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Abstract: The plethora of research studies on the impact of the COVID-19 pandemic on education
gives us a first picture of the difficulties and challenges encountered at the various educational
levels, especially at the elementary level, by students aged from 6 to 12 years old. The aim was to
examine the existence of math anxiety in primary education and how math anxiety differentiates
performance according to gender during the COVID-19 confinement. A quantitative empirical
research carried out, using a fifteen-question questionnaire, with a 5-point Likert scale, which
employed the Mathematics Anxiety Rating Scale (MARS), the Mathematics Anxiety Scale (MAS),
the Abbreviated Math Anxiety Scale (AMAS) and a math test. The sample consisted of 173 Greek
sixth grade students. The questionnaire and the math test were provided to the students by the
teachers at the beginning of the school year in September 2021. Sixth graders, especially girl
students, get quite anxious when involved with math learning activities. Math anxiety affected more
girl than boy students’ grades in the math test. Math anxiety affected primary 11 to 12-year-old
students, while girl students exhibited higher math anxiety than their counterparts. In addition,
math anxiety affected girls’ performance in the math test.
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INTRODUCTION

One issue we need to clarify from the start is the differences between distance education and
emergency digital education implemented during the pandemic. Distance education is an
alternative and flexible learning option for learners, an interdisciplinary field that has evolved over
time and is characterized by the spatial distance that separates instructors from learners, the use of
specialized digital resources and tools designed to respond to particular learning needs and
guidance through open educational practices (Bozkurt et al., 2019; Zawacki-Richter et al., 2020).
In contrast, emergency online digital education was formed without long-term planning in a short
period of time. It was a necessity for educational systems to respond to the special conditions of
the total ban on mobility that prevailed around the world and the general shift to teleworking and
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social distancing. It was therefore an obligation, a temporary educational solution that tried to
respond to existing problems that forced educational communities to temporarily adopt different
strategies and set different priorities in the educational process (Bozkurt & Sharma, 2020).

The rich literature that has developed at a rapid pace around the question of the effects of the crisis
on education gives us a first picture of the difficulties and challenges that the various educational
systems encountered as well as of the ways and innovations that they developed to adapt to the
new conditions (Bao, 2020; Flores & Gago, 2020; Moorhouse, 2020).

Greece, like most countries, announced emergency remote teaching at all levels of education in
March 2020 (UNESCO, 2020). In a short period of time, the educational units were called on to
adapt to the urgent and unpredictable condition of the spread of the pandemic due to the COVID-
19 disease by taking the necessary measures to limit movement from place to place, gatherings
and communication. In order to continue in safe conditions, the educational units were asked to
interrupt the learning process requiring physical presence in the classrooms and to adapt to the
emergency distance education model (Crompton et al., 2021).

The literature review clearly shows that the consequences of the pandemic were more severe on
children (Fore, 2020; Lee, 2020; Liu et al., 2020). School closures had serious psychosocial effects
on children (Spinelli et al., 2020). Children; showed high levels of anxiety and insecurity, as they
had great difficulty understanding what was happening (Shapiro et al., 2020).

The long period of online learning and the substantial interruption of all those factors present in
live teaching raises concerns about the effects on the cognitive development, the motivation to
learn and the learning progress of children. It was imperative that the school developed a
comprehensive plan to address the potential learning and mental health needs of children (Ghosh
et al., 2020; Phelps & Sperry, 2020).

ICT integration in the modern classroom has already been advocated by the OECD (2001) and
used in different situations (Crompton et al., 2021). However, until the onset of the COVID-19
pandemic, the majority of European educational systems had not altered their primary method of
instruction—that is, teaching in classrooms (Schleicher, 2020).

While the coronavirus pandemic brought digital learning into educational institutions, the vast
majority of schools and teachers was caught unprepared and struggled to adapt to the new teaching
framework (Hodges et al., 2020), 'victimizing' certain groups of students, such as females.

According to a flurry of new studies (e.g., Patrinos et al., 2022; Werner & Woessmann, 2023), the
COVID-19 pandemic was an obstacle that hindered students’ learning. For example, Di Pietro's
(2023) meta-analysis, with a view to investigating the impact of COVID-19 on student
achievement—239 estimations from 39 studies spanning 19 nations were included in the
collection—found that the learning results were generally negatively impacted by the COVID-19
pandemic, i.e., students have fallen behind in math and science compared to other subjects, while
students are still recuperating from the initial learning losses at least one year following COVID-
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19; thus, new studies are needed because findings from new studies will show the level of the
impact of school closure during the pandemic on students' learning and on education in general.

According to the World Economic Forum (2022), the full effects of the COVID-19 pandemic are
just now beginning to become apparent, thus future effects on students' competencies, abilities,
knowledge (Hanushek & Woessmann, 2020), and the psychological aspects of learning should be
taken into consideration.

Determining whether and to what extent the interruption of face-to-face instruction resulted in
student learning deficits is crucial for this reason. In order to help students recover from the
learning deficit brought on by the closure of schools during the COVID-19 pandemic, educators
and decision-makers in the field of education must first identify the categories of students who
may require additional support (Di Pietro, 2023).

Since a part of empirical studies points out gender differences in e-learning (Devine et al., 2012;
Drabowicz, 2014; Wongwatkit et al., 2020; Khasawneh et al., 2021; Bertoletti et al., 2023) it is
censorious to investigate, among other factors, MA gender differences and performance in digital
environments, because one of the main driving factors interpreting this gender gap is the students’
anxiety during the COVID-19 school closure (Bertoletti et al., 2023). Meanwhile, to date
few studies have explored specific gender differences in online-learning math activities (Aguillon
et al., 2020), e.g. math anxiety. Therefore, the overall objective of the research is to determine the
level of math anxiety and in what way it affected sixth graders’ math performance during the
school closure in the COVID-19 pandemic.

The three specific pointed objectives are:

e To confirm the existence of math anxiety in sixth graders
e To determine whether math anxiety differs in gender
e To assess performance in relation to math anxiety during the COVID-19 lockdown period.

Finally, the main research question addressed by the research is how math anxiety affects the
performance of sixth-grade students in mathematics during the COVID-19 pandemic, followed by
a second one exploring the existence of math anxiety among sixth graders.

LITERATURE
Math anxiety

While some difficulties with mathematics can be linked to a lack of understanding of the material,
other difficulties can be brought on by emotional issues. The term MA refers to the adverse
emotional response that is triggered when someone meets a mathematical task, according to Cipora
et al. (2015). MA, which is defined as a negative emotional reaction to mathematics, may affect a
person's ability to accomplish mathematical assignments. Furthermore, MA makes students feel
less confident about their mathematical skills and keeps them from generally relishing their
journey into the "mathland."
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To help understand when the state of MA is triggered, the ‘Growth Zone Model’ of Johnston-
Wilder et al. (2013) was deployed. As shown in Fig. 1, there are three zones when the student
tackles a mathematical situation: the Comfort zone, where the students feels confident; the Growth
zone, where the students experiences learning; the Anxiety zone, where the students begins to
expose themselves to math anxiety.

ANXIETY ZONE
1. Helplessness

2. Uneffectiveness
3. Fear JAngry

4, Impaired fTearful

GROWTH ZONE
1./Develon skills

2. Take risks

3. Learning happens

COMFORT ZOME
1. Confidence
2. Mo help needed
3. Competence

Figure 1: Growth Zone Model

MA is a condition which can cause several symptoms, including emotional -for instance, feelings
of apprehension, aversion, tension, distress, irritation or fear-, physical -for instance, butterflies,
tachycardia, struggling to catch your breath-, or behavioral -for instance, not acting properly in
class, avoiding math assignments and studying (Hembree, 1990). Young school children are
reported to exhibit math anxiety from approximately the age of six (Krinzinger et al., 2009; Beilock
et al., 2010; Vukovic et al., 2013). As Dowker et al. (2016) mentioned, negative attitudes towards
mathematics usually increase at the age of secondary school and remain during post-secondary
education and throughout adulthood. It is hard to determine how often math anxiety occurs,
because measurements of math anxiety are continuous and there is no clear limit regarding whether
an individual is math-anxious or not (Devine et al., 2018).

Math anxiety has an impact on individual wellbeing — e.g., some students will face their math
lessons with fear or skip their math homework due to a dislike of experiencing negative emotions
(Dowker et al., 2016). Additionally, intellectual factors may be associated with MA. Although
there is increasing evidence that children demonstrate MA as early as first grade (Ramirez et al.,
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2013), little is known about the change of MA across childhood. Few studies showed that the level
of MA increases with age (Dowker et al., 2012; Krinzinger et al., 2009).

Children with developmental dyscalculia (a specific deficit in the acquisition of mathematics
skills) and other learning disabilities in mathematics are more likely to have MA (Rubinsten &
Tannock 2010; Passolunghi, 2011). Furthermore, MA may be influenced by an individual’s other
personal characteristics. For instance:

e Gender - girls are more likely to experience anxiety about math (Bieg et al., 2015);

e Self-esteem - a lower self-esteem leads to higher levels of math anxiety (Abbasi et al.,
2013);

e Instruction and learning style — students who had more negative experiences with
instructional methods had higher levels of MA compared to those who had fewer negative
experiences (O'Leary et al., 2017), and

e Attitude towards math — those who generally like math usually appear to have lower math
anxiety levels than those who dislike it (Kargar et al., 2010).

Math anxiety and Gender differences

Studies regarding adult populations have revealed females to have higher MA than males
(Ferguson et al., 2015; Van Mier et al., 2019).

Girls showed greater anxiety than boys in the majority of the PISA participating nations (OECD,
2013). In addition, experts are increasingly of the opinion that MA develops in childhood (Vukovic
et al., 2013). Studies examining gender-related MA in elementary education during the COVID-
19 pandemic are few, nevertheless. Although some studies found no gender differences, other
research has found that there exists a MA gender difference among students in elementary schools
(Griggs et al., 2013). However, recent research by Puteh and Khalin (2016) found no differences
in MA levels between male and female students. Yet, it is ambiguous if boy or girl primary school
students experience different levels of MA (Hill et al., 2016).

Collectively, although previous reports on MA differences between genders have been based
upon results obtained from secondary school samples, MA differences are likely to develop during
primary school years or even earlier (Hill et al., 2016). For example, in the study of Mitchell and
George (2022), the mathematics anxiety score for males was lower than that of female sixth grade
students.

Ayuso et al. (2020) mentioned more negative feelings for girls than boys during primary education
years in math classes, which was later confirmed by the research of Arnal-Palacian et al. (2022).
Thus, according to Ayuso et al. (2020) during the teaching of mathematics in primary education,
girls experience less positive emotions, which is in the same line as the conclusions of Hembree
(2990). On the other hand, Sorvo et al. (2017) found no gender differences in second to fifth-grade
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students in Finland at the beginning of the school year and stated that math anxiety appears later
in the school year in some situations during the lesson, as in question-and-answer exercises, where
the researchers found that it was higher among girls than boys.

Effective learning of mathematics at in primary education is often a challenging situation for most
school-aged children. The research of Mata et al. (2022) suggested that primary education
students’ emotions are complex and it is important to understand them to improve math learning
outcomes.

Math anxiety and performance

Around seventy years ago research by Dreger and Aiken (1957) revealed mathematics anxiety and
since then it still seems to majorly affect students’ performance (Siaw et al., 2021). By common
confession, MA is described as a predominantly negative emotion, which, in the literature, has
been linked to a multitude of reactions. Cemen (1987) reports that students with math anxiety were
so overwhelmed by negative emotions that they could not assimilate mathematical concepts, no
matter how well someone explained them.

Since then, a plethora of studies have pointed out math anxiety as a significant criterion of learning
mathematics and of low students’ test-scores, for both standard and custom assessments, with an
impact on school grades (e.g. NUfiez-Pefia et al., 2013; Foley et al., 2017; Zhang et al., 2019; Siaw
et al., 2021) and performance (Gunderson et al., 2018; Yuan et al., 2023). For example, in their
research on the effects of math anxiety on student achievement, Nunez-Pena et al. (2013)
concluded that math anxiety is the most critical factor explaining low test scores of students at
university.

Math anxiety is an important cause of math difficulties, as students who are highly apprehensive
about math tend to fail math-related activities more often than students who do not experience
such anxiety (Caviola et al., 2017). In addition, negative thoughts are evoked in the person, as they
believe they may fail, and they are essentially confused when dealing with the negative thoughts
and solving a math problem at the same time (Ashcraft & Kirk, 2001). Although moderate levels
of stress can help to enhance motivation, excessive stress can become detrimental (Wang et al.,
2015).

Moreover, a recent meta-analysis of 49 studies (Zhang et al., 2019) suggested a powerful negative
link between math anxiety and performance, especially among older high school students. In
addition, they found a more solid correlation between math anxiety and performance amid students
from Asia than amid students from Europe or America. A cross-national study of Yuan et al. (2023)
used a sample group of 17,284 fifteen-year-old students from the PISA-2012 database, regarding
mathematics performance and MA, which firmly established negative effects of math anxiety in
math performance in either lower or higher math achievement countries.
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However, in reference to primary school children, the relationship between MA and mathematics
performance remains unclear. Findings from previous studies are contradictory, with some studies
suggesting that primary school students' MA is unrelated to achievement (e.g. Dowker et al., 2012;
Haase et al., 2012). In particular, in their research, Dowker et al. (2012) studied the relationship
between mathematics achievement, mathematics anxiety, unhappiness due to low achievement,
willingness to engage in mathematics and self-assessment concerning primary school students
studying in the third grade (ages 7-8) and in the fifth grade (ages 9-10). The students were asked
to solve exercises that required numeracy skills, as well as to complete a questionnaire on attitude
and anxiety towards mathematics. The results of the research showed that MA was not related to
performance, in contrast to self-assessment, which showed a significant correlation. Meanwhile,
other scholars suggested the existence of a negative correlation with mathematical performance at
this age (e.g. Harari et al., 2013; Jameson, 2013; Vukovic et al., 2013; Wu et al., 2014;
Villavicencio & Bernardo, 2016; Gabriel, 2022).

Similarly, Wu et al. (2014) investigated the relationship between early math ability, math anxiety,
and internalizing-externalizing behaviors in a group of 366 second and third grade students. The
research showed that math achievement is negatively correlated with MA. In regard to the gender
differences in math performance, the UN published news in concerning the global fight for gender
equality and opportunity, specifically in relation to gender differences in math performance,
showing that girls are now performing as well as boys in the classroom when it comes to
mathematics - despite the fact they are hampered by numerous hurdles (United Nations, 2022).

METHOD
Participants

The number of primary school students participating in the research was N=173. Four out of seven
elementary public schools responded positively and finally participated in the research, after
getting the necessary ethical approvals. Schools were selected randomly. Also, all students were
attending sixth grade at public schools in Attica, Greece; in the research sample, 69 were male
students and 104 were female students.

Procedure

The research was empirical and used the quantitative approach using as a tool a questionnaire
consisting of 15 statements/items regarding MA and a test in mathematics containing exercises on
fractions. In the MA questionnaire, a five-point Likert scale indicated whether the students
“strongly agree” (weighted 5 points), “agree” (weighted 4 points), “maybe” (weighted 3 points),
“disagree” (weighted 2 points) or “strongly disagree” (weighted 1 point). Then, the following
formula was used to find the mean value of each statement for each student and for their gender
This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial

purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must
license the modified material under identical terms.


https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

- MATHEMATICS TEACHING RESEARCH JOURNAL 220
TEACHING Golden Fall 2024
RO et Vol 16 no 4

add all the weights, then divide by 8, number of positive feelings statements, or by 7, number of
negative feeling statements. In order to calculate the mean value of all negative feeling or positive
feeling statements for the two genders, the mean values of all boys or girls were summed up and
divided by 69 (number of boys in the sample) or by 104 (number of girls in the sample). At the
end, the total scores for each feeling question were converted into a percentage, and rounded off
to the nearest integer. In addition, the mean value of positive feelings and negative feelings was
calculated for each gender.

Next the mean value of the 15 statements/items of MA questionnaire as well as the mean value of
mathematics test for each student was calculated. For the interpretation of MA questionnaire’s
mean value, a higher mean value indicates higher math anxiety. In addition, the math test was
formulated based on the teacher’s textbook using similar items.

Instruments

The data was collected via a structured questionnaire related to the student experience of MA, and
was administered in schools. The questionnaire consisted of two parts. Part A requested
information, about gender and age, while the fifteen questions in Part B collected information
about the MA level of the students; 7 questions on negative feelings and 8 questions on positive
feelings. The questionnaire consisted of the following statements (1, 4, 5, 6, 8, 11, 13, 15 on
positive feelings about mathematics and 2, 3, 7, 9, 10, 12, and 14 on negative feelings about math):

1. | have usually been at ease in math 9. Even though 1 study, math seems
classes. unusually hard for me.
2. | see math as a subject | will rarely use. 10.1 am wunable to think clearly when
3. I’'m not good at math. working in mathematics.
4. Generally, I have felt secure about doing 11. Knowing mathematics will help earn a
math. living.
5. I’ll need mathematics for my future work. 12. Math has been my worst subject.
6. 1 usually get good grades in mathematics. 13.1 think I could handle more difficult
7. 1 don’t think that I could do advanced mathematics.
math. 14.’m not the type to do well in
8. It wouldn’t bother me at all to take more mathematics.
math classes. 15. Math doesn’t scare me at all.

The questionnaire was designed to measure student math anxiety and to examine math anxiety
gender differences. Response options followed a 5-point Likert scale; Notatall — 1, 2, 3, 4, 5-Very
much.
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The next measurement scales were used as references: The Mathematics Anxiety Rating Scale
(MARS), the Mathematics Anxiety Scale (MAS), and the Abbreviated Math Anxiety Scale
(AMAS). For example number 6 “I usually get good grades in mathematics” derive from the
statement “Waiting to get a mathematics test returned in which you expected to do well” of MARS
survey. MARS and MAS are the most widely cited measurements used to explore math anxiety
(Luttenberger et al., 2018) and the AMAS is acknowledged as suitable for testing math anxiety for
students between 11 and 16 years old (Devine et al., 2012), while it can also work competently in
contexts with cultural and linguistic diversity (Cipora et al., 2015).

In addition, the math test examined students’ both mathematical knowledge of fractions and how
well they can use that knowledge to solve problems. The problem given to the students was “five
friends ordered two same size pizzas” as seen in the Figure 2.

(a) (b)

Figure 2: The shape of the two pizzas

A. Vasilis ate 5 pieces of pizza (a), Georgios ate 3 pieces of pizza (b), and Margarita ate one
piece of pizza (a).

1. Write the fraction of the pizza they ate separately.

Vassilis ate....... of pizza (a), Georgios ate........ of pizza (b), and Margarita ate ...... of
pizza (a).

2. Write each fraction of the pizza they ate in ascending order using the less-than sign.

J AN T U
B. Georgios ate g of pizza (a) and Marcos ate % pizza (b). Who ate more pizza?
Check the correct answer: 1) Georgios 1) Marcos

C. Georgios ate z of pizza (a) and Maria ate g of pizza (b). Use number lines to compare the
fractions.
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Check the correct answer: i. Georgios ate more
ii. They ate the same amount of pizza

iii. Maria ate more
D. Vasilis ate g of pizza (a) and % of the same pizza.

i. Total part of pizza eaten by Vasilis:

Check the correct answer: A. i B.

»lw
O
|

ii. Maria said “Only a slice of pizza (a) is left”.

I. Agree I1. Disagree

Data analysis

Statistical tests were conducted, one non-parametric test and two parametric tests. The non-
parametric Kruskal-Wallis test was applied to assess significant differences in the dependent
variable “math test score” by the independent variable “math anxiety”. Two independent t-tests
were conducted for the dependent variables “Mean scores of Negative feeling” and “Mean scores
of Positive feeling” across the independent variable “Students' Gender”.

The SPSS 21 statistical software was the major statistical tool processing the data while the Excel
application was used for the other calculations; the percentages and the mean values.

Reliability and Validity

It was determined to establish the validity and reliability of the research instrument because it had
been altered to fit the research. The criteria set for the evaluation survey questionnaire put out by
Good and Scates (1954) followed in determining the validity of the research instrument. Good and
Scates instrument had eight criteria (this research used an instrument of ten criteria, see Appendix
3) for validation of research instruments by experts: 1) Is the question on the subject? 2) Is the
question perfectly clear and unambiguous? 3) Does the question get at something stable?
Something relatively deep-seated, well-considered, non-superficial, and not ephemeral, but
something which is typical of the individual or the situation? 4) Does the question pull? 5) Do the
responses show a reasonable range of variation? 6) Is the information obtained consistent? 7) Is
the item sufficiently inclusive? 8) Is there a possibility of using an external criterion to evaluate
the questionnaire?
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The validity of the research tool was evaluated by three experts, yielding a validity rating of 4.55;
mean value of the eleven number-responses. This validity index shows that the redesigned research
instrument had excellent levels of validity. According to Tavakol and Dennick (2011), the alpha
range should be between 0.7 and 0.9. Cronbach alpha computed and determined reliability alpha
overall coefficient to be 0.87. Cronbach alpha for negative feelings was 0.88 and for positive
feelings Cronbach alpha was 0.86. These reliability coefficients demonstrated a high level of
instrument reliability.

RESULTS
Results for MA

Primarily, the questionnaire was designed to provide information about the MA at the primary
educational level. Secondarily, but not of lesser importance, the questionnaire was used to gather
data regarding the gender differences with regard to MA. The following Figure 3 demonstrates
that girls have lower confidence than boys concerning their math skills.

The results concerning positive feelings about mathematics statements 1, 4, 5, 6, 8, 11, 13, 15),
show that girls have a lower score than boys. However, in statement 4, "Generally | have felt secure
about trying math", as well as in statement 6, "I usually get good grades in mathematics" the girls’
percentage is quite high, demonstrating that girls are competitive. On the other hand, it is worth
noting that girls scored very low compared to boys in all positive-feeling statements, hence,
reporting greater emotional stress towards mathematics.

0,
80% o 0
68% c6% 70%
70% 8
6 64% 62% o1 64%

60%

509 47%

400 37%
0% 2%
0,

30% 23% 25% 0 W B2 B B
20%
10%

0%

1 4 5 6 8 11 13 15 Average

H Boy student M Girl student

Figure 3: Gender percentages for the positive-feeling statements
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In coherence with the previous results, the bar graph in Fig. 4 revealed a high percentage of
negative feelings for the girls suggesting a ‘handicap’ in relation to math skills. It can be seen from
the results of the negative-feeling scores about math statements 2, 3, 7, 9, 10, 12, 14) in Fig. 4.
Girls have a much higher score than boys. Therefore, the results depicted in Figure 4 support Figure
3 findings associated with the undoubtedly negative influence math anxiety has on girl students.
Furthermore, this suggests a strong negative emotional reaction towards math on behalf of girls. It
can be seen that the percentages of statement 10, “I am unable to think clearly when working in
mathematics” are of great interest; the corresponding percentage of girls was 65% and that of boys
was 32%. It may well be argued that these high percentages revealed that both genders had
experienced difficulties when they were dealt with math assignments.

Moreover, the girls’ high-percentage score (74%) in statement 9, “Even though I study, math
seems unusually hard for me”, highlights issues relevant to the instruction of mathematics in sixth
grade. Therefore, issues related to instructional problems are a challenge for teachers to consider
and deal with. Although the results showed a higher rate of mathematical anxiety for girls than
boys, even boys were exposed to a moderate level of math anxiety.
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Figure 4: Gender percentages for the negative-feeling statements

Next, Table 1 summarizes the results of all the previous data from Figure 3 and Figure 4 concerning
the percentages for each statement of positive and negative feelings about mathematics for both
genders.
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Statement Emotion Boy Girl

1. I have usually been at ease in math classes. positive 47%  23%
2. | see math as a subject | will rarely use. negative 16% 58%
3. I’m not good at math. negative 15%  62%
4. Generally, | have felt secure about doing math. positive 64% 32%
5. I’ll need mathematics for my future work. positive 68%  25%
6. | usually get good grades in mathematics. positive 2% 37%
7.1 don’t think that I could do advanced math. negative 26%  69%
8. It wouldn’t bother me at all to take more math classes. positive 66% 23%
9. Even though I study, math seems unusually hard for me. negative 22% 74%
10. I am unable to think clearly when working in mathematics. | negative 32% 65%
11. Knowing mathematics will help earn a living. positive 22% 62%
12. Math has been my worst subject. negative 19% 52%
13. I think I could handle more difficult mathematics. positive 61% 24%
14. I’'m not the type to do well in mathematics. negative 21%  64%
15. Math doesn’t scare me at all. positive 70% 26%

Table 1: Display (%) of gender emotions about Mathematics

Results of Gender math anxiety test

For a better understanding of the results, the percentages of the mean value of positive and negative
responses were calculated for each gender. By looking at Figure 5, it is obvious that math anxiety
exists among sixth grade students. Meanwhile, as it appears in Figure 5, positive feelings about
math were a lot higher for boys (55% boys - 27% girls) in contrast to negative feelings (63% girl
students - 22% boy students). These results determined that there is a positive relationship between
math anxiety and gender, female students exhibiting higher negative feelings than their male

student counterparts.
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Figure 5: Gender positive and negative feeling average (%) values

For a statistical assessment of the differences between the two genders, two independent t-tests
were conducted, as the data followed the normal distribution (Table 2). To check the normality for
the dependent variables "Mean Score of Negative feeling" and "Mean Score of Positive feeling"
across the two levels of the independent variable "Students’ Gender"”, boy students and girl
students, the Shapiro-Wilk test was applied to the sample.

Students' Gender Shapiro-Wilk
Mean Score of Positive feeling Girl Students 0.087
Boy Students 0.095
Mean Score of Negative feeling Girl Students 0.075
Boy Students 0.064

Table 2: Normality tests for both Negative and Positive feelings
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Moreover, there were no outliers (Figure 6).
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Figure 6: Boxplots for both “Mean Score” variables

Levene’s test assumption for equality of variances was found to be violated for the present
analysis; for the variable “Mean scores of Negative feeling” the significance of Levene's test was
0.012< 0.05 and for the variable “Mean scores of Positive feeling”, 0.014< 0.05. Due to this
violation, independent t-tests not assuming homogeneity of variance were computed.

The results of the independent t-test samples showed there was a significant difference in the Mean
scores of Negative feeling for Girl Students (M=3.32, SD=0.77) and Boy students (M=2.91,
SD=0.67). This test was statistically significant, t (171) = 3.84, p <.05; d=0.56. The effect size for
this analysis (d = 0.56) was found to be Cohen’s (1988) convention for a medium effect (d=.05).
These results indicate that boy students experienced less negative feeling than did girls did.

Next, the t-test results of the independent samples showed there was a significant difference in the
Mean scores of Positive feeling for Girl Students (M=2.89, SD=0.65) and Boy students (M=3.38,
SD=0.75). This test was statistically significant, t(171) = - 4.6, p <.05; d=0.71. The effect size for
this analysis (d = 0.71) was found to be Cohen’s (1988) convention for a large effect (d=.08).
These results indicate that girl students experienced less positive feeling than boys did.

Also, because the 95% CI (Confidence Interval) of the difference does not include zero; lower
limit at 0.207 and upper limit at 0.648- in the “Mean scores of Negative feeling”, it can
be derived as a conclusion that the difference in the negative feeling between the two genders does
exist in the population. Moreover, the test for the variable “Mean scores of Positive feeling”
returned the same result, as the lower limit of CI was at -0.710 and the upper limit was at -0.284.

The following Table 3 describes the results of the two independent t-tests of the variables “Mean
scores of Negative feeling” and “Mean scores of Positive feeling” across the variable “Students'

Gender”.
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Students'’bGender M SD p Cohen'sd

Mean Score Girl Students 3.32 0.77 0.00 0.56
of Negative feeling Boy Students 2,91 0.67

Mean Score Girl Students 289 0.65 0.00 0.71
of Positive feeling Boy Students 338 0.75

Table 3: The results of the two independent t-tests
Results of Math test score and MA score
The reliability of all 15 statements was good giving a Cronbach alpha of 0.865.

The Shapiro-Wilk normality test determined for both continuous variables Math test score and MA
score, that the p-values were more than 0.05 (Table 4). Thus, the distributions of math test scores
for these five “New Negative Feeling” groups are not normally distributed. For that reason, a non-
parametric statistical test was suitable to analyze the data.

Variable p
MA score .088
Math test score .344

Table 4: The Shapiro-Wilk normality test

Additionally, the scatterplot suggested that there was a linear relationship between the continuous
variables, Math test score and MA score, and that the assumption of homoscedasticity was not
violated. A Pearson’s correlation analysis indicated that there was a very strong, negative, and
significant correlation between Math test score and MA score, r (171) =- 0.956, p < 0.01 (Table
5).

Variable M SD 1 2
1. MA score 2.89 0.89 --
2. Math test score | 7.29 1.30 -0.956 --

Table 5: Pearson’s correlation analysis

Next an ANCOVA test was conducted giving a significant difference in mean Math test score,
with F (1,170) = 4.608, p=0.006, between the two genders, whilst adjusting for MA score. The
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partial Eta Squared value was 0.81 indicating a large effect size that is gender explains
approximately 81% of the variance in the dependent variable Math test score.

On the whole, these findings imply that gender has a significant effect on the dependent variable
Math test score when considering the effects of MA score. This underscores the significant impact
of gender on the variable Math test score when accounting for the influence of the variable MA
score.

DISCUSSION

Mathematics is a discipline studied almost all over the world. However, research shows that some
students don’t like to study the subject because they believe it is difficult. The research
complements pieces of the puzzle called MA, looking at this phenomenon from the Primary
Education’s point of view, where there is a gap in literature during the COVID-19 pandemic.

According to the study, the results strongly indicated that MA is an existing phenomenon in
children who attend Primary School (Beilock et al., 2010; Vukovic et al., 2013; Wu et al., 2014;
Hill et al., 2016), specifically eleven to twelve-year-old children. This emotional state appeared
when students crossed the line of the Growth Zone and entered the Anxiety Zone in the Growth
Zone Model (Cipora et al., 2015). Thus, the importance of teaching Mathematics in a more
organized manner is highlighted.

In addition, the research findings are in agreement with the results of various studies which
determined significant differences in the levels of MA according to gender, with the girl students
being more vulnerable to the effects of MA (e.g. Griggs, et al., 2013; Bieg et al., 2015; Ferguson
etal., 2015; OECD, 2015; Foley, et al. 2017; Van Mier et al., 2019). This result is in line with the
conclusions of Coronado-Hijon (2017), Ayuso et al. (2020) and Arnal-Palacian et al. (2022), MA
being a significant factor, negatively affecting overall girl students’ feelings. However, the
research findings contradict the findings of Puteh and Khalin (2016), who found no significant
differences between the genders.

Furthermore, this study revealed unfavorable effects of math anxiety in math performance, which
are consistent with the findings of Yuan et al. (2023) regarding mathematics performance and MA.
According to numerous studies (e.g. Nunez-Pena et al., 2013; Foley et al., 2017; Gunderson et al.,
2018; Zhang et al., 2019; Siaw et al., 2021; Yuan et al., 2023), MA is a major cause of issues
relevant to learning mathematical concepts. This is because it inhibits students’ performance.
Moreover, according to the study, boy students performed higher than girl students in the math
test, which is contrary to assertions made by the United Nations (United Nations, 2022). From the
previous discussion the research question was effectively addressed by the study, as it investigated
the impact of MA on the academic performance of sixth-grade students in primary education
during the COVID-19 pandemic.
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Summarizing the results, the study confirmed the presence of MA among eleven to twelve-year-
old children, highlighting the emotional distress experienced when students transitioned from the
Growth Zone to the Anxiety Zone in the Growth Zone Model. Furthermore, it was found that there
were considerable differences in math anxiety between genders; with girls being more susceptible
to it. The study also showed that there is a negative relationship between MA and math
performance, which means that any presence of math anxiety has an inhibitory effect on learning
mathematics. These results demonstrate the significance of structured and supportive mathematics
teaching in elementary schools and the importance of specific approaches for helping children
overcome math anxiety.

The research made significant progress towards addressing the research question by providing
empirical evidence of the impact of math anxiety on academic performance in sixth-grade students.
In addition, it expands upon the existing body of literature by validating the presence of MA among
sixth graders and its negative impact on math performance, notably among female students.
Additionally, the study illuminated the interplay between gender, math anxiety, and academic
performance, underscoring the significance of targeted interventions in order to mitigate MA’s
negative effects.

A limitation to the study was certain school Principals’ denial to participate in the research, the
reason for the denial of access to these schools being, as suspected, the concern about a health
threat to the school population. In addition, the study examined one of the three sub-categories
(Luttenberger et al., 2018) of MA that nearly all researchers agree upon. So, future studies could
focus on all three MA sub-categories or on each one separately.

Due to the fact that MA negatively impacts math learning, even in online environments, the
education systems must develop effective strategies to strengthen the self-esteem of students. In
addition, since it seems that female students have higher MA than male students, appropriate
approaches should be deployed focusing on the characteristics of the students and their learning
needs. Moreover, studies should be focused on interventions to minimize MA. Finally, additional
research should be undertaken on the nature of MA in order to find out the origins of and its effects
on other aspects.

CONCLUSION

The research results show that MA can significantly affect math performance of sixth graders;
specifically among girls. It is important to put in place teaching methods that take care of different
learning styles and solve specific problems for students affected by MA; however, by
understanding MA’ s nature and consequences educators can include interventions fostering
primary school learning milieu for success in mathematics.
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APPENDIX
1. MA Test

Instruction: Check the box below that represents your most appropriate response to each
statement -Not at all — 1, 2, 3, 4, 5-Very much-using check mark, an X, to the following

bt ‘\{\\\ MATHEMATICS TEACHING RESEARCH JOURNAL

statements:
e.g.
Statement 1 2 3 5
Not at Very
all much
............ X
STATEMENTS
Statement 3 |4

1.1 have usually been at ease in math classes

2. | see math as a subject I will rarely use

3. I’m not good at math

4. Generally, | have felt secure about doing math

5. I’ll need mathematics for my future work

6. | usually get good grades in mathematics

7.1 don’t think that I could do advanced math

8. It wouldn’t bother me at all to take more math classes

9. Even though I study, math seems unusually hard for me

10. I am unable to think clearly when working in
mathematics

11. Knowing mathematics will help earn a living

12. Math has been my worst subject

13. I think | could handle more difficult mathematics

14. I’'m not the type to do well in mathematics

15. Math doesn’t scare me at all
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2. Validity: Extended Evaluation survey questionnaire

Survey instrument validation rating scale

Instruction: Please specify your level of agreement or disagreement on the next agree-disagree
scale for the therteen statements.

Circle the number that describes how much you agree with each statement

1- Strongly Disagree 2 - Disagree 3 - Undecided 4 - Agree 5 - Strongly Agree

Criteria Level of Agreement or Disagreement
The items in the instrument are relevant to 1 2 3 4 5
answer the objectives of the study.
The items in the instrument can obtain depth to
. 1 2 3 4 5
constructs being measured.
The instrument has an appropriate sample of
: ) 1 2 3 4 5
items for the construct being measured.
The items and their alternatives are neither too 1 5 3 4 5
narrow nor limited in its content.
The items in the instrument are stated clearly. 1 5 3 4 5
The items on the instrument can elicit responses 1 5 3 4 5
which are stable, definite, consistent and not
conflicting.
The layout or format of the instrument is
i 1 2 3 4 5
technically sound.
The responses on the scale show a reasonable
. 1 2 3 4 5
range of variation.
The instrument is not too short or long enough 1 5 3 4 5
that the participants will be able to answer it
within a given time.
The instrument is interesting such that 1 2 3 4 5
participants will be induced to respond to it and
accomplish it fully.
The instrument as a whole could answer the
. . . 1 2 3 4 5
basic purpose for which it is designed.

Comments and Suggestions:
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Signature over Printed Name

3. Correlations

MA mean score|Math test mean score
Pearson Correlation |1 -,956"
MA mean score Sig. (2-tailed) ,000
N 173 173
Pearson Correlation |-,956™ 1
Math test mean scoreSig. (2-tailed) ,000
N 173 173

**_Correlation is significant at the 0.01 level (2-tailed).

4. ANCOVA TEST

Tests of Between-Subjects Effects

Dependent Variable: Math test mean score

Source Type Il Sum|df Mean Square |F Sig. Partial Eta]
|of Squares Squared

[Corrected 267,390° 2 133,695 924,612  |,000 916

Model

Intercept 1910,889 1 1910,889 13215,362 [,000 ,987

MA_score 265,881 1 265,881 1838,785 [,000 915

Gender ,666 1 ,666 4,608 ,006 ,806

Error 24,581 170 ,145

Total 9493,630 173

|Corrected Total |291,972 172

a. R Squared = ,916 (Adjusted R Squared = ,915)

This content is covered by a Creative Commons license, Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA
4.0). This license allows re-users to distribute, remix, adapt, and build upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator. If you remix, adapt, or build upon the material, you must
license the modified material under identical terms.


https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

== ik

“;\\\ MATHEMATICS TEACHING RESEARCH JOURNAL 242
TEAGHING Golden Fall 2024
RESEARCH Vol 16 no 4
5. Descriptive Statistics
N Mean Std. Skewness Kurtosis
Deviation
Statistic [Statistic [Statistic Statistic |Std. Error|Statistic |Std. Error
MA mean score 173 2,8904 |,88839 ,164 ,185 347 367
Math test mean|173 7,293 1,3029 ,079 ,185 - 531 367
score
\Valid N (listwise) 173
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