement in model fit [89]
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(ARMSEA=0.005, ASRMR=0.003, both < 0.05; ACFI=0.013, ATLI=0.014, both < 0.10). Drawing on the above evidence,
the present study did not detect any substantial common method bias.

Additionally, multicollinearity among predictors was tested using the Variance Inflation Factor (VIF), and the results
yielded that the VIF value ranged from 1.235 to 2.218, which was smaller than the upper limit of 3.3 recommended by
Kock and Lynn [90], indicating no substantial multicollinearity concerns.

Measurement model

This study validated the measurement model’s composite reliability, convergent validity, and discriminant validity by con-
firmatory factor analysis (CFA). Five items (AS8, AS11, AS12, AS15, GSE4) were deleted from the first round of CFA due
to standardized factor loadings less than the minimum standard of 0.5. The fitting indices demonstrated an acceptable fit
of the final measurement model: x2/df=2.077, SRMR=0.0578, RMSEA=0.052, CF1=0.928, IFI=0.928, TLI=0.921. As
shown in Table 1, the CR values of all constructs in this study ranged from 0.804 to 0.928, above the standard value of
0.7, implying that the measurement model employed here is highly reliable. The standardised factor loadings for all items
fell between 0.597 and 0.883, and the AVE values for each variable fell between 0.518 and 0.605, exceeding the 0.5
threshold and confirming adequate convergent validity [91]. Discriminant validity was analysed using Fornell and Larcker
[92] guidelines and Heterotrait-Monotrait (HTMT) ratios [93]. As shown in Table 2, the AVE square roots exceeded the
corresponding correlation coefficients, and all HTMT values were under the 0.9 cutoff value, demonstrating satisfactory
discriminant validity.

Descriptive and correlational analyses

Table 3 lists each research variable’s mean, standard deviation, and correlation matrix. Among college students, the mean
scores for autonomy support, competence support, relatedness support, self-efficacy, autonomous motivation, and stu-
dent engagement were 3.35 (£1.05), 3.28 (£1.22), 3.36 (x1.15), 3.32 (£1.13), 3.28 (£0.96), and 3.49 (+0.68), respectively.
Notably, all six variables exhibited significant positive correlations. This result suggested that it was appropriate to include
these variables when considering the effects pathway of teacher support leading to student engagement.

Hypothesis testing

The researchers evaluated the hypotheses through structural equation modelling using AMOS 26.0 in this study (Fig 3).
The structural model’s fitting indices were all above standard cutoff values, suggesting an overall satisfactory model fit (x?/
df=2.083, SRMR=0.0592, RMSEA=0.052, CFI=0.927, TLI=0.921, IFI=0.928).

Table 4 displays the findings from the path analysis. Autonomy support (8=0.258, p<0.001), relatedness support
(8=0.131, p<0.05), autonomous motivation (8=0.132, p<0.05), and self-efficacy (8=0.292, p<0.05) were positively
correlated with student engagement, supporting H1a and H1c. However, competence support (3=-0.006, p>0.05) had no
significant effect on student engagement, and H1b was not supported. In addition, autonomy support (3=0.296, p<0.05)
and competence support (8=0.139, p<0.05) both positively predicted autonomous motivation. The relationship between
relatedness support (8=0.117, p>0.05) and autonomous motivation was insignificant. Moreover, autonomy support
(8=0.367, p<0.05), competence support (8=0.281, p<0.05), and relatedness support (8=0.341, p<0.05) were all posi-
tively related to self-efficacy.

The bias-corrected percentile bootstrap in AMOS 26.0 software was further used to test the mediation effect (sam-
pled 5,000 times), and 95% confidence intervals were derived accordingly. As shown in Table 5, autonomous motivation
had two indirect paths with 95% CI that did not include 0. In particular, autonomous motivation played a mediating role
in linking autonomy support (effect=0.024, Boot Cl = [0.0018, 0.0738]) and competence support (effect=0.009, Boot CI
=[0.0001, 0.0350]) to student engagement. H2a and H2b were supported. The indirect pathway involving autonomous
motivation between relatedness support and student engagement was insignificant (effect=0.008, Boot Cl = [-0.0010,
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Table 1. Results of measurement model.

Latent Constructs Observed Variable/ltems FL CR AVE
Autonomy AS1 0.856 0.922 0.518
Support AS2 0.704

AS3 0.706

AS4 0.717

AS5 0.785

AS6 0.631

AS7 0.724

AS9 0.735

AS10 0.669

AS13 0.704

AS14 0.661
Competence Cs1 0.762 0.850 0.587
Support cs2 0.705

CS3 0.806

Cs4 0.788
Relatedness RS1 0.726 0.872 0.578
Support RS2 0.840

RS3 0.730

RS4 0.705

RS5 0.791
Self-Efficacy GSE1 0.768 0.928 0.589

GSE2 0.746

GSE3 0.798

GSE5 0.707

GSE6 0.761

GSE7 0.782

GSES8 0.702

GSE9 0.790

GSE10 0.843
Autonomous IDR 0.597 0.818 0.605
Motivation INR 0.883

IM 0.824
Student BE 0.624 0.804 0.582
Engagement EE 0.863

CE 0.782

https://doi.org/10.1371/journal.pone.0331876.t001

0.0321]). Thus, H2c was not supported. The 95% CI for all three indirect paths of self-efficacy did not contain 0, indicating
that autonomy support (effect=0.065, Boot Cl = [0.0184, 0.1559]), competence support (effect=0.040, Boot CI = [0.0124,
0.0958]), and relatedness support (effect=0.050, Boot Cl =[0.0141, 0.1095]) exerted indirect effects on student engage-
ment via self-efficacy. Therefore, H3a to H3c were supported.

5 Discussion

Under SDT’s theoretical lens, teacher support is regarded as a critical element in fostering student engagement,
as it enables the fulfillment of learners’ psychological needs in classroom environments [95]. Nonetheless, the
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Table 2. Discriminant validity.

AS CS RS GSE AM SE
AS 0.720 0.415 0.451 0.638 0.432 0.619
CS 0.413 0.766 0.363 0.559 0.333 0.404
RS 0.450 0.361 0.760 0.606 0.311 0.506
GSE 0.634 0.554 0.606 0.767 0.454 0.687
AM 0.402 0.299 0.293 0.413 0.778 0.491
SE 0.552 0.348 0.459 0.584 0.389 0.763

The diagonal entries are the square root of AVE; The values below the diagonal are the correlation coefficients, and the values above the diagonal are
the HTMT ratios; AS, Autonomy Support; CS, Competence Support; RS, Relatedness Support; GSE, General Self-Efficacy; AM, Autonomous Motivation;
SE, Student Engagement.

https://doi.org/10.1371/journal.pone.0331876.t002

Table 3. Descriptive statistics and correlations matrix.

Variables M SD 1 2 3 4 5 6
1.AS 3.35 1.05 1

2.CS 3.28 1.22 0.368** 1

3.RS 3.36 1.15 0.404** 0.313** 1

4. GSE 3.32 1.13 0.590%* 0.497** 0.544** 1

5.AM 3.28 0.96 0.372%* 0.275** 0.261** 0.391%* 1

6. SE 3.49 0.68 0.510%* 0.326** 0.405%* 0.577** 0.372** 1

*¥p<0.01; AS, Autonomy Support; CS, Competence Support; RS, Relatedness Support; GSE, General Self-Efficacy; AM, Autonomous Motivation; SE,
Student Engagement.

https://doi.org/10.1371/journal.pone.0331876.t003

applicability of this association in the more socially interactive PE context has not been fully validated. Rather than
considering the multidimensional nature of teacher support, most previous studies have concentrated on a single
component, such as autonomy or relatedness support [23]. Hence, grounded in a comprehensive perspective of
SDT, this study systematically examined autonomy, competence, and relatedness support to elucidate the underlying
mechanisms by which teacher support affects student engagement within PE settings. Additionally, this study devel-
oped a parallel mediation model informed by SCT to investigate the potential mediating roles of self-efficacy and
autonomous motivation.

Teacher support and student engagement

Model outcomes indicate that autonomy and relatedness support were closely related to student engagement, with auton-
omy support identified as the most influential predictor. Consistent with past research in different educational settings
[43,96], teachers providing autonomy support in PE can create adaptive environments that grow student engagement.
Autonomy-supportive teachers encourage students to think exploratively and build their own experiences during motor
skill acquisition rather than forcing them to follow instructions. An autonomy-supportive climate during class is one of the
prerequisites for students’ self-determined behavior [97]. When PE is structured in a way that supports autonomy, stu-
dents display more active engagement, as it enhances their decision-making and the development of fosters deeper pro-
cessing of information and learning initiative [98]. Furthermore, relatedness support positively predicts college students’
engagement. Relatedness-supported teachers who show enthusiasm and listen to student expressions during PE lessons
will contribute to student engagement [49]. In other words, students’ feelings of caring and respect in their interactions with
PE teachers can facilitate their emotional experiences in class, thereby increasing their engagement.
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Fig 3. Mediation model with autonomous motivation and self-efficacy as mediators between teacher support and student engagement. Note:

**p<0.01; ***p<0.001.

https://doi.org/10.1371/journal.pone.0331876.9003

Table 4. Results of path analysis.

Path Std. (B) S.E. z p
AS—SE 0.258 0.032 3.808
CS—SE -0.006 0.030 -.096 0.924
RS—SE 0.131 0.032 2.038 0.042
AS—AM 0.296 0.049 4.715
CS—AM 0.139 0.054 2.076 0.038
RS—AM 0.117 0.052 1.882 0.060
AM — SE 0.132 0.035 2.265 0.024
AS—GSE 0.367 0.045 7.484
CS—GSE 0.281 0.046 5.891
RS— GSE 0.341 0.048 7.046
GSE—SE 0.292 0.045 3.240 0.001

*#++p<0.001; AS, Autonomy Support; CS, Competence Support; RS, Relatedness Support; GSE, General Self-Efficacy; AM, Autonomous Motivation; SE,

Student Engagement.

To better interpret the results, Cohen [94] suggested that squared multiple correlations (R?) values of 0.01, 0.09 and 0.25 could be used as thresholds
to demonstrate predictive power. As for the explained variance, the proposed model presented good R? values for the dependent variables: student
engagement (R?=0.419), self-efficacy (R?=0.597), and autonomous motivation (R?=0.198). These results suggested that relatively large impacts of

exogenous variables on the endogenous variables.

https://doi.org/10.1371/journal.pone.0331876.t004
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Table 5. Results of mediating effects.

Mediation Path Effect Boot SE p 95% Boot CI

Lower Upper
AS—AM— SE 0.024* 0.018 0.032 0.0018 0.0738
CS—AM—SE 0.009* 0.008 0.046 0.0001 0.0350
RS—AM— SE 0.008 0.008 0.072 -0.0010 0.0321
AS—GSE —SE 0.065%** 0.034 0.003 0.0184 0.1559
CS—»GSE—-SE 0.040%* 0.020 0.003 0.0124 0.0958
RS —GSE —SE 0.050%* 0.024 0.004 0.0141 0.1095

*¥p<0.01, *p<0.05; AS, Autonomy Support; CS, Competence Support; RS, Relatedness Support; GSE, General Self-Efficacy; AM, Autonomous Motiva-
tion; SE, Student Engagement.

https://doi.org/10.1371/journal.pone.0331876.t005

Notably, the direct path from competence support to student engagement was insignificant, contrasting with previous
studies [20,36]. A possible explanation for this is that there may be a bias in the teaching support behaviour of PE teach-
ers during the course; that is, there is an unconscious tendency to provide more competence support to more capable
students [99]. Due to the demonstrative nature of PE classes, compared to other subjects, differences in students’ abilities
are more likely to manifest. In this context, the less experienced students receive insufficient support for teacher compe-
tence, which may lead to a state of learned helplessness in their PE classes. Another possible reason is that college PE
teachers in China may tend towards repetitiveness and simplicity in the structural arrangement of course content, and this
way of instruction struggles to adapt to the varied needs of college students [100]. This rigid teaching pattern may make it
difficult for students to obtain timely feedback on their learning. Even if students report a certain level of perceived compe-
tence support, they may not benefit from it.

Alongside teacher-related considerations, both student and contextual conditions merit attention in understanding this
finding. Students with lower prior competence perceptions may hold weaker ability beliefs, which makes it harder for them
to benefit directly from competence support, particularly when such support is insufficiently aligned with their personal
learning characteristics. At the contextual level, constraints such as large class sizes and limited sports facilities may
further reduce opportunities for personalized guidance, thereby hindering the direct translation of perceived competence
support into active engagement in PE classes. Therefore, college PE teachers should focus on individual differences,
implement tiered or personalized instruction, provide targeted feedback, and help students develop a sense of achieve-
ment through appropriate learning goals, thus promoting long-term student engagement. As evidenced by a study focus-
ing on Asian student engagement, even those students who were disheartened and with low perceived physical ability
recognized the value of PE teachers’ encouragement and skill-focused feedback in achieving success [101].

The mediating role of autonomous motivation

The mediation analysis results demonstrate that autonomous motivation acted as a mediator linking autonomy support to
student engagement in PE, which corresponds to previous findings. Yoo [47] also found that autonomous motivation medi-
ated the association between autonomy support and student behavioral engagement. SDT emphasizes that autonomy
support fosters more self-determined and internally regulated forms of motivation [17]. Autonomous motivation is more
likely to emerge in autonomy-supportive environments, where teachers encourage students, value their perspectives, and
demonstrate patience. Thus, teacher autonomy support enables students to have stronger autonomous motivation, mak-
ing them more inclined to tackle learning-related challenges and develop sustained engagement [30,60]. In addition, the
findings also showed that competence support influenced student engagement indirectly through autonomous motivation.
Competence support from teachers can stimulate autonomous motivation and lead students to place greater value on
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PE lessons [102]. Students who recognize that teachers offer effective instruction, provide clear expectations, and show
concern for their progress tend to exhibit higher autonomous motivation [103]. Elevated autonomous motivation helps
enhance student engagement throughout PE sessions.

Contrary to our expectations, the pathway from relatedness support to student engagement via autonomous motivation
was not significant. This finding does not align with previous research [56]. At the statistical level, this outcome is due to
the non-significant association between relatedness support and autonomous motivation in this study. A possible expla-
nation is that Chinese college students typically change PE teachers after each semester due to adjustments in the motor
learning curriculum, which may result in insufficient external conditions that hinder the development of constructive bonds
between teachers and students. According to SDT, relatedness support can effectively promote the internalization of moti-
vation only when it satisfies individuals’ need for relatedness and facilitates the identification and integration of external
assigned goal values [104]. In contexts where instructors are frequently replaced, students may struggle to develop stable
perceptions of relatedness, thereby diminishing the positive impact of relatedness support on autonomous motivation.
Notably, Slemp et al. [105] indicated that cultural context moderates the association between relatedness support and
intrinsic motivation, with stronger effects observed in more individualistic cultures. Although collectivist cultures emphasize
interpersonal harmony and social connectedness, institutional constraints such as a lack of continuity in teacher—student
relationships may lead students to interpret relatedness support as a fulfillment of professional duties or social expec-
tations rather than as an expression of genuine care from educators. Under these circumstances, student engagement
in PE tends to be determined by external motivations such as credit requirements, grade evaluation, or avoidance of
punishment. Future educational practices could create more adequate conditions for linking teachers’ relatedness sup-
port with autonomous motivation by lengthening the interaction cycle, increasing informal interactions (e.g., after-school
exchanges), and designing collaborative learning scenarios.

The mediating role of self-efficacy

Results from this research confirmed that self-efficacy is a mediating variable linking autonomy support to student engage-
ment. In line with previous empirical work, when teachers help students perceive self-determination in their behavior,

the autonomy learning climate reinforces students’ affirmation of their abilities, which improves their self-efficacy [25]. A
sense of self-efficacy makes students feel more confident in independently completing learning tasks, which promotes
engagement. Teachers can provide autonomy support by offering meaningful choices and advocating the value of learn-
ing, thereby increasing students’ self-efficacy and indirectly improving student engagement [106]. In addition, the impact
of competence support on student engagement is mediated by self-efficacy. This implies that students who perceive clear
goals and guidance from PE teachers can possess strong self-efficacy, enabling them to overcome challenges in learning
motor skills. Similarly, Zhen et al. [26] noted that teachers’ competence support increases students’ beliefs in reaching
learning goals, thus enhancing students’ engagement. Moreover, the results reveal the mediating role of self-efficacy in
the relation of relatedness support with student engagement among college students. Teacher relatedness support is
reflected in encouraging, listening, and fair treatment of students. This type of support by teachers helps to develop an
inclusive and trusting relationship with the students and enhances their self-efficacy. A heightened sense of self-efficacy
among students generally leads to greater effort in completing assigned learning tasks, and they are inclined to be
engaged during the lesson [67,107]. To sum up, helping students develop self-efficacy is an essential target of teacher
support, and it is also a key strategy to inspire them to be more engaged in PE.

Theoretical and practical implications

The present study explores teacher support across three dimensions to clarify how each form of support influences the
regulation of student motivation and behavior. The results provide empirical support for the core hypotheses of SDT. Spe-
cifically, PE teachers’ autonomy and relatedness support predicted student engagement, while autonomy and competence
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support were positively related to autonomous motivation. Our investigation validates the significant impact of psycholog-
ical need support on student motivation and behavior, reinforcing the SDT perspective that motivation arises dynamically
from the interplay of an individual’s psychological needs and environmental conditions rather than a singular internal incli-
nation. Furthermore, by validating the findings among Chinese college students in a collectivist culture, this study provides
additional evidence supporting the cross-cultural generalizability of SDT and SCT. Self-efficacy was shown to function as
a key mediator in this study, lending support to the Triadic Reciprocal Determinism in SCT. This reveals the dynamic inter-
action mechanism among environmental conditions (teacher support), personal attributes (self-efficacy), and behaviors
(student engagement), which provides important theoretical and empirical evidence to improve and optimize the interac-
tion of teaching in higher education PE. Furthermore, autonomous motivation was identified as a mediator, revealing how
PE teacher support promotes student engagement through internal motivational processes. Taken together, these results
not only deepen our understanding of how teacher support contributes to student engagement but also offer an integrative
framework for tackling the problem of inadequate engagement in college PE classes.

This study underscores the value of teacher support in enhancing student engagement in physical education.
PE teachers in higher education should promote autonomy support by providing students with decision-making
opportunities (e.g., student-led warm-up sessions), incorporating student interests into instructional content, and
emphasizing the value of motor skill learning. In addition, they can foster competence support by conveying clear
expectations for skill learning, dynamically adjusting their teaching strategies and goals to match students’ vary-
ing proficiency levels (e.g., differentiated instruction), and providing timely feedback alongside recognition of their
progress. Relatedness support can also be cultivated by strengthening the teacher—student emotional connection
through respect and care, consistently providing unconditional attention, and encouraging students to engage in
cooperative tasks (e.g., team-based challenges). Second, teachers must dedicate efforts to developing students’
self-efficacy and autonomous motivation in PE, as these are critical pathways to enhance student engagement.
Specifically, cultivating students’ self-efficacy involves teachers conveying reasonable goals, trust, and positive
feedback to students, assisting them in gaining more successful experiences. PE teachers should also adopt in
affirming interpersonal communication to help students form positive efficacy expectations, strengthen their capac-
ity for emotional regulation, and develop cognitive flexibility, thereby fostering greater engagement in motor skill
learning. The cultivation of students’ autonomous motivation emphasizes the internalization of motivation. There-
fore, teachers should combine supportive teaching to create a motivational learning climate, encourage students
to think and solve problems independently, and ultimately let them realize the value of PE learning to stimulate
autonomous motivation. In this process, teachers should avoid over-relying on external incentives such as course
credits or punishment. A more effective approach is to guide students to understand the significance of physical
activity based on their own interests and goals, thereby facilitating the gradual internalization of external motivation
into autonomous motivation. In addition, whether teachers’ supportive teaching can be implemented is affected to
a certain extent by their working environment. Accordingly, educational administrators should establish a flexible
course implementation system to guide teachers in optimizing instructional design. Building on this, teachers can
be encouraged to incorporate instructional strategies such as group-based teaching and collaborative learning in
class, thereby creating conditions for more tailored guidance, timely feedback, and in-depth interaction that stimu-
late students’ learning initiative. Furthermore, instructional pacing and objectives should be progressively adjusted
according to students’ physical fitness levels and feedback, enabling a more precise identification and addressing
of diverse learner needs. To further enhance the effectiveness of these strategies, regular teaching seminars can be
organized to share best practices. Finally, colleges can provide training programs for PE teachers on motivational
instruction and integrate these contents into student evaluations, thereby promoting teachers’ self-examination,
self-reflection, and self-improvement. In sum, these measures help teachers raise awareness of supporting stu-
dents and develop quality supportive PE teaching practices.
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6 Limitations and future directions

Given time and resource constraints, this study conducted questionnaire surveys only in four colleges in Jiangxi Province,
China. As a result, contextual variations among Chinese higher education institutions may limit the broader applicability
of the findings, as students in other regions may exhibit different characteristics, experiences, or perspectives. Future
research could employ a multi-site or nationally representative sampling strategy to improve the external validity and gen-
eralizability of the findings.

Our research employed a cross-sectional methodology, which allows for capturing the complex student engagement
process at a particular time. However, the nature of the cross-sectional approach may limit the inference of causality.
Future longitudinal and experimental studies may help capture the dynamics and developmental trajectories of student
engagement, revealing causal relationships.

Despite presenting an integrated model predicting student engagement in physical education, this study did not assess
measurement invariance across subgroups with diverse characteristics (e.g., gender, academic year). Testing measure-
ment and structural invariance in future research with larger samples would be valuable for verifying whether the proposed
model operates equivalently across varied student subpopulations and cultural contexts.

Finally, this study measured student engagement using self-reported data, and the findings may be subject to partic-
ipants’ interpretations of the questionnaire items and potential response biases (e.g., social desirability and recall bias).
To minimize this limitation, the purpose and significance of the questionnaire were explained in detail before distribution,
and the anonymity of the answers was emphasized to respondents. Future research could consider adopting an external
observer’s scoring approach or using wearable exercise tracking devices to monitor students’ physical responses during
PE lessons, ensuring higher measurement precision.

7 Conclusion

Based on SDT and SCT, this study examined the mechanisms underlying how teacher support (autonomy, competence,
and relatedness support) influences student engagement within the PE context. The study revealed that teacher auton-
omy and relatedness support directly influenced student engagement. Autonomous motivation mediated the effects of
both autonomy and competence support on student engagement. Self-efficacy was a crucial mediator across all three
pathways linking teacher support (autonomy, competence, and relatedness) with student engagement. Overall, this study
reveals potential pathways linking teacher support and student engagement among college students in PE settings, laying
the groundwork for subsequent instructional interventions and practical strategies aimed at promoting sustained student
engagement.
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