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Bidirectional and longitudinal
associations among teacher—
student relationships, peer
relationships, and learning
engagement in Chinese primary
school students: a cross-lagged
panel model
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School of Innovation and Entrepreneurship, Nanjing Vocational University of Industry Technology,
Nanjing, China, 2School of Psychology, Nanjing Normal University, Nanjing, China

Introduction: In this study we aimed to investigate the longitudinal relationships
among peer relationships, teacher—student relationships, and learning
engagement in Chinese primary school students.

Methods: This longitudinal study tracked 460 third-grade primary school
students (mean age at T1 = 943 + 0.68 years, 210 boys) through three waves
of data collection (T1: June 2022, T2: January 2023, T3: October 2023) to
assess their peer relationships, teacher—student relationships, and learning
engagement.

Results: The results revealed a persistent bidirectional relationship between
peer relationships and learning engagement from grades 3 to 5. In contrast, the
bidirectional relationship with teacher—student relationships was present only in
grades 3 to 4 and disappeared by grade 5.

Discussion: These results support the theory of developmental systems,
suggesting that teacher-focused interventions in middle primary years and peer-
mediated approaches in upper grades may optimize developmental outcomes.

KEYWORDS

cross-lagged panel model, learning engagement, longitudinal study, peer
relationships, primary school student, teacher—student relationships

1 Introduction

In recent years, the focus of educational research has progressively shifted from learning
outcomes to learning processes (Ning and Yang, 2022). As a core indicator for assessing
learning processes, learning engagement reflects individuals’ sustained positive attitudes and
intrinsic motivation demonstrated during learning activities (Lam et al., 2014). Learning
engagement constitutes a multidimensional construct, encompassing behavioral engagement
(e.g., task completion, classroom interaction), cognitive engagement (e.g., critical thinking,
strategy application), and affective engagement (e.g., interest and motivation) (Fredricks et al.,
2004; Lam et al., 2014). Existing research posits that learning engagement not only significantly
fosters student development by improving academic performance (Skinner and Raine, 2022)
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and reducing behavioral problems (Olivier et al., 2020) but also
enhances subjective well-being (Zhu et al., 2019). The primary school
years represent a critical developmental period characterized by high
plasticity and have been shown to significantly predict future
individual achievement (Chen et al., 2020). Thus, understanding how
learning engagement develops during the primary school years holds
significant value for educators.

The development of learning engagement is jointly influenced by
multiple social-relational systems (Wang et al., 2019). Within the
school context, teacher-student relationships and peer relationships
represent the most influential forms of interpersonal interaction
(Moreira and Lee, 2020). Current research suggests that learning
engagement is a malleable state that can be influenced by school
environments (Wang and Eccles, 2013) and exhibits significant
associations with both peer relationships and teacher-student
relationships (Yang et al, 2018; Zhen et al, 2021). Based on
developmental systems theory (Gottlieb, 1991), individuals and
environmental factors exist in constant dynamic interaction,
mutually shaping one another. This perspective necessitates the
adoption of longitudinal research designs to elucidate the
bidirectional relationships between learning engagement and school-
based interpersonal relationships. The theory emphasizes this
reciprocal shaping across time, a dynamic that has received empirical
validation in existing studies (Engels et al., 20165 Li et al., 2024).
Furthermore, current findings are primarily derived from Western
educational contexts, whereas the authoritative nature of teacher—
student relationships and collectivist orientation in Chinese
educational settings may yield distinct effects (Li et al., 2024).
Therefore, examining the reciprocal relationship between Chinese
primary school students’ school interpersonal relationships (teacher—
student relationships and peer relationships) and learning
engagement can enhance our understanding of the developmental
mechanisms of engagement. To this end, this exploration investigates
whether learning engagement exhibits culturally specific interaction
patterns, educators  with

thereby  providing targeted

intervention strategies.

1.1 Peer relationships and learning
engagement

Peer relationships, as a fundamental form of interpersonal
dynamics in educational settings, refer to the social connections
formed through interactions among individuals of similar ages or
comparable psychological developmental levels (Zhou et al., 2015).
Prior research has indicated that peer relationships play a significantly
predictive role in students’ learning process (Engels et al., 2016).
When interacting with peers, students experience a sense of
acceptance and care. The feeling of belongingness within peer groups
motivates students to engage more actively in learning activities
(Wentzel et al., 2010). Grounded in self-determination theory (Ryan
and Deci, 2020), the fulfillment of basic psychological needs fosters
students’ sense of purpose and initiative, thereby enhancing their
learning motivation and promoting deeper engagement in the
learning process. Peer relationships provide a critical context for
satisfying students’ fundamental psychological needs, including
relatedness (Xuan et al., 2019), autonomy (De Loof et al., 2019), and
competence (Bai and Gu, 2024).
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Empirical evidence further confirms that positive peer
relationships exert beneficial effects on students’ learning engagement
(Shin and Chang, 2022; Zhou et al., 2024). For instance, empirical
evidence indicates that peer friendships provide students with
psychological and physical security, along with essential assistance in
academic and social activities. These forms of emotional support and
instrumental aid play a pivotal role in facilitating children’s more
active engagement in classroom learning (Carmona-Halty et al,
2021). Another longitudinal study focusing on third and fourth
graders demonstrated that negative peer relationships can predict
academic performance declines over a 1-year period (Schwartz et al.,
2005). Students can internalize effective learning strategies advocated
for by their friends or acquire practical coping skills through observing
positive peer role models (Bandura, 1986), which can contribute to
their learning processes, such as learning engagement. Furthermore,
when students collaborate with high-achieving peers on academic
tasks, their learning processes may become particularly effective if
these interactions prove more engaging and intellectually stimulating
than those with average-achieving counterparts (Newcomb et al.,
1993). Negative peer interactions, including aggressive behaviors,
undermine student engagement by disrupting classroom climate and
eliciting negative emotional responses (Furrer et al., 2014; Ladd et
al., 2014).

Conversely, learning engagement may play a vital role in students’
peer relationships. Based on the peer-selection effect (Kandel, 1978),
students demonstrate a distinct preference for forming relationships
with peers who share similar characteristics. Previous research has
consistently shown that students are more likely to establish
friendships with academic peers at comparable learning levels
(Brouwer et al., 2022). Consequently, learning engagement emerges as
a significant factor influencing the formation of peer relationships.
According to Mikami et al. (2017), learning engagement significantly
contributes to positive peer relationships in late adolescence.
Transactional models posit that individuals not only react to their
interpersonal environment (i.e., students proactively enhance their
learning engagement to adapt to surrounding contexts) but also
actively shape it (i.e., students demonstrate a preference for forming
relationships with highly engaged peers) (Sameroff, 2009). A growing
body of empirical evidence supports the notion of a bidirectional
relationship between peer relationships and learning engagement
(Engels et al., 2016; Geng et al., 2019). Together, these findings
underscore the reciprocal and dynamic nature of the connection
between peer relationships and learning engagement.

Furthermore, existing research has predominantly drawn samples
from secondary and tertiary education populations, with limited
attention devoted to elementary school students (Berger et al., 20205
Mendoza and King, 2020). Thus, the current study aimed to add to
this scarce knowledge base by examining transactional associations
between peer relationships and learning engagement in primary
school students.

1.2 Teacher—student relationships and
learning engagement

Teacher-student relationships represent one of the most

extensively studied social-relational constructs in educational
environments, referring to meaningful emotional connections
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developed through sustained interactions between students and
educators (Longobardi et al., 2016). Teacher-student relationships
hold significant implications for student development, encompassing
enhanced learning motivation (Chen et al., 2021), facilitated
emotional intelligence development (Granero-Gallegos et al., 2023),
and improved psychological well-being (Maricutoiu et al., 2023).

According to self-determination theory (Reeve, 2002; Ryan and
Deci, 2020), when students experience autonomy-supportive contexts
from authority figures (i.e., teachers and parents), their basic
psychological needs for autonomy, competence, and relatedness are
better satisfied. This need satisfaction fosters autonomous motivation
and engagement, and can also contribute to a strengthened sense of
competence and self-efficacy in learning. Students who maintain
positive relationships with teachers gain access to broader support
systems, including teacher encouragement (Sadoughi and Hejazi,
2022), constructive feedback (Tan et al, 2022), individualized
attention (Kasperski and Blau, 2023), and supplementary academic
assistance (Holzberger et al., 2019). These forms of support foster
students’ feelings of being understood and valued, thereby enhancing
their motivation to engage in learning (Lee et al., 2023). A consensus
has emerged among researchers that positive teacher-student
relationships serve as significant predictors of enhanced learning
engagement in primary school students (Roorda et al., 2017; Zhen et
al., 2021). For instance, a study on underachieving students found that
positive teacher—student relationships can buffer the negative impact
of peer rejection, thereby collectively improving classroom
engagement (Li et al., 2024). This protective role is complemented by
longitudinal evidence from Hasty et al. (2023), which indicates that
such relationships also foster engagement indirectly by reducing
externalizing behaviors. Further reinforcing these findings, Quin
(2017) meta-analytic review established a significant, positive, and
bidirectional relationship between teacher-student relationships and
student engagement, suggesting that the two constructs mutually
enhance each other over time.

Even as the fundamental bidirectional relationship gains empirical
confirmation, the complexity of educational practice compels us to

10.3389/fpsyg.2025.1674600

address more nuanced questions—that is, under what conditions,
through which pathways, for which populations, at what
developmental stages, and through what mechanisms these reciprocal
effects operate. Therefore, the second objective of this study is to
elucidate the association between teacher-student relationships and
learning engagement among Chinese elementary students, while
systematically investigating the nature of this bidirectional dynamic.

1.3 The current study

The present study aimed to investigate the bidirectional
relationship among teacher-student relationships, peer relationships,
and learning engagement in Chinese primary school students across
three time waves. Several hypotheses were tested to examine (1)
whether there are reciprocal associations between peer relationships
and learning engagement in primary school students and (2) whether
there are reciprocal associations between teacher-student relationships
and learning engagement in primary school students (Figure 1). By
elucidating their bidirectional relationship, we can develop targeted
interventions to enhance learning engagement among academically
at-risk populations. Prior research has indicated that children’s age
and gender are significantly correlated with their learning engagement
and relationships (Hoffman et al., 2023; Xu et al., 2024). Therefore, this
research will treat them as control variables.

Additionally, building on the recognized interconnectedness
between these two social domains, we additionally examined
bidirectional cross-lagged pathways between teacher-student
relationships and peer relationships. These two social domains
(teacher-student relationships and peer relationships) do not exist
in isolation but are dynamically interconnected within the
classroom ecosystem (Endedijk et al., 2022). A growing body of
research demonstrates that teacher-student relationships can
substantially shape the quality of students’ peer relationships
(Bouchard and Smith, 2017; Hymel et al., 2015). In a recent meta-
analysis, Endedijk et al. (2022) concluded that teachers play a

TSR1 TSR2 » TSR3

PR1 PR2 PR3

LEl >| LE2 >| LE3
FIGURE 1
Cross-lagged associations among learning engagement (LE), teacher—student relationships (TSR), and peer relationships (PR), from time 1 (T1) to time
3 (T3). Gender and age are covariates.
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pivotal role in influencing classroom peer dynamics. Specifically,
by organizing collaborative activities, modeling respectful
interactions, and managing classroom climate, teachers can
directly and indirectly predict the development of peer
relationships, which subsequently influences students’ social status
and the quality of their peer interactions (Bierman, 2011). Peer
relationships, as a central component of students’ social-emotional
development, are closely linked to their learning engagement
(Zhou et al., 2024).

Informed by theoretical frameworks emphasizing teachers’
contributions to peer ecology (Endedijk et al., 2022), we hypothesized
that teacher—student relationships at T1 would indirectly influence
learning engagement at T3 through their association with peer
relationships at T2.

2 Methods
2.1 Participants

Participants included 460 Chinese grade 3 students from three
primary schools (210 boys, mean age = 9.43 + 0.679 years old). They
were recruited from three public primary schools in Shandong
province. We surveyed the students three times: in June 2022 (T1,
N =460, 210 boys), January 2023 (T2, N = 390, 173 boys), and June
2023 (T3, N = 328, 148 boys). Due to reasons such as student transfer
or withdrawal during the second and third assessments, 70 and 62
participants were lost, respectively, resulting in a longitudinal attrition
rate of 29% from T1 to T3. The analysis of participant attrition showed
that there were no significant differences in learning engagement
[1(457) = 1.02, p = 0.28], teacher-student relationships [#(447) = 1.30,
p =0.71], peer relationships [t (458) = 1.00, p = 0.67], and gender
distribution [y*(1) = 1.02, p = 0.31] between the dropouts and those
who participated in the test three times at T1. All children spoke
Chinese as their first language, and children with sensory deficits were
excluded from the study. We also informed the students that their
responses to the questionnaire were confidential and that we would
only use the aggregated results. Parental consent was obtained prior
to testing. This study was approved by the research ethics committee
of the university.

2.2 Measures

2.2.1 Peer relationships

The Peer Relationships Scale (Wang, 2013) is a 22-item scale
designed to assess students’ peer relationships. Exemplary items
include “I am concerned about how my classmates perceive me” and
“I believe my classmates are playing a joke on me” Students were
asked to complete the 4-point Likert scale, ranging from “1 = strongly
disagree” to “4 = strongly agree” Higher scores indicate closer peer
relationships (e.g., greater trust, support, and interaction frequency).
The Cronbach’s alpha values from T1 to T3 were 0.89, 0.88, and 0.90,
respectively. Confirmatory factor analysis revealed that the single-
factor model demonstrates a good fit with the data (T1: y*/df = 1.78,
CFI=0.99, TLI = 0.98, SRMR = 0.02, RMSEA = 0.04; T2: y*/df = 1.85,
CFI=0.99, TLI = 0.98, SRMR = 0.02, RMSEA = 0.05; T3: y*/df = 1.95,
CFI =0.98, TLI = 0.98, SRMR = 0.03, RMSEA = 0.05).
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2.2.2 Teacher—student relationships

To measure the interpersonal relationship between teachers and
students, students were given the Teacher-Student Relationships Scale
(Zou et al., 2007) and asked to complete it. This measure is a 22-item
questionnaire (e.g., “My relationship with the teacher is intimate and
warm” and “After class, I can freely say what I want to say to the
teacher”) where students rate their relationships with teachers on a
5-point scale, from “1 = definitely does not apply” to “5 = definitely
does apply” The mean score of all items was calculated, with higher
scores indicating stronger teacher-student relationships. The
Cronbach’s alpha values from T1 to T3 were 0.89, 0.88, and 0.90,
respectively. The confirmatory factor analysis for teacher-student
relationships showed that the single-factor model fits well (T1: y*/
df =2.99, CFI = 0.94, TLI = 0.93, SRMR = 0.03, RMSEA = 0.06; T2:
/df =2.10, CFI = 0.91, TLI = 0.90, SRMR = 0.05, RMSEA = 0.06; T3:
x/df =2.39, CFI = 0.91, TLI = 0.90, SRMR = 0.06, RMSEA = 0.06).

2.2.3 Learning engagement

The Learning Engagement Scale (Lam et al., 2014) is a 10-item
scale that is composed of three dimensions: vitality (e.g., “when
studying, I feel full of energy”), concentration (e.g., “learning inspires
me”), and dedication (e.g., “I feel time passing quickly when
studying”). Students were asked to complete these items on a 5-point
scale ranging from “1 = completely disagree to 5 = completely agree””
The mean score of all items was calculated, with higher scores
indicating greater levels of students’ learning engagement. The
Cronbach’s alpha values from T1 to T3 were 0.86, 0.88, and 0.90,
respectively. The confirmatory factor analysis for learning engagement
showed that the models fit well (T1: y*/df=2.02, CFI=0.92,
TLI=0.91, SRMR = 0.05, RMSEA = 0.07; T2: y*/df = 2.18, CFI = 0.92,
TLI=0.91, SRMR = 0.07, RMSEA = 0.06; T3: y*/df = 2.62, CFI = 0.91,
TLI = 0.90, SRMR = 0.06, RMSEA = 0.05).

2.3 Procedure

Following the time-lagged design, the questionnaires were
completed at three time points, including June 2022 (T1), January
2023 (T2), and June 2023 (T3). At each time point, children were
group-tested in quiet classrooms supervised by two psychology
graduate or undergraduate students who had received systematic
training. At the commencement of each survey session, researchers
delivered standardized instructions to guide students in independently
completing the questionnaires. Upon completion, participants
received small tokens of appreciation, and all questionnaires were
collected for data processing. The duration of each survey was about
30-40 min. The order of measures was balanced across groups.

2.4 Data analyses

Missing data of learning engagement were.6 (T1), 11.3% (T2),
and 11.9% (T3); missing data of peer relationships were 0 (T1),
9.8% (T2), and 11.9% (T3); and missing data of teacher-student
relationships were 0 (T1), 11% (T2), and 11.9% (T3). The main
reason for missing data was children’s omission of information
when filling out the questionnaires. Missing values were missing
in completely random fashion (Little's MCAR test: y* = 55.28,
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df = 43, p = 0.10). Statistical analyses were performed using SPSS
22.0 (IBM Corporation, Armonk, NY, United States) and Mplus
version 8.3 (Muthén and Muthén, Los Angeles, CA, United States).
All models were estimated using Mplus version 8.3, with full-
information maximum likelihood used to address missing data.
First, a series of descriptive statistics and bivariate correlations
were conducted. Second, the present study built a cross-lagged
model to examine the relationships among teacher-student
relationships, peer relationships, and learning engagement. Age
and gender were controlled for in the models. In our data, males
are encoded as 1 and females are encoded as 0. Model fit was
assessed using multiple indices with contemporary thresholds
(Putnick and Bornstein, 2016): CFI > 0.95, TLI > 0.95, RMSEA
<0.06 (90% CI<0.08), and SRMR <0.08.
recommendations by Marsh et al. (2004), we prioritized the joint
criteria of CFI/TLI > 0.90 and RMSEA <0.08 for adequate fit, given
the complexity of cross-lagged models. Measurement invariance

Following

tests confirmed scalar invariance for all constructs. For learning
engagement, ACFI(T1-T3) = 0.006, ARMSEA = 0.002, indicating
that the factor structure, loadings, and intercepts were equivalent
over time. Similar results held for peer relationships (ACFI = 0.002,
ARMSEA = 0.001) and teacher-student
(ACFI = 0.007, ARMSEA = 0.002).

relationships

3 Results
3.1 Common method bias

Common method bias can influence correlations among variables
in self-reported studies (Tang and Wen, 2020). Additionally, we
employed Harman’s single-factor test to test common method
variance. Specifically, we set the common factor of all variables to 1,
and each item of all variables was used as the explicit variable for
confirmatory factorial analysis. The CFA showed that y*/df = 7.02,
CFI = 0.34, TLI = 0.32, SRMR = 0.22, and RMSEA = 0.22. The model
fit was unsatisfactory, indicating that there was no common
method bias.

10.3389/fpsyg.2025.1674600

3.2 Descriptive and correlational statistics

Table 1 displayed descriptive statistics and Pearson correlations
among teacher-student relationships, peer relationships, and learning
engagement at T1, T2, and T3. All variables correlated significantly
(p <0.05) across T1 to T3. The correlation coefficients for each
variable ranged from.21 t0.60, indicating medium positive
correlations. Additionally, demographic variables such as gender and
age were related to certain test outcomes.

3.3 Cross-lagged path analysis

After controlling for gender and age, Figure 2 shows the parameter
estimates and model fit statistics for the cross-lagged panel model,
which demonstrated a good fit to the data, i.e., y*(12) = 12.36, p = 0.42,
CFI=1.00, TLI=0.99, RMSEA =0.00, SRMR=0.037. The
autoregressive paths (Path TSR1 — TSR2 =0.35, p <0.001; Path
TSR2 — TSR3 = 0.46, p < 0.001; Path PR1 — PR2 = 0.48, p < 0.001;
Path PR2 — PR3 =0.32, p < 0.001; Path LE1 — LE2 = 0.39, p < 0.001;
Path LE2 — LE3 = 0.30, p < 0.001) indicate moderate-to-high stability,
while the baseline covariances (Cov[TSR1, PR1] =0.21, p < 0.001;
Cov[LEl, PR1] = 0.17, p = <0.001; Cov[TSR1, LE1] = 0.29, p < 0.001)
account for initial associations between variables.

Learning engagement at each time point (Times 1-3) was
significantly associated with peer relationships (T1: 7 = 0.17, p < 0.001;
T2: r=0.09, p <0.001; T3: r = 0.09, p < 0.001) and teacher-student
relationships (T1: r=0.29, p < 0.001; T2: r =0.26, p <0.001; T3:
r=0.15, p<0.001) at the corresponding time point. Moreover,
teacher-student relationships at T1 significantly predicted learning
engagement at T2 (f=0.20, SE=0.08, p <0.001), and learning
engagement at T1 accounted for teacher-student relationships at T2
(f=0.14, SE=0.04, p<0.001). However, the cross-lagged paths
between teacher-student relationships and learning engagement from
T2 to T3 were non-significant. In addition, peer relationships at T1
significantly predicted learning engagement at T2 (f = 0.26, SE = 0.12,
p <0.05), learning engagement at T1 accounted for peer relationships
at T2 (f =0.08, SE=0.03, p <0.05), peer relationships at T2

TABLE 1 Correlation analysis results of teacher—student relationships, peer relationships, learning engagement, and control variables.

Variables M Skew = Kurt

1. Agel 943 | 0.68 1

2. Gender —0.02 1

3. TSR1 379 | 071 -0.17 —0.59 | 0.12% | 0.17%* 1

4.PRI 314 | 049 —0.11 —0.50 | 0.13* 010 | 0.58%* 1

5.LE1 337 | 0.89 —0.22 —0.71 0.11 0.1 | 047%% | 037+ 1

6. TSR2 379 | 067 —0.24 —0.72 | 007 | 0.12% | 045%F  035%% | 037% 1

7.PR2 313 | 047 -0.16 -0.13 0.00 0.04 | 0.24%%  046%* | 029%% | 0.59%* 1

8. LE2 358 | 1.00 -0.16 0.21 0.10 0.05 | 032%% | 033%F | 0467 | 0.60%% | 039%* 1

9. TSR3 371 | 0.66 —0.06 —0.58 | 0.02% | 0.12% | 0AL®F | 028%% | 030%F | 0.54%F | 025%% | 039%* 1

10. PR3 305 | 048 —0.41 —021 | =002  —0.02 | 020%F | 031%F  022%F | 031%F | 041%F | 032%% | 058%F 1
11.LE3 335 | 1.02 -0.25 —0.64 | 005 | —0.08 | 029%F | 027% | 0.44%F | 048 | 035%F | 055%F | 0528% | 04]% 1

TSR1, teacher-student relationships at T1; PRI, peer relationships at T1; LE1, learning engagement at T3; TSR2, teacher-student relationships at T2; PR2, peer relationships at T2; LE2,
learning engagement at T2; TSR3, Teacher—student relationships at T3; PR3, peer relationships at T3; LE3, learning engagement at T3. N = 328. *p < 0.05, **p < 0.01, ***p < 0.001.
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FIGURE 2

Cross-lagged associations among learning engagement (LE), teacher—student relationships (TSR), and peer relationships (PR), from time 1 (T1) to time
3(T3). T1 = Grade 3, T2 = Grade 4, T3 = Grade 5. *p < 0.05, **p < 0.01, ***p < 0.001.

significantly predicted learning engagement at T3 (f = 0.08, SE = 0.06,
p <0.05), and learning engagement at T2 accounted for peer
relationships at T3 (# = 0.09, SE = 0.03, p < 0.05). Contrary to the
expectation of a reciprocal relationship, the cross-lagged effects were
not symmetrical between teacher-student relationships and peer
relationships. The only significant path found was from earlier peer
relationships to later teacher-student relationships (PR1 — TSR2).
Since the path in the opposite direction (from teacher-student
relationships to peer relationships) was non-significant, the results do
not provide evidence for a bidirectional interplay over time. All paths
from the covariates to peer relationships, teacher-student
relationships, and learning engagement were non-significant
(standardized coefficients ranged from —0.05 t0.02, all p > 0.10).

In brief, our data suggest there exists a mutual relationship
between peer relationships and learning engagement, whereas the
mutual relationship between teacher-student relationships and
learning engagement seems to be unstable. No bidirectional
relationship was observed between teacher-student relationships and
peer relationships.

4 Discussion

This study examined the bidirectional relationships among peer
relationships, teacher-student relationships, and learning engagement
in Chinese primary school students. The results demonstrated that
children’s peer relationships consistently predicted learning
engagement, indicating that peer relationships at prior time points
significantly predicted subsequent learning engagement. However, the
bidirectional relationship between teacher-student relationships and
learning engagement was not stable. This result supports the view of
the developmental systems theory (Gottlieb, 1991) that child
development is a process of continuous interaction between social
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relationships and individual behavior. The current study extends
existing literature by revealing the bidirectional association between
peer relationships and learning engagement among Chinese children,
providing empirical evidence for the connection between classroom
interpersonal dynamics and learning engagement development.

4.1 Bidirectional relationship between peer
relationships and learning engagement

This study showed that peer relationships were concurrently and
positively related to learning engagement at each time point, in line
with previous research (Yang et al., 2024). In addition, the current
results indicated a long-term and dynamic bidirectional relationship
between peer relationships and learning engagement. Consistent with
prior research, interpersonal relationships between individuals and
friends, peers, and classmates can predict changes in individual
engagement throughout the academic year (Fredricks et al., 2018). The
highly stable autoregressive paths observed in this study demonstrate
strong temporal stability in students’ teacher—student relationships,
peer relationships, and learning engagement, which renders the
significant cross-lagged effects we detected particularly noteworthy.

This finding aligns with self-determination theory (Ryan and
Deci, 2020), positing that high-quality peer relationships fulfill
students’ basic psychological needs and thereby facilitate their learning
engagement. Specifically, positive peer relationships characterized by
egalitarian communication and non-controlling interactions can
mitigate external pressures, prompting children to engage in learning
behaviors autonomously rather than through coercion (De Laet et al.,
2015). Primary school students develop a sense of belonging through
peer friendships and obtain essential support in academic and social
activities (Collie, 2022; Li and Li, 2021), and these emotional and
instrumental forms of assistance play a vital role in promoting their

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1674600
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Zhang and Liu

classroom learning engagement (Hakimzadeh et al., 2016). Peer
involvement, serving as instrumental support, helps students track
and complete academic tasks, which satisfies their need for
competence and thereby elevates their effort in learning tasks,
ultimately enhancing their engagement (Bai and Gu, 2024).
Furthermore, learning engagement also contributed to peer
relationships from grades 3-5, consistent with previous research
findings (Engels et al, 20165 Li et al., 2024). Multiple potential
explanations exist for this relationship across dimensions of learning
engagement, such as emotional, behavioral, and cognitive engagement
(Chang et al., 2016). First, from the perspective of emotional
engagement, Kindermann (1993) observed that, when learners are
highly engaged, their behaviors demonstrate initiative and are
accompanied by positive emotions such as enjoyment and interest.
When students communicate about learning experiences and share
academic enjoyment with peers, such interactions may stimulate
mutual interest in learning. Shared academic interests can serve as
bonds
communication (Pan, 2017) and thereby deepening their relationships.

significant among peers, facilitating interpersonal
Second, regarding behavioral engagement, children with high learning
involvement demonstrate positive behaviors such as concentration,
diligence, and effort during learning activities (Lei et al., 2024). Such
positive behavioral patterns earn admiration and favor from peers,
thereby fostering positive peer relationships (Fletcher, 2012). During
collective activities, children gain increased opportunities for mutual
observation and competitive motivation (Keller and Lowenstein,
2011), which enhances behavioral efficiency. When children observe
peers’ learning engagement and progress, it often triggers competitive
awareness and self-improvement efforts. Such constructive
competition facilitates mutual encouragement among peers (Olaya
and Gonzélez-Gonzalez, 2020), consequently contributing to the
establishment of positive peer relationships. Third, from the
perspective of cognitive engagement, children with high learning
proactivity accumulate greater knowledge and skills during the
learning process (Harbour et al., 2015). They actively share these
cognitive resources with peers and assist in resolving academic
challenges (Crowley-Cyr and Hevers, 2021). Such knowledge sharing
not only enhances peers” academic performance but also strengthens
mutual trust and friendship (Warneken, 2018). Prosocial and
reciprocal behaviors serve as crucial mechanisms for establishing peer
relationships, including friendships (Bagwell and Schmidt, 1989).
Children who actively engage in learning feel valued when receiving
assistance, thereby reinforcing positive peer relationships.

4.2 Bidirectional relationship between
learning engagement and teacher—student
relationships

The results showed that the teacher-student relationship predicted
learning engagement from T1 to T2, consistent with previous studies
(Yangetal., 2024; Zhen etal., 2021). Our results support developmental
systems theory (Gottlieb, 1991), which posits that positive teacher—
student relationships foster students’ engagement in learning, which
in turn promotes more proactive and profound pedagogical
interactions. This reciprocal dynamic drives their synergistic evolution
through mutual enforcement. Specifically, students with high learning
engagement hope to achieve academic success, which is consistent
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with teachers’ educational goals. Having this common goal will
promote the formation of cooperative relationships between teachers
and students, wherein communication and exchange between teachers
and students increase (Liu et al., 2017), mutual understanding
deepens, and relationships become more harmonious. Also, in the
process of learning engagement, there will be more emotional
communication between teachers and students (Hart et al., 2011).
Students may seek help and support from teachers due to learning
difficulties, and teachers will also care about students’ learning and
living conditions (Birch and Ladd, 1997). This kind of emotional
communication helps establish lasting connections between teachers
and students (Algoe et al., 2013). The fulfillment of students’ relational
needs subsequently increases their willingness to invest effort in
learning (Reeve, 2002). Furthermore, when students are deeply
engaged in their studies, they actively participate in class discussions,
ask questions, and diligently complete assignments (Reyes et al.,
2012). Students’ proactive engagement in learning allows teachers to
appreciate their passion and dedication and fosters positive
evaluations, highlighting their drive for self-improvement and
curijosity (Chen et al., 2021). Teachers will feel that interacting with
such students is more meaningful, thereby enhancing their goodwill
and attention toward them and promoting the healthy development
of teacher-student relationships. In summary, teachers often give
more attention and encouragement to students with a positive
learning attitude; at the same time, teacher feedback can also help
students understand their learning progress and shortcomings,
promoting them to further increase their learning engagement
(Martin and Rimm-Kaufman, 2015). In such ways, teacher-student
relationships and learning engagement will enter into a virtuous cycle.

However, the bidirectional relationship disappears from T2 to T3
time points, and there is a stable bidirectional relationship between
peer relationships and learning engagement during T1-T3. This
contradicts previous research results (Vollet and Kindermann, 2020).
The current research conclusion implies that, in early stages, teacher—
student relationships significantly predicted children’s learning
engagement. However, in the upper grades of primary school,
teacher—student relationships may not be the primary reason
influencing learning engagement. There are several reasons for this.
Hartup (1989) distinguished the interpersonal relationships children
have with one another into vertical relationships (like those with
teachers) and horizontal relationships (like those with peers). During
the socialization process, horizontal relationships exert a more
profound and extensive influence on children than vertical ones. For
young children, both teacher-student and peer relationships are
equally significant. On the one side, as children age, peer relationships
may assume even greater importance (Newcomb et al., 1993). Other
variables concerning teachers primarily influence primary school
students’ learning engagement, such as teacher style (Ahlfeldt et al.,
2005), teacher support (Hughes and Cao, 2018), and teaching
strategies (Henrie et al,, 2015). On the other hand, our findings align
with established socio-emotional developmental trajectories (Chen
and Wu, 2022; Roorda et al., 2017). In early primary years, teachers
function as pivotal authority figures and primary sources of security,
exerting profound influence on student development (Garcia-
Rodriguez et al., 2023). As students progress into upper grades and
undergo the transition toward adolescence, their pursuit of autonomy
intensifies, while their social focus decisively shifts toward peer groups
(Sidanius and Pratto, 1999; Ye and Pang, 1999). Consequently,
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although teacher-student relationships maintain importance, their
longitudinal predictive power over learning engagement and peer
relationships demonstrates relative attenuation, reflecting the dynamic
restructuring of individuals’ social ecosystems throughout
development. Previous research has demonstrated that teacher-
student relationships among third to sixth graders tend to weaken as
students advance through grades, with cognitive maturation and
increased academic demands gradually attenuating emotional
connections between teachers and students (Chen and Wu, 2022).
Another empirical study has shown that, in grades 1-3 of primary
school, the impact of teacher-student relationships on academic
engagement is significantly greater than that of peer relationships,
while, in grades 4-6 of primary school, the effect of peer relationships
exceeds that of teacher-student relationships (Roorda et al., 2017).
Furthermore, in terms of curriculum reform, there have been phased
changes in the difficulty and structure of the curriculum for grades
4-5 in Chinese primary schools (Liu et al., 2024), which may
accelerate the need for peer assistance. Therefore, when children are
in the upper grades of primary school, the teacher-student
relationship cannot predict learning engagement.

Inconsistent with theoretical expectations (Endedijk et al., 2022),
the path from T1 teacher-student relationships to T2 peer
relationships was not significant (4 = 0.00, p = 0.97). Consequently,
the analysis did not provide support for the hypothesized mediating
role of peer relationships in the link between teacher-student
relationships and subsequent learning engagement. This suggests that,
within our specific research context and sample, the predictive effect
of teacher-student relationships on subsequent learning engagement
may not be primarily explained through the mechanism of enhancing
peer relationships. Future research involving diverse age groups,
cultural contexts, or increased measurement occasions is warranted
to clarify the boundary conditions under which this mediating
pathway may emerge. In addition, the analytical results indicated that
the paths from covariates (gender, age) to the primary variables (peer
relationships, teacher-student relationships, and learning engagement)
all failed to reach statistical significance, demonstrating that the cross-
lagged relationships among peer relationships, teacher-student
relationships, and learning engagement are robust and unlikely to be
confounded by these demographic factors.

4.3 Limitations and future work

Our research provides new and longitudinal evidence about the
relationship between school interpersonal relationships and
learning engagement. However, this study has some limitations.
First, one notable limitation of this study is the unequal time
intervals between our data-collection points. This design feature
prevented us from imposing and testing equality constraints on the
autoregressive and cross-lagged paths over time (Zyphur et al.,
2021). Consequently, we could not rigorously examine whether the
strengths of the dynamic processes between variables remained
stable or changed across different developmental periods. Future
research can employ longitudinal designs with equally spaced
measurement waves. Such a design would enable direct tests of
temporal invariance, thereby providing deeper insights into the
stability and evolution of teacher-student relationships, peer
relationships, and learning engagement over time. Second, our

Frontiers in Psychology

10.3389/fpsyg.2025.1674600

model focused exclusively on school-based factors (teacher-student
and peer relationships). We did not include family-related variables,
such as parenting styles or the home learning environment, which
are also known to significantly shape children’s learning engagement
(Yang et al., 2024). Future research should adopt a more
comprehensive ecological framework by integrating both school
and family factors to disentangle their unique and interactive
effects on student learning engagement. Third, it is equally
important to acknowledge the limitations of the approaches
employed to assess common method variance. Future research
could employ more robust statistical techniques, such as the
unmeasured latent method factor test or the marker variable
technique, to provide a more definitive evaluation of potential
common method bias (Tang and Wen, 2020). Fourth, our cross-
lagged panel model used observed variables, which precludes the
control of measurement error. Future research would benefit from
employing latent variable-modeling techniques, such as the
random intercept cross-lagged panel model (Hamaker et al., 2015).
This advanced approach would allow for a more precise
disentanglement of stable between-person differences from
dynamic within-person processes, thereby providing a clearer
interpretation of the temporal dynamics between teacher-student
relationships, peer relationships, and learning engagement. Finally,
regarding methodology, future work should move beyond sole
reliance on self-reports to measure learning engagement. Adopting
a multi-method, multi-informant approach—complementing self-
reports by integrating classroom observations, interviews, and
reports from teachers and peers—would yield more comprehensive
and robust data (Kim and Cho, 2025).

5 Conclusion and implications

Our findings showed bidirectional relations between peer
relationships and learning engagement in Chinese students from
grades 3-5. Furthermore, there is a bidirectional relationship between
teacher—student relationships and learning engagement in primary
school grades 3 and 4, which disappeared from grades 4-5.

To a certain extent, this once again confirms the important impact
of peer relationships on children’s learning engagement, and this
impact is not only immediate and static but can also have a long-term
effect on the dynamic development of children’s learning engagement
over time. This offers guidance for precisely targeting interventions in
students’ learning engagement. Consequently, it may be necessary to
prioritize attention toward student cohorts exhibiting suboptimal peer
relationships, who may be experiencing certain levels of socio-
emotional adaptation difficulties. Educators can use simple
sociometric tools or observational checklists to identify socially
isolated students at an early stage, enabling timely interventions to
facilitate their integration into peer networks. In instructional design,
integrating social-emotional learning into daily academic teaching
through cooperative learning structures is recommended (Cipriano
etal, 2023). This pedagogical approach not only supports knowledge
acquisition but also explicitly fosters positive peer interactions and
collaborative skills (Lyons et al., 2021). Beyond methodology, teachers
should develop warm, supportive, and responsive relationships that
extend past academic concerns, deliberately cultivating students’ sense
of trust and belonging (Qi et al., 2024).
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