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Abstract

Math anxiety is a widespread phenomenon that negatively affects students’ motivation and
achievement. While previous studies have shown that cognitive activation —instructional strategies
that promote deep reasoning and metacognitive reflection—can reduce math anxiety, few have
examined the possibility of nonlinear effects or the roles of socioeconomic status (SES) and self-
efficacy as moderators. This study investigated the curvilinear relationship between cognitive
activation and math anxiety and the interactions with student and school SES revealed compensatory
patterns, using data from 5,760 students in Japan from the PISA 2022 dataset. Multilevel regression
analyses revealed that cognitive activation for encouraging mathematical thinking was initially
associated with reduced math anxiety, but the effect plateaued at higher levels. Cognitive activation
for fostering reasoning showed a negligible curvilinear relationship. Moreover, student and school
SES showed patterns suggesting that cognitive activation may serve as a compensatory strategy,
particularly for students in low-SES contexts. Math self-efficacy, contrary to expectations, did not
moderate the relationship. These findings underscore the importance of promoting cognitively
activating instruction that supports deep mathematical thinking, especially for students with limited
educational resources.

Keywords: cognitive activation; math anxiety; socio-economic status (SES); math self-efficacy;
multilevel analysis

1. Introduction

It is a universal phenomenon in modern society that people feel negative emotions such as
anxiety and fear toward mathematics. According to the results of the 2022 PISA (Programme for
International Student Assessment) survey conducted by the Organisation for Economic Co-operation
and Development (OECD), 59.8% of 15-year-olds in OECD member countries and 68.8% in Japan
responded “completely agree” or “agree” to the statement “I often worry that it will be difficult for
me in mathematics classes” (OECD, 2024). Additionally, 64.9% of 15-year-olds in OECD member
countries and 68.6% in Japan responded “completely agree” or “agree” to the statement “I worry that
I will get poor marks in mathematics” (OECD, 2024). These findings suggest that anxiety and fear
toward mathematics are widespread and culturally pervasive.

Such negative emotions have long been a central focus of affective research in mathematics,
beginning with Gough’s (1954) study on “mathemaphobia” and Dreger & Aiken’s (1957) work on
“number anxiety” (Batchelor et al., 2019). These constructs have since evolved into what is now
widely recognized as “math anxiety,” a psychological phenomenon extensively studied in
educational psychology.

Math anxiety is defined as feelings of tension and apprehension that interfere with the
manipulation of numbers and the solving of mathematical problems in a wide variety of contexts,
including daily life and academic settings (Ramirez et al., 2018). While math anxiety shares
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similarities with general anxiety and test anxiety, it is considered a distinct construct. This distinction
is supported by research showing a relatively low contribution from shared genetic factors
(approximately 9%) and non-shared environmental factors (approximately 4%) in comparison to
other types of anxiety (Wang et al., 2014), as well as unique correlation patterns with external criterion
variables (Hembree, 1990).

The negative association between math anxiety and math learning and performance is one of
the most robust and well-replicated findings in the field. Meta-analyses have consistently shown that
math anxiety is significantly negatively correlated with learning motivation (Li et al., 2021), the extent
of high school math learning (Hembree, 1990), and math performance (Barroso et al., 2021).
Furthermore, longitudinal and panel data studies have demonstrated that math anxiety negatively
predicts math learning and performance over time (Ahmed et al., 2012; Gunderson et al., 2018). These
findings underscore the importance of identifying instructional practices that can alleviate math
anxiety, thereby promoting more positive learning outcomes.

One such instructional practice is cognitive activation by math teachers, which has emerged as
a significant factor in reducing math anxiety. Cognitive activation refers to instructional strategies
that promote constructive, reflective, and higher-order thinking in learners (Baumert et al., 2010). In
mathematics lessons, this often involves encouraging students to reflect on problem-solving
processes and providing them with tasks that require extended reasoning (Burge et al., 2015). The
core components of cognitive activation include: (1) activating prior knowledge and fostering
conceptual understanding, (2) posing problems that engage learners in higher-order thinking, and
(3) facilitating meaningful participation in classroom discourse (Lipowsky et al., 2009). These
practices align with constructivist learning theories, such as Piaget’s and Vygotsky’s, and emphasize
the active, constructive, and interactive modes of learning in the ICAP framework (Chi, 2009).

Empirical research has indicated that cognitive activation can reduce math anxiety. For example,
Zuo et al. (2024) used structural equation modeling on data from 17,112 eighth-grade students in
China and found that cognitive activation was negatively associated with math anxiety, both directly
and indirectly via self-efficacy. Similarly, Liu et al. (2022) conducted a multilevel analysis on 3,088
fourth-grade students and 57 teachers in China and found a direct negative relationship between
cognitive activation and math anxiety. Burge et al. (2015), using PISA 2012 data from England, also
reported that cognitive activation was negatively associated with math anxiety. However, given that
instructional effectiveness often varies by cultural and national context (e.g., Liu et al., 2022), the
extent to which these findings generalize to Japanese students remains unclear.

Notably, most previous studies have focused on linear associations between cognitive activation
and math anxiety. However, some evidence suggests a curvilinear (inverted U-shaped) relationship
between cognitive activation and math performance: moderate levels of cognitive activation optimize
performance, while very low or very high levels may impair it (Caro et al., 2016; Nachbauer, 2024).
Given the strong link between math anxiety and performance, it is plausible to hypothesize a similar
nonlinear relationship with math anxiety —that is, math anxiety may be lowest at moderate levels of
cognitive activation, but higher at both low and excessive levels.

In addition, this relationship may be moderated by socioeconomic status (SES). SES reflects
access to various resources—economic, social, cultural, and human—that affect educational
outcomes (National Centre for Education Statistics, 2012). Burge et al. (2015) found that the negative
relationship between cognitive activation and math anxiety was significant only among students with
medium to high levels of economic, social, and cultural capital. Although their study focused on
England, similar patterns have been observed in other outcomes. For example, Caro et al. (2016)
found that cognitive activation had a greater positive impact on academic achievement for students
with higher SES. These findings suggest that the effectiveness of cognitive activation may depend on
students’” SES, with diminished effects among students with lower SES.

Moreover, it is important to consider both individual-level (Student SES) and contextual-level
(School SES) factors. School SES reflects the average SES of the school’s student body and shapes the
educational environment through access to material and human resources (Chiu & Khoo, 2005),
teacher quality, peer effects (Van Ewijk & Sleegers, 2010), and classroom discipline (Willms, 2010).
High-SES schools are generally better equipped to support academic achievement (Perry et al., 2022).
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In Japan, the school system further stratifies students into academically ranked high schools, often in
line with socioeconomic background (Takashiro, 2024; Matsuoka, 2015). Thus, School SES may also
moderate the link between cognitive activation and math anxiety, beyond the effects of Student SES
alone.

Self-efficacy —students’ belief in their ability to perform specific tasks—may be another
moderating factor. According to Bandura’s (1986) social cognitive theory, self-efficacy influences
motivation, learning engagement, and emotional responses. Students with low self-efficacy may be
less responsive to cognitively demanding instruction, potentially limiting the anxiety-reducing
benefits of cognitive activation (Shimizu, 2025). In contrast, students with high self-efficacy are more
likely to engage with cognitively activating tasks, which may reduce their math anxiety. Although
prior studies have not directly tested this interaction, research on disciplinary climate in math
classrooms has shown that the positive effect of a structured environment on achievement is
contingent on students’ level of self-efficacy (Cheema & Kitsantas, 2014).

Based on this theoretical and empirical background, the present study aims to investigate: (1)
the curvilinear effect of cognitive activation on math anxiety and (2) the moderating effects of Student
SES, School SES, and self-efficacy on this relationship.

e  Hypothesis 1. Cognitive activation has a negative relationship with math anxiety.

e  Hypothesis 2. Cognitive activation has a negative curvilinear relationship with math anxiety.

e  Hypothesis 3. Student SES moderates the negative relationship between cognitive activation and
math anxiety.

e  3-a. When Student SES is high, the negative relationship between cognitive activation and math
anxiety becomes stronger.

e 3-b. When Student SES is low, the negative relationship between cognitive activation and math
anxiety becomes weaker.

e  Hypothesis 4. School SES moderates the negative relationship between cognitive activation and math
anxiety.

e 4-a. When school SES is high, the negative relationship between cognitive activation and math anxiety
becomes stronger.

e 4-b. When school SES is low, the negative relationship between cognitive activation and math anxiety
becomes weaker.

e  Hypothesis 5. Self-efficacy moderates the negative relationship between cognitive activation and
math anxiety.

e  5-a. When self-efficacy is high, the negative relationship between cognitive activation and math
anxiety becomes stronger.

e 5-b. When self-efficacy is low, the negative relationship between cognitive activation and math
anxiety becomes weaker.

2. Materials and Methods
2.1. Data

In this study, I used the data from students in Japan (valid responses: 182 schools [departments],
5760 students) from the PISA 2022 dataset published by the OECD. This large-scale international
survey, conducted every three years, targets 15-year-old learners to assess their proficiency in
essential academic domains. Beyond the core evaluations in reading, mathematics, and science, PISA
integrates multi-actor questionnaires involving students, caregivers, educators, and school
administrators to explore how diverse contextual and individual attributes relate to academic literacy
outcomes (OECD, 2023). The 2022 iteration engaged nearly 690,000 participants, representing a global
cohort of 15-year-olds.

2.2. Measures
2.2.1. Math Anxiety

As an indicator of math anxiety, I used the math anxiety score (ANXMAT) developed by the
OECD (2023). This score was calculated using item response theory (IRT) based on students’
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responses to six items related to math anxiety (e.g., “I often worry that it will be difficult for me in
math class.”). The items were measured on a four-point Likert scale ranging from Strongly agree (1)
to Strongly disagree (4). The responses were scaled using the Partial Credit Model (PCM) to ensure
comparability with previous PISA cycles. The resulting score was standardised so that the OECD
average was 0 with a standard deviation of 1, where higher values indicate greater math anxiety.

2.2.2. Cognitive Activation

Cognitive activation in mathematics lessons was measured using two scales developed by the
OECD (2023): the Cognitive Activation for Fostering Reasoning (COGACRCO) and Cognitive
Activation for Encouraging Mathematical Thinking (COGACMCO). These scores were calculated
using IRT based on responses to 18 items designed to assess the extent to which students are exposed
to cognitively demanding instructional practices.

The COGACRCO scale captures how frequently students are encouraged to articulate their
thought processes and solve complex problems independently. Sample items include “The teacher
asks us to decide on our own procedures for solving complex problems” and “The teacher asks us to
explain how we solved a problem.”

The COGACMCO scale reflects how often students are prompted to reflect deeply on problems
and engage in extended reasoning. Sample items include “The teacher asks questions that make us
reflect on the problem” and “The teacher presents problems that require us to think for an extended
time.”

Both scales used a four-point Likert scale ranging from Never or hardly ever (1) to In all or nearly
all lessons (4). Responses were scaled using the PCM and standardised across OECD countries (M =
0, SD =1). Higher scores indicate greater exposure to cognitively activating teaching practices.

In this study, cognitive activation was treated as a school-level variable by calculating the school-
mean values of COGACRCO and COGACMCO, centered on the overall sample mean.

2.2.3.SES

Student SES was measured using the ESCS (Economic, Social and Cultural Status) index. This
composite score is derived from students’ reports on their parents’ years of education, occupational
status, and household possessions. The ESCS score was standardised to have a mean of 0 and a
standard deviation of 1 across OECD countries, with higher scores indicating greater socioeconomic
advantage.

School SES was calculated as the average of student SES scores at the school level, centered on
the overall sample mean.

2.2.4. Math Self-Efficacy

Math self-efficacy was measured using the MATHEFF score developed by the OECD (2023),
based on nine items assessing students’ confidence in handling formal and applied mathematical
tasks (e.g., “Calculating how much more expensive a computer would be after adding tax”). Items
were rated on a four-point scale from Not at all confident (1) to Very confident (4). Responses were
scaled using the PCM and standardised (M = 0, SD = 1) across OECD countries, with higher scores
reflecting greater self-efficacy in mathematics.

2.2.5. Gender

Gender was included as a control variable based on the item ST004Q01, in which students self-
identified as female (1) or male (2). For this study, a male dummy variable was created, assigning 0
to females and 1 to males.

2.3. Analysis Strategies

The following analyses were conducted. First, I performed descriptive statistics (means and
standard deviations) to understand overall trends in the variables used in this study. Second, to
examine the curvilinear relationship between cognitive activation and math anxiety, and the
moderating roles of SES and math self-efficacy, I conducted multilevel regression analyses using
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student and school-level weights (W_FSTUWT and W_SCHGRNRABWT, respectively). All models
used random intercepts, as the estimated random slopes were zero or negative. The following four
models were estimated:

e Model 1 (Baseline Model): Included the male dummy variable (control), cognitive activation (linear
and squared terms), student SES, school SES, and math self-efficacy as predictors, with math anxiety
as the outcome.

e Model 2: To examine the moderating effect of student SES, I added interaction terms between student
SES and both the linear and squared terms of cognitive activation.

e Model 3: To examine the moderating effect of school SES, I added interaction terms between school
SES and both the linear and squared terms of cognitive activation.

e  Model 4: To examine the moderating effect of math self-efficacy, I added interaction terms between
self-efficacy and both the linear and squared terms of cognitive activation.

3. Results
3.1. Descriptive Statistics

Table 1 presents the descriptive statistics for the variables used in this study. For student-level
variables, the mean value for math anxiety was positive, and the mean value for math self-efficacy
was negative. This indicates that, relative to the OECD average, 15-year-old students in Japan tend
to experience higher math anxiety and lower self-efficacy.

Regarding school-level variables, the mean value of cognitive activation for fostering reasoning
was approximately zero, while the mean value of cognitive activation for encouraging mathematical
thinking was negative. These results suggest that, on average, Japanese math teachers implement
cognitive activation strategies that foster reasoning at a level comparable to the OECD average, but
make less frequent use of cognitive activation practices designed to promote extended mathematical
thinking.

3.2. Relationship Between Cognitive Activation and Math Anxiety

Table 1. Descriptive statistics.

Variable M SD
Student level
Male 0.50 0.50
Student SES -0.01 0.71
Math self-efficacy -0.49 1.23
Math anxiety 0.33 1.12
School level
School SES -0.04 0.39
CAR -0.01 0.29
CAM -0.35 0.28

Male, male dummy; CAR, cognitive activation for fostering reasoning; and CAM, cognitive activation for
encouraging mathematical thinking.

Table 2 shows the results of Model 1. When controlling for gender, self-efficacy, and SES, the
squared term of cognitive activation for fostering reasoning was significantly negative in predicting
math anxiety. Figure 1, which visualizes the relationship over the 2.5th to 97.5th percentile range of
cognitive activation for fostering reasoning, indicates a negative quadratic effect. However, the effect
size was small, and the curve was nearly flat, suggesting that math anxiety remained nearly constant
regardless of the level of cognitive activation for fostering reasoning.
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In contrast, the squared term of cognitive activation for encouraging mathematical thinking was
significantly positive. Figure 2 shows that math anxiety initially decreased as cognitive activation
increased, but eventually plateaued. This implies that greater use of cognitive activation for
encouraging mathematical thinking is associated with lower math anxiety, up to a point, beyond
which additional activation no longer reduces anxiety.

Therefore, Hypotheses 1 and 2 were partially supported.

3.3. Moderating Effect of Student SES on the Relationship Between Cognitive Activation and Math Anxiety

The results of Model 2 in Table 2 show that the interaction between student SES and the squared
term of cognitive activation for encouraging mathematical thinking was significantly negative. Figure
3 visualizes this interaction.When student SES was low, increased cognitive activation initially
reduced math anxiety, then leveled off. In contrast, when student SES was high, math anxiety
remained relatively stable regardless of cognitive activation level. Therefore, Hypotheses 3-a and 3-
b were not supported.

3.4. Moderating Effect of School SES on the Relationship Between Cognitive Activation and Math Anxiety

Model 3 results (Table 2) indicate that the interaction between school SES and the squared term
of cognitive activation for fostering reasoning was significantly positive, while the interaction
between school SES and cognitive activation for encouraging mathematical thinking was significantly
negative. Figures 4 and 5 depict these results.

Figure 4 shows that in low-SES schools, both low and high levels of cognitive activation for
fostering reasoning were associated with lower math anxiety, whereas moderate levels were
associated with higher anxiety. In high-SES schools, math anxiety remained largely stable regardless
of activation level.

Table 2. Predicting students’ math anxiety

Model 1 Model 2 Model 3 Model 4

B SEB B SEB B SEB B SEB

Intercept 0.34** 0.01 034" 0.01 0.34** 0.01 034** 0.01
Student level
Male -0.19** 0.01 -0.19*** 0.01 -0.19** 0.01 -0.19*** 0.01
Student SES 0.00 0.01 0.02 0.02 0.00 0.01 0.00 0.01
Math self-efficacy -0.37#* 0.01 -0.37*** 0.01 -0.37*** 0.01 -0.37*** 0.01
School level
School SES 0.13*** 0.02 0.13** 0.02 0.08%* 0.03 0.13** 0.02
CAR 0.02 0.03 0.01 0.03 -0.01 0.04 0.01 0.03
CAM -003 003 -003 003 -0.04 003 -003 0.03
CAR2 -0.29***  0.06 -0.29*** 0.06 -0.30*** 0.07 -0.29*** 0.06
CAM2 0.19** 0.07 0.19* 0.07 0.16* 0.07 0.19* 0.07
Interaction
Student SES*CAR - - 0.02 0.05 - - - -
Student SES*CAM — - -0.04 0.05 - - - -
Student SES*CAR?2 — - 0.12 0.09 — - — -
Student SES*CAM?2 - - -039% 0.11 - - - -
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School SES*CAR - - - - 0.05  0.09 - —
School SES*CAM - - - -  -0.16* 0.08 — —
School SES*CAR2 - - - - 0.37* 0.6 — —
School SES*CAM?2 - - - - -0.05  0.18 - -
Self-efficacy*CAR — - — - - — 0.05 0.03
Self-efficacy*CAM — — — — - — 0.02 0.03
Self-efficacy*CAR2 - - - - - - -0.03  0.05
Self-efficacy*CAM2 - - - - - - 0.02  0.06

Random effects
Between school variance 0.03 0.03 0.04 0.03
Within student variance 1.04 1.04 1.04 1.04

9 p <.001, ** p <.01, * p <.05. CAR, cognitive activation for fostering reasoning; CAM, cognitive activation for
encouraging mathematical thinking; CAR2, the square of cognitive activation for fostering reasoning; and
CAM2, the square of cognitive activation for encouraging mathematical thinking.

Figure 5 illustrates that in high-SES schools, increased cognitive activation for encouraging
mathematical thinking was associated with lower math anxiety. In contrast, in low-SES schools, the
decline in anxiety with increasing activation was less pronounced, narrowing the gap between high-
and low-SES schools at higher levels of activation.

Therefore, Hypothesis 4-a was partially supported, while Hypothesis 4-b was not supported.

3.5. Moderating Effect of Math Self-Efficacy on the Relationship Between Cognitive Activation and Math
Anxiety

The results of Model 4 in Table 2 indicate that math self-efficacy did not significantly moderate
the relationship between either type of cognitive activation and math anxiety. Therefore, Hypothesis
5 was not supported.

1.0

o
[

Math anxiety
o
o

o
o

-1.0

-0.6 -0.3 0.0 0.3 0.6
Cognitive activation for fostering reasoning

Figure 1. Relationship between cognitive activation for fostering reasoning and math anxiety. The range of the
x-axis is from 2.5 percentile to 97.5 percentile.
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Cognitive activation for encouraging mathematical thinking

Figure 2. Relationship between cognitive activation for encouraging mathematical thinking and math anxiety.

The range of the x-axis is from 2.5 percentile to 97.5 percentile.
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Figure 3. Student SES moderates the effects of cognitive activation for encouraging mathematical thinking on
math anxiety. The range of the x-axis is from 2.5 percentile to 97.5 percentile.
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Figure 4. School SES moderates the effects of cognitive activation for fostering reasoning on math anxiety. The

range of the x-axis is from 2.5 percentile to 97.5 percentile.
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Figure 5. School SES moderates the effects of cognitive activation for encouraging mathematical thinking on
math anxiety. The range of the x-axis is from 2.5 percentile to 97.5 percentile.

4. Discussion

This study investigated the curvilinear effect of cognitive activation on math anxiety and the
moderating effects of SES and self-efficacy, using the Japanese dataset from PISA 2022 and multilevel
regression analysis (Table 2, Figures 1-5). The results indicated that cognitive activation for fostering
reasoning exhibited a negative curvilinear relationship with math anxiety; however, the magnitude
of the effect was small, and the overall pattern was essentially flat. In contrast, cognitive activation
for encouraging mathematical thinking was initially associated with a reduction in math anxiety, but
this effect gradually plateaued. Therefore, Hypotheses 1 and 2 were partially supported.

Student SES negatively moderated the relationship between cognitive activation for
encouraging mathematical thinking and math anxiety. Specifically, when student SES was low,
increased cognitive activation was initially associated with lower math anxiety, but the effect
diminished over time. Consequently, Hypotheses 3-a and 3-b were not supported. However, this
trend contributed to a narrowing of the math anxiety gap between high- and low-SES school groups.
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School SES moderated the relationship between cognitive activation and math anxiety. When
school SES was low, both low and high frequencies of cognitive activation for fostering reasoning
were associated with reduced math anxiety, whereas moderate levels were associated with higher
anxiety. Conversely, in high-SES schools, increased cognitive activation for encouraging
mathematical thinking was linked to reduced math anxiety, and the difference between high- and
low-SES groups converged. Thus, Hypothesis 4-a was partially supported, while Hypothesis 4-b was
not. Self-efficacy did not significantly moderate the relationship between cognitive activation and
math anxiety, and Hypothesis 5 was not supported.

4.1. The Relationship Between Cognitive Activation and Math Anxiety

The present findings extend prior research on the link between cognitively demanding
instruction and students” emotional responses in mathematics. While previous studies (e.g., Zuo et
al., 2024; Liu et al., 2022) found a linear negative association between cognitive activation and math
anxiety, the present study revealed a nonlinear (curvilinear) relationship.

Specifically, the results suggest that greater use of cognitive activation strategies that encourage
mathematical thinking initially reduces math anxiety but eventually plateaus. This pattern is
consistent with earlier studies that identified beneficial effects of cognitive activation (Zuo et al., 2024;
Liu et al., 2022), while also highlighting a limit to its effectiveness. One possible explanation is that
increased cognitive activation promotes student engagement, thereby enhancing motivation and
reducing anxiety. However, overuse without sufficient support or instructional scaffolding may lead
to diminishing returns. Furthermore, as shown in Table 1, Japanese math teachers tend to use these
strategies less frequently than their international counterparts, which may reflect both cultural norms
and gaps in teacher training or instructional design quality, potentially explaining the observed
plateau.

In contrast, the relationship between cognitive activation for fostering reasoning and math
anxiety was curvilinear but practically negligible. Visual inspection (Figure 1) revealed a nearly flat
pattern, suggesting that this form of activation may have limited influence on students’ emotional
experiences. These findings imply that, for the purpose of reducing math anxiety, instructional
strategies that promote mathematical thinking may be more effective than those aimed solely at
fostering reasoning.

4.2. The Moderating Effect of SES on the Relationship Between Cognitive Activation and Math Anxiety

Contrary to the original hypothesis, the results revealed that when student SES was low,
increased use of cognitive activation for encouraging mathematical thinking initially reduced math
anxiety, though the effect faded at higher activation levels. Interestingly, this pattern contributed to
closing the gap in math anxiety between high- and low-SES students. This suggests that cognitive
activation may function as a compensatory strategy for students with fewer educational resources
outside school.

This aligns with the idea that cognitively demanding teaching may provide low-SES students
with opportunities to engage more deeply in math learning, compensating for the lack of informal
learning experiences or support at home.

At the school level, in high-SES schools, frequent use of cognitive activation for encouraging
mathematical thinking was consistently associated with reduced math anxiety. This is consistent with
prior research (Perry et al, 2022) suggesting that high-SES schools often provide supportive
environments and instructional resources that facilitate effective teaching. In Japan, teachers in high-
SES schools also report higher instructional efficacy and job satisfaction (Matsuoka, 2015b), which
may enable them to implement cognitively demanding practices more effectively.

In low-SES schools, an intriguing pattern emerged: math anxiety was lower when cognitive
activation for fostering reasoning was used either infrequently or frequently, but higher when it was
used moderately. This non-monotonic pattern may reflect the instability of instructional quality in
under-resourced settings. For example, insufficiently scaffolded reasoning activities may overwhelm
students, while minimal exposure may reduce anxiety simply by reducing academic challenge. These
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findings point to the need for improving instructional capacity in low-SES schools, so that cognitive
activation can be used effectively to reduce anxiety and enhance learning outcomes.

4.3. The Moderating Effect of Math Self-Efficacy on the Relationship Between Cognitive Activation and Math
Anxiety

Contrary to expectations, math self-efficacy did not significantly moderate the relationship
between cognitive activation and math anxiety. Two potential explanations can be proposed. First,
math self-efficacy may act as a mediator, rather than a moderator. Indeed, prior research (Zuo et al.,
2024) has shown that cognitive activation enhances self-efficacy, which in turn reduces math anxiety.
Second, the measure of math self-efficacy (MATHEFF) used in this study may not have fully captured
the context-specific nature of self-efficacy relevant to instructional practices. That is, there may be a
misalignment between students’ confidence in solving formal/applied problems and their emotional
responses to cognitively activating instruction, especially when such instruction is inconsistent or
poorly implemented.

4.4. Practical Implications

The findings of this study offer important implications for mathematics education. First, the
results suggest that, regardless of gender, SES, or self-efficacy levels, using cognitive activation
strategies that encourage mathematical thinking rather than fostering reasoning may be most
effective in reducing math anxiety. Therefore, it is important for math teachers in high schools in
Japan to actively use cognitive activation to encourage mathematical thinking, regardless of the
characteristics of the school, teachers, or students, in order to reduce math anxiety and improve the
quality and outcomes of math learning. Second, it was suggested that math teachers' active use of
these strategies could reduce math anxiety among low-SES students, who tend to have limited access
to math learning resources outside of school, thereby narrowing the gap with high-SES students. It is
important for math teachers to actively use cognitive activation to encourage mathematical thinking
as compensatory educational support for low-SES students who are behind in the quality and
outcomes of their learning. Third, it was suggested that math teachers could reduce math anxiety by
actively using cognitive activation to foster reasoning in low SES schools, where students have
inadequate learning environments and teachers have insufficient competence. This suggests that
cognitive activation can function as a compensatory instructional strategy that promotes fairness in
math education, even when educational resources are limited. Finally, to address the tendency of
Japanese mathematics teachers to utilise cognitive activation less than their international
counterparts (see Table 1), it is important to strengthen the introduction of cognitive activation in
teacher training and teacher education curricula.

4.5. Limitations

This study has several limitations that should be acknowledged. First, the PISA 2022 dataset is
cross-sectional, which precludes strong causal inference. Future studies should adopt longitudinal
panel designs that track changes in cognitive activation and math anxiety over time. Second, due to
data constraints, cognitive activation was analyzed as a school-level aggregate rather than a
classroom-level variable. This may reduce the ecological validity of the findings. Future research
should seek to obtain classroom-specific identifiers to enable finer-grained analysis. Third, the study
focused exclusively on 15-year-old students in Japan. As such, the generalizability of the findings to
younger or older age groups remains uncertain. Future studies should investigate whether the
relationships observed here vary by developmental stage, particularly among elementary and lower
secondary students.

5. Conclusions

This study examined the curvilinear effect of cognitive activation on math anxiety and the
moderating roles of student SES, school SES, and math self-efficacy using data from 15-year-old
students in Japan. The findings revealed that while cognitive activation for encouraging
mathematical thinking was generally effective in reducing math anxiety, its benefits diminished at
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higher levels. Moreover, student SES and school SES moderated this relationship in complex ways,
suggesting that cognitive activation may function as a compensatory tool to support students from
disadvantaged backgrounds. Contrary to expectations, self-efficacy did not moderate the
relationship, indicating the need for further investigation into its role.

Overall, this study contributes to understanding how cognitively demanding instruction can
shape students” emotional responses to mathematics. It emphasizes the importance of implementing
cognitive activation strategies that encourage deep thinking, especially in educational contexts
marked by socioeconomic disparities. Future research should build on these findings using
longitudinal and classroom-level data to further clarify the mechanisms by which instructional
practices influence math anxiety across developmental stages.
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