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Abstract

In this quantitative study, we investigated the conditional mediating role of students’ math-
ematical language self-efficacy in the relationship between self-regulation and mathematics
anxiety. The study employed a relational research design and included survey data from
706 middle school students attending public schools in Turkey. Findings indicated that both
self-regulation and perceived self-efficacy in mathematical language use were significantly
associated with mathematics anxiety. Moreover, the effect of self-regulation on mathematics
anxiety was significantly mediated by students’ perceptions of their ability to understand
and use mathematical language self-efficacy. The indirect effect was negative while the
direct effect was positive, indicating a suppression (competitive mediation) effect, whereby
self-regulation exerts both anxiety-reducing and potentially anxiety-inducing influences
through different pathways. Conditional mediation analysis further revealed that this
mediating effect varied as a function of students’ perceived academic support, with the
indirect effect being non-significant for students who did not receive support. Measure-
ment invariance across gender and grade level was examined to ensure that the constructs
were measured equivalently across groups. These findings highlight the importance of
fostering both self-regulation skills and mathematical language proficiency, particularly in
contexts where students may lack sufficient support. These findings provide a theoretically
grounded and practically relevant framework for understanding mathematics anxiety
within inclusive mathematics education contexts.

Keywords: conditional mediation; mathematics anxiety; perceived social support; self-
regulation; educational implications; inclusive education

1. Introduction
Mathematics anxiety has been a focus of research in mathematics education since

the latter half of the 20th century. In recent years, growing attention has been paid to
understanding the factors that contribute to mathematics anxiety and to exploring the
mechanisms through which these factors operate [1–3]. Recent studies have further em-
phasized the importance of examining mathematics anxiety through integrated cognitive,
affective, and contextual frameworks, particularly aiming to increase attention to students’
emotional well-being and inclusive education practices [4–6]. Despite the growing body
of research examining the factors associated with mathematics anxiety, the mechanisms

Adolescents 2026, 6, 39 https://doi.org/10.3390/adolescents6030039

https://crossmark.crossref.org/dialog?doi=10.3390/adolescents6030039&domain=pdf&date_stamp=2026-05-06
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/adolescents
https://www.mdpi.com
https://orcid.org/0000-0002-2163-3769
https://orcid.org/0000-0002-1593-2041
https://doi.org/10.3390/adolescents6030039


Adolescents 2026, 6, 39 2 of 21

through which these factors jointly operate remain insufficiently specified. Prior studies
have typically examined self-regulation, mathematical language self-efficacy, and social
support as separate predictors of mathematics anxiety [7–9]. However, limited attention
has been given to how these variables interact within an integrated framework to explain
mathematics anxiety. In particular, it remains unclear whether and how self-regulation
influences mathematics anxiety through students’ confidence in mathematical language
self-efficacy, and under what conditions this relationship may be strengthened or weakened
by academic support. Addressing this gap is essential for developing a more compre-
hensive understanding of the cognitive, affective, and contextual processes underlying
mathematics anxiety.

To this end, researchers have conducted numerous studies examining a range of
variables associated with mathematics anxiety. These investigations have explored cogni-
tive [10], emotional [11], physiological [12,13], and dispositional factors (e.g., gender and
age) [14]. Recent research has increasingly emphasized the need to examine mathematics
anxiety within integrated models that account for cognitive, affective, and contextual fac-
tors [4,5]. These issues are particularly important in inclusive education contexts, where
students differ in their cognitive, linguistic, and emotional characteristics, and may have
unequal access to academic support. In such settings, understanding how internal resources
(e.g., self-regulation) and contextual factors (e.g., support) interact is essential for ensuring
equitable learning opportunities and reducing disparities in mathematics anxiety.

Building on these developments, the present study adopts an inclusive education
perspective by examining how self-regulation, mathematical language self-efficacy, and aca-
demic support interact within a conditional process framework. This approach allows for a
more nuanced understanding of mathematics anxiety as a phenomenon shaped by both
individual differences and contextual inequalities, which are central concerns in inclusive
education. Notably, recent scholarship has increasingly highlighted the relationship be-
tween mathematics anxiety and self-regulation [8]. For instance, [8] examined the influence
of self-regulated learning on mathematics anxiety and found that increased self-regulation
was associated with reduced anxiety. However, the mechanisms underlying this relation-
ship remain insufficiently understood. In the present study, we investigated the mediating
role of mathematical language self-efficacy in the relationship between self-regulation and
mathematics anxiety, along with the moderating role of perceived social support. The
findings from this research are expected to advance the literature by providing insights
into how self-regulation influences mathematics anxiety.

2. Theoretical Framework
2.1. Mathematics Anxiety

Mathematics anxiety is defined as a feeling of tension, anxiety, or fear that affects
mathematics-related performances [15]. Ref. [16] defined mathematics anxiety as feelings
of panic and helplessness that are presented in some people when they encounter a mathe-
matical problem. Mathematics anxiety may cause students to be unable to solve problems
they are competent to solve or learn subjects they are ready to learn [17]. Therefore, it
can be said that mathematics anxiety is expected to have a significant negative effect on
students’ mathematical attainments [18]. The Program for International Student Assess-
ment (PISA) confirmed that mathematics anxiety has a vital role in students’ mathematics
achievement and may negatively affect success; additionally, students’ failure may also
generate a reciprocal cycle of mathematics anxiety [19]. Also, meta-analytic evidence
has consistently demonstrated a robust negative relationship between mathematics anxi-
ety and mathematics achievement [20,21], highlighting the importance of identifying the
mechanisms underlying mathematics anxiety. However, while the relationship between
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mathematics anxiety and achievement is well established, the underlying cognitive and
affective mechanisms explaining this association remain insufficiently understood.

Due to the fact that the emotions of individuals with low mathematics achievement
may trigger mathematics anxiety as a psychological factor [4], it is essential to examine
mathematics anxiety as a multifactorial phenomenon. Existing research on the phenomenon
revealed the contribution of cognitive, affective, physical, and neuroscientific factors [17].
Cognitive and affective factors that are more closely related to the field of education are
discussed in the literature. Also, in cases of studies examining the effect of mathematics
anxiety on cognitive variables, the focus was set on the relationship between mathematics
anxiety and mathematics achievement [4,18,19]. However, the contribution of mathematics
language self-efficacy has not been adequately researched [7].

According to [7], determining the relationship between mathematics anxiety and math-
ematical language self-efficacy will contribute not only to finding ways to improve students’
mathematical language self-efficacy but also to reducing their mathematics anxiety. In this
study, emphasis is placed on students’ mathematical language self-efficacy rather than on
objectively assessed mathematical language skills, since anxiety is linked more to students’
perceived self-image than to their actual performance. Within this framework, mathemati-
cal language self-efficacy was considered to be a cognitive parameter in this study. While
self-regulation was considered to be an affective parameter, it has been identified as a factor
affecting metacognition [22].

Gaining insights into the relationship between mathematics anxiety and self-regulation
will contribute not only to the development of students’ self-regulation (study skills, atten-
tion regulation, metacognition, etc.) but also to reducing their mathematics anxiety [23].
From an inclusive education perspective, mathematics anxiety may be particularly pro-
nounced among students who experience Specific Learning Disorders (SLD), language
barriers, or limited access to instructional support. These students may face additional chal-
lenges in understanding mathematical language and regulating their learning processes,
which can exacerbate anxiety. Therefore, examining the interaction between self-regulation,
mathematical language self-efficacy, and academic support is especially important in inclu-
sive classrooms, where learner variability is inherent.

2.2. Mathematics Anxiety and Self-Regulation

Despite common agreement on the significant relationship between self-regulation
and mathematics anxiety, there is a need to gain insights into the specific way that this
relationship occurs [8]. For example, [22] determined that there was a negative relationship
between self-regulation and anxiety. They also stated that self-regulation and mathematics
anxiety were predictive of mathematics achievement. However, they did not explain how
the relationship between self-regulation and mathematics anxiety occurs. In one of the
studies examining this relationship, [23] emphasized that students who lack study skills
may not be able to demonstrate appropriate metacognitive (self-regulation) skills because
they do not know how to plan or monitor their actions and, therefore, may fail. They stated
that this situation may cause mathematics anxiety in students. [24] stated that students
with adequate study skills but cannot control their worrying thoughts may experience
cognitive overload due to their inability to control (self-regulate) their thoughts unrelated
to the task. [8] stated that this situation may increase students’ anxiety.

In line with this perspective, [25] highlighted that metacognitive abilities, which are
closely related to self-regulation processes, play a significant role in students’ mathematical
achievement and are negatively associated with mathematics anxiety. Their findings further
suggest that students with stronger metacognitive regulation are better able to manage
performance-related pressure and emotional responses in mathematical contexts.
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Beyond its direct association with anxiety, self-regulation may also play an important
role in facilitating students’ engagement with mathematical language self-efficacy. Self-
regulated learners actively plan, monitor, and evaluate their learning processes, which
enables them to identify gaps in their understanding and adjust their strategies accord-
ingly [22,23]. In mathematics, such processes are particularly relevant for interpreting
problem statements, understanding symbolic representations, and translating between
verbal and mathematical expressions. Students who effectively regulate their learning
are more likely to engage in meaning-making processes, such as re-reading problems,
organizing information, and reflecting on the correctness of their interpretations, all of
which are essential for mastering mathematical language self-efficacy [26]. Conversely,
students who lack self-regulation skills may struggle to process mathematical terminology
and representations, which can lead to misunderstandings and increased anxiety [24].
Therefore, self-regulation can be conceptualized as a foundational process that supports the
development of self-efficacy in mathematical language. This perspective further supports
the conceptualization of self-regulation as a multidimensional construct that encompasses
metacognitive processes, which are critical for both cognitive performance and emotional
regulation in mathematics.

2.3. The Role of Mathematics Language Self-Efficacy in the Relationship Between Self-Regulation
and Mathematics Anxiety

Identifying and reducing mathematics anxiety is a complex and demanding task.
Existing research highlights the importance of early educational interventions that support
the development of self-regulation strategies [27,28]. Within this framework, mathematical
language self-efficacy has emerged as a critical factor associated with mathematics anxi-
ety. Empirical evidence consistently indicates a significant negative relationship between
students’ confidence in their ability to understand and use mathematical language and
their levels of anxiety [7,29]. More broadly, mathematics anxiety has been shown to be
inversely related to self-efficacy, suggesting that students who perceive themselves as
more competent tend to experience lower anxiety. Furthermore, self-regulation appears
to play a key role in this process, as it is associated with both mathematics anxiety and
self-efficacy. Specifically, self-regulation may influence mathematics anxiety indirectly by
shaping students’ confidence in their ability to engage with mathematical language [30].

In inclusive education settings, this relationship becomes even more critical, as stu-
dents often differ in their access to linguistic resources and instructional support. Within
this context, mathematical language self-efficacy may function as a key mechanism through
which educational inequalities are either reduced or reinforced, depending on the avail-
ability of support. Although quantitative research has extensively examined mathematics
anxiety, it has most often been treated as an independent variable, with emphasis placed on
its effects rather than its underlying determinants [7,29,30]. Consequently, there remains a
need for a more comprehensive understanding of the factors that contribute to mathematics
anxiety. Existing evidence suggests that both self-regulation and mathematical language
self-efficacy are important predictors of mathematics anxiety, with higher levels of these
constructs generally associated with lower anxiety [27,28,31]. This highlights the impor-
tance of examining how these variables interact within a unified framework. In addition,
contextual factors such as academic support have been shown to play a significant role,
with greater support being associated with lower levels of mathematics anxiety [9]. Within
this perspective, the present study examines the mediating role of mathematical language
self-efficacy in the relationship between self-regulation and mathematics anxiety, while also
considering the conditional role of academic support.

Although prior research has established a negative association between academic
support and mathematics anxiety [9], the role of support may extend beyond a direct
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effect. Academic support can be understood as a contextual resource that shapes how stu-
dents utilize their self-regulation skills and develop confidence in mathematical language
self-efficacy [32]. For instance, guidance from teachers or peers may provide scaffolding
that helps students interpret mathematical terminology, clarify misunderstandings, and
apply appropriate problem-solving strategies [33]. In this way, support may enhance
the effectiveness of self-regulatory processes by directing students’ attention to relevant
aspects of mathematical language self-efficacy and reinforcing successful comprehension
experiences [34]. Conversely, in the absence of adequate support, students may struggle to
translate their self-regulation efforts into meaningful understanding, limiting the develop-
ment of mathematical language self-efficacy [32]. Therefore, perceived academic support
is expected to condition the strength of the indirect relationship between self-regulation
and mathematics anxiety through mathematical language self-efficacy, strengthening this
pathway when support is present [35]. This conceptualization is closely aligned with
inclusive education principles, which emphasize the provision of differentiated support
and scaffolding to ensure that all students, regardless of their individual differences, can
access and engage with mathematical content [36].

To better understand the mechanisms underlying mathematics anxiety, it is important
to consider how self-regulation, mathematical language self-efficacy, and academic support
interact within a unified framework. Previous research has shown that self-regulation
plays a key role in managing cognitive and emotional processes related to learning and is
negatively associated with anxiety [8,22]. In the context of mathematics, students who can
effectively regulate their learning are better able to plan, monitor, and evaluate their under-
standing, which facilitates engagement with mathematical language self-efficacy [26]. At
the same time, difficulties in understanding mathematical language self-efficacy have been
identified as a significant source of mathematics anxiety [31,37], while higher levels of math-
ematical language self-efficacy and self-efficacy are associated with lower anxiety [7]. This
suggests that students’ confidence in mathematical language self-efficacy may function as a
key explanatory mechanism linking self-regulation to mathematics anxiety. However, these
processes are embedded within broader learning contexts. Research indicates that academic
support from teachers and peers is negatively related to mathematics anxiety [9] and may
enhance students’ engagement and confidence. Therefore, academic support can be concep-
tualized as a contextual factor that strengthens the pathway through which self-regulation
influences mathematical language self-efficacy and, in turn, mathematics anxiety.

2.4. The Present Study

A growing body of research has examined mathematics anxiety in relation to aca-
demic achievement, performance, and self-efficacy [38]. However, the mechanisms through
which key cognitive, affective, and contextual factors jointly contribute to mathematics
anxiety remain insufficiently understood. In particular, prior research has typically ex-
amined self-regulation, mathematical language self-efficacy, and self-efficacy, and social
support as separate predictors of mathematics anxiety [7,9,27], with limited attention to
how these variables operate together within an integrated framework. Addressing this
gap, the present study examines the conditional mediating role of students’ self-efficacy
in mathematical language self-efficacy in the relationship between self-regulation and
mathematics anxiety, as well as the moderating role of perceived academic support. By
focusing on the interplay among these variables, this study aims to examine the relation-
ships among self-regulation, mathematical language self-efficacy, academic support, and
mathematics anxiety within a conditional process model. More specifically, the study seeks
to identify whether mathematical language self-efficacy mediates the relationship between
self-regulation and mathematics anxiety, and whether this mediating relationship varies as
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a function of academic support. Based on the conceptual model presented in Figure 1, the
following hypotheses were formulated:

H1: Self-regulation is positively associated with mathematical language self-efficacy.

H2: Mathematical language self-efficacy is negatively associated with mathematics anxiety.

H3: The relationship between self-regulation and mathematics anxiety is mediated by mathematical
language self-efficacy, and this indirect effect varies as a function of academic support.

The model tested in the research is shown in Figure 1.

Self-regulation 

 

Mathematical Language  

Self-efficacy 

Moderator variable: 

Perceived social support 

Mathematics Anxiety 

Figure 1. The Conceptual Framework—suggested theoretical model.

Method

This study employed a quantitative research design based on the relational survey
model, which is appropriate for examining relationships among variables and determining
their strength and direction [39]. Structural equation modeling (SEM) was used to test a
conditional mediation model, examining the mediating role of mathematical language self-
efficacy in the relationship between self-regulation and mathematics anxiety. In addition,
multi-group SEM analyses were conducted to assess measurement invariance across gender
and grade level, ensuring that the measurement model operated equivalently across groups
prior to structural comparisons. SEM was selected due to its ability to simultaneously test
complex relationships among variables, compare alternative models, and evaluate overall
model fit [39].

The conditional mediation model integrates mediation and moderation within a single
analytical framework. Specifically, it examines whether the indirect effect of a predictor
variable (X) on an outcome variable (Y) through a mediator (M) varies as a function of a
moderator (W) [40]. In this study, perceived academic support was operationalized as a
binary variable (receiving support vs. not receiving support while studying mathematics).
Although this operationalization does not capture variations in the quality, source, or type
of support, it was considered appropriate for the study, as it allows for a clear comparison
between students with and without access to support. This aligns with the study’s aim of
examining whether the presence of support conditions the strength of the indirect relation-
ship between self-regulation and mathematics anxiety. Accordingly, the analysis focused on
testing whether the effect of self-regulation on mathematics anxiety is transmitted through
mathematical language self-efficacy and whether this indirect effect varies depending on
the presence of academic support. For this purpose, structural equation modeling (SEM)
was employed.
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2.5. Participants

Participants were selected using a multi-stage cluster sampling method. Initially, seven
provinces from distinct geographical regions of Turkey were randomly selected to ensure
geographic diversity. Subsequently, two public middle schools were randomly selected
from each province, and students were recruited from these schools. Data collection was
conducted face-to-face by the research team in coordination with school administrators and
teachers, during scheduled class periods. Participation was voluntary, and instruments
were administered in classroom settings. This approach was adopted to enhance the
representativeness of the sample across different regions. The final sample consisted of
706 middle school students. Of these, 347 (49.15%) were girls, and 359 (50.85%) were boys.
The mean age of participants was 14.22 years (s.d. = 2.13). The final analytic sample reflects
data screening procedures conducted before analysis.

2.6. Measures
2.6.1. Self-Regulation Scale

To measure middle school students’ self-regulation, we administered the Self-
Regulation Scale developed by [41]. This 9-item scale assesses two domains, namely
forethought and volitional control, and self-reflection. Sample items include statements such as
“I set my goals before I start working” and “I strategize how I will learn before I start working”.
Cronbach’s alpha coefficient for the full scale was 0.87. In the present study, confirmatory
factor analysis further supported the adequacy of the measurement model.

2.6.2. Math Anxiety Scale

To assess students’ mathematics anxiety, we administered the adapted and validated
Turkish version of the Mathematics Anxiety Scale [42]. This 26-item scale assesses five
domains, namely mathematical operations anxiety, mathematics application anxiety, mathematics
course anxiety, mathematics teacher anxiety, and mathematics exam anxiety. Sample items
include questions such as “How excited would you be if the teacher called you to the board to
solve a math problem?” and “How excited do you get after buying something and calculating how
much change you should get?”. Cronbach’s alpha coefficient for the full scale was 0.94.

2.6.3. Self-Efficacy in Understanding and Using Skills in Mathematics Language Scale

The Efficacy in Understanding and Using Skills in Mathematics Language scale was
developed by [41]. It is a self-report measure designed to assess students’ perceptions of
their ability to understand and use mathematical language self-efficacy, rather than their
actual competence. Therefore, in the present study, it is conceptualized and used as a
measure of mathematical language self-efficacy. This 9-item scale assesses two domains,
namely understanding mathematical language and using mathematical language. Item
factor loadings ranged from 0.58 to 0.82, indicating strong construct validity. Reliability
analyses yielded an internal consistency coefficient of 0.75 for the overall scale, and a
Cronbach’s alpha of 0.86 was calculated for the scale in this study. Sample items include
statements such as “I can understand the mathematical expression of situations represented
graphically” and “I can express given real-life situations mathematically”. In the present study,
confirmatory factor analysis further supported the adequacy of the measurement model.

2.7. Data Analysis

To conduct data analysis, we used SPSS (Version 24.0, IBM Corp., Armonk, NY, USA)
and the R statistical software (4.4.3, R Foundation for Statistical Computing, Vienna, Austria)
environment. We began by performing a missing data analysis, through which 22 observa-
tions with missing values were excluded from the initial dataset of 732 observations. The
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remaining 710 observations were assessed for univariate normality. Following [43], we con-
sidered skewness and kurtosis values between −1 and +1 to indicate acceptable normality.
In this respect, we found that “Self-Regulation” (Skewness: 0.589; Kurtosis: 0.205), “Mathe-
matics Anxiety” (Skewness: 0.159; Kurtosis: 0.581), and “Self-Efficacy in Understanding
and Using Mathematics Language” (Skewness: −0.480; Kurtosis: 0.013) demonstrated
distributions consistent with normality.

We further examined multivariate normality by calculating Mahalanobis distance
coefficients and identified four extreme observations (S311, S338, S349, S508), which were
subsequently removed from the dataset. The final analytic sample thus comprised 706 ob-
servations. To examine the relationships among the variables, we first conducted bivariate
correlation analyses. Mediation analyses were conducted using structural equation model-
ing in R with the lavaan package. Indirect effects were evaluated using standardized path
coefficients and bootstrapped confidence intervals. In addition, we tested the statistical
significance of the mediating model using the Sobel test.

For the scales used in the study, we conducted validity and reliability analyses using
both SPSS (Version 24.0, IBM Corp., Armonk, NY, USA) and LISREL (Scientific Software
International, Skokie, IL, USA). We began by calculating Cronbach’s alpha coefficients to
assess internal consistency. We then conducted first-order confirmatory factor analysis
(CFA) to evaluate construct validity. Following the confirmation of the measurement
model, measurement invariance was tested across gender and grade level using multi-
group confirmatory factor analysis. Configural, metric, and scalar invariance models were
sequentially evaluated using changes in CFI and RMSEA as decision criteria. These analyses
were conducted in R using the lavaan package and the WLSMV estimator, appropriate for
ordinal data. To determine model fit, we examined several fit indices, including X2/df,
RMR, SRMR, IFI, CFI, RMSEA, GFI, and AGFI. We followed the cut-off criteria established
by [44] in interpreting these indices.

3. Results
3.1. The Relationship Between Self-Regulation, Mathematics Anxiety, and Mathematical Language
Self-Efficacy

Internal consistency and convergent validity of the latent constructs were examined
using Cronbach’s alpha, ordinal alpha, McDonald’s omega, composite reliability (CR), and
average variance extracted (AVE). All constructs demonstrated strong internal consistency,
with Cronbach’s alpha values ranging from 0.85 to 0.94 and omega coefficients ranging
from 0.86 to 0.95. Composite reliability values exceeded the recommended threshold of
0.70 for all constructs (CR range = 0.88 − 1.02). AVE values were close to or above the 0.50
criterion, indicating acceptable convergent validity (Table 1).

Table 1. Reliability and Convergent Validity of the Measurement Model.

Construct Cronbach’s α McDonald’s ω Composite Reliability (CR) AVE

Self-Regulation 0.87 0.88 0.90 0.50
Mathematics Anxiety 0.94 0.95 1.00 0.49
Mathematical language self-efficacy 0.85 0.86 0.88 0.47

Note: Cronbach’s alpha (α) and McDonald’s omega (ω) indicate internal consistency reliability. Composite
reliability (CR) and average variance extracted (AVE) were computed based on the CFA model estimated with the
WLSMV estimator. AVE values slightly below 0.50 are considered acceptable given CR values above 0.70 [45].

To address our first research hypothesis, we examined the bivariate relationships
among middle school students’ self-regulation, mathematics anxiety, and self-efficacy in
mathematical language self-efficacy. These results are presented in Table 2.
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Table 2. Bivariate correlation coefficients between variables and descriptive statistics.

N = 706
Bivariate Correlation Descriptive Statistics

1 2 3 M SE

1 Self-regulation - 3.73 0.83
2 Math anxiety −0.07 * - 2.47 0.80
3 Mathematical language self-efficacy 0.70 ** −0.21 ** - 3.63 0.79

Note: * p < 0.05, ** p < 0.01.

As shown in Table 2, a strong positive correlation was found between self-regulation
and self-efficacy in mathematical language self-efficacy (r = 0.70, p < 0.01). A small but
statistically significant negative correlation was observed between self-regulation and
mathematics anxiety (r = −0.07, p < 0.05). Similarly, self-efficacy in mathematical language
self-efficacy was negatively correlated with mathematics anxiety (r = −0.21, p < 0.01).
These findings provide preliminary support for the hypothesized relationships among the
study variables.

3.2. The Mediating Role of Understanding and Using Mathematics Language in the Effect of
Self-Regulation on Mathematics Anxiety

We evaluated the direct effect of self-regulation on mathematics anxiety. The results of
the structural equation modeling analysis are presented in Figure 2.

Self-regulation 
Mathematics 

anxiety 𝑐: β = −0.07* 

* p ˂ 0.05 

Figure 2. Total Effect of Self-Regulation on Mathematics Anxiety.

Figure 2 shows that the total effect of self-regulation on mathematics anxiety was
statistically significant (path c: β = −0.07, SE = 0.03, p < 0.05), providing support for the
second hypothesis. Next, the mediating role of students’ self-efficacy in mathematical
language self-efficacy was examined using structural equation modeling. These findings
are reported in Table 3.

Table 3. Regression coefficients, standard errors, and model summary information for mathematical
language self-efficacy as a mediator.

Consequent

M (UUML) Y (MA)

Antecedent B SE p B SE p

X (SR) α 0.66 0.02 <0.05 c′ 0.13 0.04 <0.05
M
(UUML) b −0.32 0.05 <0.05

Constant IiM 1.15 0.09 <0.05 iy 3.10 0.14 <0.05
R2 0.49 0.05
F (df ) 669.49 *** (1704) 20.56 *** (2703)

Note: Bootstrap sample size = 5000. a, b, c′, and i represent unstandardized regression coefficients. SE = Standard
Error. *** p < 0.001.

As shown in Table 3, self-regulation significantly predicted self-efficacy in mathe-
matical language self-efficacy (path a: β = 0.66, SE = 0.02, p < 0.05). In turn, self-efficacy
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significantly predicted mathematics anxiety (path b: β = −0.32, SE = 0.05, p < 0.05). The
indirect effect of self-regulation on mathematics anxiety via self-efficacy was also significant
(path ab: β = −0.21; 95% CI [−0.29, −0.14], SE = 0.03). After accounting for the mediating ef-
fect, the direct effect of self-regulation on mathematics anxiety remained significant (path c’:
β = 0.13, SE = 0.04, p < 0.05), indicating a competitive mediation (suppression) effect, as the
direct effect became positive after accounting for the negative indirect pathway, suggesting
the presence of opposing underlying processes. The fully standardized indirect effect size
(K2 = −0.21) was both statistically significant and of moderate magnitude. Furthermore,
the Sobel test confirmed the significance of the mediation effect (Sobel z = −5.91, SE = 0.03,
p < 0.05). These results support the third hypothesis. The validated mediation model is
shown in Figure 3.

Self-regulation 

Mathematical language  

self-efficacy 

Mathematics anxiety 

𝑐′: β =0.13* 

𝑎: β =0.66* 𝑏: β =−0.32* 

*p˂0.05 

Figure 3. The mediating role of mathematical language self-efficacy in the effect of self-regulation on
mathematics anxiety.

A suppression (or competitive mediation) effect is observed, in which the inclusion
of a mediator reveals opposing underlying mechanisms that are not apparent in the total
effect. This result supports the hypothesis that the predictor variable operates through
multiple pathways with contrasting influences. More specifically, it is observed that self-
regulation reduces anxiety by enhancing mathematical language self-efficacy. However,
it is observed that (positive direct effect c’), when this pathway is controlled for, certain
components of self-regulation may be associated with increased anxiety. As a robustness
check, an alternative latent-variable mediation model was estimated in which mathematics
anxiety was specified as the mediator between self-regulation and mathematical language
self-efficacy. Although the indirect effect was statistically significant, the standardized effect
size was very small (β = 0.03), indicating a negligible mediating role. In contrast, the direct
effect of self-regulation on mathematical language self-efficacy remained strong. These
results suggest that mathematics anxiety does not meaningfully mediate this relationship,
thereby supporting the robustness of the hypothesized model (Table 4).
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Table 4. Findings Regarding the Latent Variable Mediation Analysis (Alternative Model).

Path Predictor → Outcome β (std.) SE z p

a Self-Regulation → Mathematics Anxiety −0.13 0.04 −3.09 0.002
b Mathematics Anxiety → Mathematical language self-efficacy −0.19 0.06 −5.78 <0.001
c Self-Regulation → Mathematical language self-efficacy 0.76 0.10 13.53 <0.001
ab Indirect effect (SR → MA → UUML) 0.03 0.02 2.85 0.004
total Total effect 0.79 0.10 13.54 <0.001

Note: Standardized coefficients (β) are reported. Indirect effects were estimated using latent-variable structural
equation modeling. Although the indirect effect was statistically significant, its magnitude was negligible,
indicating a weak mediating role of mathematics anxiety.

3.3. Conditional Mediation Role of Mathematics Language Self-Efficacy in the Effect of
Self-Regulation on Mathematics Anxiety

Results from conditional mediation analysis supported that the indirect effect of self-
regulation on mathematics anxiety through self-efficacy varied depending on whether
students received support while studying mathematics (Table 5).

Table 5. Conditional mediation model formed by the variable of receiving support while studying
mathematics.

Variables
Mathematics Anxiety (Y)

B SE LLCI ULCI

Self-regulation ability (X) 0.14 ** 0.05 0.03 0.23
(M) −0.65 *** 0.12 −0.89 −0.41
Getting support while studying mathematics (W) −0.74 ** 0.28 −1.29 −0.17
M*W (Interaction) 0.25 *** 0.07 0.10 0.40
R2 0.07

Indirect effect of X on Y through M according to the variable of receiving support while studying mathematics

B SE LLCI ULCI

(A) Yes −0.26 0.04 −0.34 −0.18
(B) None −0.09 0.05 −0.19 0.01

Conditional mediation index

B SE LLCI ULCI

A–B 0.16 0.05 0.05 0.28
Note: Bootstrap sample size = 5000, LLCI = Lower confidence interval; ULCI = Upper confidence interval,
Unstandardized beta coefficients (β) are reported SE = Standard Error. ** p < 0.01; *** p< 0.001.

As shown in Table 4, the indirect effect of self-regulation on mathematics anxiety
through self-efficacy differed significantly based on students’ reported access to support
(β = 0.16 for AB, SE = 0.05, 95% CI [0.05, 0.28]). Specifically, the indirect effect was significant
for students who reported receiving support (β = −0.26, SE = 0.04, 95% CI [−0.34, −0.18]),
but not significant for those who did not receive support (β = −0.09, SE = 0.05, 95% CI
[−0.19, 0.01]) (Figure 4).
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Figure 4. Conditional indirect effects of self-regulation on mathematics anxiety through mathematical
language self-efficacy across levels of academic support.

These findings indicate that receiving support while studying moderates the mediating
effect, providing support for the conditional (moderated mediation) hypothesis. Specifically,
the indirect effect of self-regulation on mathematics anxiety through mathematical language
self-efficacy was significant for students who reported receiving support, whereas it was
non-significant for those who did not receive support. This pattern suggests that the
mediating effect of mathematical language self-efficacy is present only under conditions
of academic support. In contrast, for students who did not receive support, the indirect
pathway was not statistically significant, indicating that the mediating mechanism was not
activated in this group. Overall, these results indicate that the strength of the indirect effect
varies across groups defined by access to academic support.

3.4. Measurement Invariance Across Gender and Grade Level

Measurement invariance testing indicated that configural, metric, and scalar invari-
ance were supported across gender and grade level, as changes in fit indices between
successive models were within recommended thresholds (Gender: ∆CFI ≤ 0.003 and
∆RMSEA ≤ 0.005; Grade level: ∆CFI ≤ 0.003 and ∆RMSEA ≤ 0.005) (Table 6).

Table 6. Measurement invariance fit indices across gender and grade level.

Measurement Invariance Fit Indices Across Gender

Invariance Level CFI RMSEA SRMR ∆CFI ∆RMSEA

Configural 0.951 0.044 0.039 — —
Metric 0.948 0.046 0.041 −0.003 +0.002
Scalar 0.950 0.041 0.039 +0.002 −0.005

Measurement Invariance Fit Indices Grade Level

Invariance Level CFI RMSEA SRMR ∆CFI ∆RMSEA
Configural 0.949 0.045 0.041 — —
Metric 0.947 0.046 0.043 −0.002 +0.001
Scalar 0.949 0.041 0.041 +0.002 −0.005

Note: Measurement invariance was evaluated using multi-group confirmatory factor analysis with the WLSMV
estimator. Changes in fit indices between successive models were assessed using recommended cut-off criteria
(|∆CFI| ≤ 0.010; |∆RMSEA| ≤ 0.015). Results support configural, metric, and scalar invariance across gender
and grade level.
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Finally, a post hoc power analysis indicated that the sample size of the present study
was adequate to detect small effect sizes. Specifically, the analysis showed that the study
had 80% statistical power to detect correlations as small as r = 0.11 at α = 0.05, supporting
the robustness of the reported findings.

4. Discussion
One of the most critical findings of the present study is the emergence of a suppression

(competitive mediation) effect, as indicated by the opposite signs of the direct and indirect
effects, a pattern widely documented in the mediation literature when multiple underly-
ing mechanisms operate simultaneously [46]. While the total effect of self-regulation on
mathematics anxiety was negative, suggesting that self-regulation is generally associated
with reduced anxiety, the direct effect became positive after controlling for mathematical
language self-efficacy, indicating the presence of competing pathways [25,28]. This finding
suggests that the relationship between self-regulation and mathematics anxiety is not uni-
form, but instead reflects a complex interplay of mechanisms that may operate differently
depending on contextual and individual conditions.

More specifically, the negative indirect effect suggests that self-regulation may reduce
mathematics anxiety by enhancing students’ confidence in their ability to understand and
use mathematical language, a relationship consistently supported in prior research [7,29]
Students who effectively regulate their learning are more likely to engage with mathe-
matical representations, interpret terminology accurately, and construct meaning from
symbolic expressions, processes that have been linked to reduced uncertainty and lower
anxiety [6,37]. As their confidence in mathematical language increases, mathematical tasks
become more predictable and controllable, which reduces emotional distress and facilitates
engagement [5].

This relationship can be further specified by considering the role of self-regulation in
supporting different dimensions of mathematical language competence, including mathe-
matical writing, problem comprehension, and conceptual understanding [26]. Students
with well-developed self-regulation are more likely to plan their approach, monitor their
understanding, identify gaps in knowledge, and engage in self-evaluation, processes that
are critical for the development of mathematical language self-efficacy [26]. These findings
suggest that mathematical language is not simply an outcome of learning, but an active
process shaped by regulatory behaviors.

At the same time, the positive direct effect indicates that certain dimensions of self-
regulation may be associated with increased anxiety under specific conditions, particularly
when regulatory effort is not supported by sufficient domain-specific competence [25,28].
Self-regulation involves processes such as self-monitoring, performance evaluation, and
sustained cognitive effort, which may heighten awareness of errors and performance
expectations [8]. When students lack confidence in their ability to understand mathematical
language, these processes may amplify uncertainty and performance-related stress, thereby
increasing anxiety [5,6]. In this sense, self-regulation may function as a double-edged
mechanism, supporting learning under favorable conditions but increasing pressure when
cognitive and linguistic resources are insufficient.

This dual-process interpretation suggests that self-regulation should not be concep-
tualized as uniformly adaptive, but rather as a multidimensional construct whose effects
depend on the alignment between internal processes and contextual support [25,28]. In
such cases, self-regulation efforts may remain procedurally active but cognitively unpro-
ductive, meaning that students attempt to regulate their learning without successfully
constructing meaning. This distinction helps explain why increased effort does not always
lead to improved outcomes and may, in some cases, intensify anxiety.
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A second major finding of the study concerns the conditional nature of the mediating
effect. Specifically, the indirect effect of self-regulation on mathematics anxiety through
mathematical language self-efficacy was significant only for students who reported re-
ceiving academic support, whereas it was not significant for those who did not receive
support. This finding highlights that self-regulation alone may not be sufficient to reduce
mathematics anxiety, particularly in the absence of supportive learning environments [5,9].

From an inclusive education perspective, this finding is especially important because it
demonstrates that internal resources such as self-regulation do not operate in isolation, but
depend on external conditions that enable their effective use. In classrooms characterized
by diversity in learning needs, linguistic backgrounds, and cognitive profiles, students may
require differentiated forms of support in order to benefit from self-regulation strategies [6].
Students who lack such support may be at risk of being excluded from the benefits of
self-regulated learning, even if they possess regulatory potential.

This result can be further understood by considering the distinction between general
and domain-specific processes. Self-regulation provides learners with general strategies
such as planning, monitoring, and evaluation; however, successful engagement with math-
ematics requires the ability to interpret and use specialized mathematical language, which
often poses challenges for students [37]. Academic support may serve as a bridge between
these general regulatory processes and the specific cognitive demands of mathematical
language, enabling students to apply their strategies more effectively [5,6].

When such support is available, students may receive guidance, feedback, and scaf-
folding that help them focus on relevant information, interpret mathematical terminology,
and regulate their learning more effectively. Through this process, self-regulation can be
transformed into meaningful understanding, which strengthens mathematical language
self-efficacy and reduces anxiety [29]. From a classroom perspective, this suggests that
self-regulation should be explicitly taught and supported through structured instructional
practices. For example, teachers may guide students to set specific problem-solving goals,
monitor their understanding during tasks (e.g., “Do I understand what this symbol repre-
sents?”), and reflect on their solutions after completing an activity. The use of structured
worksheets, self-check prompts, and reflection questions may support the systematic devel-
opment of these skills.

In contrast, when academic support is absent, this process may fail to occur. Stu-
dents may attempt to regulate their learning, but without sufficient guidance, they may
be unable to determine whether their interpretations are accurate or their strategies are
appropriate [7]. As a result, self-regulatory efforts may remain procedural rather than
conceptual, preventing the development of mathematical language self-efficacy [29]. This
misalignment between regulatory processes and domain-specific demands interrupts the
pathway through which self-regulation would otherwise reduce anxiety.

From a cognitive perspective, this breakdown can also be explained in terms of
cognitive load. In the absence of support, students must simultaneously regulate their
learning processes and interpret complex mathematical language, a combination that may
exceed their cognitive capacity [6,37]. This dual demand may reduce the effectiveness
of self-regulation and contribute to increased frustration and anxiety [5]. Under such
conditions, self-regulation may no longer function as a protective factor, but may instead
intensify cognitive and emotional strain.

From a sociocultural perspective, the absence of academic support reflects a lack of
scaffolding that would normally facilitate the internalization of cognitive and linguistic
processes [22,23]. Without guidance, feedback, or modeling, students may struggle to
bridge the gap between their regulatory intentions and their actual understanding of
mathematical content, resulting in ineffective learning and increased anxiety [6].
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These findings are particularly relevant for inclusive education, as they suggest that
students who rely solely on internal resources may be disadvantaged in the absence of
structured support. Students with learning difficulties, limited language proficiency, or
limited access to academic assistance may be especially vulnerable, as they may struggle
to interpret mathematical language and apply self-regulation strategies effectively [9].
When students are unable to follow classroom discourse or feel disconnected from the
mathematical language used during instruction, their anxiety may increase [17].

The significant negative relationship between mathematical language self-efficacy and
mathematics anxiety further underscores the importance of language in shaping students’
emotional experiences in mathematics [7,29]. Students who feel confident in their ability to
interpret and use mathematical language are more likely to perceive tasks as manageable
and controllable, thereby reducing anxiety [37]. In contrast, difficulties in understanding
mathematical language may disrupt comprehension, reduce perceived competence, and
increase emotional distress [31].

Within the framework of self-regulated learning theory, this mediating relationship
reflects the process through which cognitive and metacognitive regulation influence emo-
tional outcomes [22,23]. Self-regulation facilitates engagement with task-relevant repre-
sentations, such as mathematical language, which in turn enhances perceived competence
and reduces uncertainty [25]. In this sense, mathematical language self-efficacy functions
as a cognitive-affective interface that connects learning processes with emotional expe-
riences. Importantly, the effectiveness of this mechanism depends on the presence of
supportive learning conditions. Academic support does not merely reduce anxiety directly,
but enhances the functional impact of internal resources by guiding attention, providing
feedback, and facilitating meaning-making processes [5,6]. In contrast, when support is
absent, self-regulatory efforts may remain insufficiently directed, limiting their influence
on both self-efficacy and emotional outcomes.

Taken together, these findings suggest that the relationship between self-regulation
and mathematics anxiety is not solely an individual cognitive process, but rather the result
of an interaction between internal regulatory resources and external contextual support.
In this sense, self-regulation may be necessary but not sufficient for reducing mathemat-
ics anxiety. Its effectiveness depends on the extent to which learners are supported in
translating regulatory strategies into meaningful engagement with mathematical language.
Importantly, both mathematics anxiety and mathematical language competence develop
over time through accumulated learning experiences rather than as short-term outcomes.
Students who gradually develop stronger proficiency in mathematical language are more
likely to experience lower levels of anxiety, suggesting a developmental dimension in
this relationship.

Furthermore, the relationship between self-regulation and mathematics anxiety may
be embedded within a broader network of variables. Previous research has suggested that
mathematics anxiety may also mediate relationships between motivation and problem-
solving performance [47]. This indicates that the present findings represent part of a
more complex system involving multiple cognitive and affective processes. Overall, the
present findings suggest that mathematics anxiety emerges from the dynamic interplay
between cognitive processes, affective experiences, and contextual factors, rather than from
any single variable in isolation [20,21]. By integrating these dimensions within a unified
framework, the study contributes to a more comprehensive and nuanced understanding of
mathematics anxiety, particularly within inclusive educational settings.
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5. Conclusions
In conclusion, the findings demonstrate that mathematics anxiety is shaped by a

conditional process in which self-regulation operates through mathematical language self-
efficacy and depends on the presence of academic support. This highlights the importance
of designing inclusive mathematics instruction that integrates cognitive, linguistic, and
contextual support.

6. Implications and Future Research
The findings of the present study have several practical implications for classroom

practice and instructional design. First, the findings suggest that mathematical language
should be explicitly taught as a core component of mathematics instruction rather than
being treated as implicit knowledge. Curriculum designers are encouraged to integrate
structured mathematical vocabulary modules into instructional materials, including pre-
teaching of key terms, use of visual word walls, and systematic activities that require
students to translate between verbal descriptions, symbolic expressions, and graphical rep-
resentations. This may include pre-teaching key vocabulary before introducing new topics,
using visual word walls with mathematical terms, and engaging students in activities that
require them to explain concepts in their own words. Teachers can also design tasks that re-
quire students to translate between verbal descriptions, symbolic expressions, and graphical
representations, thereby strengthening their understanding of mathematical language.

Second, the findings indicate that self-regulation training should not be implemented
in isolation, but should be systematically paired with structured academic support. For
example, self-regulation strategies (e.g., goal setting, self-monitoring, and reflection) can
be embedded within guided instructional practices such as peer tutoring, teacher-led
scaffolding, and collaborative problem-solving activities. More specifically, pairing students
in structured peer-assisted learning formats or providing step-by-step guided problem-
solving frameworks can help ensure that self-regulatory efforts are effectively translated
into an understanding of mathematical language. This combination appears to be critical,
as the present findings suggest that self-regulation alone may not reduce mathematics
anxiety in the absence of support. For example, during problem-solving activities, teachers
can provide partially completed examples, ask guiding questions, and gradually reduce
support as students gain confidence. Peer tutoring and small-group instruction can also
be used to provide additional support for students who need it. Also, teachers could
pair self-regulation strategies (e.g., goal setting, self-monitoring, reflection) with peer
tutoring, guided practice, or teacher-led scaffolding to ensure that students are able to
apply these strategies effectively in mathematical contexts. This combination may help
students translate their regulatory efforts into meaningful understanding and increased
confidence in mathematical language.

Third, classroom practices should create opportunities for supported engagement
with mathematical language, particularly for students who may lack access to external
support outside the classroom. This could include collaborative problem-solving activities,
structured classroom dialog, and targeted feedback on students’ use of mathematical termi-
nology and representations. Such practices may be especially important for students with
high levels of mathematics anxiety, as they provide both cognitive and emotional support.

Overall, the findings are particularly relevant for inclusive mathematics classrooms,
where students may differ in their self-regulatory capacities, language abilities, and access to
support. To address this diversity, teachers can adopt differentiated instructional practices,
such as providing multiple entry points to tasks, offering alternative explanations, and
using flexible grouping strategies. For instance, some students may benefit from visual
supports and guided instruction, while others may be ready for more independent problem-
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solving. By combining explicit instruction in mathematical language, structured self-
regulation strategies, and differentiated support, teachers can create inclusive learning
environments that reduce mathematics anxiety and promote meaningful engagement for
all students.

To further translate the findings of the present study into classroom practice, Table 7
presents a set of targeted instructional applications aligned with inclusive mathematics
education principles. Specifically, the table illustrates how the relationships identified in
the model, namely the roles of self-regulation, mathematical language self-efficacy, and aca-
demic support, can be operationalized in mathematics teaching. Emphasis is placed on con-
crete instructional strategies that support diverse learners, including students with SLD, by
integrating structured guidance, explicit language support, and differentiated instruction.

Table 7. Linking study findings to classroom applications in inclusive mathematics education (with a
focus on students with SLD).

Key Finding Interpretation
Classroom Application in

Mathematics Teaching
(with Examples)

Inclusive Mathematics
Education Relevance

Self-regulation
positively predicts
mathematical language
self-efficacy

Students who regulate
their learning better
engage with
mathematical language

During equation solving (e.g., 2x + 3 = 7),
students are guided to set goals (“I need to
isolate x”), monitor each step, and check their
answer using prompts such as “Does this
make sense?”

Particularly supports
students with SLD who
need structured guidance
to regulate their thinking

Mathematical language
self-efficacy reduces
mathematics anxiety

Confidence in
understanding
mathematical terms and
symbols lowers anxiety

When introducing terms such as “coefficient”
or “unknown,” teachers use think-aloud
strategies and ask students to explain steps
(e.g., “I subtract 3 from both sides”)

Helps students with SLD
and language-processing
difficulties understand
mathematical terminology

Indirect effect only
significant with
academic support

Self-regulation alone is
insufficient without
structured support

In fraction addition (e.g., 3/4 + 1/2), teachers
provide step-by-step scaffolding (finding
common denominator, converting fractions)
using visual aids like fraction bars

Essential for students with
SLD who benefit from
structured, guided
instruction

Non-significant effect in
the no-support group

Students without
support struggle to
apply strategies
effectively

In word problems (e.g., “A number increased
by 5 equals 12”), students work in pairs to
identify key phrases and translate them into
equations (x + 5 = 12)

Reduces barriers for
students with SLD who
struggle with language
comprehension

Suppression effect (dual
pathways)

Self-regulation may
increase anxiety under
high demands

In multi-step problems (e.g., systems of
equations), teachers balance independent
work with guided instruction and avoid
overwhelming students with too many steps
at once

Protects students with
SLD who are sensitive to
cognitive overload and
anxiety

Role of mathematical
language as mediator

Understanding
mathematical language
connects cognition and
emotion

Teachers use multiple representations (e.g.,
graphs, equations, verbal explanations)
when teaching functions, helping students
translate between forms

Supports students with
SLD through multimodal
instruction

Importance of
contextual factors

Learning depends on
both internal skills and
the classroom
environment

Teachers differentiate tasks (e.g., the same
algebra problem with varying levels of
scaffolding) and use flexible grouping

The core principle of
inclusive mathematics
education, especially for
students with SLD

The examples included in the table are drawn from common mathematical domains
(e.g., algebra, fractions, and word problems), ensuring that the proposed strategies are
directly applicable to everyday classroom instruction. More specifically, the instructional
applications presented in Table 7 are directly derived from the hypothesized model, reflect-
ing the mediating role of mathematical language self-efficacy and the conditional nature of
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this mechanism as a function of academic support, thereby illustrating how the identified
pathways can be translated into inclusive mathematics teaching practices.

As shown in Table 7, the findings of the study can be systematically translated into
concrete instructional practices that address both cognitive and affective dimensions of
mathematics learning. More specifically, the results indicate that reducing mathematics
anxiety requires not only the development of internal resources such as self-regulation, but
also the explicit teaching of mathematical language and the provision of structured support
during key mathematical tasks. These practices are particularly critical in inclusive mathe-
matics classrooms, where students with learning disabilities may experience difficulties in
processing mathematical language, regulating their learning, and managing cognitive load.
By aligning instructional strategies with these mechanisms, teachers can create learning
environments that both reduce anxiety and enhance access to mathematical understanding.

These practices are particularly important in inclusive classrooms, where students may
differ in their linguistic, cognitive, and self-regulatory capacities. Providing differentiated
levels of support, such as visual representations, simplified language explanations, or addi-
tional guided practice, may help ensure that all students can benefit from self-regulation
strategies and develop mathematical language self-efficacy.

7. Limitations
The present study has several limitations that should be acknowledged. First, the

cross-sectional nature of the data limits the ability to draw definitive causal conclusions. Al-
though structural equation modeling (SEM) allows for the testing of theoretically specified
relationships, it does not establish causality. Therefore, the directionality of the observed
relationships should be interpreted cautiously, as alternative causal pathways cannot be
ruled out. Future research employing longitudinal or experimental designs is needed to
more rigorously examine the causal mechanisms underlying the relationships identified
in this study. Although the proposed model is theoretically grounded and the statistical
analyses support the hypothesized relationships, the directionality of these effects cannot
be firmly established. This limitation was partially mitigated by the use of a well-specified
theoretical framework and advanced analytical techniques, including structural equation
modeling with bootstrapping, to enhance the robustness of the estimated relationships.
Future research employing longitudinal designs is needed to confirm the developmental
trajectory of the relationships among self-regulation, mathematical language self-efficacy,
academic support, and mathematics anxiety over time.

A key limitation of the present study concerns the measurement of academic support
as a single-item binary variable. This operationalization does not capture the complexity of
support, such as its quality, frequency, or source (e.g., teachers, peers, or family members).
However, this limitation was partially addressed by the study’s large and geographically
diverse sample, as well as the use of structural equation modeling with bootstrapping
procedures, which enhance the robustness of the estimated indirect effects. In addition,
the binary operationalization allowed for a clear comparison between students with and
without access to support, aligning with the study’s focus on whether the presence of
support conditions the strength of the mediation pathway. Nevertheless, the findings
related to the moderating role of support should be interpreted with caution. Future
research could benefit from using multi-dimensional measures of academic support to
better capture qualitative differences in support experiences.

Another limitation concerns the use of measurement instruments developed by [41],
for which limited external validation evidence is available in the broader literature. Al-
though the scales demonstrated strong internal consistency and acceptable construct va-
lidity in the present study, their use may limit the generalizability of the findings across
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different contexts. This limitation was partially mitigated by conducting confirmatory
factor analysis and measurement invariance testing across gender and grade level, which
supported the robustness and stability of the measurement model. Nevertheless, future re-
search is encouraged to replicate these findings using more widely established instruments.

Moreover, the selection of moderating variables in the relationship between self-
regulation and mathematics anxiety was limited to gender, grade level, and receipt of social
support. Future studies might expand upon this work by including additional moderating
variables, such as academic achievement or metacognitive skills. These lines of inquiry
could be further enriched by subsequent experimental studies. For instance, researchers
might examine changes in mathematics anxiety among individuals with low self-regulation
by implementing self-regulation training interventions, particularly in cases where social
support is lacking.
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