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Abstract

Studies on mathematical anxiety have long suggested a relationship between mathematical
anxiety and gender. At the same time, the question arises whether mathematical anxiety is already
present in younger school-age children. Previous research has shown inconsistent results,
highlighting the need for further data. Therefore, the primary aim of this study was to determine
whether mathematical anxiety occurs in younger school-age children and, if so, what the
relationship is between mathematical anxiety and the gender of the children. Participants consisted
of 257 fifth graders. Our results did not confirm the presence of mathematical anxiety in the
studied sample of younger school-age children, nor did show a statistically significant difference
between boys and girls in anxiety levels. The inconsistency in research results could also be
explained by other variables that may affect mathematical anxiety. The presented results should
serve as a basis for further research aimed at identifying factors that influence the development of
mathematical anxiety and the specifics of its occurrence with respect to age categories.
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1. Introduction

The term mathematical anxiety was defined by Richardson, Suinn (1972) and characterized
as “a feeling of tension that significantly interferes with the manipulation of humbers and the
solving of mathematical problems” (Richardson, Suinn, 1972: 551). It also involves feelings of fear,
worry, and/or anxiety with behavioural manifestations such as tension, frustration, helplessness,
anxiety, and mental disorganization (Richardson, Suinn, 1972), which arise from mathematical
stimuli (Ashcraft, 2002).

Scientists long believed that the onset of mathematical anxiety begins only after transitioning
to upper elementary school, despite humerous accounts from adults who reported that their
mathematical anxiety stemmed from early experiences with mathematics (Jackson, Leffingwell,
1999). The lack of data on mathematical anxiety in younger school-age children in the past was
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likely due to studies that did not show any consistent relationship between mathematical anxiety
and performance in elementary school (Dowker et al., 2012; Krinzinger et al., 2009), which may
have led some researchers to doubt whether young children experienced mathematical anxiety and,
if so, whether they were capable of describing their feelings. The ability of children to report
experiencing mathematical anxiety is still a topic of professional discussion (Ashcraft, Krause,
2007; Vukovi¢, Kieffer et al., 2013; Ganley, McGraw, 2016). However, recent research indicates
that younger school-age children are capable of understanding and reporting their feelings of
mathematical anxiety. Cognitive tests and interviews in several studies have shown that children
have a good understanding of what it means to be nervous, anxious, or tense about mathematics
(Ramirez et al., 2013; Vukovi¢, Kieffer et al., 2013, Ganley, McGraw, 2016). Interestingly, even
children at the very beginning of their schooling reported experiencing mathematical anxiety
(Ramirez et al., 2013; Gunderson et al., 2017).

Studies comparing levels of mathematical anxiety between men and women indicate that
women typically exhibit higher levels of mathematical anxiety than men (Miller, Bichsel, 2004;
Devine et al., 2012; Ferguson et al., 2015; Jansen et al., 2016). Significant differences in mathematical
anxiety have also been found among high school students, with girls reporting higher levels of
mathematical anxiety than boys (Else-Quest et al., 2010; Goetz et al., 2013; Hill et al., 2016). In a
study by Stoet et al. (2016) mathematical anxiety was measured among 761,655 high school students
from 68 countries. The researchers found that female participants reported greater mathematical
anxiety than male participants, and this difference was even larger in economically developed
countries with higher levels of gender equality. Similarly, a study by Devine et al. (2012) on high
school students shows that girls exhibit higher levels of mathematical anxiety than boys. Researchers
in China also reached the same conclusion, finding that female high school students exhibited
statistically significantly higher levels of anxiety than their male counterparts (Luo et al., 2008).

As the data suggests, the search for a relationship between mathematical anxiety and gender
has been the subject of numerous studies in mathematical education. However, these studies do
not arrive at definitive conclusions, which may be due to the application of various research tools.
For example, Arigbabu et al. (2012) found in a sample of high school students in Nigeria that men
are more anxious than women. The authors also note that the research results may have been
influenced by recent awareness-raising in Nigeria, which educates and motivates women to take
more mathematics courses. Other studies, however, indicate that there is no significant difference
between the mathematical anxiety of men and women (Hamza, Helal, 2013; Keshavarzi, Ahmadi,
2013). Levels of mathematical anxiety among high school students in Malaysia also showed no
significant difference between men and women (Zakaria et al., 2012). These research results
suggest social and cultural determination, as residents of different regions show different results
(Zhang et al., 2019). The finding that mathematical anxiety is observed worldwide (Barroso et al.,
2021) and is more likely to occur in women and individuals with low income also supports the
influence of social factors as a factor in mathematical anxiety (OECD, 2013).

It could be said that the relationship between gender and mathematical anxiety has not yet
been definitively proven despite numerous studies, as the findings have been inconsistent. While
there are many studies that have found significantly higher levels of mathematical anxiety in
women compared to men, there are also many studies that show no gender-based differences in
mathematical anxiety within the population. Additionally, there are several studies that have found
higher levels of mathematical anxiety in men compared to women. Birgin et al. (2010) suggest that
the lack of consistent gender effects may be due to mathematical anxiety not being consistently
defined or measured.

Despite the ambiguous research results, some scientists continue to operate on the premise
that mathematical anxiety is more common in women than in men. To this day, however, there is
no definitive answer to the question of why women and girls should exhibit higher levels of
mathematical anxiety compared to men.

Beilock et al. (2007) proposed a possible explanation, suggesting that the gender difference
in reporting mathematical anxiety is a result of social stereotypes. This hypothesis is supported by
research (Goetz et al., 2013), in which students were asked to describe their mathematical anxiety
outside of a school setting. The result was that girls reported greater mathematical anxiety than
boys. However, when researchers gathered information from students about their mathematical
anxiety in real-time during a math test, girls did not exhibit more symptoms of anxiety than boys.
Further research revealed that mathematical anxiety was higher among students with low
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mathematical self-esteem and those who endorsed the traditional gender stereotype that
mathematics is traditionally a male-dominated field (Bieg et al., 2015).

The question of whether gender differences in mathematical anxiety occur in primary school
children remains unanswered. Of the few studies conducted, most have found no differences
between genders in reporting mathematical anxiety (e.g. Gierl, Bisanz, 1995; Vukovic et al., 2013;
Newstead, 1998; Punaro, Reeve, 2012; Ramirez et al., 2013; Young et al., 2012). However, some
studies indicate that girls already exhibit higher levels of mathematical anxiety than boys at the
primary school age (e.g. Griggs et al., 2013; Yiksel-Sahin, 2008).

2. Discussion and results

Research objectives and research design

We sought to answer the following research question: Does gender significantly affect levels
of math anxiety among primary school children?

Research hypotheses:

Ho: There is no statistically significant difference in the level of mathematical anxiety
between boys and girls.

H,: There is a statistically significant difference in the level of mathematical anxiety between
boys and girls.

Theoretical background: The research is grounded in the cognitive-affective model of math
anxiety (Ashcraft, 2002), which views anxiety as an emotional reaction interfering with cognitive
processing. Additionally, elements of social role theory (Eagly, 1987) provide a framework for
interpreting potential gender differences in anxiety experiences.

The aim of this study was to investigate the prevalence of math anxiety among primary age
children and to examine the relationship between math anxiety and gender of elementary school
students.

In this research, a combination of descriptive and quantitative research design was used,
focusing on the analysis and description of the distribution of mathematical anxiety in children.
The following elements highlight specific aspects of the research design:

a) Data Collection: The dataset was obtained using the mAMAS-E questionnaire, which
assessed mathematical anxiety on a scale from 1 to 5. This approach allowed for the systematic
collection of students’ subjective evaluations.

b) Descriptive Statistics: The research focused on describing basic statistical
characteristics. Histograms and box plots provided a visual overview of the distribution of
mathematical anxiety, which is typical for a descriptive design.

¢) Group Comparison: The research analyzed differences between groups (boys vs.
girls) using box plots and the Kolmogorov-Smirnov test, examining the relationship between
gender on anxiety. This aspect corresponds to the quantitative approach within the descriptive
design.

d) Hypothesis and Testing: The null hypothesis regarding the concordance of
distribution functions was tested for both genders, which is a common procedure in empirical
research, enhancing the rigor of the design.

Software: All statistical analyses were conducted using R (version 4.0.3, R Foundation for
Statistical Computing).

Overall, this research utilized a combination of descriptive and quantitative approaches to
analyse and interpret the results, with an emphasis on precise measurement and data visualization.

Research sample

Overall, 345 children from 21 different Slovak schools took part in the study. Schools that
participated were chosen from all regions of Slovakia including cities and villages. The classroom size
consisted of 13 to 30 pupils whose socio-economic status varied. Participants with incomplete
guestionnaires were excluded. Thus, the final sample consisted of 257 children who were 10 to 13 (M =
10.9, SD = 0.48) years old. There were 134 male and 123 female participants all attending 5th grade.

Materials for testing

To examine the math anxiety among primary age children, the Modified Abbreviated Math
Anxiety Scale for Elementary Children (MAMAS-E) was used.

The mMAMAS-E (Carey et al., 2017) is a nine item, self-reported questionnaire designed to
measure MA. The mAMAs-E uses five-point Likert-type scale, where one represents no anxiety at
all and five corresponds to high levels of MA. We used the pictorial Likert scale with a verbal
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description of emotions. The MA score was calculated by summing up all the item scores, with total
score ranging from 9 to 45 points. It takes approximately 15 minutes to complete the mAMAS-E
(Osad’an et al., 2022).

Reliability: The internal consistency of the mMAMAS-E in this study was not computed,;
however, reliability was supported by previous studies reporting Cronbach’s alpha = 0.85 (Carey et
al., 2017).

The mMAMAS-E (Carey et al., 2017) is a nine item, self-reported questionnaire designed to
measure MA. The mAMAs-E uses five-point Likert-type scale, where one represents no anxiety at
all and five corresponds to high levels of MA. We used the pictorial Likert scale with a verbal
description of emotions. The MA score was calculated by summing up all the item scores, with total
score ranging from 9 to 45 points. It takes approximately 15 minutes to complete the mAMAS-E
(Osad’an et al., 2022).

Testing procedure

The tests were administered by the teachers at each school. Prior to the experiment, each
school received instructions on test administration. These instructions included reading the
MAMAS-E questions aloud to the children and providing them with a definition of anxiety written
in age-appropriate language. The teachers were asked to define and explain the terms to the
children. All students completed the testing within one day.

Data analysis and results

Mathematical anxiety in children was calculated based on the mAMAS-E questionnaire,
which contained nine items related to anxiety in mathematics. The student indicated the level of
anxiety for each item on a scale from 1 (very low anxiety) to 5 (very high anxiety). The resulting
score of mathematical anxiety was obtained as the sum of the scores for all items, meaning the
student’s final anxiety score could range from 9 to 45. The frequency distribution for individual
values is shown in graph (see Figure 1).
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Fig. 1. Histogram of mathematical anxiety
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The minimum value of mathematical anxiety in our dataset was 9 (the lowest possible level of
mathematical anxiety), and the maximum value was 41. Values of 42—45 (the highest level of
anxiety) did not occur. The maximum value of 41, achieved by only one student, can be considered
an extreme value in terms of mathematical anxiety, as the scores of other students ranged between
9-37. The average score of mathematical anxiety is 20.86, with a median of 20. The most common
score is 19 (19 students, i.e., 7.39 %). From the histogram, we can see that higher scores of
mathematical anxiety (35 and above) were achieved by a minimum number of students. Based on
these observations from the histogram, it can be assumed that the probability distribution of
mathematical anxiety scores will be skewed to the right and will have a heavier right tail. This means
that students are generally considered to be less anxious about mathematics.

Relationship between mathematical anxiety and gender

Box plots (see Figure 2) characterize the scores of mathematical anxiety separately for boys
and girls. In both populations, the minimum score was 9. The maximum score for boys is 34, which
is lower than for girls, whose maximum reached 41. The average values are marked by a dot in the
graph and are very similar for both populations. The average score for boys is 20.30 (sd = 6.17),
and for girls, it is 21.48 (sd = 6.61). The median values are very close to the averages, being 20 for
boys and 21 for girls, and are represented as the center of the box in the box plot. Based on the
graph and numerical characteristics, we see that girls’ scores tend to be higher than boys'.
The edges of the boxes in the box plot are formed by the 25th and 75th percentiles, indicating that
the values of mathematical anxiety for girls are slightly higher than for boys.

Score of mathematical anxiety
42
39
36
33
30
27
24
21 : * P
18
15
12

9

Girls Boys
Gender
Fig. 2. Box plots of mathematical anxiety by gender

We tested whether there are differences in mathematical anxiety scores between genders at a
5 % significance level using the two-sample Kolmogorov-Smirnov test. The null hypothesis was the
equivalence of the distribution functions of the scores for girls and boys, which would mean that
the data come from the same probability distribution and therefore do not differ by gender.
Justification: The Kolmogorov-Smirnov test was selected due to its non-parametric nature and its
suitability for comparing distributions that may differ in both shape and central tendency. Given
the right-skewed distribution observed in the histogram, the use of this test was considered more
appropriate than the Student’s t-test, which assumes normality. The value of the test statistic is D =
0.10, with a corresponding p-value of 0.55. Therefore, at the 5 % significance level, we do not reject
the null hypothesis of the equivalence of distribution functions. The data did not show a
statistically significant difference between the mathematical anxiety of boys and girls (Osad’an et
al., 2022).
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3. Conclusion

The aim of this study was to investigate the prevalence of math anxiety among primary age
children and to examine the relationship between gender differences and math anxiety in Slovak
elementary children. Overall, our results did not record the occurrence of mathematical anxiety in
younger school-age children in Slovakia.

This finding suggests the need for further research on mathematical anxiety, focusing on its
causes, diagnosis, age categories, and possibilities for its elimination. Our additional finding shows
that there was no statistically significant difference in mathematical anxiety between boys and girls
in the studied sample. Therefore, gender differences in mathematical anxiety likely do not
represent a significant aspect in the studied age category.

Our research findings are consistent with studies (Szczygiel, 2019) that did not find
significant differences in the level of mathematical anxiety between boys and girls of younger
school age. The similarity of our research findings with the studies of M. Szcygiel with Polish
children likely reflects the cultural closeness of the research participants. It can be assumed that
the perception of gender, or its socio-cultural understanding in society, is similar in both Polish
and Slovak societies. Our research findings suggest that an individual’s gender is likely a significant
factor in mathematical anxiety, but not the only one. Recent research, therefore, focuses on the
socio-cultural aspect of mathematical anxiety. These studies indicate differences in measured
mathematical anxiety when comparing participants from different cultures (Brown, 2020).
The socio-cultural aspect of mathematical anxiety thus appears to be a factor that plays a
significant role in the differences or similarities in mathematical anxiety among participants.

Given that research on mathematical anxiety has not yet been conducted in Slovakia,
we could not compare its prevalence or trend among different age categories. Research on
mathematical anxiety in children at the upper elementary level and higher age categories could
provide results that would complement current knowledge about its development.
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