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Abstract

This study investigates the relationships among students’ socio-contextual ecosystems
including interactions with parents, teachers, and society (i.e., participation in cocurricular
activities), their dual-pathway self-regulatory strategies—emotional self-regulation (SR)
and motivated learning strategies (MLS)—and their mathematics achievement emotions.
Drawing on data from a sample of 1269 Chinese secondary school students, the findings
indicate that all dimensions of parent-teacher—society interactions significantly predict
students’ mathematics achievement emotions (i.e., enjoyment and anger) through the medi-
ation of both emotional self-regulation strategies (i.e., positive reappraisal and rumination)
and motivated learning strategies. Results in this study revealed a clear differential medi-
ation pattern: teacher—student interactions exerted significant direct effects on students’
emotions alongside indirect effects through their self-regulation (partial mediation). In
contrast, the impact of social cocurricular activities was fully mediated by students” self-
regulatory processes. Notably, parent—child interactions directly influenced enjoyment but
only affected anger indirectly through self-regulation. These results unpack the “black
box” of how socio-contextual ecosystems shape student well-being, highlighting the critical
and distinct roles of dual self-regulation pathways. The study provides a novel theoretical
framework for understanding achievement emotions and offers actionable insights for
building supportive, sustainable learning environments that foster both emotional and
academic resilience.

Keywords: socio-contextual ecosystems; parent-school-society interactions; mathematics
achievement emotions; emotion self-regulation; motivated learning strategies; student
well-being

1. Introduction

The Programme for International Student Assessment (PISA) has reported and com-
pared students” mathematics learning time and academic burden across various coun-
tries [1]. Results revealed that students experiencing a heavy mathematics study burden,
characterized by prolonged study hours and heightened anxiety, show a decline in mental
health, leading to significant academic stress and even psychological issues such as bipolar-
ity [2]. Heavy mathematics learning burden, including extensive homework, curriculum
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demands, and participation in mathematics competitions, contributes to serious sleep de-
privation and reduced physical activity [1]. Studies on mathematics achievement emotions
have also found that excessive learning time, low teaching quality, and high evaluation
pressure perpetuate this academic burden [3]. This scenario poses a significant challenge to
achieving Sustainable Development Goal 4 (SDG 4)—quality education—and undermines
student well-being (SDG 3), which are foundational to sustainable human development.
Consequently, there is an urgent need to develop students” emotional literacy, as empha-
sized in policies and practices aimed at enhancing student well-being by UNESCO and
various developed countries, including the United States, Japan, Germany, and the United
Kingdom [4].

In the past decade, the exploration of students’ self-regulation has gained traction
in mathematics education [5,6]. On one hand, students’ academic emotions and their
strategies for managing these emotions arouse our attention. The theory of emotional self-
regulation (SER) developed by Gross (1998) emphasizes the cognitive processes involved
in evaluating and regulating emotions [7]. Through self-regulation, students can better
manage their emotions to cope with academic tasks and challenges, ultimately achieving
personal goals [8]. Research has suggested a strong correlation between emotional regula-
tion and students’ physical and mental health [9]. Effective emotional regulation has been
shown to alleviate students” mathematics-related stress and foster a positive learning atti-
tude in the face of a rapidly changing society and complex interpersonal relationships [10].
On the other hand, students’ cognitive regulation, such as their use of Motivated Strategies
for Learning (MLS), has also attracted increasing attention in the academic community.
Motivated Strategies for Learning focus on both students’ motivational orientations and
the diverse learning strategies they employ, serving as an extension of self-regulated learn-
ing [11]. The structure of Motivated Strategies for Learning is commonly explained in terms
of motivation, emotion, and learning strategies [12]. Together, emotional self-regulation
(ESR) and motivated learning strategies (MLS) represent two fundamental and intercon-
nected dimensions of self-regulation. These components form a dual-pathway system
where emotional processes (e.g., reappraisal, rumination) and cognitive-metacognitive pro-
cesses (e.g., strategy use, monitoring) dynamically interact. Students” emotional states can
either facilitate or hinder the application of cognitive strategies, while effective cognitive
engagement can, in turn, influence emotional experiences [8,12]. This ongoing interaction is
essential for understanding how students navigate academic challenges. Developing these
dual self-regulation skills is not merely an individual coping strategy but a vital investment
in creating sustainable and resilient educational systems that support lifelong learning and
overall well-being.

Previous studies have indicated that managing achievement emotions requires stu-
dents to develop some self-regulation skills, including the awareness, monitoring, evalua-
tion, modification, inhibition, and activation of their attention and behavior based on prior
learning experiences [8]. The complex emotional experiences and processes accompany-
ing academic pursuits underscore the critical importance of students’ self-regulation [8].
Moreover, students’ self-regulation of emotions and cognition/metacognition is influenced
by factors such as age, environment, and individual differences. It is also closely linked to
self-evaluation of achievement, self-efficacy, learning motivation, academic adaptation, and
learning performance [8]. Therefore, students” mathematics self-regulated strategies and
emotional burdens should be analyzed within interactive frameworks—such as relational
thinking models—rather than through simple linear approaches [1].

Furthermore, according to the United Nations’ Sustainable Development Goals (SDGs),
it is worth examining how parent—school-society interactions shape students” achievement
emotions through self-regulation and identifying pathways to create more inclusive and
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supportive learning ecosystems. Aligning with the vision of education for sustainable
development, this study seeks to unpack how these supportive ecosystems can be fostered.
Such ecosystems are fundamental to ensuring that all students, regardless of their back-
ground, can thrive academically and affectively. However, research on the relationship
between students’ self-regulation and their learning emotions, particularly in mathematics
contexts, has been under explored [13]. Thus, it is crucial to gain a comprehensive under-
standing of the factors that facilitate students” mathematics learning emotions and their
impacts [1,14]. Although previous studies have mostly paid attention to teacher-student
and student-student interactions [15], the present study aims to investigate how society,
family, and school influence students’ self-regulation in mathematics and their affective
learning outcomes.

2. Conceptual Framework
2.1. Understanding Emotional Self-Regulation (ESR) in Mathematics Learning

Emotional self-regulation is a complex process that encompasses changes in experience,
behavior, and physiological reactions, significantly impacting the intensity, duration, and
quality of emotional experiences during mathematics learning. Gross (1998) proposed the
emotion regulation (ER) process model that outlines five strategies for regulating emotions:
(a) situational selection, which involves approaching or avoiding certain people, places,
or objects in order to regulate emotions [7]. (b) Situational modification, which refers to
actively and directly altering external factors within a situation to change its emotional
impact. (c) Attention deployment, which involves redirecting attention toward specific
aspects of a situation or away from them. (d) Cognitive change or reappraisal, which refers
to altering the evaluation or interpretation of their learning situation, thereby influencing
emotional responses. (e) Response modulation, or expression suppression, which involves
directly influencing physiological, experiential, or behavioral responses to emotions.

Building on this framework, Garrido et al. expanded Gross’s model to include emotion
generation processes and dimensions—cognitive, physiological, and behavioral—while
accounting for both adaptive and maladaptive aspects [16]. Their model identifies six emo-
tional regulation strategies: arousal regulation, positive reappraisal, controlled expression,
suppression, rumination and unhealthy behaviors. Especially, positive reappraisal and
rumination were selected to explore in this study:

Positive reappraisal refers to strategies aimed at enhancing interpersonal functioning
and promoting higher levels of positive affect [17]. Students are encouraged to make
judgments about the situations they engage with, clearly understanding both the short-
term and long-term benefits for their mathematics learning.

Rumination refers to the prolonged and repetitive focus on one’s emotional states and
the antecedents and consequences of those emotions [18]. When students encounter set-
backs in their mathematics learning, they may unconsciously engage in repetitive thinking
about and experiencing feelings associated with negative events, such as poor mathematical
performance, often linking these events to a series of adverse outcomes.

Despite Gross’s emphasis on the significance of situational regulation, research ex-
ploring its effects remains limited. Thus, future investigations should focus on examining
emotional regulation within specific subjects and contexts to enhance our understanding
of its role in education. These results suggest the need for further investigation, and we
generally hypothesized the following:

H1. Students” emotional self-regulation strategies will be significantly associated with their
mathematics achievement emotions. Specifically.
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H1la. Positive reappraisal will be positively associated with students’ positive emotions.
H1b. Positive reappraisal will be negatively associated with students’ negative emotions.
H1lc. Rumination will be negatively associated with students’ positive emotions.

H1d. Rumination will be positively associated with students’ negative emotions.

2.2. Understanding Motivated Strategies for Learning (MSL) in Mathematics

The concept of Motivated Strategies for Learning (MSL) emerged from combining
Student Approaches to Learning (SAL) and self-regulated learning (SRL) [19]. While SAL
emphasizes students’ general motivation and learning approaches, SRL focuses on students’
active management of their learning in specific contexts. MSL bridges these perspectives,
measuring both motivational orientations and learning strategies. In mathematics learning,
SAL studies usually describe students’ learning methods holistically, whereas SRL research
delves into specific strategies and processes involved in particular tasks, providing more
detailed insights.

Motivated Strategies for Learning (MSL) combines students” motivation—such as
their goals, values, expectancy, and affect toward learning—with their use of cognitive
and metacognitive strategies, as well as resource management [20]. While early research
considered motivation and learning strategies separately, studies now show they are closely
related to each other and to self-regulation [4]. Rather than treating these components in
isolation, MSL should be understood holistically as students’ choices of learning strategies
based on different motivational orientations. This study, therefore, explores motivated
learning strategies among students in mathematics, and we hypothesized the following:

H2. Students’ self-requlation learning strategies will be significantly associated with their mathe-
matics achievement emotions. Specifically.

H2a. Motivated learning strategies will be positively associated with students’ positive emotions.

H2b. Motivated learning strategies will be negatively associated with students’ negative emotions.

2.3. The Role of Parent—Teacher—Society Interactions in Shaping Students’ Self-Regulation

Numerous studies have shown that students” academic emotions are influenced by
various personal factors such as competence expectations, control appraisal, and moti-
vational beliefs [21]. Beyond personal factors, the social environment, particularly the
expectations set by significant individuals like parents and teachers, plays a crucial role in
shaping students’ emotional states. Negative evaluations of mathematics performance and
adverse consequences, such as public humiliation or interpersonal competition, can detri-
mentally affect students” emotions [5]. Additionally, emotional development, particularly
self-regulation, is significantly impacted by adults, including parents and teachers [22,23].
Adult leaders, including teachers and parents, are vital for enhancing students’ mathemat-
ics learning by providing emotional support, care, and modeling effective self-regulation
strategies [17]. The interactions among parents, teachers, and the community can effectively
raise standards for students’ mathematics learning by fostering emotional and cognitive
self-regulation, especially during the development of systematic thinking [17]. Research
by Xu indicates that students” emotional management in mathematics is closely related to
adult-oriented rationales, highlighting the influence of the social environment along with
individual factors [24].
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2.3.1. The Relationship Between Parent-Student Interactions and Students’ Self-Regulation

Family background and parent—child interactions significantly impact students” emo-
tional regulation, cognitive regulation, and motivation [25]. Studies show that socioeco-
nomic status, parental involvement, and access to cultural resources are linked to students’
emotional expression and educational outcomes [25,26]. For instance, students from priv-
ileged backgrounds tend to show higher motivation and better academic performance
compared to their disadvantaged peers [26]. In terms of cognition, previous research
has shown that cognitive and metacognitive learning strategies related to self-regulated
learning are influenced by parenting style. Specifically, students raised by authoritative
parents are more likely to use cognitive and metacognitive strategies compared to those
with authoritarian, indulgent, or neglectful parents [27].

In mathematics learning, students’ cognitive reappraisal is positively associated with
parental education [24]. Parental support in emotion monitoring and control is crucial for
assisting students in mathematics [24]. A supportive parent—child relationship is especially
beneficial for both the students” mental health when facing negative experiences and
their self-regulated learning skills [28]. Conversely, students struggle to regulate their
negative emotions when parents display anger or distress over their learning or when they
come from conflict-prone families [27]. Furthermore, communication patterns between
parents and children can vary significantly across cultural contexts [29]. For instance,
American mothers often express more intense negative emotions in response to their
children’s learning challenges [30], while Australian mothers tend to maintain a more
positive outlook [31]. Notably, both positive and negative emotions are often intertwined
during parent—child interactions [32]. These results required further investigation, and we
generally hypothesized the following;:

H3. Parent—student interactions will be significantly associated with students’ self-regulation.
Specifically.

H3a. Parent—student interactions will be positively associated with positive reappraisal.
H3b. Parent-student interactions will be negatively associated with rumination.

H3c. Parent—student interactions will be positively associated with motivated learning strategies.

2.3.2. The Influence of Teacher-Student Interactions on Students’ Self-Regulation

Teacher-student interactions within the school environment also play a critical role
in shaping students’ cognitive and emotional regulation [33]. On one hand, close and
low-conflict relationships with teachers significantly contribute to students” emotional
control [23]. As students become adolescents, the teacher-student relationship becomes
increasingly important for emotional expression and learning emotions [34]. On the other
hand, research has found that positive teacher—student interactions can effectively promote
students’ use of appropriate cognitive strategies. Through instructional methods such as
teaching learning strategies and guiding ways of thinking, teachers help students regulate
their cognitive strategies [35]. Although, frequent use of direct instruction may hinder
students’ development of effective self-regulation strategies, while supportive interactions
that encourage students” autonomy can foster the development of metacognitive strategies
and critical thinking.

Lin et al. have found that teacher leadership styles and student autonomy positively
correlate with students’ learning emotions and mathematics learning outcomes [36]. When
teachers adopt leadership roles, students can be guided toward positive emotional manage-
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ment, while emotional support from teachers provides strategies for sharing experiences
and expressing negative emotions [37]. Conversely, students often experience negative
learning emotions when teachers shame them publicly [38]. However, Martinez et al.
have noted that there is no significant relationship between school-related factors and
students” emotional regulation strategies; high-achieving students may also find it difficult
to regulate their emotions despite experiencing less stress [8]. Consist with the logic of
teacher—student interaction, we hypothesized the following:

H4. Teacher—student interactions will be significantly associated with students’ self-requlation.
Specifically.

H4a. Teacher—student interactions will be positively associated with positive reappraisal.
H4b. Teacher—student interactions will be negatively associated with rumination.

H4c. Teacher—student interactions will be positively associated with motivated learning strategies.

2.3.3. The Influence of Social Cocurricular Interactions on Students’ Self-Regulation

In addition to in-school interactions, other social institutes such as after-school math-
ematics activities and cocurricular activities educators, such as counselors, also play a
crucial role in students” academic development [39]. Out-of-school education has been
shown to improve not only academic performance but also students” emotional well-being,
confidence, and happiness [40]. Cayubit et al. have observed that effective cocurricular
activities tutoring can transform students’ negative emotions—such as anxiety and lack
of confidence—into self-efficacy and high self-esteem [41]. Moreover, Cho and Cho [42]
found that social media interactions can enhance students’ cognitive and affective strategies.
Positive engagement through out-of-school social media provides an effective means for
students to collaboratively regulate their motivation, emotions, and learning strategies [12].
We thus hypothesized the following:

HS5. Social cocurricular interactions will be significantly associated with students’ self-requlation.
Specifically.

H5a. Social cocurricular interactions will be positively associated with positive reappraisal.
H5b. Social cocurricular interactions will be negatively associated with rumination.
Hb5c. Social cocurricular interactions will be positively associated with motivated learning strategies.

While evidence highlights that students’ cognitive and emotional knowledge, manage-
ment skills, and a psychologically safe environment stem from teachers’ ethos cultivation
and parental support, there has been limited attention paid to students” emotional ex-
periences within specific interactional contexts [43]. Scholars have debated the relative
influence of different interactional partners on students” mathematics learning. For instance,
Kipnis argues that teacher—student interactions are more impactful due to the time students
spend in school [44], while Chiang et al. posit that interactions with parents have a greater
influence, particularly regarding exam preparation [26]. Thus, it is beneficial to explore
the advantages of emotion sharing and co-regulation while expanding the framework to
examine how various environmental interactions relate to students’ self-regulation and
emotional experiences in learning [45]. Accordingly, this study aims to investigate the
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diverse impacts from school, parents, and society (i.e., cocurricular activities) on students’
mathematics learning.

2.4. The Mediating Role of Students” Self-Regulation

Preliminary studies indicate that the role of students” emotional self-regulation in
academic achievement can be either positive or negligible. Research has shown that em-
ploying emotional self-regulation strategies, such as cognitive reappraisal and emotion
management, can enhance academic performance, particularly in mathematics, especially
in situations of frustration or confusion [46]. Moreover, adaptive strategies help foster
positive emotions and improve self-control while reducing negative emotions like anxi-
ety [47]. On the contrary, reliance on maladaptive strategies, such as suppression, can lead
to negative emotional experiences [48]. Moreover, emotion regulation has been widely
studied as a mediating factor in the relationships between various variables in educational
contexts [49,50]. Some research highlights the mediating role of emotion regulation be-
tween students’ mathematical emotions and cognitive performance. For instance, Rentzios
et al. have demonstrated that both reappraisal and suppression strategies mediate the
relationship between students’ positive /negative emotions and their deep/surface learning
approaches [50]. Additionally, studies have also shown that emotional regulation mediates
the effects of various interactions on students’ cognitive and affective performance [51,52].
Pallini et al. have confirmed that the quality of teacher-student relationships enhances
students” attention through emotional regulation [51], while Moriya et al. have found that
reappraisal and suppression mediate the impact of interpersonal stress on depression [52].
Despite these insights, some research suggests that emotional self-regulation strategies
may not significantly impact students” achievement emotions, indicating a need for further
exploration into their role in mathematics learning.

On the other hand, self-regulated learning strategies have also been shown to be
related to students” academic emotions [13]. Several studies suggest that positive emotions
promote the use of self-regulated learning strategies, while negative emotions can reduce
attention. For example, Artino found that positive academic emotions positively predict
elaboration and meta-cognitive strategies in online classes [21]. Compared to negative
emotions, positive emotions have a stronger influence on self-regulated learning and mo-
tivation [13]. Some researchers also argue that the relationship is reciprocal: students’
cognitive learning strategies can affect their emotional states, and emotions, in turn, im-
pact learning strategies [5]. Additionally, self-regulated learning strategies may serve as
a mediating variable, explaining how academic emotions impact other outcomes. For
instance, academic emotions have been shown to positively influence academic achieve-
ment through the mediation of self-regulated learning strategies [13]. Understanding how
students” emotional characteristics and self-regulated learning strategies relate to specific
emotions is essential [53]. However, research has yet to explore whether other variables
can affect students” academic emotions through self-regulated learning strategies. We thus
hypothesized the following:

He6. Parent—student interactions will have both direct and mediated effects on positive emotions
(Hb6a) and negative emotions (H6b) through self-regulation.

H7. Teacher—student interactions will have both direct and mediated effects on positive emotions
(H7a) and negative emotions (H7b) through self-regulation.

H8. Social cocurricular interactions will have both direct and mediated effects on positive emotions
(H8a) and negative emotions (H8b) through self-regulation.
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These hypotheses (See Figure 1) collectively propose that the socio-contextual ecosys-
tem fosters student well-being in mathematics not merely through direct influence but
primarily through the cultivation of students’ capacities to self-regulate both emotionally
and cognitively.

Pl's direct/mediated effects on positive/negative emotion: H6a H6b

Parent-Student
Interactions

Positive
Reappraisal

Hla

Positive Emotion

Rumination

Negative Emotion

Learning
Strategies

Social
Cocurricular
Interactions

TI's direct/mediated effects on positive/negative emotion: H7a,H7b

SI's direct/mediated effects on positive/negative emotion: H8a H8b

Figure 1. The hypothesized model of this study.

Overall, existing research only indicates that emotional self-regulation acts as an in-
termediary mechanism linking students’ achievement emotions to academic performance,
while also connecting various aspects of the learning environment, such as teacher—student
relationships, to educational outcomes. This study aims to investigate whether both of
the emotional and cognitive self-regulation strategies affect students” emotional behaviors
in response to different external factors. Specifically, it will examine the relationships
between various environmental factors—such as students’ interactions with parents, teach-
ers, and cocurricular activities institutes—and their academic emotions in mathematics
learning, assessing whether emotional and cognitive self-regulation significantly mediates
these effects.

3. Methods
3.1. Participants and Procedures

This study is supported and approved by the Research Ethics Review Committee of
National Ministry of Education in China. Participants were a total of 1269 students from
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secondary schools in China. There were 46.77% male students (n = 592) and 53.3% female
students (n = 677); 28.1% (n = 357) students from the southern area (i.e., Guangdong,
Guangxi provinces) of China, 32.2% (n = 408) students from the northern area (i.e., Hei-
longjiang provinces) of China, 24.1% (n = 306) students from the eastern area (i.e., Shandong
provinces) of China, and 15.6% (n = 198) students from the western area (i.e., Sichuan
provinces) of China. Of these students, 862 were from high school, with 22.9% (n = 290),
37.8% (n = 480), and 7.2% (n = 92) of students from the first, second, and third years of
high school, respectively. The remaining 407 students came from junior high school, with
13.3% (n = 169), 13.1% (n = 166), and 5.7% (n = 72) students from the first, second, and
third years of high school, respectively. With regard to the occupation of the parents of
the students, 11.1% (n = 139) were teachers, 25.5% (n = 323) worked in enterprises, 25.5%
(n = 323) were businessmen, 5.4% (n = 68) were civil servants, and 32.8% (n = 416) had
parents in other occupations. In terms of participants’ mathematics teachers’ ages, 47.4%
(n = 601) of teachers were reported in the 30—40 age group, followed by 36.5% (1 = 463) of
teachers in the 40-50 age group, 10.5% (1 = 133) of teachers in the 20-30 age group, and
5.7% (n = 72) of teachers over 50 years of age.

Data were collected using an online questionnaire platform. Before the overall data col-
lection, a pilot test was conducted to refine the questionnaire. This involved distributing the
survey to several experts in relevant fields, mathematics teachers, and junior/senior high
school students for preliminary feedback. Based on their input regarding the questioning
style and information presentation, the final version of the survey was developed.

The formal questionnaire was initially distributed through purposive sampling, with
assistance from mathematics teacher leaders (Jiaoyanyuan) from various provinces across
China, representing the eastern, western, southern, and northern regions. Subsequently,
these teacher leaders randomly invited mathematics teachers in their areas to participate in
the survey. Each mathematics teacher then selected students willing to participate, securing
consent from school leaders and parents. To ensure data quality and a high response rate,
mathematics teachers organized for students to complete and submit the questionnaires
together in an electronic classroom during recess or community activity periods. Before
the survey commenced, mathematics teachers orally explained the survey precautions,
emphasizing that responses would be collected anonymously and used solely for research
purposes. Students were instructed to complete the questionnaire thoughtfully, reflecting
their actual experiences and feelings regarding interactions with teachers and parents, as
well as their emotional responses to mathematics.

3.2. Instruments

A questionnaire comprising three scales was used in this study. The details of these
scales were provided in the following sections. The Chinese versions of these scales were
administered in the present study. Translation and back translation procedures were
conducted by two researchers who were fluent in both Chinese and English.

3.2.1. Emotion Self-Regulation Questionnaire (ESRQ)

The 18-item Emotion Self-regulation Questionnaire (ESRQ) was developed by Her-
nansaiz et al., in both Spanish and English translation, to explore how each person tries
to manage their emotions differently [54]. Six dimensions of emotional self-regulation as-
sessed by students were measured in this scale. This study has selected two dimensions of
this scale, positive reappraisal (three items, e.g., “I focus on what I can learn from what I'm
feeling”) and rumination (three items, e.g., “I keep thinking about what worries me again
and again”), to assess students’ different emotional self-regulation. The participants were
asked to rate each item on a 5-point Likert scale, represented as 1 (never or hardly ever), 2
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(rarely), 3 (sometimes), 4 (often), and 5 (always or almost always), respectively. Cronbach’s
alpha coefficients for each dimension ranged from 0.64 to 0.88. The current study of the
emotional self-regulation scale has acceptable psychometric properties (x? = 746.88, df = 80,
p <0.001, CFI = 0.93, TLI = 0.92, and RMSEA = 0.078).

3.2.2. Motivated Strategies for Learning Scale (MSL)

The 13-item Motivated Strategies for Learning Scale (MSL) used in this study was se-
lected and adjusted from the study of Pintrich, assessing students’ cognitive self-regulation
strategies [55]. The original comprised five factors and 44 items; the factor “cognitive
strategy use” was selected in this study to investigate students” mathematics cognitive
strategies. The sample items for this scale in this study were: “When I study for a math test,
I try to put together the information from the class and text book”; “I am good at applying
the mathematical knowledge I have learned before to solve new tasks”. The participants
responded to these items on a 7-point Likert scale (from not at all true of me to very true
of me). The adjusted survey in the current study has acceptable psychometric properties
(x? =599.54, df = 61, p < 0.001, CFI = 0.93, TLI = 0.95, and RMSEA = 0.08).

3.2.3. Parent-Student Communication Survey (SPCS)

The 12-item Parent-Student Communication Survey (SPCS), adjusted from the work
of Weintraub & Sax, was used to measure the communication and interactions between
students and their parents [56]. Though the frequency of measures described students’
interactions with parental figures, this study sorted these measures into three dimensions
of parent-student communication and adjusted the parent-student interactions with their
mathematics learning. Parental socialization, parent-student relationships, and parental
influence on decision making were measured with four items for each dimension. Sample
items included “I often interact with my parents from phone, text messaging or email to talk
about my math learning” (parental socialization), “My parents often care about my math
learning” (parent-student relationships), and “My parents often influence my choice of
math extra-curriculum activities” (parental influence on decision making). The participants
were asked to rate each item on a 5-point Likert scale ranging from 1 (strongly disagreed)
to 5 (strongly agreed). Cronbach’s alpha coefficients for parental socialization, parent-
student relationships, and parental influence on decision making were 0.64, 0.85, and
0.75, respectively. The adjusted survey in the current study has acceptable psychometric
properties ()(2 =509.34, df = 51, p < 0.001, CFI = 0.94, NFI = 0.93, and RMSEA = 0.08).

3.2.4. Teacher Interaction Questionnaire (QTI)

Two selected Teacher Interaction Questionnaire (QTI) subscales developed by Wubbels
& Brekelmans to assess teacher-student interactions were used in this study [57]. The
original QTI contains 8 dimensions assessed by 48 items. This study used 6 items extracted
from the QTT to assess teachers’ leadership behaviors and freedom behavior dimensions in
students’ mathematics learning. Sample items included “We learn a lot from math teacher”
(leadership behaviors), and “Our math teacher allows us to work on things that we like”
(freedom behaviors). Each dimension was measured by three items. The participants
were asked to rate each item on a 5-point Likert scale ranging from 1 (strongly disagreed)
to 5 (strongly agreed). Cronbach’s alpha coefficients for leadership behaviors, freedom
behaviors, and admonishing behaviors were 0.90, 0.87, and 0.85, respectively. A previous
study suggested that Teacher Interaction Questionnaire (QTI) has acceptable psychometric
properties [36], as does the current study (x> = 153.96, df = 24, p < 0.001, CFI = 0.97,
NFI = 0.98, and RMSEA = 0.06).
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3.2.5. Cocurricular Activities Interaction Questionnaire (QECI)

The 12-item Cocurricular Activities Interaction Questionnaire used in this study was se-
lected and adjusted from the Panorama Social-Emotional Learning Survey [58] to assess the
interactions with the students’ cocurricular activities institutes in which the student’s learn.
Three dimensions of cocurricular interaction were selected in this scale: sense of belonging
(four items, e.g., “ Students and teachers in Cocurricular mathematics activities show me
enough respect”), institute climate (four items, e.g., “The rules in outside-school mathemat-
ics learning institute are fair to all students”), and rigorous expectations (four items, e.g.,
“Teachers in outside-school mathematics learning institute make me keep trying when I
feel like giving up on a difficult task”). The participants were asked to rate each item on
a 5-point Likert scale, represented as 1 (never or hardly ever), 2 (rarely), 3 (sometimes),
4 (often), and 5 (always or almost always), respectively. Cronbach’s alpha coefficients for
sense of belonging, school climate, and rigorous expectations were 0.94, 0.92, and 0.90,
respectively. A previous study suggested that the scale of the Panorama Social-Emotional
Learning Survey [58] be used, as the current study selected three dimensions of this survey
(x? =521.26, df = 51, p < 0.001, CFI = 0.97, NFI = 0.97, and RMSEA = 0.08).

3.2.6. Mathematics Achievement Emotion Questionnaire (AEQ-M)

Two selected Mathematics Achievement Emotion Questionnaire (AEQ-M) subscales,
developed by Perkun et al., were used to assess students” mathematics achievement emo-
tions in this study [59]. The original AEQ-M contains 5 dimensions assessed by 37 items.
This study used 12 items extracted from the AEQ-M to assess the two opposite kinds of
achievement emotions (i.e., positive emotions and negative emotions), namely, enjoyment
(e.g., "My enjoyment of mathematics class makes me want to participate) and anger (e.g.,
“I get so angry I feel like throwing the math homework out of the window”). These two
dimensions comprise 7 items and 5 items, respectively. The participants were asked to rate
each item on a 5-point Likert scale ranging from 1 (strongly disagreed) to 5 (strongly agreed).
Cronbach’s alpha coefficients for enjoyment and anger were 0.95 and 0.92, respectively. A
previous study suggested that AEQ-M has acceptable psychometric properties [36], as does
the current study (x> = 396.40, df = 50, p < 0.001, CFI = 0.98, NFI = 0.98, and RMSEA = 0.07).

3.3. Data Analyses

SPSS 22.0 (IBM Corp, Armonk, NY, USA) and AMOS 17.0 (IBM Corp, Armonk, NY,
USA) were used to manage and analyze data in this study. Data analyzed followed these
two procedures: First, the construct validity and reliability of the five scales and their
intercorrelations were determined. Confirmatory factor analysis (CFA) was performed
to examine the factors’ structure. Then, the descriptive statistics and correlations were
calculated by SPSS 22.0. Second, the method of structural equation modeling (SEM)
was determined using AMOS 17.0 to explore the relationships among all variables. The
following indexes, such as x2 statistics, the comparative fit index (CFI), the Tucker-Lewis
index (TLI), and the root-mean-square error of approximation (RMSEA), were used to
assess the goodness of fit for this model. The acceptable model fit requires the CFI and TLI
values to be no less than 0.90, and the RMSEA value to be less than 0.08 [60].

4. Results
4.1. Descriptive Statistics and Correlations

As shown in Table 1, the results of the data analysis revealed that the six self-report
scales used in this study reached acceptable reliability coefficients, with Cronbach’s alpha
coefficients greater than 0.75, except for the sub-dimension of parent socialization, indicat-
ing good reliability of these 13 relevant variables. Cronbach’s alpha coefficient of parent
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socialization was 0.64, which was acceptable with a less strict cut-off criteria for reliability
because of the limited number of items (i.e., three items) of this factor [4].

Table 1. Descriptive reliability and correlations.

1 2 3 4 5 6 7 8 9 10 11 12 13

PS 0.64*)  0.607*  0452*  0446*  0427*  0367*  0420*  0.377* 0.448 ** —0.097 **  0.459 ** —0.130**  0.440 **
PSR (0.85*)  0.350*  0.514*  0516*  0.380*  0430*  0.421* 0.485 ** —0.222*  0.475* —0.255*  0.487 **
PDM 0.75*)  0226*  0216*  0277*  0318*  0.261* 0.243 ** —0.011 0.278 ** —0.038 0.288 **
Leadership (0.90*)  0.746*  0.352*  0.357*  0.400** 0.485 ** —0.191**  0.565 ** —0.381*  0.459 **
Freedom (0.87*)  0369**  0.395*  0412* 0.499 ** —0.197**  0.571* —0.325*  0.478 **
Climate (0.92*)  0.816*  0.762** 0.531 ** —0.173*  0.436 ** —0.208 **  0.465 **
Expectation (0.90**)  0.845** 0.574 ** —0.140**  0.476 ** —0.201**  0.535**
Belonging (0.94*)  0.609 ** —0.142*  0.460 ** —0.248**  (0.552*
PR (0.88 **) —0.164**  0.576 ** —0.319*  0.636 **
Rumination (0.84 **) —0.213**  0.410 ** —0.128 **
Enjoyment (0.95 **) —0.498 **  0.662 **
Anger (0.92 **) —0.289
MSL (0.92 **)
M 2.201 1.662 2.730 1.518 1.801 2.257 2.261 2.064 1.834 1.837 2.181 1.094 2.211
SD 0.721 0.708 0.910 0.682 0.823 0.916 0.875 0.845 0.740 0.990 0.930 0.957 0.687

Notes: PS = parental socialization; PSR = parent-student relationships; PDM = parental influence on decision
making; PR = positive reappraisal; and MSL = Motivated Strategies for Learning. ** p < 0.01.

The descriptive statistics of all thirteen factors and the correlation matrix among
factors are displayed in Table 1. Among the three dimensions of the Parent-Student
Communication Survey scale, parental influence on decision making had the highest
score (M = 2.73, SD = 0.91) followed by parental socialization (M = 2.20, SD = 0.72),
and parent-student relationships had the lowest score (M = 1.66, SD = 0.71). As for
the Teacher Interaction Questionnaire, students reported that their mathematics teachers
communicated with them mostly by freedom (M = 1.80, SD = 0.82), followed by leadership
(M =1.51 SD = 0.68). The Cocurricular Activities Interaction Questionnaire indicated that
students had stronger feelings about social expectation (M = 2.26, SD = 0.87) than social
climate (M = 2.25, SD = 0.91) and belonging (M = 2.06, SD = 0.84). In terms of emotional
self-regulation, students have similarly chosen between positive reappraisal (M = 1.83,
SD = 0.74) and rumination (M = 1.84, SD = 0.90). At the two dimensions of mathematics
achievement emotions, students’ enjoyment (M = 2.18, SD = 0.93) scored higher than anger
(M =1.09, SD = 0.95). As for the correlations of factors, all variables observed in this study
were positively correlated with each other.

4.2. SEM Analysis

A SEM model was constructed and tested the effects of parent-school-society in-
teractions on students” mathematics achievement emotions (e.g., enjoyment and anger),
mediated by students’ self-regulations (i.e., positive reappraisal, rumination, and motivated
learning strategies). The SEM results showed that this model reached an acceptable data
fit (x> = 6714.87, x*/df = 3.88, p < 0.001, CFI = 0.93, TLI = 0.92, and RMSEA = 0.05). The
results are displayed in Figure 2.

The results showed that both positive reappraisal and motivated learning strategies
included in students’ self-regulation strategies were positively correlated with all kinds
of parent-school-society interactions, while rumination strategies showed negative corre-
lations. Although there were no significant negative relationships found between social
cocurricular interactions and students’ rumination strategies, parent-student interactions
(B =—0.22, p < 0.01) have stronger impacts on rumination strategies than teacher interac-
tions (3 = —0.14, p < 0.01). Therefore, results support H3b and H4b, expect H5b. In terms of
the positive reappraisal strategy, there were stronger impacts found from social cocurricular
interactions (3 = 0.53, p < 0.01) than teacher-student interactions (3 = 0.32, p < 0.01) and
parent-student interactions (3 = 0.21, p < 0.01). These results support H3a, H4a, and H5a.
As for the cognitive self-regulated strategies (i.e., motivated learning strategies), there
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were stronger impacts found from social cocurricular interactions (3 = 0.43, p < 0.01) than
teacher—student interactions (§ = 0.31, p < 0.01) and parent-student interactions (3 = 0.34,
p < 0.01). Therefore, results all support H3c, H4c, and H5c. In other words, social cocurricu-
lar interaction is more likely to rely on students’ positive self-regulated strategies, while
parent and teacher—student interactions had significant but weaker impacts on students’
self-regulated strategies.

PI's direct effects on Enjoy= 0.25** . on Anger=0.03 .
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Figure 2. Results of path analysis on parent-school-society interactions impacting students” mathe-
matics achievement emotions and self-regulation strategies. (x% = 6714.87, x%/df = 3.88, p <0.001,
CFI =0.93, TLI = 0.92, and RMSEA = 0.05) Notes: ** p < 0.01.

Moreover, only the motivated learning strategy was positively and significantly related
to the students” enjoyment emotion (3 = 0.41, p < 0.01) and negatively and significantly
related to the students’ anger emotion (3 = —0.23, p < 0.01), while no significant rela-
tionship was found between the positive reappraisal strategy and students” mathematics
achievement emotions including enjoyment (3 = 0.07, n.s.) and anger (3 = —0.07, n.s.); Hla
and H1b were supported rather than H2a and H2b. Rumination was positively and only
significantly related to students” anger emotion (3 = 0.40, p < 0.01); this finding did not
support Hlc but did support H1d. In other words, students’ positive emotions are most
likely to be influenced by the motivated learning strategy, while negative emotions are
most likely caused by rumination.

4.3. The Results of Mediation Test

To examine the relationship of students” emotional self-regulation on parent-school-
society partnerships (i.e., teacher-student, parent-student, and social cocurricular inter-
actions) and students” mathematics achievement emotions (i.e., enjoyment and anger),
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as well as their cognitive learning strategies, mediation analysis was conducted using
5000 bootstrapping samples. The results of the mediation analysis are presented in Table 2,
in which the point estimate of the indirect effect (ab) is reported, with a 95% confidence
interval (CI). According to Hayes, the indirect effect is significant when zero is not between
the lower and upper bound in the 95% confidence interval.

Table 2. Mediation analysis of emotional self-regulation and motivated learning strategies on the
indirect effects of parent-teacher-society interactions on students’ mathematics emotions.

Types of Effect Estimates 95% Cls
Lower 2.5%  Upper 2.5%

Enjoy—Parent-Student Interactions

Total 0.31 0.20 0.43
Direct 0.14 0.07 0.22
Indirect 0.17 0.13 0.21
via Enjoy—PR-PSI 0.01 0.00 0.04
Enjoy—RU-PSI 0.02 —0.03 0.00
Enjoy—LS-PSI 0.14 0.09 0.20
Enjoy—Social Cocurricular Interactions
Total 0.19 0.08 0.31
Direct —0.03 —0.08 0.04
Indirect 0.22 0.16 0.27
Via Enjoy—PR-SCI 0.04 0.00 0.08
Enjoy—RU-5CI 0.00 —0.01 0.00
Enjoy—LS-SCI 0.18 0.12 0.24
Enjoy—Teacher-Student Interactions
Total 0.54 0.42 0.65
Direct 0.38 0.30 0.45
Indirect 0.16 0.12 0.20
via Enjoy—PR-TSI 0.02 0.00 0.05
Enjoy—RU-TSI 0.01 —0.02 0.00
Enjoy—LS-TSI 0.13 0.08 0.18
Anger—Parent-Student Interactions
Total —0.08 —0.21 0.05
Direct 0.10 0.02 0.18
Indirect —0.18 —0.23 —0.13
via Anger—PR-PSI —0.01 —0.02 0.00
Anger—RU-PSI —0.09 —0.09 —0.07
Anger—LS-PSI —0.08 —0.08 —0.06
Anger—Social Cocurricular Interactions
Total —0.05 —0.18 0.07
Direct 0.09 0.02 0.16
Indirect —0.14 -0.20 —0.09
Via Anger—PR-SEI —0.04 —0.06 0.01
Anger—RU-SEI —0.03 —0.01 0.02
Anger—LS-SEI —0.10 —0.12 —0.07
Anger—Teacher-Student Interactions
Total —0.42 —0.54 —0.30
Direct —0.27 —0.35 —0.19
Indirect —0.15 —0.19 —0.11
via Anger—PR-TSI —0.02 —0.04 0.00
Anger—RU-TSI —0.06 —0.07 —0.03
Anger—LS-TSI —0.07 —0.08 —0.05

Notes: PR = positive reappraisal; RU = rumination; LS = learning strategies; PSI = parent-student interactions;
SCI = social cocurricular interactions; and TSI = teacher—student interactions.

The bootstrapping results have shown that the partially mediating effects of teacher—
student interactions on students’ mathematics achievement emotions (i.e., enjoyment
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and anger) through students’ self-regulation (i.e., motivated learning strategies, positive
reappraisal, and rumination) (H7a and H7b) were supported. The results of Figure 2 sug-
gested that, after considering the mediation effects of students’ self-regulation strategies,
teacher interaction still had a significant direct effect on students’ mathematics achievement
emotions, including their positive emotions (3 = 0.45, p < 0.01) and negative emotions
(B =—0.31, p < 0.01). Moreover, as shown in Table 2, significant total indirect effects were
found between teacher—student interactions and both students’ enjoyment and anger. To
be specific, the total estimated indirect effects of teacher interaction on students’ enjoy-
ment and anger via self-regulation strategies were 0.16 (95%CI = [0.12,0.20]) and —0.15
(95%CI = [—0.19,—0.11]), respectively.

In terms of parent-student interactions, results have shown the partially mediating
effects and full mediating effects of parent-student interactions on students’ enjoyment
(H6a was supported) and anger (H6b was not supported), respectively, through students’
self-regulation. Figure 2 suggested that parent interaction still had a significant direct effect
on students” enjoyment (3 = 0.25, p < 0.01), while there was no significant effect on students’
anger emotions ( = 0.03, n.s.). On the other hand, significant total indirect effects were
found in Table 2 between parent-student interactions and both students’ enjoyment and
anger. To be specific, the total estimated indirect effects of parent interaction on students’
enjoyment and anger via self-regulation strategies were 0.17 (95%CI = [0.13,0.21]) and
—0.18 (95%CI = [—0.23,—0.13]), respectively.

By contrast, only the full mediating effects of social cocurricular interactions on stu-
dents’ mathematics achievement emotions (including enjoyment and anger) have been
found in these results (H8a and H8b were not supported). The direct effect of social cocur-
ricular interaction was, in general, non-significant and weak on both students’ positive and
negative mathematics emotions, while the estimated indirect effects of social cocurricular
interaction on students’ positive/ negative mathematics emotions via their self-regulation
strategies were 0.22 (95%CI = [0.16,0.27]) and —0.14 (95%CI = [—-0.20,—0.09]), respectively,
which indicated that self-regulation strategies were the full mediation of parent interactions
on students’ positive and negative mathematics emotions. Specifically, after comparing all
kinds of students’ self-regulation strategies, results in Table 2 have shown that a motivated
learning strategy contributes the most (indirect effect = —0.10; 95%CI = [-0.12,—0.07]) to
the full mediating effect of social cocurricular interaction on students” anger emotion.

The overall results showed that students’ self-regulation significantly mediates the
influence of parent-school-society interactions on students” mathematics achievement
emotions. However, only parent-student interactions with students’ negative mathematics
emotions and social cocurricular interactions with students” mathematics achievement emo-
tions were fully dependent on the mediating effect of students’ self-regulation strategies.

5. Discussion

5.1. The Direct Effects of Teacher—Student Interactions on Students” Mathematics
Achievement Emotions

The results of the SEM analysis in this study revealed that among parent—school-
society interactions, teacher—student interactions exhibited the weakest reliance on students’
emotional self-regulation and their motivated learning strategies. Despite this, teacher—
student interactions had a significant direct effect on students” mathematics achievement
emotions, influencing both positive (i.e., enjoyment) and negative (i.e., anger) affective
learning outcomes. Emotional self-regulation as well as motivated learning strategies
played a partial mediating role in the relationship between teacher-student interactions
and students” mathematics achievement emotions. This suggests that, while some aspects
of students” mathematics achievement emotions are aroused by their interactions with
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teachers through their self-regulation, other emotional aspects are directly influenced
by teachers.

Aligning with previous findings from Ahmed et al., the results show that students
with impulsive personalities respond quickly to teacher—student interactions [61], whereas
stable and timid students tend to internalize and process their emotions before expressing
them. Other studies have indicated that students’ value judgments regarding a subject,
such as mathematics, can also impact the relationship between teacher-student interac-
tions and learning outcomes [5]. Students often experience more positive emotions when
they perceive teacher—student interactions and subject learning as valuable. Becker et al.
found that teachers’ emotions can be transmitted to students, influencing their learning
behaviors—this emotional contagion is especially strong for joy, followed by anger [62].
Similarly, Sutton and Wheatley discovered that teachers’ yelling can directly provoke harm-
ful emotions in students, such as guilt, distress, shame, and inferiority [63]. Frenzel et al.
further highlighted that emotions expressed by teachers during interpersonal interactions
can be directly transferred to students, which is related to emotional contagion [64].

Unlike earlier research, this study emphasizes the importance of students’ self-
regulation strategies, showing that students can adjust their perceptions in response to
teachers’ feedback. Students with strong skills often boost their academic confidence
through positive interactions with teachers. In contrast, students who are highly motivated
but encounter difficulties need to apply cognitive strategies to transform negative emotions
into positive ones, thereby reducing the negative impact of these emotions on their learning.

This study corroborates previous findings about the significant impact of teacher—
student interactions on student learning [36]. It expands the understanding of the differ-
ences between teacher-student interactions and other forms of interactions, emphasizing
the unique authoritative role of teachers on influencing students’ mathematics outcomes.
In China, teachers often guide students” educational choices and exam preparations [26].
This authoritative role is deeply rooted in Confucian values, which promote the idea of
“respecting teachers and valuing education”. As a result, students may feel compelled
to conform to teachers’ expectations, sometimes leading to the “mutism effect”, where
students remain silent or agree with teachers to avoid disapproval and pressure. This effect
can hinder the quality of interpersonal relationships and decision-making in mathematics
learning. From a sustainability perspective, this direct influence highlights the significant
responsibility and opportunity within the school ecosystem to foster and co-create emo-
tionally supportive learning environments. Such climates are essential prerequisites for
maintaining long-term student engagement and promoting overall well-being.

5.2. The Mediating Role of Self-Regulation Strategies in the Relationship Between Interaction with
Parents and Students” Negative Achievement Emotions in Mathematics

The SEM results indicated that parent-student interactions were directly associated
with students” positive mathematics achievement emotions (i.e., enjoyment), while their
association with students’ negative mathematics achievement emotions (i.e., anger) was
indirect and mediated by the students’ use of self-regulation strategies. This evidence
indicates that students’ learning emotions are not totally directly elicited by interactions
with parents; only enjoyment was directly affected by parent—student interactions.

However, most existing research suggests that the impact of parent-student inter-
actions on students’ emotions typically requires mediating variables. For instance, the
appraisal theories of emotion and control-value theory indicate that factors such as stu-
dents’ motivation, self-efficacy, academic value, and family’s socioeconomic status mediate
the relationship between parent-student interactions and students’ learning emotions [65].
This is inconsistent with the current study’s finding regarding parent-student interactions
and students’ enjoyment in mathematics. Previous research offers mixed conclusions
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on whether parental support influences students” enjoyment in mathematics directly or
indirectly. For example, Buff et al. found that parental support has an indirect effect on
students’ learning enjoyment, mediated by students’ control beliefs and value beliefs [66].
Similarly, Yung et al. argued that parents’ influence on students’ enjoyment is also indirect:
parents with a higher socioeconomic status provide more resources, which in turn enhance
students’ self-concept (a mediating variable) and consequently their enjoyment [67]. In
contrast, Shen et al. have found that parental social support can directly increase children’s
enjoyment during physical activities, especially among girls who perceive themselves as
lacking physical skills [68]. In line with this, the results of the present study show that
parental interaction can directly influence students” enjoyment in mathematics learning.
Compared to the authoritative role of teachers, parents serve as supportive out-of-school
managers in children’s mathematics learning, providing a sense of security, belonging,
and dependence. From an early age, Chinese students routinely complete a significant
amount of mathematics homework at home, and parents’ supportive, patient, and friendly
attitudes during these activities positively impact their children’s learning emotions. Fur-
thermore, Confucian culture emphasizes respect for authority, and Chinese children are
typically expected and accustomed to being obedient and respectful toward their parents.
Consequently, parental discipline in mathematics learning is often interpreted by children
as positive support, which helps elicit positive learning emotions.

On the other hand, unlike the emotional contagion effect—where fluctuations in
parent—child relationships can lead to a loss of emotional control—this study found that
parent-student interactions do not directly influence students’ negative emotions; instead,
self-regulation serves as a mediating factor. When parent-student interactions trigger
students’ maladaptive emotional regulation strategies, such as rumination or self-blame, or
hinder the development of effective cognitive or metacognitive strategies in mathematics,
students are more likely to experience increased anger in their math learning [69]. One
possible explanation is that overwhelming parental expectations may cause students to
subconsciously resist parental persuasion and emotionally withdraw, appearing indifferent.
Only after engaging in specific emotional regulation strategies can students appreciate their
parents’ guidance, making parent-student interactions more impactful on their emotions in
mathematics learning. Therefore, when parent—student interactions help reduce students’
negative self-regulation mechanisms, feelings of anger in mathematics learning may also
be alleviated. This aligns with previous research showing that cognitive and emotional
regulation in parent—child interactions can effectively reduce students’ negative emotions,
such as anger. Parent—child interactive games have been found to help children develop
better cognitive and emotional regulation, thereby reducing anger and anxiety [69]. In
challenging and logic-intensive subjects like mathematics, children often internalize ef-
fective learning strategies by observing how their parents organize tasks, prioritize goals,
monitor progress, manage time, and apply problem-solving techniques [70]. This process
enhances their problem-solving skills and helps reduce the negative emotions associated
with mathematics learning.

As children grow, they gradually internalize self-regulation skills, learning that emo-
tions can stem from internal rather than external sources [71]. Older students may be
more receptive to adopting reflective and regulatory responses to parental suggestions [72].
Although students’ social networks expand, parents continue to play a crucial role in
helping them employ appropriate adjustment strategies [73]. Despite having improved
self-regulation skills and receiving additional support from teachers and peers, children
still largely rely on parental reactions and behaviors to internalize their feelings and expres-
sions [74]. Students’ learning emotions are closely linked to the implicit interactions they
observe regarding how their parents handle emotionally triggering situations.
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Although prior research has not specifically examined the mediating role of students’
self-regulation, related studies have highlighted the significant role of parent—child inter-
actions in emotional regulation [75]. Thus, the results of this study contribute valuable
insights into how parental interaction influences students” different mathematics achieve-
ment emotions. This highlights the family’s pivotal role in sustainable education—not
only as a provider of academic support but also as a foundational context for building the
emotional and cognitive resilience necessary for students to thrive in the face of challenges.

5.3. The Influence of Social Cocurricular Interactions on Students” Mathematics Achievement
Emotions Mediated by Self-Regulation Strategies

The SEM results showed that only social cocurricular interactions, among parent,
school, and societal interactions, were indirectly related to students” mathematics achieve-
ment emotions, and this association depended on students’ use of emotional and cognitive
self-regulation strategies. Compared to teacher and parent-student interactions, social
cocurricular interactions have a more pronounced reliance on self-regulation, likely due to
greater trust distance and interest expectations arising from economic factors. Relationships
with teachers and parents often involve clear hierarchies and authority, whereas social
relationships such as those with peers, tutors, or institutional staff are more voluntary and
flexible, making it harder for them to directly influence students’ emotions [23]. Previous
studies have suggested that the effect of social cocurricular interactions on students” emo-
tions often requires a mediating variable. For example, Liang et al. found that participation
in shadow education in Hong Kong could boost positive emotions and reduce negative
learning emotions, with educational expectations acting as a mediator [40]. This aligns with
the current findings suggesting that, under the influence of Confucian culture, students typ-
ically pursue academic success fervently [40], but increased learning demands also reduce
rest time and require significant financial investment [12]. Thus, students” own motivation
and parental expectations are key factors influencing their engagement in shadow educa-
tion [12]. Overall, these results highlight that, in social cocurricular interaction contexts
like shadow education, students must employ self-regulation strategies to enhance their
learning emotions.

Specifically, this study found that students’ negative emotions (i.e., anger) may arise
from weakened cognitive strategy development during social cocurricular interactions. A
recent longitudinal study on private tutoring for mathematics among Chinese secondary
students [76] tracked 1500 students over a year and found that private tutoring did not
positively impact students’ interest, habits, or attitudes toward mathematics; in fact, it may
have even diminished their interest and attitudes. This has raised questions in the academic
community about the mechanisms through which social cocurricular interactions (e.g.,
private tutoring) may trigger negative student emotions. Previous research has confirmed
that, in social cocurricular interaction contexts such as after school tutoring or shadow
education, there is a close relationship between students’ cognitive and meta-cognitive
strategies and their learning emotions [77].

However, it remains uncertain whether social cocurricular interactions necessarily
facilitate the development of students’ cognitive skills. For example, Kuan conducted a
survey of seventh and ninth graders in Taiwan and found no significant impact of cocurric-
ular activities tutoring on academic skills [78]. Similarly, Park & Kang have investigated
the effects of private tutoring on students” mathematics cognitive skills in Seoul and found
that, although private tutoring had a positive effect on cognitive skills at the primary and
secondary levels [79], this effect diminished in senior high school [80]. These findings
suggest that if social cocurricular interactions do not promote the development of students’
cognitive skills, they may lead to negative emotions. In the highly competitive environment
of mathematics learning among Chinese students, many families invest heavily in private

https://doi.org/10.3390/su18052175


https://doi.org/10.3390/su18052175

Sustainability 2026, 18, 2175

19 of 25

tutoring [76], which tends to prioritize efficiency. Private mathematics tutoring usually
focuses on exam-oriented skills, such as the rote memorization of algorithms and quick
problem-solving techniques, rather than teaching engaging or interesting mathematics.
This approach often neglects a deeper understanding of mathematical concepts and the
development of more complex problem-solving skills [81]. As a result, if students do
not achieve genuine improvement in their cognitive skills and effective strategies, their
interest in mathematics may gradually decline, leading to negative academic emotions.
Furthermore, compared to in-school mathematics teachers, students often perceive private
tutors and institutions as less professional or knowledgeable [76]. This skepticism can
cause students to undervalue the learning strategies provided by private tutoring, feel that
their efforts are wasted, and experience persistent negative emotions. Although private
tutoring is popular in Confucian-influenced societies, its effectiveness and cost-benefit
are widely debated [82], especially when there is a mismatch between students’ cognitive
development and the financial investment, which can further fuel negative attitudes toward
private tutoring [76].

While these findings resonate with the present study, we contribute to a deeper un-
derstanding of the mediating role of self-regulation strategies. In China, mathematics
classrooms often employ a transmission style of instruction, which can lead to passive
learning, where students follow teachers’ guidance [1]. Despite the potential benefits of
active social cocurricular interactions, such as online learning or effective tutoring, students’
academic skills often suffer under prolonged teacher supervision [83]. This may be because
students seek out-of-school tutoring when school learning fails to meet their expectations,
looking for more effective and targeted support. Consequently, when faced with challenges
in math learning, they may struggle to resolve issues quickly and effectively, necessitating
adjustments in emotional and cognitive strategies to better leverage social support. Beyond
the specific findings on mediation pathways, this study addressed significant implications
for educational sustainability. The central role of self-regulation in converting social interac-
tions into positive learning emotions underscores a vital leverage point for achieving SDG 4
(quality education). Educational systems that actively foster students’ self-regulatory skills
and strengthen parent-school-society partnerships are investing in a sustainable learning
infrastructure. This infrastructure not only enhances academic outcomes but also promotes
equity (SDG 10) by empowering students from diverse backgrounds with the emotional
and cognitive tools to navigate academic challenges. Moreover, the direct and indirect links
we found between these interactions and students” anger and enjoyment highlight that
educational practices are intrinsically linked to student well-being (SDG 3). A relentless
focus on academic performance without considering its emotional toll is unsustainable.
Therefore, we argue that policies and practices of shadow education aimed at building
emotionally supportive and collaborative educational environments are not merely an
educational ideal but a fundamental prerequisite for sustainable human development.

Taken together, the findings present a nuanced yet cohesive understanding of how
the socio-contextual ecosystem—encompassing school, family, and society—collectively
shapes students’ mathematics achievement emotions. This perspective resonates with Bron-
fenbrenner’s bioecological model, which posits that development is shaped by proximal
processes—the recurring interactions between an individual and their immediate environ-
ments [84]. Teacher—student interactions serve as the most immediate and authoritative
microsystem processes, capable of directly evoking both positive and negative emotions
through teaching practices, feedback, and relational dynamics, with self-regulation acting
as only a partial mediator. Parent-student interactions, on the other hand, operate through
a dual-pathway mechanism within another key microsystem: they directly enhance en-
joyment by providing emotional security and support, while their influence on anger is
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entirely mediated by students’ self-regulatory processes, positioning the family as both
a direct emotional nurturer and an indirect regulator of affect. Social cocurricular inter-
actions, being voluntary and often performance-driven in nature, affect emotions almost
exclusively through self-regulation. These interactions typically unfold in settings that
connect multiple microsystems (e.g., school and community), reflecting the dynamics of
the mesosystem, where individuals regulate and make sense of their experiences. They
highlight the role of these factors as external resources or challenges that require personal
processing and strategic management.

These three contextual layers interact within a nested ecosystem rather than func-
tioning in isolation. This integrative perspective emphasizes that student well-being in
mathematics arises not from singular, isolated relationships, but from the emergent dynam-
ics of a complex, multi-contextual system—aligning with Bronfenbrenner’s emphasis on
the mesosystem (interconnections among microsystems) and the exosystem (indirect envi-
ronmental influences). Within this system, emotional and cognitive self-regulation serve
as pivotal personal anchors, enabling students to navigate and integrate the influences of
their academic, familial, and societal contexts.

6. Implications and Limitations

The results of this study demonstrated that students” emotional and cognitive self-
regulation plays a critical role in the impact of their learning environment, including
the interactions within parent-school-society interactions, on their mathematics learning
emotions. This finding suggests that educators, including parents, should prioritize the cul-
tivation of students’ self-regulation skills. Students are encouraged to undergo systematic
training to utilize positive emotional regulation strategies, such as cognitive reappraisal
and controlling emotional expression, as well as motivated learning strategies in specific
learning and interaction scenarios to achieve effective emotional control.

To enhance emotional self-regulation, students should learn more about emotions,
recognizing that they are cumulative and transferable. Understanding the sources of
their emotions can lead to improved emotional awareness. They should also practice ac-
knowledging and accepting their emotions; deliberately rationalizing negative feelings can
empower them to cope more effectively. Implementing short breaks for reflection can help
students activate their self-regulation strategies, allowing them to make calm and thought-
ful decisions. Integrating emotional regulation interventions, such as psycho education
and exercises, into the school mathematics curriculum is advisable. Promoting emotional
awareness, acceptance of emotional responses, and the practice of emotional regulation
strategies during mathematics learning activities can enhance academic achievements.

Furthermore, when comparing the effects of parent-school-society interactions, the
study found that teacher-student interactions were more directly related to students’
affective learning outcomes in mathematics. In contrast, parent-student interactions and
social cocurricular interactions significantly influenced students’ learning emotions only
when students activated their emotional or cognitive self-regulation strategies. Therefore,
it is essential for schools, parents, and society (i.e., mathematics cocurricular activities
institutes) to be considered equal partners in education. Each party should possess the
knowledge, skills, expertise, and interest to participate in students” mathematics learning,
respect one another’s roles, and actively negotiate conflicts. These partnerships should
allow each group to support one another in fulfilling their responsibilities in supporting
students” mathematics learning. Parents, while being careful observers, should learn
to seek teachers’ assistance when persuading their children becomes challenging, while
teachers should utilize social resources to support students facing difficulties in achieving
mathematics success. It is worth noting that the use of the term “society” in this paper is
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operationalized narrowly through variables on teachers/schools, parents, afterschool math
tutoring, and social media, and therefore does not encompass other key social institutions
(e.g., government and law, the economy and workplace, religion, broader technologies, and
sports and leisure), which might be more fully considered in future research.

Teachers can enhance emotional awareness and acceptance by facilitating discussions
with students about managing their thoughts and feelings related to mathematics learning
and homework. This skill can be integrated into pre-service mathematics teacher training,
educating future teachers about the role of emotions in the classroom and providing strate-
gies to enhance students” emotional engagement and self-regulation in various classroom
situations. Finally, considering that socioeconomic factors can influence the emotional
environment within a family—such as parental adaptability to emotional regulation, par-
enting styles, and the quality of parent-adolescent relationships—parents, particularly
those with a lower socioeconomic status, should focus more on providing learning support
and fostering motivation for their children.

The limitations of the current study are twofold. First, in addition to the environmental
factors, such as the parent—teacher—society interactions discussed in this study, students’ per-
ceptions of emotional regulation can also be influenced by their own beliefs and biases [85].
Further research is needed to explore the differences in emotional regulation across various
races, age groups, regions, and cultural backgrounds [86]. Second, due to the scarcity of
longitudinal studies, researchers have an incomplete understanding of how emotional
understanding and emotional regulation develop over time [74]. Longitudinal studies are
necessary to investigate how other interpersonal dynamics, such as inter-parental conflict
and parent-teacher conflict, influence children’s emotional development and psycho-social
adjustment [87]. Such research would contribute to a more comprehensive understanding
of the dynamic and mutually enriching nature of developmental systems.

7. Conclusions

This study sheds light on a dual-pathway mediation model, highlighting how the socio-
contextual ecosystem—encompassing parents, teachers, and society—shapes students’
mathematics achievement emotions. The findings uncover distinct patterns of influence:
teacher-student interactions directly affect students” emotions, parent-student interactions
function through a dual pathway (directly enhancing enjoyment while influencing anger
via self-regulation), and societal cocurricular interactions impact emotions solely through
the mediation of self-regulation. At the core of these processes lies students’ abilities to
self-regulate emotionally and cognitively, serving as the vital mechanism that transforms
contextual interactions into emotional experiences. These insights underscore the critical
role of cultivating self-regulation skills and creating collaborative, supportive environments
across school, family, and the community to foster academic resilience and emotional
well-being in mathematics education.

Future research should employ longitudinal or experimental study designs to better
unravel the causal mechanisms underpinning the dual-pathway model. Additionally,
exploring sub-group differences—such as the moderating effects of parental occupation
or teacher age—could reveal more nuanced, context-specific dynamics. Extending this
research to diverse cultural and educational contexts would further validate the model’s
applicability and delineate its boundary conditions, offering a more comprehensive under-
standing of how socio-contextual ecosystems influence student outcomes globally.
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