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Objective: Mathematical anxiety is a common and often debilitating phenomenon that
can hinder students' learning and progress in mathematics. Therefore, identifying the
influential factors is essential. This research aims to determine the mediating role of
Mental Toughness in the relationship between executive functions, Reinforcement
Sensitivity Theory, and mathematical anxiety.

Methods: This research is applied in terms of its objective and correlational in terms of
data collection. The study population consisted of high school students studying
theoretical subjects in the year 1401-1402 in Zanjan, Iran. A sample of 455 students was
selected using multi-stage random cluster sampling. Research variables were measured
using the following scales: Mental Toughness (McGeown et al., 2016), mathematical
anxiety (Hopko et al., 2003), executive functions (Gioia et al., 2015), and Reinforcement
Sensitivity Theory (Vecchione, M., & Corr, 2020). Data analysis was performed using
SPSS-26 and AMOS-24 software. The research model was evaluated using structural
equation modeling fit indices and path analysis.

Results: Correlation coefficients indicated that executive functions and the behavioral
activation system were capable of directly predicting mathematical anxiety. Significance
of the indirect effect suggests that Mental Toughness mediates the relationship between
Reinforcement Sensitivity Theory and executive functions.

Conclusions: Deficits in executive functions and behavioral inhibition systems lead to
decreased Mental Toughness, which, in turn, increases mathematical anxiety. In
contrast, optimal functioning of the behavioral activation system increases Mental
Toughness, subsequently reducing mathematical anxiety. The research findings,

including the practical implications and research recommendations, are discussed.
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Extended Abstract

1. Introduction

Math anxiety is a prevalent phenomenon that significantly hinders students' mathematics
learning. This issue is particularly widespread among high school students (Rabuya, 2023).
Estonanto and Dio (2019) argue that math anxiety is a multifactorial problem influenced by
various factors. For example, Oktawirawan (2020) has demonstrated that math anxiety can
be influenced by personality, environmental, and cognitive factors. Cognitive explanations
of math anxiety can be categorized into two approaches. The first approach refers to
voluntary cognitive mechanisms such as executive functions (Jackson et al., 2014). The
second approach emphasizes automatic mechanisms such as brain-behavioral systems
(Gray & McNaughton, 2002). Studies have shown that deficits in executive function
components lead to math anxiety (Orbach et al., 2020). However, the lack of studies
examining the role of executive function deficits on math anxiety and methodological issues
are among the criticisms of these studies. In relation to the second approach, reinforcement
sensitivity theory (Corr, 2008) posits that three brain-behavioral systems underlie individual
differences in responses to a set of pleasant and unpleasant stimuli: the fight-flight-freeze
system, the behavioral inhibition system, and the behavioral activation system (Vecchione
& Corr, 2020). According to this theory, specific brain regions are involved in emotional
responses, and environmental factors act as triggers for emotional reactions, and individual
differences in the functioning of these systems can underlie many psychological problems
(Corr & Cooper, 2016).

On the other hand, although evidence suggests a relationship between executive
functions and brain-behavioral systems and math anxiety, research has not yet examined
the mechanisms involved in the relationship between voluntary and automatic cognitive
factors and math anxiety. Therefore, we hypothesized that deficits in executive functions
and disruptions in brain-behavioral systems, by affecting Mental Toughness and reducing
it, lead to increased math anxiety. According to the Trait-Stressor-Outcome (TSO) model
(Matthews et al., 2017), characteristics compatible with stressful environments should be
those that maintain focus, attention, goal-directed effort, adaptive, and problem-oriented
strategies.

Overall, due to the importance of mathematics, the high prevalence and negative
consequences of math anxiety, and its impact on students' educational prospects, the lack
of use of effective and comprehensive interactive personality approaches such as Mental
Toughness with cognitive approaches such as voluntary and habitual cognitive mechanisms
in previous studies, the present study aims to provide a model for predicting math anxiety
based on executive functions and brain-behavioral systems with the mediating role of
Mental Toughness.

2. Materials and Methods

This research is an applied study in terms of its purpose and has a cross-sectional design in
terms of data collection method. It was conducted within the framework of descriptive-
correlational designs using a structural equation modeling approach. The statistical
population of this study included all high school students in Zanjan city during the academic
year 2021-2022. Based on G*Power software (effect size: 0.5, alpha level: 0.05, power:
0.8), a sample of 455 students was selected using a multi-stage random cluster sampling
method. To collect data, the following scales were used: the McGeown et al. (2016) Mental
Toughness Scale; the Hopko et al. (2003) Math Anxiety Scale; the Brief Behavioral Rating
Inventory of Executive Function (BRIEF-2) (2015); and the Short Reinforcement
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Sensitivity Theory Questionnaire (2020). To test the research hypotheses, a structural
equation modeling approach with path analysis was used in AMOS-24 software.

3. Results

Before conducting the main data analyses, descriptive statistics for each item, correlations
between items, and potential violations of univariate and multivariate assumptions were
examined. Evaluation and screening results showed that the variables had a normal
distribution with skewness and kurtosis within an acceptable range of (-1 to +1). After
ensuring the assumptions and the existence of a linear relationship between the variables,
path analysis was used in the second step to test the hypotheses and answer the research
questions. Goodness-of-fit indices for the proposed model were examined. The contents of
the table below show that the proposed model has an excellent and nearly perfect fit.

Tablel. Goodness of fit indices for the assumed model

Indicator NFI TLI IF1 CFI RMSEA GF1 df X2
Acceptable domain >0.90 >090 >090 >0.90 0.1< >0.90 p>0.05
The final model 0.99 0.96 099  0.99 0.07 0.99 1 0.06

4. Discussion and Conclusion

Based on previous research, there has been a gap in understanding the interplay between
cognitive and personality mechanisms that contribute to mathematics anxiety. This study
aimed to develop a model to assess the direct and indirect effects of executive functions,
brain-behavioral systems, and Mental Toughness on predicting mathematics anxiety.
Results showed a significant positive correlation between deficits in executive functions
and mathematics anxiety. This finding aligns with the results of Hartwright and colleagues
(2018). To explain this finding, it can be argued that students with deficits in executive
functions have difficulties in regulating their emotions. This leads to negative and
catastrophic evaluations of stressors and results in intense reactions to them.

The second finding of this study indicated a significant positive correlation between the
behavioral activation system and mathematics anxiety. According to reinforcement
sensitivity theory (Corr, 2008), excessive activity in this system leads to impulsivity. It
seems that individuals, when experiencing negative emotions and ambiguity, exhibit
impulsive behavior to manage their emotions and uncertainty.

The third finding of this study demonstrates a significant negative correlation between
Mental Toughness and mathematics anxiety. These results are consistent with the research
of Hasty and colleagues (2020). Based on the Trait-Stressor-Outcome (TSO) model (2017),
Mental Toughness can be interpreted as a resilience factor against challenges and
difficulties.

The fourth finding of this study highlights the mediating role of Mental Toughness
between brain-behavioral systems and mathematics anxiety. Specifically, the behavioral
activation system increases the level of Mental Toughness, leading to lower levels of
mathematics anxiety in students. Conversely, the behavioral inhibition system decreases the
level of Mental Toughness, leading to increased mathematics anxiety. These results are
implicitly consistent with the research of Arji and colleagues (2018). To explain this
finding, it can be argued that responsiveness to rewards might be a purer measure of the
behavioral activation system compared to its other features, and it is crucial for
psychological resilience against maladaptive psychological functions. Conversely, a lower
level of behavioral inhibition suggests that individuals with high psychological resilience
are likely to be less sensitive to punishment and novelty cues, experiencing less fear,
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anxiety, frustration, and sadness in response to punishment cues. Additionally, optimal
activity of the behavioral activation system leads to experiencing positive emotions and
perseverance in achieving rewards (Bennett & Bacon, 2019). Such characteristics
contribute to increased levels of Mental Toughness and decreased mathematics anxiety.

Despite achieving these findings and identifying the cognitive and personality variables
that influence anxiety, the present study has limitations such as the inability to make causal
inferences due to the correlational nature of the data, the limited population and sample size
to students in Zanjan city, and the inability to generalize to other grades and cultures. The
use of self-report measures and the possibility of social desirability bias are other
limitations. Researchers are suggested to consider social and cultural factors alongside
cognitive and personality factors to strengthen the findings of the present study.

4. Ethical Considerations
Compliance with ethical guidelines: All ethical principles are considered in this article.

Funding: This research did not receive any grant from funding agencies in the public,
commercial, or non-profit sectors.
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1. Hopko et al.'s Mathematical Anxiety Scale
2. the Behavior Rating self-report Inventory of Executive Function, Second Edition (BRIEF-SR)
3. The Reinforcement Sensitivity Theory of Personality Questionnaire
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