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INTRODUCTION

Mathematics is substantial in understanding and interpreting the real world through
internalizing it into our daily lives. Therefore, learning mathematics is useful for acquiring
basic concepts and skills for various required areas. Since learning and applying mathematics
is very important, previous literature aim to further investigate it, so that authorities and
policymakers may consider these factors that may contribute to improve the mathematics
learning process and develop innovations and new milestones.

Previous studies indicate that mathematical performance changes depending on various factors
such as gender, mathematical content, cultural variations, teaching styles, and such. One of the
most controversial aspects is gender. There were several studies on mathematical performance
suggesting a male/female advantage. Additionally, this gender gap was changing depending on
the mathematical content of the assessment. Thus, this study aimed to investigate mathematical
performance between females and males in a meta-analytic perspective within emphasis on
mathematical content.

The screening and selection procedures were implemented with PRISMA guidelines, and in
conclusion 74 studies published in 2010 and 2016 were extracted and coded, encompassing a
total of 508,429 females and 527,857 males. Statistical analysis implemented on the
mathematical assessments across gender differences. A gender difference appeared solely on
computation assessments in favour of males. However, there was no gender difference in broad
mathematics, national tests, geometry, basic numeracy skills, and advanced mathematics
abilities. Nevertheless, results indicate that a gender difference in certain mathematics

assessments might exist.



This meta-analysis study was useful by detecting the gender gap in math with an emphasis on
mathematical content. Indeed, there could be other related factors and moderators that might
affect mathematical performance among females and males. Additionally, limitations and

further recommendations should be taken in consideration for upcoming studies.



CHAPTER 1
General Aspects of Mathematical Acquisition

1. 1 Mathematical Learning

Mathematics is a field of knowledge that is mostly represented by numbers, symbols,
quantities, and abstract concepts to comprehend, perceive, and interpret the real world
(Vergnaud, 1987). It is an essential phenomenon that helps to improve core knowledge and
skills (Pegg, 2003). According to this study, mathematics is helpful to construct an imaginary
understanding of the world with symbolized elements and constructs that are not
straightforwardly related with the real world. Learning mathematics is substantial for
establishing a base to acquire concepts in various fields such as technology, economics,
finance, statistics, social sciences and other related areas (Goldin, 2008). It provides beneficial
tools for decision-making, problem solving, and gaining science-related knowledge and skills
(Pegg, 2003).

Throughout the literature, there are several studies indicates that mathematics is a broad
area involving some specific cognitive domains. In relation with this, Passolunghi (2011)
published a study that investigates cognitive elements involved during mathematical learning
by contrasting students with mathematical learning disability to students without learning
disability through standardized mathematics test. They found that students with mathematical
learning disability remained behind in working memory capability, inhibitory skills, speed of
processing and displayed higher anxiety scores compared to students without mathematical
learning ability. As a result, this study shows these cognitive domains are functioning for a
higher mathematics performance. Furthermore, Geary (2011) conducted a longitudinal study
on cognitive domains that could be related with mathematics learning ability. Researchers
found that number comprehension, number counting, and arithmetic skills assessed in the first

year of school were associated with mathematical learning ability until fifth grade, after



controlling for domain general cognitive abilities, such as working memory, general
intelligence, and processing speed.

The importance of early mathematics education was further addressed by this research showing
that students who start school later tend to remain behind in counting, numerical concepts, and
simple arithmetic relative to their classmates throughout their education (Duncan et al., 2007;
cited by Geary, 2011). In a longitudinal study, Moeller et al. (2011) also discussed that starting
early to learn mathematics is useful for further achievement. In this study, they measured basic
numerical abilities in the first grade and checked whether they are related to the performance
on addition task in the third grade. The results showed that the knowledge that has been
practiced continues to accumulate over time.

In summary, research highlights the importance of specific cognitive domains and early
mathematics education in mathematics performance. However, there might be multiple other
factors of heterogeneous nature that may affect math learning. For instance, Fischer et al.
(2011) found a relationship between spatial representation of number magnitude and arithmetic
performance and developed a training program for that. They proved that students who
participated in the spatial-numerical training program displayed higher scores on a
mathematical task. In another study, researchers worked on a study that examines cognitive
domains with specialized tools that they improved. They indicated that the central executive,
phonological processing, and inhibitory processes thought to be related to early mathematical
performances (Navarro et al.,, 2011). To understand and relate to these early mathematical
abilities, a standardized early numeracy test was used. At the end of study, it was found that
students who display lower results in central executive, phonological processing, and inhibitory

process were also associated with lower mathematics scores.



It is substantial to improve these cognitive domains to internalize better mathematics. Thus,
education plays an important role in mathematical learning. However, there are some several
challenges among mathematical learning. In accordance with, Hanson et al. (2011) showed that
economic challenges, language difficulties, education level of the parents are factors affecting
mathematics performance. This study found that children struggle with mathematics if English
is not the first language in their house environment and/or if their parents’ education level is
low. In addition, challenges in the neighborhood environment impact children’s academic
performance including mathematics. On the other hand, this study revealed that children show
higher social capabilities when they live in the English-speaking neighborhoods. Thus, they
perform better academically, especially in mathematics and engage in the classroom
environment (Hanson et al., 2011). Therefore, it seems to be essential to create an equal
learning environment for everyone. Furthermore, Alkharusi (2016) stated that children engage
with various kind of assessment tool in the school environment, which might affect their
academic achievement, including mathematics. In other words, how well children discern the
mathematical assessment they engage in is associated with their performance. Thus, it is
important for authorities to take these into consider while preparing syllabuses, assessments,
and intervention programs (Alkharusi, 2016). In this regard, Adnan et al., (2014) conducted a
study to understand students’ engagement, teacher behavior, harmony, equity, students’
perspective of connection in the classroom and whether there is an association with academic
performance including mathematics. The results demonstrated that students’ perspective of the
learning environment was the strongest variable that is associated with academic performance,
with harmony, equity, teacher behavior, and engagement also played significant roles (Adnan
et al.,2014). In general, mathematics plays a crucial role in developing problem-solving skills,

and achieving high academic performance. To support all students in acquiring the necessary



cognitive skills for mathematics, it is essential to create an equal and inclusive learning

environment. This will enable them to perform better and reach their full potential.

1.2 Differences in Mathematics Learning

Academic achievement and mathematic learning performance may be impacted across
different cultures. Sandoval-Hernandez & Bialowolski (2016) conducted a comparison study
on socially advantaged and disadvantaged students in Singapore, South Korea, Hong Kong,
Chinese Taipei, and Japan from a 2011 Trends in International Mathematics and Science Study
(TIMSS) study. The study found that students' positive attitudes, teachers’ beliefs about
students, and students’ maternal language being compatible with the task language impacted
their mathematics performances positively. Diverse results emerged depending on the nation
as students showed higher performances in mathematics as socially advantaged students in
Singapore because of families’ positive attitudes and engagement with mathematics. In Korea,
male students displayed better results in mathematics whereas in Taipei, students displayed
better results when they were not confronted with bullying. In relation with this, Mann &
DiPrete (2016) discussed the gender distribution in STEM in terms of cross-cultural
associations. Researchers highlighted that females show lower performance in STEM related
areas compared to males and this gender difference changes with cultural aspects. Females
performed higher in nations that are more gender equal compared to nations that are less.
Furthermore, Uttal (1997) revealed an interesting viewpoint by conducting a study comparing
the mathematics performances of students in the United States and Asian countries such as
China, Japan, Taiwan, and others. The recent literature showed a similar result as children in
Asia generally perform higher in mathematics than children in the United States. This study
aimed to reveal these differences and found that Asians endorsed the idea that being devoted

and making attempts are important when learning mathematics, whereas Americans tend to
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think success comes with innate skills. In turn, this affected students’ mathematics
performances, in addition to parents’ reaction to their children’s accomplishments and failures.
That is, Americans tend to not pressure students even if they underachieve whereas this
situation does not exist for Asian countries (Uttal, 1997). Researchers discussed that the
American way of thinking might lead to the viewpoint that they should not work on it if this is
an innate ability. Therefore, it is evident that culture may influence learning not due to genetic
differences across nations, but rather due to various cultural perspectives and styles.
Mathematical learning and performance may be impacted by cultural variations,
showing that mathematics performance can differ for some ethnicities (Boaler et al., 2011).
This study extracted some ethnic groups from UK such as African, Bangladeshi, Caribbean,
Chinese, Indian, Pakistani, White British. Among them, Chinese and Indian students achieved
higher scores in mathematics performance especially compared to Caribbean and Pakistani
students. Researchers discussed that educational environment may impact these differences in
mathematics, and further attention should be given on this. In accordance with this,
Konstantopoulos & Chung (2011) revealed that teacher behaviors might affect students’
mathematics performances, especially in schools with minority students. Additionally,
immigration was found to be related with the math performance if students are second-
generation immigrants in Denmark (Nielsen & Rangvid, 2012). Specifically, students
demonstrated lower scores in mathematics depending on their families’ residence in the country
where they migrated. It was found that students displayed lower scores in mathematics if their
fathers spent less year in the country (Nielsen & Rangvid, 2012). Researchers highlighted the
importance of challenges of migration on education.
Mathematics learning can be affected by disabilities as well, meaning children with disabilities
might be more disadvantaged compared to children without disabilities (Lambert & Tan, 2016).

Researchers emphasized teachers’ behaviors rather than the health and medical viewpoint.
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They found that there were significant differences between students with learning disability
and those without learning disability in favour of students without learning disability.
Additionally, they underlined the idea that mathematics education should pay attention to these
diversities between students with and without learning disabilities. In another study, it was
found that children with dyslexia have some challenges in mathematics compared to typically
developed children (Cruz-Rodrigues et al., 2014). Similarly, Ross & Randolph (2014) found
that children with attention deficit and hyperactivity disorder (ADHD) demonstrated lower
scores on a math accuracy test compared to children without ADHD due to their tendency to
become easily distracted. Another study on autism spectrum disorder (ASD), showed that
students with ASD have difficulties when performing on math-applied tests compared to
students without ASD (Oswald et al., 2016). On the other hand, Elbaum (2007) said that low
performance in mathematics might be related to language difficulties rather than mathematical
abilities for students who have learning disability. In this study, researchers administered oral
test for students that have learning disability in mathematics. They found that there were no
notable differences among students with and without learning disability in mathematics
performances. While some studies support the view that some learning disabilities affect
directly mathematics performance, the evidence is not conclusive. Performance differences
may be influenced by the teaching environment and learning styles, highlighting the

importance of creating inclusive and supportive educational settings.

1.3 Gender differences in Mathematics

Throughout the literature, differences in math performance between females and males
as well as a gender gap in math and science related subjects (called STEM), have been noted
(Reilly et al., 2019). While there are some studies supporting the view of gender gap in

mathematics, some studies are suggesting the opposite, especially in the current years. Fahle
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(2016) indicated that gender gap begins in kindergarten and is present until the eighth grade.
On the other hand, Penner & Paret (2007) suggested that gender differences appear between
the periods of middle school and high school.

According to the researchers, a gender disparity is present in learning styles, concerning
mathematics (Geist & King, 2008). Additionally, there are some other factors present that affect
math performances between genders such as classroom environment, learning style, and
teaching style. For instance, it was revealed that it may not be efficient to expect both genders
to benefit equally from the same instruction (Geist & King, 2008). Improving the syllabus and
teaching style to make them developmentally applicable, inclusive, and gender sensitive would
be beneficial for students to achieve various outcomes (Geist & King, 2008). Regarding
classroom environment, single-gender classrooms were thought to be beneficial for students to
achieve their potential (Bacchus, 2015). Smith (2011) conducted a study on academic
performances including math between single-gender and co-educational classrooms. The
results showed that 5™ graders who were in the single-gender classroom exhibited higher
performances compared to children who were in the co-educational classroom. The study
proved that single-gender classes affected children’s math performance positively. Sutton
(2009) explains this situation as children getting an opportunity to receive a gender specialized
education which gives an emphasis on diverse learning styles between genders. Therefore,
researchers discussed creating an opportunity for females by creating an environment that
promotes concentration on critical thinking and effort skills, and by supporting their self-
confidence through the elimination of stereotypes. In addition, throughout the national tests
involving mathematics branch the gender gap is present with a male advantage and classroom
environment is one of the reasons (Niederle & Vesterlund, 2010). The researchers discussed
that the reason is not due to genetic aspects between females and males but rather the impact

of competitive test atmosphere on females. In face of competition, females result in lower
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achievement scores but there is no such effect in the non-competitive atmosphere (Niederle &
Vesterlund, 2010).

In comparison, Bacchus (2015) conducted a study including both single-gender and co-
educational classrooms to investigate differences in Algebra test performance among 9™
graders and found no evidence favouring single-gender classes over co-educational classrooms
in terms of math performances. Conversely, children who were in the co-educational classes
achieved better results in Algebra compared to children in single-gender classes.

Furthermore, Saleh & Rahman (2016) conducted a study on students’ Algebra scores
concerning gender and types of schools. The study included three types of schools such as
national schools, religious schools, and boarding schools. It was found that children that are in
boarding school achieve higher score in Algebra tests compared to children in religious and
national schools. Researchers showed that different types of learning environments could affect
learning styles. The reason could be explained as boarding schools select students that achieves
higher performances. Moreover, this study discussed that there are more learning style
differences between females and males in terms of gender. That is, females are more patient
during extended hours of classes compared to males due to hormonal reasons. Specifically,
males have high levels of testosterone, which makes them less concentrated and more
hyperactive. In addition, it was revealed that females displayed higher scores when they
practice and study with the exercises that are given by the teacher whereas males were generally
better to comprehend Algebra subjects (Saleh & Rahman, 2016). However, the results
demonstrated that females displayed higher scores in Algebra tests compared to males
Moreover, Musa et al., (2016) said that males were more advantageous when learning math
and other lessons through a goal-oriented strategy more than females whereas there was no
difference between the scores of math. This small difference may underscore the importance

of motivation because when children are motivated, they tend to be more goal-oriented, which
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helps them achieve academically (Musa et al., 2016). Besides, males and females exhibited
different results in terms of mathematical internalization and application into other areas of
mathematics, involving mathematics content, in related areas, and in daily tasks (Sari et al.,
2020). Females and males differed within mathematical internalization and application of
competencies with a male advantage in general. It was explained that females showed higher
performances in mathematics however they could not associate the contents to other related
things.

According to Penner & Paret (2007), males tend to either achieve the best results or be
at the bottom compared to their female classmates in the kindergarten years. Differently, males
performed evenly or better compared to their female classmates in the 3™ grade. On the other
hand, there are some studies find the opposite result or no result at all. Robinson & Lubienski
(2011) revealed a study that is constituted standardized assessment test and teacher ratings in
mathematics for kindergarten, middle, and high school. There was no gender gap between
females and males in terms of math achievement tests during kindergarten however teacher
ratings were higher in favour of females. In the first grade, males achieved higher scores in
math achievement tests than females; however, teacher ratings were still in favour of females.
Among first and third grades, the gender gap was still present with a male advantage over
females. However, the attitudes of teachers remained still by rating females higher (Robinson
& Lubienski, 2011). McMillian et al. (2011) revealed results indicating no gender gap in
mathematics assessments between males and females aged 8 to 12. Moreover, Reardon et al.
(2016) revealed that there was no significant difference between females and males in terms of
standardized mathematics assessment. However, another study detected a male advantage in
mathematics achievement in high school (Brunner et al., 2008). Researchers considered general
cognitive ability and specific mathematical ability of 9" graders of both genders and they found

that males outperformed females in mathematical achievement. In accordance with it, Boaler
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et al. (2011) found that math performances are even for both genders, but males tend to move
forward to a high-level in mathematics more than females. Conversely, in a study that is
conducted in Punjab for students that are in higher secondary schools or college, females
achieved higher scores in mathematics compared to males in mathematics assessment (Malik,
2016). In addition, Musa et al., (2016) revealed different and engaging results on gender
difference in math between senior secondary school students in Nigeria. The study showed that
males achieved higher scores in English Language and general academic achievement
compared to females, but not for mathematics achievement. There are controversial results on
mathematics performance regarding gender, some suggesting a male advantage, while others

suggesting a female advantage.
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CHAPTER 2

Differences in Mathematical Acquisition

2.1 Math content

The content of mathematics assessments could be essential for understanding the
possible reasons behind the discrepancies between females and males. As seen in the literature
review on gender differences in mathematics, several studies indicate that the results vary
depending on the specific type of mathematical content being examined. Gender differences in
mathematics assessment may be influenced by the math content (Reardon et al., 2016). Besides,
researchers revealed that, there are no distinct differences between females and males in terms
of mathematics scores when a standardized mathematics test has been utilized.

To start with calculation skills as a math content, researchers could not find any
significant result in relation to gender of students (Tobia et al., 2015). However, they underlined
the importance of calculation skills as math content on upcoming mathematical performance.
It was found that preliminary calculation skills in preschool period would be beneficial to
anticipate later mathematical ability in the upcoming school years (Tobia et al., 2015). To
anticipate preliminary number competence, size seriation task yielded important results. The
study included two preliminary calculation tests such as addition and subtraction as well.
However, as indicated there was not a notable gender gap between students. Accordingly,
Plaisted et al. (2011) discussed that males performed higher on Raven’s Matrices scores than
females. Similarly, Hughes-Isley (2015) found similar scores in pre-college Algebra tests
favouring males compared to females. However, there were no such effect in other domains of
mathematics. Specifically, the study consisted tests of mathematical ability including analytic
1 and 2. Males achieved higher scores on math with Analytic 2 than math with Analytic 1

compared to females (Hughes-Isley, 2015).
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In addition, Shen et al. (2016) published a study on gender differences in mathematics
assessment including arithmetic. The study conducted on students who were in the first year of
school from the United States, Russia, and Taiwan. Students were asked to complete simple
and complex addition problems and to indicate which strategy they implemented. There
occurred no significant difference between genders in terms of simple problems, however;
there was a significant difference between genders in favour of males in terms of complex
questions for students from the United States and Russia, based on the strategy they use. This
study helped to understand how math content could influence the results in relation to gender.
Conversely, Wei et al. (2012) said that females are generally getting higher scores on arithmetic
in a word-rhyming task. Students that are aged between 8-11 from Beijing assessed with
arithmetic tasks such as simple subtraction and complex multiplication while adjusting for
word-rhyming task. However, the results indicated that after adjusting for the word-rhyming
task, there was no significant gender difference for arithmetic. Nevertheless, partly because
females demonstrated higher performance in language processing, they found it easier to
achieve higher scores in arithmetic when the word-rhyming was not controlled for. Similarly,
Carr et al. (2001) conducted another study on the usage of strategy in arithmetic to reveal
gender differences. The study included two conditions: a free-choice condition, in which
participants could use whatever strategy they wanted to solve the problems, or a game-
condition, in they were instructed to use one strategy for each problem. The results indicated
that in the free-choice condition, females used manipulatives as a strategy whereas males used
retrieval. In the game condition, both females and males utilized manipulatives to solve the
problems with males being more variable compared to females. Even though, diverse results
are present for calculation and arithmetic tasks suggesting an effect or no effect at all for gender,

the result may seem to favour more males than females.



18

Furthermore, Erdogan et al. (2011) conducted a study that focused on another particular math
content which is geometry. Researchers highlighted the significance of personal differences in
academical performance, with gender being one of the most important components associated
with learning style. Personal variances can impact the way students internalize knowledge
across different domains, such as mathematics and geometry (Erdogan et al., 2011). The results
showed that females achieved higher self-efficacy beliefs and scores in Geometry compared to
male students. However, in another study, it was found that males outperform females on spatial
and abstraction abilities in geometry tests, attributed to their more complex spatial skills
(Fitriani & Nurfauziah, 2019). Researchers indicated that males are better in the tasks involving
critical and complex thinking. On the other hand, females are better to associate the
interpretation of the problem. However, spatial abilities need to be elaborated separately than
problem-solving geometry tasks due to its complex and diverse nature than mathematics. There
are several studies suggests that visuo-spatial skills have a different viewpoint than
mathematics (Fitriani & Nurfauziah, 2019). Thus, the results may have been related with visuo-
spatial skills which should be elaborated separately than mathematics content. On the other
hand, its high complexity may support the idea that males achieve higher scores in tests that
acquire higher complexity. Additionally, Erdogan (2008) revealed a study on the elementary
school teachers’ geometry abilities with van Hiele theory. This theory consists of five different
levels when performing on a geometry question and they are visualization, analysis, ordering,
deduction, rigor. They found that there were no gender differences in thinking styles, whereas
there appeared gender differences in reasoning levels in favour of males. Thus, there might be
some gender differences in geometry in terms of reasoning with a male advantage.

In addition, Thomas et al. (2022) published a study that examines the gender gap in numeracy
tests within the National Test from 2008 to 2016 in Australia. The numeracy test included

comprehension, fluency, problem solving, and reasoning in terms of number and algebra,
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measurement and geometry, and statistics and probability for the Years 3, 5, 7, and 9. Males
displayed higher results in terms of numeracy test performance compared to males in all years.
On the other hand, Begum et al. (2021) showed different results regarding numeracy between
genders. There were no significant discrepancies between females and males based on the
numeracy test that they undertook.

Finally, TIMSS study that has been conducted in 2003 demonstrated different outcomes
regarding math achievement. Researchers discussed that the results of mathematics
assessments can vary based on the education level of every country (Ayalon et al., 2013).
Indeed, they found that the gender difference disappears in the presence of a national tests,
meaning that males do not outperform females. Another study, Mann et al. (2016) showed that
national tests environments are helpful to close the gender gap by promoting the achievement

of females.

2. 2 Previous studies

Previous studies were extracted to obtain knowledge on the topic of interest and gain
insight from other meta-analysis studies. These meta-analyses suggested various and notable
results that worth discussing in terms of new trends in mathematics performances and cross-
cultural differences when considering gender differences in mathematics. Lindberg and
colleagues (2010) found that the gender gap was not present in mathematics performance
currently whereas Else-Quest (2010) indicated that there were some differences present
regarding gender-equality according to nations. To start with, Lindberg et al. (2010) has
revealed a meta-analysis study on gender differences in mathematics performance within
emphasis on new trends. They carried out a meta-analysis on 242 articles released between
1990 and 2007, involving a sample size of 1,286,350 individuals. The study found no

significant gender difference in mathematics, with a Cohen’s d score of .05 suggesting a very
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small gender difference in favour of males. Later, they conducted another examination on
students from United States for the last 20 years from the large databases such as The National
Longitudinal Survey of Youth — 1997 (NLSY), The National Educational Longitudinal Study
(NELSS88), The Longitudinal Study of American Youth (LSAY), and the National Assessment
of Educational Progress (NAEP). Similarly, there did not occurred a certain significant
difference with an effect size that is ranging between -0.15 to +0.22.

Firstly, they highlighted the significance of gender stereotypes within mathematical
performances, suggesting that these stereotypes create obstacle for women in fields such as
science, technology, engineering, and mathematics (STEM). According to the researchers,
there are some notable stereotypes regarding male superiority in mathematics that encompasses
children, adolescents, families and even teachers. These stereotypes can impact female
students’ self-competency and self-efficacy beliefs and affect their achievement scores.
Moreover, it was also indicated that previous literature has shown diverse results, some
supporting male superiority or other supporting female superiority, based on some other
facilitator variables. One of these variables were age and difficulty level of the test separated
as computation (the minimum level of difficulty), understanding the mathematical contents
(medium level), complex problem-solving (maximum level of difficulty) (Hyde et al., 1990a
cited by Lindberg et al., 2010). In accordance, the results showed that females achieved higher
scores in computation (minimum level) compared to males in elementary and middle school
whereas there occurred no discrepancies in high school. Similarly, there was no significant
gender difference in understanding the mathematical contents in any school period. Lastly,
males achieved higher scores in complex problem-solving than females in high school, but no
such effect emerged in elementary and middle school. These results should be taken into
consider because complex problem-solving is essential for future career in mathematics and

STEM. However, they also highlighted that these gender differences start to decrease over the
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years as female students become more involved in areas such as mathematics and STEM.
Furthermore, the gender gap in terms of complex problem solving has begun to disappear.
Another point was that males tend to be the first or the last in mathematics performance and
this suggests a higher male variability. That is why researchers aimed to conduct a new meta-
analysis to further search the gender differences in mathematics by taking into consider
variability.

The first study examined whether depth of knowledge, age, cultural differences, and the
year of publication moderated the gender difference in mathematics performance. The results
showed that there was no significant gender difference; however, some moderator variables
were significant. Problem type (multiple choice, short answer, open ended questions)
demonstrated significant results indicating that males outperformed females in the tests with
multiple choice whereas females outperform males in the presence of an open-ended and short
answer test. Another significant moderator was age suggesting a gender difference in high
school, but not in elementary and middle school. There was a decline in the gender gap also
during college period and adulthood.

Researchers conducted another study which focuses on large datasets from United
States for the last 20 years. These national large datasets are the NLSY-1997, the NELS-88, the
LSAY, and the NAEP. The NLYS — 1997 extracted data between 1997 to 2002 and included a
mathematics performance test called PIAT-R involving multiple choice items on three different
topics: foundations (number size, and shape discretion), basic facts (addition, subtraction,
multiplication, division), applications (algebra, geometry, fractions, word problems, and
numerical relationships). This test included some specific measurements, such as whether
students achieved a successful score on questions that are suitable for their ages. The next step
was to increase the difficulty level if they were successful, or not to increase and even decrease

it if they were not successful. The NELS88 extracted data from the years 1988, 1990, and 1992
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for middle and high school, as it was a longitudinal study. The mathematics achievement test
included multiple choice questions involving arithmetic, algebra, geometry, data and
probability, and advanced topics. The students were challenged according to their mathematics
skills in the upcoming years with an emphasis on skill’knowledge, comprehension, and
problem solving. The LSAY retrieved data from 1987 to 1992 for middle and high school
students, which included a mathematics test covering geometry, measurement, data analysis,
algebra and simple operations in a multiple-choice format. Across all, NAEP was a large
database, but it was not longitudinal like the others. The NAEP database encompassed two
measurements: the long-term trend assessment and the main assessment. The long-term trend
assessment examined scores from 1992 to 2004 in every four years for students in elementary,
middle and high school. The math assessment included questions such as multiple-choice and
short answers on number operations, measurement, algebra, and geometry. Conversely, the
main assessment retrieved data from 4™ and the 8" graders every two years from 1990 to 2007,
while data from 12% graders was retrieved only in 1990 to 2007. The mathematics measurement
included multiple choice, short-answered, and long constructed response items on mathematics
abilities and data and probability. Interestingly, the NAEP assessment encompassed item-
response theory, which measured students based on their comprehension of mathematics
instead of simply whether their answers were correct or incorrect. The study examined whether
age, publication year, percentage of each type of problem (number sense, algebra, geometry,
measurement), percentage of problems in each type of format (multiple choice, short answer,
open ended), ethnic diversity, and variability moderated the gender difference in general.

The overall results indicated not significant differences, with a Cohen’s d of 0.07.
However, since the results demonstrated higher levels of heterogeneity, researchers decided to
introduce moderators to better understand the reasons for this variability. One of the

moderators, the problem type, demonstrated a small significant outcome for multiple choice
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and short answer items, while showing large significant outcome for short answer items.
However, regarding NAEP, the results showed that males outperform females in multiple-
choice items, whereas females outperform males in short-answer and open-ended questions. In
summary, there was a significant effect of gender on the problem type in the NAEP
assessments. The other moderator, mathematical content, which females achieved higher
scores among algebra questions more than males, whereas males achieved better scores among
measurement questions. In terms of depth of knowledge, questions that are in the Levels 3 and
4 which includes complex problem-solving questions demonstrated significant differences in
terms of gender. That is, males achieved higher scores in the tests of Level 3 and 4 more than
females whereas the same effect was not observed in Study 1.

Lindberg et al. (2010) contributed to the literature by stating that there is currently no
considerable gender difference. Specifically, the gender gap started to decrease, and the gender
discrepancies were no longer clearly visible.

Furthermore, higher attention was given to another meta-analysis by Else-Quest et al.
(2010), which published an article on cross-national patterns of gender differences. According
to their literature review, it was possible to find gender differences in some countries, but not
in others. Additionally, according to the gender stratification hypothesis, gender differences
may derive from the cultural environment that females are surrounded by. The theoretical
structure underlines this hypothesis, which suggests that in some countries, social hierarchy is
present in terms of gender. Thus, this affects females’ attitudes towards math, causing them to
display more negative affect, which in turn impacts their math performances. As Lindberg et
al. (2010) stated, in this study researchers also underlined the significance of small number of
women in STEM in most of the countries as well. This meta-analysis study involved two large
international datasets, the 2003 Trends in International Mathematics and Science Study

(TIMSS) and the Programme for International Student Assessment (PISA) encompassing a
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total of 493,495 students aged between 14-16 from 69 countries. The scope of this search was
to investigate gender differences in mathematics achievement, attitudes, and affect and their
associations with gender equality internationally. Researchers revealed that recent literature is
mostly based on the samples from the United States, so it might be useful to investigate these
differences internationally with another study, as there may be different results for every nation.
Throughout their literature review, there were several studies that indicate no significant gender
differences currently. This is in line with the gender similarities hypothesis, which suggests that
despite some several psychological differences, males and females are alike. However, despite
gender similarities in mathematics achievement there are still stereotypes about women
underachieve in mathematics. Thus, this meta-analysis study aimed to further investigate these
differences in detail.

To get into detail into the gender differences, attitudes, and affect in mathematics it is
essential to learn about TIMSS and PISA. TIMSS is an international database that investigates
mathematics and science learning of children in 8™ grade on every four years. The execution
held by the International Association for the Evaluation of International Achievement (IEA)
together with Statistics Canada and Educational Testing Service. Similarly, PISA is also an
international study implemented by the Organisation for Economic Co-operation and
Development (OECD), examining mathematics, reading, science, and problem-solving literacy
of 15-year-old children every three years. These two large international datasets serve different
purposes. TIMMS focuses more on the syllabus and assesses what has been taught in schools,
along with teacher and school related aspects. On the other hand, PISA pays attention to
mathematical literacy, helping in understanding the practical application of mathematics in real
life. It helps individuals to interpret, employ, and interact with mathematics in their daily lives.
Since PISA is an assessment that is more applied, it may be more difficult to internalize

mathematics and apply it when considering PISA. PISA seems more complex since it requires
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more cognitive and practical processes than TIMSS. According to what Lindberg et al. (2010)
had discussed that in one study males achieved higher scores in the presence of a complex
problem-solving test compared to females. Thus, PISA might be more useful to interpret gender
differences due to its challenges and can illustrate the male variability more clearly. On the
other hand, TIMSS serves more comprehensive and varied sample by involving under-
developed nations in contrast to PISA. Nevertheless, both TIMSS and PISA involve more
developed countries, and this creates a challenge by generating a non-representative sample. In
general, both TIMSS and PISA might be useful to understand the variability due to their
differences.

In this study, the TIMMS 2003 carried out in 46 nations encompassing 219,612 students and
involved five subjects to assess mathematics achievement: number, algebra, measurement,
geometry, and data. The number subject involves whole numbers, fractions, decimals, integers,
ratios, proportion and percentages. The algebra domain includes understanding of patterns,
algebraic expressions, equations, formulas, and relationships. Measurement subject
encompasses the content of attributes and units and tools, techniques, and formulas. The
geometry content examines knowledge of lines and angles, two and three-dimensional shapes,
congruence, similarity, locations, spatial relationships, symmetry, and formulas. Lastly, data
subject involves, topics of data collection and organization, data representation, data
interpretation, uncertainty and probability. The next step was to examine attitudes and affect.
To understand these, students were instructed to use two scales: one for self-confidence and the
other for their evaluation of mathematics.

In contrast, PISA 2003 extracted data from 41 nations involving 273, 883 students by
encompassing four subjects to examine mathematics performances: quantity, space/shape,
change/relationships, and uncertainty. The quantity domain examines the understanding of

numeric phenomena, quantitative relationships, and patterns, and it is like the number domain
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of TIMSS. The space/shape content includes understanding of spatial and geometric
phenomena, and relationships, and it corresponds to the geometry content in TIMSS. The
change/relationships domain assesses understanding of mathematical manifestations of
change, functional relationships, and dependency across variables, it is comparable with
Algebra content in TIMSS. Lastly, the domain of Uncertainty examines understanding of
probabilities and statistics, and it resembles the data domain of TIMSS. To assess attitudes and
affect, the PISA 2003 carried out five different scales such as extrinsic motivation, intrinsic
motivation, anxiety, self-concept, self-efficacy.

To measure gender equality and understand the gender stratification theory, researchers utilized
recent indexes from the literature reviews. These clarified gender differences in areas such as
economic, educational, and political occasions. Composite benchmarks consisted of Gender
Development Index (GDI), Gender Empowerment Measure (GEM), Gender Equality Index
(GEI), and Standardized Index of Gender Equality Index (SIGE). Domain-specific benchmarks
were also utilized due to the constraints of composite benchmarks. These domain specific
indexes involved education, political, and economic occasions in gender equality. In summary,
the composite and domain-specific indexes were moderators for the gender differences in
mathematics performances, attitudes and affect across nations.

The results for TIMSS math data showed that, there was no significant difference among
genders in mathematics performances with an effect size of d = -0.01. An interesting result was
that females achieved higher scores in Algebra compared to males. In general, there was no
male variability depending on the complexity level of the TIMSS math assessment. For
attitudes and affect, self-confidence test demonstrated an effect size of d = 0.15, meaning that
males slightly displayed higher self-confidence than females. For valuing math, the effect size
recorded as d = 0.10, meaning a slight significant result in favour of males. In general, self-

confidence and valuing math were slightly significant.
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The results for PISA math assessment, a slight but significant difference was observed in
mathematics performances between genders, with an effect size of d = 0.11 in favour of males.
For the attitudes and affect results; extrinsic motivation, intrinsic motivation, anxiety, self-
efficacy, and self-concept showed small effect sizes. However, there were some several
differences such as males displayed more positive attitude towards math than females (d = 0.21
to d = 0.33). Females had higher anxiety scores compared to males with a d = -0.27. In
summary, males displayed higher extrinsic and intrinsic motivation, self-report, and self-
efficacy but lower anxiety levels.

Regarding moderators, composite indexes was examined for gender equality to
understand the gender differences more clearly in mathematics, attitudes, and affect. The results
found no significant evidence of gender equality as a moderator while interpreting gender
differences for TIMSS assessment. For PISA assessment, results revealed different results
indicating that four composite indexes demonstrated significant results as a moderator in
mathematics achievement in favour of males. For attitudes and affect, the GEM showed
significant results in all but one case of attitudes and affect scales. However, results surprisingly
showed that males scored higher scores in extrinsic motivation, intrinsic motivation, self-
concept, self-efficacy in the countries that have high gender equality whereas females scored
higher in anxiety. In terms of domain-specific indexes for gender equality, similarly, aim was
to examine the gender differences in mathematics, attitudes, and affect. In summary, gender
equality is helpful to interpret the gender differences in mathematics, attitudes, and affect
across nations. For both PISA and TIMSS, proportion of women in research roles, explained
the gender differences, meaning that in nations where women participated in research roles
there was nearly no gender difference in self-confidence, valuing math, intrinsic and extrinsic

motivation, math anxiety, self-efficacy, and self-concept.
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As a summary, the study proved that males and females do not show large differences
in their mathematics performances, but males show higher positive affect and attitude with a
variability among nations. Additionally, women’s condition and well-being affected the results

in mathematics between genders internationally, depending on the nation.
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CHAPTER 3

METHODOLOGY

The statistical technique utilized in this research is meta-analysis, which comprehensively
synthesizes and aggregates outcomes of more than one scientific study. The purpose is to
conduct a broad investigation of the field of interest for researchers, examining and gathering
all necessary data. It is identified as a synthesis of all the pertinent information and data, which
may enhance the reliability and accuracy of inferences compared to individual studies. As it
allows researchers to understand what causes the difference between the outcomes of the
studies, also it might be beneficial to comprehend how substantial the observed impact is and
how consistent the outcomes are across studies.

This study aims to perform a comprehensive review of gender differences in mathematics
to compare and discuss the results. In the selection and coding phase, the PRISMA guideline
(Page et al., 2021) has been chosen to consider various studies that are of interest. Furthermore,
it has been helpful to follow the checklist of the PRISMA 2020 statement for the inclusion of

studies that are accurate, reliable, and consistent.

3.1 Aims and Eligibility Criteria

The meta-analysis study that we had conducted contributes to broader collaborative
research coordinated by the University of Genova and University of Padova. This research aims
to explore potential gender differences in mathematics. To understand these differences
between genders, extensive research needs to be done throughout the relevant existing
literature, and studies that meet the specified criteria should be selected as stated in the

PRISMA checklist.
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The present work aimed to consider the data from complete texts that had published in the
years 2011 and 2016 with the objective to address these research questions:
e Do boys and girls have a difference on their mathematics score?
e Does the maths content moderate this difference?
By the PRISMA guideline, the implementation of the meta-analysis constituted different steps:
conducting a comprehensive literature search among studies that are of interest, evaluation of

the abstracts, and evaluation and final coding of the relevant complete texts.

3.1.1. Literature Search

In this part, it was considered to select as many distinct databases as possible to access
to all the studies that were of interest. To be able to perform a comprehensive literature search
that also evades publication bias, apart from published studies, theses and book chapters (that
is called grey literature) have been retrieved from PsycINFO (EBSCO), Scopus, Medline
(Ovid), Web of Knowledge, and PubMed since it is substantial to observe all the existing
literature to have thorough, exhaustive, and objective results. The literature search was
implemented using these keywords:

1) (gender OR sex OR male* OR female* OR girl* OR boy*) AND (math* OR
geometry OR arith*) AND (performance OR achievement OR abilit*) AND (child* OR
adolesc* OR student*) NOT (“mathematical model”);

2) (gender OR sex OR male* OR female* OR girl* OR boy*) AND (math* OR
calculus OR algebra OR geometry OR arith*) AND (performance OR achievement OR

abilit*) AND (child* OR adolesc* OR student*) NOT (“mathematical model”).

The composition of each word was adjusted to the specific characteristics of the website that

enables an in-depth search of all the related studies. To consider all the forms of the keywords
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as listed above, which might be written with a different form or vocabulary, the wildcard “*”
(asterisk) has been used. The terms “gender”, “sex”, “female”, “girl”, “boy”, “child”,
“adolescent”, and “student” were used to pick out studies that involves both genders and all the
age groups. Moreover, the terms “math”, “geometry”, “arith”, “performance”, “achievement”,
and “ability” denote the mathematical tasks utilized in the studies. However, the phrase
“mathematical model” has been used to reject publications related to math. This process
facilitated as many beneficial studies as possible to include in the literature search. The existing
search comprised of 18,938 records from five different databases between January 2010 and

December 2022. Specifically, 1,481 studies in the existing literature for the years 2011 and

2016 are considered in the present study (see Figure XX).

3.1.2 Title and Abstract Screening

At the beginning of the process, the duplicate extraction was implemented using the
EndNote application and Rayyan software; once detected, the duplicates were removed,
leaving a total of 970 records. Since, it was not sufficient for an article to merely contain all
the specified phrases, it was important to read the abstracts to determine if the article
corresponds to our research interest. Herein, 369 abstracts were rejected based on the selection
criteria. Double-screening process was carried out on the 20% of the abstracts to prevent any
overlook and omission. Discussions had been held between Lorenzo Esposito and Sena Nur
Kaya to resolve any discrepancies or inconsistencies and reach an agreement.

As agreed, upon before the literature search, the inclusion criteria for the initial
screening phase are as follows:

1. The existence of an assessment in mathematics or a clear statement that mathematics is
being assessed;

2. The presence of both genders (exclusion of single-gender studies);
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3. A sample consisting of typically developing individuals older than 4 years old.
Consequently, 601 theses and articles met the inclusion criteria after the abstract screening

process.

3.1.3. Full-text Analysis
Henceforth, the further step was to conduct a full-text analysis for the articles and theses
that met the inclusion criteria in the previous selection phase. The objective was to screen the
complete text, not just abstracts, in order to determine whether they met the criteria. Moreover,
a special attention was paid to mathematical assessment and sample population apart from the
inclusion criteria mentioned before.
To begin, it was crucial to understand how a mathematical assessment was conducted.

In this regard, scores taken from teacher-administered tests or self-reported grades were not
taken into consider. In addition, mathematical assessments which included geometry were
another aspect to consider, as they involve spatial tasks that should be excluded due to their
challenging evaluation, which differs from mathematics assessment. However, emphasis was
placed on articles that involve problem-solving in geometry and geometrical concepts. In
relation to the sample population, concern was the presence of typically developing individuals.
In studies involving atypical populations, only the typical group was considered; in intervention
studies all waves were considered; while for studies including experimental manipulations,
only the control group was considered.
The information of the articles was coded into Excel as follows:

1. The article ID (a progressive number to identify the entry in the dataset);

2. The publication year;

3. The author;

4. The title;
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5. The full-text file (1: retrieved, 0: not retrieved);

a

Inclusion (1: included, 0: excluded);

~

Data (1: Data available in the article, 0: data not available);
8. Details on exclusion reason;
9. Email to contact the author;

10. The information requested for the author;

3.1.4. Coding

Following the examination of abstract and the full-text screening, the last stage of the
study has started which is coding phase. During this phase, 5.13% of the studies remained (as
indicated in the initial records) resulting in the validation of 76 articles and theses. This coding
phase was essential for constructing a platform that encompasses all the necessary information
from the studies within the area of interest. The information that is needed for conducting
analyses was determined by the researchers based on the requirements. Despite some articles
lacking all the required information, they were still coded due to their inclusion of outcomes
of the mathematical assessment and presence of both genders typically developed. The
remained information, coded into the Excel, as follows:

1. The article ID;

2. The ID sample (a nested ID to identify different samples inside the same study);

3. The authors;

4. Notes;

W

. Publication type (1: journal article, 0: thesis, 2: other);

(o)

. Data (1: yes, 2: data but a sample and/or measure is missing);

U

. Survey (1: yes, 0: no);

(o¢]

. Survey type, the name of the survey;
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9. Survey year, the administration year of the survey;

10. Male sample size;

11. Female sample size;

12. Task name;

13. Standardized test (1: standardized, 0: not standardized);

14. Task description (content type);

15. Computerized (1: computerized task, 0: not computerized;)
16. Male mean;

17. Male standard deviation;

18. Female mean;

19. Female standard deviation;

20. Index name (accuracy, reaction time, error);

21. School level (kindergarten, primary, middle, high, university or adulthood);
22. Country;

23. Age range sample;

3.2 Analytical Strategy

As a measure of effect size Cohen’s d was utilized. It quantifies the standardized
difference between two groups. Groups were assigned codes of 0 and 1, with 0 representing
male samples (M = 0) and 1 representing female samples (F = 1). In instances where a positive
Cohen’s d is observed, there is a disparity favouring males over females; conversely, when a
negative Cohen’s d is observed, there is a disparity favouring females over males. For each
study, it was opted to utilize only one Cohen’s d even with in cases there might be more than
one Cohen’s d values available. In such cases, the average score was calculated. Some of the

studies that were coded were of a single sample, comprising 55%, whereas 44.59% of the
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papers contained multiple samples and outcomes. The papers that contained multiple samples
and outcomes were coded independently from one another. This approach was also
implemented for the studies that contains diverse assessments. After computing Cohen’s d, its
variance was calculated, and multivariate meta-analysis models were fitted by using R-Studio

package “metafor”.
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Figure 1. PRISMA 2020 flow diagram for systematic reviews that containing databases

and registers
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CHAPTER 4
RESULTS

Analyses have been conducted to determine whether there is a difference between the
mathematics assessments of females and males, with emphasis placed on whether math content
plays a role in the results or not. This meta-analysis contained 76 articles that are published in
the years 2011 and 2016, incorporating 76 samples and encompassing a total of 508,429
females and 527,857 males. Descriptive statistics are reported in Table 1.

Table 1

Descriptive statistics by math content

Math Content n studies Zizes effect n males n females d CI1%95 SE

Arithmetic 7 12 3360 3386 0.372 [0.085, 0.658] 0.146
Broad Mathematics 26 54 394477 374315 0.054 [-0.047, 0.155] 0.052
National Test 31 53 128742 128984 0.020 [-0.061, 0.100] 0.041
Advanced Maths 7 14 365 443 0.086 [-0.203, 0.375] 0.147
Basic Numeracy 3 4 860 1253 0.144 [-0.029, 0.316] 0.088
Geometry 2 6 53 48 0.041 [-0.272, 0.353] 0.159

4.1 Forest Plot

Firstly, the forest plot was employed as tool for discerning heterogeneity and inspecting
very briefly the results. The forest plot can be interpreted as follows: the studies included in the
meta-analysis process are sorted sequentially in the vertical section of the plot. Subsequently,
the plot includes squares and lines for every study, where the size of square symbolizes the
sample size, the position of square indicating effect size, and the lines symbolizes confidence
intervals. To begin with, as the sample size increases for each study, the square size also
increases. Conversely, as the sample size decreases, the size of the square decreases
accordingly. For instance, the study by Benally (2016) could be illustrated with a smaller square
size, representing a smaller sample size compared to other studies, such as Nosek & Smyth

(2011). Ensuring a large sample size is substantial for including diverse samples, thereby
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facilitating a more comprehensive and realistic outcome. Additionally, when examining
sample sizes, it is important to consider confidence intervals, which are represented as lines
(also referred to as twigs) in the plot. Confidence intervals display the estimation of each study.
Extended horizontal lines indicate a less accurate estimate, whereas shorter lines signify a more
accurate estimate. The study by Eren & Coskun (2016) demonstrates an example, with shorter
lines representing shorter confidence intervals, leading to a more precise estimate compared to
studies such as J. T. Johnson (2016). There is a relationship between sample sizes and
confidence intervals: as the sample size decreases, confidence interval gets longer and
conversely as the sample size increases, confidence interval gets shorter. The scope is to obtain
a large sample size with a short confidence interval which will generate more precise and
comprehensive results. The position of the square relative to the effect sizes depends on its
position relative to the vertical line, which is at the center of the plot. The vertical line itself
stands for a null value, suggesting no difference in mathematical performance between females
and males. When a study is positioned to the left of the line, it implies a negative effect size,
whereas a study positioned to the right implies a positive effect size. As an example, when
examining the left side, Towler (2016) exhibits a negative effect, whereas Mittal (2011) implies
a positive effect. Besides, this vertical line serves as a reference to determine whether a study
is significant or not based on the confidence intervals lines. Specifically, if the confidence
interval lines intersect with the vertical line, it means the study lacks statistical significance.
On the other hand, if the confidence interval lines do not intersect with the vertical line, the
study indicates statistical significance. As an illustration, Fanusi (2016) is not statistically
significant because it intersects with the vertical line, whereas Hill et al. (2016) is statistically
significant as it does not overlap with the vertical line. Furthermore, the forest plot provides
numerical presentation of Cohen’s d, indicating the effect size. The decision was that a positive

effect size suggests males performed better than females, whereas a negative effect size
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suggests females performed better than males. As seen in the Figure 1, Monir et al. (2016)
demonstrated a negative effect size (d = -0.24) which suggesting a superiority among females,
while Hill et al. (2016) demonstrated a positive effect size (d = 0.13) suggesting a superiority
among males. The overall estimated effect size could be observed from the diamond shape
displayed at the bottom of the plot. It is still important to consider on its position relative to the
vertical line, and whether it intersects with it. Diamond shape is positioned at the right side,
suggesting male superiority with a positive effect size (d = 0.08) and a confidence interval
between 95% CI [0.01, 0.15]. It does not intersect the vertical line, suggesting an overall
significant effect. The forest plot helps in identifying heterogeneity and outliers. Evidence of
heterogeneity is suggested when the general distribution is dispersed across the entire plot. In
general, studies are positioned close to the vertical line, which basically lies near to the

midpoint of the plot, suggesting a discrete level of heterogeneity.



Figure 2. Illustration of 76 studies in the meta-analysis as a Forest Plot
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Funnel plot is helpful for examining publication bias by illustrating the general

distribution studies across the entire plot. The general distribution is expected to be

symmetrical and in the presence of an asymmetrical distribution, publication bias is present.

This means, the meta-analysis is measuring only a specific population which does not reflect

the whole population, indicating that the meta-analysis is not representative. This meta-analysis
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study does not suggest publication bias, as a symmetrical distribution of the funnel plot can be
observed in Figure 3.

Every point on the funnel plot denotes an individual study within the meta-analysis,
positioned based on the outcomes they have reached. In particular, studies positioned at the
lower end of the plot are those with outcomes associated with high standard error and a small
sample size. Conversely, studies positioned at the top of the plot are those with outcomes
associated with low standard error and a large sample size. The funnel plot reveals that the
findings of this meta-analysis study follow the expected pattern. To be more precise, the points

distributed at the top of the plot indicate studies with large sample sizes and low standard errors.
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Figure 3. Illustrates studies published in both 2011 and 2016 using a Funnel Plot
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4.3 Analytical results

Subsequently, further analyses have been conducted to elucidate differences in mathematical
assessment performances between females and males. As shown in the Figure 1, the forest plot
indicates a Cohen’s d = 0.08, with a confidence interval 95% CI [0.01, 0.15] suggesting a
significant effect size. The SE = 0.03 while the test of heterogeneity yielded significant results,

0(142) = 1896.09, p < .001.
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4.4 Math content as a moderator

Therefore, it has been decided to include math content as a moderator in the model, as
the model without moderator showed heterogenous results. The reason of adding moderators
is that, due to the high heterogeneity, the study might be better explained with an additional

variable, as the model without moderators is insufficient to explain all aspects of the outcome.

4.4.1 Advanced math
This mathematical content was selected as the intercept among all other math contents.
The meta-analysis did not reveal a significant effect. Estimate is f = 0.03 (SE = 0.11) with a

confidence interval ranging from -0.18 to 0.24.

Figure 4. Forest plot for advanced mathematics
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Note. Figure 4 represents the descriptive statistics for this math content.

4.4.2 Arithmetic

The meta-analysis revealed that the arithmetic effect was significant 5 = 0.33 (SE = 0.14) with
a confidence interval ranging from 0.04 to 0.63. The forest plot shows that the diamond shape
does not intersect with zero so that means the studies are significant. Additionally, the studies

are distributed at the right side of the vertical line meaning, they are positive. Positive studies
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reveal that male perform better in the mathematical assessments than females, as shown by d

= 0.37 with a confidence interval 95% CI [0.09, 0.66].

Figure 5. Forest plot for arithmetic
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RE Model — 0.37[0.09, 0.66]
05 0 05 1 15

Observed Outcome

Note. Figure 5 represents the descriptive statistics for this math content.

4.4.3 Basic Numeracy

There was no significant result for basic numeracy tests throughout the studies (8 = 0.05, SE =
0.13, 95% CI [-0.20, 0.31]). Forest plot of this content demonstrates the diamond shape
intersecting with the vertical line so that means it is not significant. Subsequently, d = 0.14 with
a confidence interval 95% CI [-0.03, 0.32]. On the other hand, this math content does not

include enough studies for comparison and examination.

Figure 6. Forest plot for basic numeracy

Klein et al., 2011 -0.06 [-0.50, 0.38)
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Pietschnig et al., 2011 E B | 0.29[0.12, 0.45]

RE Model — 0.14 [-0.03, 0.32]
06 04 0.2 0 02 04 056

" Observed Outcome

Note. Figure 6 represents the descriptive statistics for this math content.
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4.4.4. Broad Mathematics

Similarly, broad mathematics did not show any significant result in the model with moderator
(#=0.11,SE=0.12, 95% CI [-0.12, 0.35]). Besides, the diamond shape is on the vertical line
indicating no significant result. Upon this, effect size is d = 0.05 with a confidence interval of
95% CI [-0.05, 0.15]. Nevertheless, studies were quite dispersed at the right side of the plot,
and they are mostly positive meaning that males outperform females in the mathematical

assessment.

Figure 7. Forest plot for broad mathematics
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Note. Figure 7 represents the descriptive statistics for this math content.

4.4.5 Geometry

This math content likewise revealed no significant results throughout whole studies in the meta-
analysis (f < 0.01, SE = 0.23, 95% CI [-0.45, 0.46]). Similarly, the forest plot demonstrates
similar patterns to other math contents as the diamond shape is located on the vertical line

signifying a non-significant result. Additionally, effect size is d = 0.04 with a confidence



46

interval 95% CI [-0.27, 035]. Nevertheless, there are only 2 study in this math content section,
so this could be the reason for the absence of a significant result.

Figure 8. Forest plot for broad mathematics
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Note. Figure 8 represents the descriptive statistics for this math content.

4.4.6. National Test

Lastly, the national test was examined as a moderator in the study, and similar to other studies,
revealed no significant results (f = 0.02, SE = 0.12, 95% CI [-0.21, 0.25]). The forest plot
displays the results with a diamond shape crossing the vertical line, meaning that the result is
not significant. Generally, the studies were not dispersed at both sides of the vertical line but
positioned around the vertical line meaning they were not significant. Additionally, the plot

shows almost a symmetrical distribution meaning that heteroscedasticity is not present.
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Figure 9. Forest plot for national test
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Note. Figure 9 represents the descriptive statistics for this math content.

4.5 Overview of results

After model fitting, an analysis was conducted to test whether the two models could be
considered statistically different. This analysis has been conducted to examine which model
was better through AIC (Akaike Information Criterion) and BIC (Bayesian Information
Criterion) indices. Model with no moderator showed an A/C = 126.93 and BIC = 150.63, while
model with moderator showed an AIC = 125.91 and BIC = 134.79. Since the second model
presents lower A/C and BIC compared with the first one (441C = 1.02, ABIC = 15.83), the

model with moderator can be considered the best model between the two.
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CHAPTER 5

DISCUSSION

The current study aimed to investigate gender differences in mathematics assessments through
a meta-analytic study. The study conducted a meta-analysis on published studies from 2010 to
2022, a total of 76 studies extracted as a result based on the established criteria with a total
sample of 1,036,286 individuals. This study contributed to the literature review with an
emphasis on gender differences in mathematics as a meta-analysis in the current years.
Furthermore, particular emphasis was placed on mathematical content to determine if there was

an association with gender differences in mathematics.

5.1 Findings

To test whether gender differences exist in math a meta-analysis was carried out.
Importantly, publication bias was assessed by mean of an inspection of the funnel plot; the
symmetrical distribution of the studies in the funnel plot indicates that publication bias was not
present (namely, almost equal number of studies which found a males/females difference in
both directions). This suggests that the selection process included a comprehensive sample of
published studies, thereby enhancing the reliability and inclusiveness of the study.

The results demonstrated that gender differences emerged in mathematics assessments
throughout the studies in 2011 and 2016. The present work found, although negligible, a gender
difference in favour of males (d = 0.08). These results are in line with previous meta-analyses,
specifically, Lindberg and colleagues (2010), found a small gender difference of d = 0.05 in a
meta-analysis conducted on a systematic review of the literature, and a d = 0.07 on large U.S.
datasets. Likewise, Else-Quest and colleagues (2010), by analyzing PISA and TIMSS data,

found gender differences near to 0 in multiple countries. Altogether, these findings suggest that
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overall gender gap in math might not exist anymore, and importantly, this trend seems to be
stable over time. However, high levels of heterogeneity were detected, potentially due to the
presence of confounding variables. Consequently, math content was added in the model as
moderator for further investigation of the gender gap. The moderator analyses revealed near-
zero gender differences favouring males in all math contents examined, except arithmetic,
where males outperformed females solely in the arithmetic tests (d = 0.33). These results were
in line with Shen et al. (2016) which highlights the male superiority in complex arithmetic tasks
in United States, and Russia. Nevertheless, Wei et al. (2012) found females to achieve higher
scores than males in arithmetic tasks including simple subtraction and complex multiplication
while adjusting for word-rhyming task. However, the reason behind results was attributed to
the fact that females generally display higher performance in language tasks, as the study
indicated, which in turn moderates their performance in arithmetic.

Despite some evidence on gender difference in also other domains of mathematics, this
study did not reveal any other than arithmetic. For instance, the results proved that males
performed better in spatial and abstraction tasks in geometry more than females, indicating that
males performed better in tasks that require complex and critical thinking (Fitriani &
Nurfauziah, 2019). Conversely, in another study that is conducted in a Turkish sample, females
achieved higher scores in geometry compared to males (Erdogan et al., 2011). However, this
meta-analysis study did not reveal any results indicating females/males outperform another.
For national tests, Lindberg et al. (2010), performed another study on large national databases
and found no significant gender gap in mathematics assessments. Similarly, Thomas et al.
(2022) conducted another national-test study in Australia and found that males achieved higher
scores in numeracy tests compared to females. Conversely, Begum et al. (2021) showed no

significant difference of gender for numeracy tests. Additionally, a TIMMS study that is
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conducted in 2003 showed no significant gender gap in mathematics assessment similarly to
our results.

The reason behind general results might be related with the number of studies involves related
math content such as advanced mathematics, arithmetic, geometry. As there were limited
studies investigating gender differences in some math contents especially for basic numeracy
and broad mathematics, the study did not reveal any effect in terms of gender. Even though
results might indicate that the gender gap starts to decrease currently it is possible that the

sample studies was not sufficient to indicate an effect.

5.2. Limitations and future recommendations
Despite results being useful in the current literature there are some limitations in terms of
gender differences in mathematics. Although, the study encompassed a very large sample size,
it does not take into consideration cross-cultural factors that might influence gender
differences. Else-Quest et al., (2010), revealed a study with TIMSS and PISA databases from
69 countries involving 493,495 students. There are several results regarding gender differences
and its associations such as gender equality based on every nation. The study demonstrated that
in countries that are more gender-egalitarian, where women’ condition and well-being were
higher, the gender difference in mathematics was not present as well. Although this meta-
analysis study extracted several studies from several countries, it did not take into consideration
the level of gender-egalitarian in a country and how results varied accordingly. It could have
been another moderator that associate with the results.

Another limitation was that mathematics learning could have been impacted by several
aspects such as learning environment, teaching styles, learning environment, peer relationships,
parent’s expectations, beliefs and stereotypes, parents’ education level, teachers’ expectations,

beliefs and stereotypes, gender stereotypes, cultural environment, role models, problem type,
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difficulty level of the test and several other factors that needs to be further researched. Since,
this study considered only one moderator, it may lack some several other moderators that could
be associated with results.

Another topic that should be taken into consideration is aspects such as self-confidence,
self-efficacy, self-concept, and math anxiety. Specifically, Else-Quest et al. (2010) revealed
that, males display higher levels of positive attitude and positive affect to the mathematics due
to some stereotypes against women being capable to perform well. In relation with this, males
showed higher self-confidence in mathematics than females and thus mathematics performance
can be impacted in favour of males. In addition, females displayed higher anxiety scores when
performing mathematics compared to males which may affect their performances. In general,
while males’ motivation and beliefs, self-report and self-efficacy levels were higher than
females. As a result, mathematics performances between females and males are impacted by
several aspects and culture. Thus, further studies should investigate this topic by considering
some aspects such as culture, stereotypes, anxiety, self-beliefs. Since this study revealed gender
differences in arithmetic tests further studies should give emphasis on these aspects when

performing in a test of arithmetic.

5.3. Conclusion

There are some notable differences across genders in mathematical assessment in the previous
literature. There have been several studies indicating that gender differences are present among
mathematics assessment as stated, whereas for some there was no difference. This study
revealed gender differences in mathematics assessment with a male advantage, especially in
the arithmetic tests. Considering the results, there would be still some discrepancies across

genders due to some cognitive and emotive factors that should be further investigated.
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