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Abstract

Math anxiety is a phenomenon that affects individuals in many areas from academic life to working
life and can occur due to numerous factors. In this study, math anxiety of university students was
examined, and it was investigated whether gender, age and the department of study were
effective on students' mathematics anxiety. In this context, the math anxiety of 172 students from
different departments of Faculty of Economics in a public university in Turkey was measured
using a questionnaire composed from the MARS-S questionnaire and some demographic
questions. The data was obtained in 2023 and according to the results of the analysis, it was
determined that math anxiety was higher in female students. In addition, students in the
departments of Econometrics and Economics have lower math anxiety while students in the
departments of Finance and Labor Economics and Industrial Relations (LEIR) and Public
Finance. It is noteworthy that the students in departments who know they will be exposed to
elevated levels of math courses have low levels of math anxiety due to the sense of exposure.
The effect of age on math anxiety could not be measured since there was no significant difference
among ages of the students who participated in the survey. Shaping educational methods in a
way to reduce anxiety levels will increase the contribution of women, who do not take part in
mathematical fields due to high anxiety levels, to the workforce, and at the same time, by reducing
prejudices against math, it will cause us to gain the brain power needed in mathematical fields.
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1. Introduction

According to Freud, anxiety emerges as a result of an individual’s inner world and unconscious
processes and is actually a defense mechanism for individuals. According to the American
Psychological Association (APA), it is an emotion that occurs more in case of uncertainty and is
actually necessary as a reaction. When the dangers are exaggerated and the level rises, anxiety
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is now considered as a cognitive disorder (Spielberger, 1966). Anxiety can be inherited through
genetic factors, or it can be triggered from the mother's womb onwards and may appear in later
life. Environmental factors and social relationships, negative experiences in the social
environment and lack of self-confidence can lead to anxiety about failure or being criticized.

Numerical anxiety is a variation of anxiety, but it has been observed that there are
differences between numerical anxiety and general anxiety. Numerical anxiety occurs
independently of general mental ability (Dreger and Aiken, 1957) Many reasons such as fear of
failure, being bullied by peers, being subjected to criticism from authority can be factors that
trigger numerical anxiety. Especially in primary school ages, students being subjected to oral
exams by their teachers and then being criticized by the teacher's authority or peers for giving
wrong answers can have an impact on numerical anxiety.

Math phobia or math anxiety is a concept that comes with anxiety and fear and directly
affects performance (Gough, 1954). It is a condition that occurs in all age groups and is shaped
by education, genetic structure, or environmental factors. (Hembree, 1990). Math anxiety is
experienced by 17% of the population and is a mood problem that negatively affects academic
performance (Ashcraft and Krause, 2007). Today, in order to adapt to the developing
technological world, individuals who know math well are needed everywhere in life. However,
individuals with math anxiety tend to stay away from math-related courses and do not focus on
mathematical fields, thus limiting educational opportunities and development (Hembree, 1990).
Given the education system in Turkey, knowledge of mathematics is not mandatory only in purely
verbal fields such as history, geography, or fine arts. An individual with math anxiety may have to
shape his/her career in a different direction because he/she will not actually be exposed to high
mathematical calculations throughout his/her career but will take compulsory math courses at the
undergraduate level. For example, students of the Department of Labor Economics and Industrial
Relations (LEIR) within the Faculty of Economics are generally employed in fields where
mathematical operations are not required. However, the presence of a math course in the
curriculum may restrict an individual who wants to develop a career in this field due to math
anxiety.

In order to prevent individuals from limiting their careers and narrowing their options, math
anxiety is a problem that needs to be well defined, accurately measured and prevented under
possible conditions.

In this study, the math anxiety of first year students of the Economics, Economics,
Finance and LEIR departments of the Faculty of Economics in Turkey was examined. By
determining whether the gender, department and age of the students are related to math anxiety,
it was tried to determine which department caused the difference between the departments.

In the second chapter, mathematics anxiety is discussed in detail within a general
framework, and studies from the literature are mentioned. Then, the measurement techniques for
mathematics anxiety are explained, with a particular focus on the Math Anxiety Rating Scale
(MARS) measurement technique. In the third chapter, the statistical method used, and the
theoretical framework are presented. The fourth chapter covers the findings. In the fifth and sixth
chapters, the results are discussed, and recommendations are provided.

2. The phenomenon of math anxiety

Math anxiety arises for many reasons for students. First, the fear of failure or being compared to
others due to family and society causes many children to grow up insecure in underdeveloped
family structures (Luttenberg et al. 2018). This insecurity initially manifests itself as fear in children
who start their education life. Teachers' approach to students in the ongoing processes is a crucial
step to prevent math anxiety overall (Reys, 2015).

Math boredom and math anxiety are different phenomena. Difficulty in learning math is a
natural consequence of the process; high anxiety and worry while learning math is related to math
anxiety (DeHass et al. 2024). To prevent the distress experienced while learning math from
turning into high anxiety and worry, the process should be managed correctly by teachers,
especially at an early age. Math anxiety at a young age causes individuals to turn to fields that do
not involve math and are not related to math in the later years of their educational life (Ahmed,
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2018). Thus, math anxiety plays a key role in individuals' career choice and career planning. As
a result, there are increasing shortages in math-based disciplines. These deficiencies pave the
way for technological development, scientific progress, and labor shortages in thousands of fields
in which math is involved.

In order to prevent math anxiety from causing a negative situation in individuals' career choices
and adulthood, the anxiety should first be identified.

Studies on math anxiety first emerged in the early twenty-first century (Ashcraft and Kirk,
2001; Ashcraft, 2002). Many studies have investigated the relationship between math
achievement and math anxiety and its causes. The general framework is that math anxiety can
begin at an early age in pedagogical terms, is shaped by environmental and cultural factors during
adolescence, and emerges in adulthood for other individual reasons (Hembree, 1990; Ashcraft,
2002; Ramirez and Beilock, 2011).

As math anxiety has many triggers, factors such as being raised in different societies,
having different educations, different age groups or gender differences have also been the subject
of research as determinants. Looking at literature, gender is a particularly frequently examined
variable. There are many studies measuring math anxiety levels between male and female
students (Karimi A., 2009; Tapia and Il, 2004; Woodard, 2002; Betz, 1978; Royera, 1999;
McGraw, 2006; Rubinsten et al. 2012). There are studies that have found a positive effect
between gender and math anxiety and that women have higher levels of anxiety (Hembree, 1990;
Bernstein, 1992; Baloglu and Kogak, 2006; Hopko, 2003). It is a remarkable fact that women are
less involved in mathematical fields and are not willing to develop their careers in these fields
compared to men due to their high math anxiety (Wang and Degol, 2013). On the other hand,
some studies have found that gender difference has no relationship with math anxiety (Tapia and
[I, 2004; Hackett, 1985; Cooper and Robinson, 1991).

Another variable that has been investigated for its effect on math anxiety is age. There

are basic studies that measure the effects of age, naturally changing educational level, on math
anxiety (Hembree, 1990; Woodard, 2002; Foley, 2017; Ashcraft and Krause, 2007). In some
studies, it has been found that math anxiety among university students is quite high, and that
math anxiety increases with advancing age (Maloney and Beilock, 2012; Frary and Ling, 1983).
Math anxiety, which increases with advancing age, may have a direct impact on career choice
and may be considered as a reason for the lack of labor force in this field.
On the other hand, it is also among the results obtained in the past that the level of math anxiety
varies among students studying in different departments. It has been concluded that students in
departments entered with a high level of achievement have lower levels of math anxiety (Yenilmez
et al. 2007). It is also among the studies in the literature that there is a relationship between the
level of education of parents and math anxiety (Sevindir et al. 2014).

In studies conducted among students who knew that they would be exposed to math and
that they would necessarily be interested in math, it was determined that the level of math anxiety
was related to the awareness of exposure. When performance was measured before and after
individuals knew that they would be exposed to math tasks, it was observed that the performance
of individuals with known math anxiety decreased (Beilock and Carr, 2005). Using neuroimaging
techniques, it has been found that there is increased activation in brain regions related to fear and
stress in individuals when it is known that they will be exposed to math (Lyons and Beilock, 2012).
On the other hand, it was also observed that knowing that they will be exposed to math is a
psychological preparation for students and reduces anxiety levels (Brooks, 2013). It was found
that knowing that they would be exposed to math as a result of individuals learning to cope with
stressful situations reduced math anxiety (Jamieson et al. 2010; Park et al. 2014).

2.1. Measurement of math anxiety

Not only math anxiety has many causes, but also its consequences are challenging for individuals.
Even performing any numerical calculation encountered in the course of life can cause elevated
levels of anxiety and fear for individuals with math anxiety. Academically, students take many
mathematical courses from primary school to university education. For students with math anxiety
at an early age, learning can become increasingly difficult. For students with math anxiety at an
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older age, academic failure as a result of math anxiety can hinder their career and professional
development. For this reason, it is important to identify the variables that cause anxiety, measure
the level of anxiety accurately, and reduce the level of anxiety.

With the development of various measurement tools, different variables and perspectives
have helped to measure and assess math anxiety. First, the Math Anxiety Rating Scale (MARS)
was developed as a psychological measurement tool to assess math anxiety (Richardson and
Suinn, 1972). Subsequently, the Math Anxiety Questionnaire (MAQ) and the Abbreviated Math
Anxiety Scale (AMAS) were developed (Williams and Meece, 1988; Hopko, 2003). However, with
the developing technology, anxiety has become a disorder that can be measured with
neuroimaging techniques and math anxiety has started to be measured experimentally using
imaging techniques. (Batashvili et al. 2019). Techniques developed and widely used for the
measurement of math anxiety.

i.MARS: It is the most frequently used measurement technique to measure and assess math
anxiety. It was developed by Richardson and Suinn in 1972 (Richardson and Suinn, 1972). It is
aimed to measure the degree of anxiety of the participants through their answers to the
questions.

ii.Math Anxiety Scale (MAS): It is one of the scales measuring math anxiety that has proven its
validity for different populations and situations (Ashcraft and Kirk, 2001). It is a measurement
technique consisting of 23 questions and 21 questions, excluding gender and age questions,
aiming to measure the anxiety levels of the participants towards math.

iii.MAQ: A measurement technique that measures participants' anxiety levels when dealing with
mathematical tasks (Carey et al. 2017). Likewise, this measurement technique aims to measure
the anxiety levels of the participants during mathematical operations.

iv.Math Anxiety Scale for Children (MASC): A measurement technique used for children and
designed for younger age groups (Ashcraft and Kirk, 2001).

v.Scale for Early Math Anxiety (SEMA): Another measurement technique designed to measure
children's math anxiety in the early learning ages (Zhang et al. 2019).

2.2. MARS

In this measurement technique developed by Richardson and Suinn, it originally consisted of 98
questions and the participants are asked to answer on a 5-point Likert scale (No anxiety at all - A
lot of anxiety). Its reliability has been tested by many studies in literature, and it is used as an
effective method. It consists of a series of questions based on participants expressing their anxiety
levels when they encounter or think they will encounter mathematical operations. In some of the
questions of the MARS measurement technique, it was aimed to determine the change in anxiety
caused by the approach of the exam, together with the time phenomenon, when they thought that
their math exams were approaching. The change in anxiety caused by knowing that they will be
exposed to mathematical operations after 1 week or after 1 hour is also tried to be determined
with the questions.

Since the original version contained 98 questions, a shorter version with 30 questions
was developed by Suinn and Winston in 2003 while maintaining reliability and basic structure.
(Suinn and Winston, 2003). Thus, the same reliability and validity were maintained, saving time
and being a less laborious measurement technique for the participants. It is referred as MARS-S
in literature.

3. Method

In Turkey, university entrance is through a centralized examination system called ‘Higher
Education Institutions Examination’ (HEIE). This exam is organized by Measurement, Selection
and Placement Centre and is held every year. HEIE consists of two main sessions. The first
session, the Basic Proficiency Test (BPT), is compulsory for all candidates. It includes questions
from basic courses such as Turkish, Math, Science and Social Sciences. Students who want to
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be placed in any undergraduate program must be successful in the second session called the
Field Proficiency Test (FPT). In FPT, candidates are responsible for the courses related to the
field they have chosen in high school (such as science, social sciences, equal weight, or
language). Candidates are placed in universities based on their scores from these three sessions
and the quotas of the programs they prefer. Even if the students have high math anxiety or low
math achievement at high school level, they have to solve the math questions in the BPT test in
order to enroll in any undergraduate program at high quality universities. At the undergraduate
level, Math courses are given in many departments and students must be successful in Math
courses in order to graduate.

Within the scope of this study, The data was obtained from a survey conducted in 2023
with students from 4 different departments (Econometrics, Economics, Public Finance and LEIR)
of a state university in Turkey, Faculty of Economics, where two Math courses (Calculus | and
Calculus Il) are compulsory in the freshman year, were examined and the following hypotheses
were sought to be answered:

i. Is the gender of the students effective on their math anxiety?
ii. Is the department of study related to math anxiety?
iii. Is there a decrease in math anxiety with increasing age?

A questionnaire form consisting of shortened version of the MARS-S questionnaire and age,
gender and departmental questions were applied face-to-face to students who consistently
attended Math courses.

4. Results

SPSS program was used to test the hypotheses. The distribution of the participants in terms of
age, gender and department is as follows:

Table 1. Descriptive statistics
Value Label N

Gender Woman 108
Man 64

Department Public Finance 26
Economics 53
LEIR 45
Econometrics 48

Age 18 39
19 63
20 45
21 25

According to Table 1, 62% of the students participating in the study are female and 58%
are male. When the distribution based on departments is analyzed, 30% of the participants are
from the Economics department, which has the highest number of students in the faculty. The
economics department is followed by Econometrics, LEIR and Public Finance departments with
an equal number of students enrolled in the course. It is noteworthy that the participation rate of
Public Finance students in the math course is low. Since all participants were first-year students,
their ages ranged between 18 and 21.
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Table 2. Anxiety scores by department
95% Confidence Interval
Department Mean Std. Error Lower Bound Upper Bound

Public Finance 78,225 3,336 71,640 84,811
Economics 71,061 2,297 66,526 75,596
LEIR 79,522 2,569 74,450 84,594
Econometrics 67,519 2,423 62,736 72,302

Table 2 shows the average anxiety scores of the students on the basis of departments.
According to this, the department with the highest average anxiety score is LEIR. LEIR
department is followed by Public Finance, Economics and Econometrics departments
respectively.

Estimated marginal means of anxiety

score DEPARTMENT

85

——  Public Finance

——  Economics
LEIR
Econometrics

Estimated Marginal Means
-1
E
i

=)
o
1

60

Women Men

Figure 1. Anxiety scores by gender and department

In Figure 1, students' anxiety scores are presented according to their department and gender.
According to this, it is possible to say that the anxiety scores of female students are significantly
higher than male students for all departments. While the average anxiety score of female students
was 79.34, the average score of male students was calculated as 68.82. The highest anxiety was
observed in female students studying in LEIR, while the lowest anxiety was observed in male
students studying in Econometrics.
Analysis of Variance (ANOVA) was used to examine whether there is a statistically significant
difference between the students' math anxiety according to their departments, age, and gender.
Analysis of variance is a statistical method used to evaluate whether there is a significant
difference between two or more group means. If there are two means, it will give the same result
with the t-test. If more than two means are evaluated, the t test can be used more than once, but
this causes the rate of Type 1 error (rejection of the null hypothesis, which is actually true) to
increase too much. (Kalayci, 2006). Since the analysis is a parametric method, normality and
homogeneity assumptions must be met (Akbabaoglu and Duban). The normality assumption, one
of the assumptions of the analysis, was evaluated according to the skewness and kurtosis
coefficients, and since these values were within the specified range, it was interpreted that the
normality assumption was met. In the next stage, the assumption of equality variances was
checked by Levene test.
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Table 3. Levene Test
F df1 df2 p value

0,815 7 164 0,576

As a result of Levene's test, the null hypothesis which states that the groups are
homogenous could not be rejected (p>0.05). In other words, it is possible to say that the
homogeneity assumption is met. Since all assumptions are met, the ANOVA test can be applied.

Table 4. ANOVA results by departments

Sum of Squares  df Mean Square F p value
Contrast 4130,910 3 1376,970 4,929 ,003
Error 46651,090 167 279,348

Table 4 shows the ANOVA results examining the relationship between students’ math
anxiety and the department of study. According to the findings obtained, it was seen that there
was a statistically significant relationship between the department and math anxiety at 95%
confidence level (p<0.05). The Least Significant Difference (LSD) pairwise comparison test was
performed to determine from which departments the difference originated.

Table 5. LSD test result

95% Confidence Interval for Difference

Department Department Mean Difference Std. Error p value Lower Bound Upper Bound
Public Finance Economics 7,165 4,039 ,078 -,808 15,138
LEIR -1,297 4,117 , 753 -9,426 6,832
Econometrics 10,707 4,089 ,010 2,634 18,779
Economics Public Finance -7,165 4,039 ,078 -15,138 ,808
LEIR -8,462 3,432 ,015 -15,238 -1,685
Econometrics 3,542 3,334 ,290 -3,039 10,123
LEIR Public Finance 1,297 4,117 , 753 -6,832 9,426
Economics 8,462 3,432 ,015 1,685 15,238
Econometrics 12,003 3,491 ,001 5,111 18,896
Econometrics Public Finance -10,707 4,089 ,010 -18,779 -2,634
Economics -3,5642 3,334 ,290 -10,123 3,039
LEIR -12,003 3,491 ,001 -18,896 -5,111

According to Table 5, which presents the results of pairwise comparisons between
departments, no significant difference was found between the math anxiety levels of Public
Finance and LEIR students at 90% confidence level (p>0.10). The same situation is also valid for
the students of the Economics and Econometrics Department (p>0.10). However, it can be said
that there is a statistically significant difference between the math anxiety levels of Public Finance
and Economics and Econometrics students; and between LEIR and Economics and
Econometrics students (p<0.10). In summary, in terms of math anxiety, LEIR students and Public
Finance students have similar characteristics with Public Finance students, and Econometrics
students have similar characteristics with Economics students. When the analyses are made at
95% confidence level, it is observed that LEIR students are different from both Economics and
Econometrics students and Public Finance students are different from only Econometrics
students in terms of math anxiety (p<0.05).
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Table 6. ANOVA results according to gender

Sum of Squares df Mean Square F p value
Contrast 4295,441 1 4295,441 15,377 p<0.05
Error 46651,090 167 279,348

ANOVA results examining the relationship between math anxiety and gender are given
in Table 6. Since the number of groups is two (female and male), ANOVA and t test will give the
same results. According to this, it can be said that there is a statistically significant relationship
between students' gender and math anxiety at 95% level of significance (p<0.05). Finally, no
significant difference was found between students' age and math anxiety.

5. Discussion

According to the findings of the study, there is a significant relationship between students' gender
and math anxiety. As in the studies of Baloglu and Kogak (2006), Vos et al. (2023), Galiano et al.
(2023) and Yu et al. (2024) it was found that women's math anxiety was higher than men. This
situation may cause women not to be willing to work in jobs that require the use of math.
Considering the importance of math particularly for graduates of the Faculty of Economics, this
situation creates a significant disadvantage for Turkey, where the female labor force is less than
the male labor force for assorted reasons.

Another meaningful difference was observed between the departments in which the
students of the Faculty of Economics study. While the students of Economics and Econometrics
departments had lower math anxiety, the students of Public Finance and LEIR departments had
higher math anxiety. Comparable results were obtained in the study of Yenilmez et al. (2007).
When the syllabus of the departments was analyzed, it was found that the students of LEIR and
Public Finance departments took more legal and political courses whereas math courses were at
a more basic level. On the other hand, it was observed that the syllabus of Economics and
Econometrics department students consisted of courses with high math content. It is an
understandable result that the anxiety levels of the students who made their preferences knowing
that the exposure to math would be intense were low. There are studies in the literature showing
that exposure awareness reduces anxiety levels (Beilock and Carr, 2005).

No meaningful relationship was found between the age of the students and math anxiety.
It is an expected result that the groups do not differ in terms of age since the ages of the group
analyzed are remarkably close.

6. Conclusion

According to Freud, anxiety is a condition that occurs as a result of the individual's inner world
and unconscious processes and functions as a defense mechanism for the individual (Starkstein,
2018). Numerical anxiety, which is a type of anxiety, can occur independently of mental ability,
unlike general anxiety. Math anxiety is a concept that is seen in 17% of the population and
negatively affects academic achievement, where fears and worries about math negatively affect
performance. Individuals with math anxiety tend to avoid math-related courses. In the education
system in Turkey, math education is compulsory in most departments. Math anxiety is an
important problem that can affect individuals' career choices, direct them to fields that do not
require mathematical ability, and limit their career choices and professional development.
Therefore, it is important both at individual and societal level to correctly identify the causes of
anxiety, to evaluate it with appropriate measurement techniques and to remove individuals from
this anxiety.

This study examined the math anxiety of students studying at the Faculty of Economics
of a state university in Turkey. In particular, it was investigated whether the gender, department
and age of the students were related to math anxiety.

The results of the study show that gender has a significant effect on math anxiety. Female
students experience higher levels of math anxiety compared to male students. This finding is
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consistent with previous studies in the literature and can be considered as one of the reasons
why women are less involved in mathematical fields.

When analyzed in terms of the department of study, it was determined that LEIR and
Public Finance students experienced higher levels of math anxiety compared to Econometrics
and Economics students. In particular, students in departments that are not related to
mathematical operations have more anxiety towards math courses. In this context, it is suggested
that teaching methods and course content should be restructured to reduce students' math
anxiety.

In future studies, the effect of other variables such as the educational level of the family
and their tendency towards math and the general anxiety level of the students can be evaluated
by examining a larger group.
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