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Abstract: This study examines the factors affecting the mathematics achievement
of 8th-grade students in Tiirkiye using data from the TIMSS in 2011, 2015, and
2019. The data were analysed with multilevel (two-level) modelling. The first level
was the student, and the second level was the school. At the student level, such
affective characteristics as self-confidence in learning mathematics, liking to learn
mathematics, and value given to learning mathematics, as well as educational
resources, namely at home, gender, and the frequency of speaking the language of
the test at home, were taken into consideration. At the school level, the school’s
socioeconomic status was included in the model. The results showed that self-
confidence in learning mathematics is the most important variable affecting
students' mathematics achievement in all years. Besides, the school’s
socioeconomic status has the strongest effect on students' mathematics
achievement, which has increased over the years. The study also showed that those
students who performed higher achievement in TIMSS 2011, 2015, and 2019 are

Multilevel Modelling. confident in learning mathematics, have many educational resources at home,

frequently speak Turkish at home, and are from affluent schools. On the other hand,
for TIMSS 2011 and 2019, female students were more successful than male
students. The effect of liking to learn mathematics on achievement was negative
and significant only for TIMSS 2015, while the effect of value given to learning
mathematics was positive and significant only for TIMSS 2019. However, the
effect size values of the variables showed that this effect was not significant in
practice.

1. INTRODUCTION

The 21st century is a period in which technological advancements are rapidly developing. Due
to changing job market conditions, new requirements are also emerging accordingly. The
Program and Instruction for 21st Century Skills (P21) framework, which was first introduced
in the United States but later accepted worldwide, emphasizes the importance of students having
various knowledge, skills, and experiences to succeed in their careers and daily lives (Guo &
Woulfin, 2016); within the P21 framework, critical thinking and problem-solving skills are
particularly emphasized (Akgundiz et al., 2015). Turkiye has also been affected by these
changes in the world, and efforts have been made to outline a new profile for Turkish students
(EARGED, 2011) as well. Since mathematics lessons are quite effective in teaching critical

*CONTACT: Burgin Coskun DX burcinermegan@gmail.com [Z] Trakya University, Faculty of Education,
Department of Educational Sciences, Edirne, Tiirkiye

e-ISSN: 2148-7456 /© I1JATE 2023


https://doi.org/10.21449/ijate.1272517
https://ijate.net/
https://dergipark.org.tr/en/pub/ijate
https://orcid.org/0000-0002-6974-4353
https://orcid.org/0000-0002-0208-7870

Int. J. Assess. Tools Educ., Vol. 10, No. 3, (2023) pp. 454-481

thinking and problem-solving skills (Mullis & Martin, 2017), Turkiye has taken steps to teach
skills such as critical thinking, creative thinking, decision-making, and the use of technology in
its mathematics curricula since 2005 (D6nmez & Dede, 2020). It is also important to measure
students’ mathematical skills and assess them internationally within certain standards.
Examples of large-scale international studies in which the mathematical skills of students from
many countries can be compared include PISA and the Trends in International Mathematics
and Science Study (TIMSS).

TIMSS is the most comprehensive assessment that determines mathematics and science
achievement trends of students (National Centre for Education Statistics, n.d.). TIMSS, which
was first conducted in 1995, is repeated every four years and draws attention to the changes in
the achievements of countries over time. In TIMSS, not only the participants’ basic
mathematical skills but also their problem-solving and reasoning skills are evaluated (Lee &
Chen, 2019). These skills are evaluated in two parts, namely the learning domain and the
cognitive domain (Yildirim et al., 2013). Aside from mathematical skills, TIMSS also collects
information about students' affective skills, home lives, and school lives. In particular, with
student, school, and teacher questionnaires for 8" grade students, TIMSS endeavours to present
all aspects of the educational environment in detail in which the student lives.

Turkiye did not participate in TIMSS in 1995 and 2003, while it participated only with eighth-
grade students in 1999 and 2007. In 2011, 2015, and 2019, Turkiye participated with students
at both levels (fourth and eighth grades) (Blyukozturk et al., 2014; Polat et al., 2016; Suna et
al., 2020). When looking at the average scores and country rankings for the last three TIMSS
studies, there appears to be a quantitative increase (see Figure 1). However, when compared
with 500 points, which is the midpoint of the assessment, the mathematics average scores for
eighth-grade students in Tirkiye remain at the middle level or below the average.

Figure 1. TIMSS 2011, 2015, and 2019 mathematics average scores for eighth-grade students in
Turkiye.
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According to its ranking among other participating countries, Tlrkiye lagged behind 57% of
these countries in 2011, 62% in 2015, and 51% in 2019 (Buyukoztirk et al., 2014; Polat et al.,
2016; Suna et al., 2020). In addition to examining the mathematics achievement of students in
Turkiye from a global perspective, country-based research is also important to focus on the
underlying causes of students' success or failure. After each TIMSS report was published,
various scientific studies were conducted by taking into account the published data and trying
to determine the variables affecting the mathematics achievement of students in Turkiye (e.g.,
about student characteristics: Abali-Oztiirk & Sahin, 2015; Caliskan, 2014; Cavdar, 2015;
Dogan & Baris, 2010; Sar1 et al., 2017; about school characteristics: Akyiiz, 2014; Aydin, 2015;



Coskun & Karakaya-Ozyer

Coskun & Karadag, 2023; and about teacher characteristics: Yalcin et al., 2017). It is possible
to group these variables in the context of students, teachers, and schools (Thomson et al., 2003).
Among the variables studied in the student context are variables that reflect students' affective
characteristics (attitudes toward mathematics, motivation levels to learn the lesson, and levels
of self-confidence in learning the lesson), socioeconomic status, gender, the frequency of
speaking the language of the test at home, and home educational resources.

When the education system in Tirkiye is analysed, it is seen that students' acquisition of
cognitive skills is much more important than their affective characteristics (Oztekin-Bayir &
Tekel, 2021). However, studies showing the relationship between affective characteristics and
cognitive skills emphasize the dangers of ignoring affective characteristics in determining
students' academic achievement (Ferla et al., 2009; Khine et al., 2015; Leder & Forgasz, 2006;
Olgiioglu & Cetin, 2016; Pajares & Miller, 1997; Wilkins & Ma, 2003; Wilkins, 2004). When
these studies were examined, it was determined that the variables of self-confidence in learning,
attitude towards the lesson (liking to learn the lesson), and the value given to the lesson
significantly affected academic achievement (Arikan, 2016; Baris, 2009; Coskun & Karadag,
2023; Dogan & Barig, 2010; Kaya, 2008; Louis & Mistele, 2012; Sar1 et al., 2017; Yatagan,
2014). When the percentages of affective domain characteristics explaining academic
achievement were examined, it was revealed that various studies found different results and
that these percentages ranged between 12% and 20% (Chowa et al., 2015). While examining
the effect of student characteristics on achievement, it is necessary to control the effect of some
variables, especially socioeconomic status, on achievement. Socioeconomic status, gender, and
ethnicity (frequency of speaking the language of the test at home) are the variables that explain
most of the variance in student achievement (Coleman et al., 1966). In this study, the
socioeconomic status of the student and the school were controlled to examine the effect of the
variables expressing students' affective characteristics and home backgrounds on TIMSS 2011,
2015, and 2019 mathematics achievement. As a result, all students and schools had the same
socioeconomic background (Martin et al., 2013).

1.1. Affective Domain
1.1.1. Students’ confidence in learning mathematics

The first of the affective characteristics examined in TIMSS is self-confidence in mathematics,
which can be defined as the student's belief in oneself in the mathematics class and seeing
oneself as successful in the processing of this class (Demir & Kilig, 2010). A student's self-
confidence in learning the lesson means that he/she does not give up in any negative situations
and feels sufficient motivation to correct that situation (Bandura et al., 2001). Both national
(Abazaoglu et al., 2015; Akyliz, 2014; Coskun & Karadag, 2023; Demir & Kilig, 2010; Ertlirk
& Erding-Akan, 2018; Olmez, 2020; Yal¢n et al., 2017) and international (Arikan et al., 2016;
Chen, 2014, Ker, 2016; Papanastasiou, 2000; Wilson & Narayan, 2016; Yoshino, 2012) studies
have revealed that students’ feeling of self-efficacy while learning the lesson is related to their
acquisition of the target behaviours of the lesson.

1.1.2. Students liking to learn mathematics

The attitudes and emotional states of students play an important role in the process of learning
mathematics. The enjoyment of learning mathematics is directly relevant to their intrinsic
motivation (Mullis et al., 2012). Enjoying learning mathematics, liking to do mathematics-
related homework, and eagerly anticipating a math class all provide clues about students'
intrinsic motivation (Hansford & Hattie, 1982). Some studies suggest that the latent variable of
‘liking to learn mathematics’ derived from the "Students Like Learning Mathematics Scale”
(Mullis et al., 2020, p. 428) in TIMMS assessment is a variable that affects academic
achievement (Belbase, 2013; Ersan, 2016; Khine et al., 2015; Liou, 2014; Tavsancil & Yalgin,



Int. J. Assess. Tools Educ., Vol. 10, No. 3, (2023) pp. 454-481

2015; Yildirim et al., 2013). According to these studies, individuals with high intrinsic
motivation also tend to have high levels of mathematical achievement. However, some studies
that compared different countries obtained different results; for example, Akylz (2014)
examined the effect of affective characteristics on mathematics achievement by analysing the
TIMSS 2011 data from Singapore, Finland, the USA, and Turkiye's 8th-grade students: the
study findings revealed that, ‘liking to learn mathematics’ was a significant variable for
achievement in Singapore and the United States, but not in Tiirkiye. Coskun and Karadag
(2023) found a negative relationship between students’ liking to learn mathematics and
students' mathematics achievement. Similarly, Kara (2023), using the TIMSS 2019 data from
Turkiye, found that as students’ enjoyment of learning mathematics decreased, their
mathematics achievement increased as well. Such contradictory results indicate that more
research is required to understand the impact of students’ liking to learn mathematics. Placing
greater emphasis on students' emotional states during the process of learning mathematics and
increasing research in this area may therefore help to make the process of learning mathematics
more effective.

1.1.3. Students’ value given to learning mathematics

Another affective characteristic associated with students' mathematics achievement is valuing
mathematics learning. Value given to learning mathematics refers to students' belief that
mathematics is important and will be useful in their future lives (Wigfield & Eccles, 2000).
However, in the literature, valuing the lesson is also referred to as external motivation (Ryan &
Deci, 2000). In other words, it is an extrinsic motivation source when a student thinks that the
mathematics course is important and believes that it will be useful both in daily life and in work
life (Wigfield & Eccles, 2000). Some studies have found that there is no relationship between
the value given to learning mathematics and academic achievement (Arikan et al., 2016; Yavuz
et al., 2017), while other studies have shown that students who value mathematics use their
cognitive skills more consciously and perform better in mathematics exams (Ker, 2016; Kim et
al., 2013; Phan et al., 2010). Therefore, students' levels of value for learning mathematics can
be an important variable for their mathematics achievement. Understanding the importance of
mathematics class and being motivated in this regard can help students achieve higher academic
success.

1.2. Gender

Various studies show that the most frequently studied variable when investigating factors
affecting academic achievement is gender (Aydin, 2015; Karaca, 2018; Louis & Mistele, 2012).
National and international studies have compared the achievements of male and female students
and investigated the reasons for the differences (Aksu et al., 2017; Mullis et al., 2016). The
effectiveness of the gender factor was also investigated in the studies on TIMSS mathematics
achievement, and it was determined that there was a significant difference between male and
female students (Aydin, 2015; Louis & Mistele, 2012; Martin et al., 2000). Several studies on
gender differences have shown that male students have higher mathematics performance than
that of female students (Islak, 2020; Kili¢ & Askin, 2013; Louis & Mistele, 2012; Mau & Lynn,
2010; Martin et al., 2000). Studies conducted in Turkiye also support similar results; for
example, Kili¢ and Askin (2013), based on TIMSS 2011 data, reported that male students have
higher mathematics performance than female students have.

However, there are studies showing that female students outperform male students in TIMSS
mathematics achievement (Aydin, 2015), while other studies demonstrate that gender is not an
important variable in predicting students' mathematics achievement (Coskun & Karadag, 2023;
Kaleli-Yilmaz & Hanci, 2015; Karaca, 2018; Lee & Kung, 2018; Mohammadpour & Abdul
Ghafar, 2014; Sarouphim & Chartouny, 2017). Therefore, most studies suggest that the gender
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effect on how well students perform in mathematics depends on the TIMSS study year. As a
result, it is seen that gender plays an important role in the process of investigating factors
affecting academic achievement. However, further research is needed to arrive at a clear
conclusion regarding the effect of gender on mathematics achievement.

1.3. Language of Test Spoken at Home

Another important factor that affects students' success is the language spoken at home. In the
TIMSS study, similarity between the language of the test and the language used at home had a
positive effect on students’ achievement. For this reason, it is often questioned how often
students speak the test language at home. Students who do not speak Turkish, the language of
the test, at home are generally children of minority or immigrant families, which creates
difficulties for students to understand and answer the test. The degree to which the language
used at home and the language of the exam are similar is crucial to the learning process. The
difference between the language spoken at home and the language on the test for children of
minority or immigrant families creates some difficulties in the learning process (Lee, 2020).
Since the families of these students are usually economically weak, the budget they allocate to
their children may also be limited, which may prevent them from accessing new learning
opportunities (Coleman, 1994; Portes & MacLeod, 1996). Some studies have shown a positive
relationship between the frequency of speaking the language of the test at home and
mathematics achievement (Chen, 2014; Ismail & Awang, 2008; Mohammadpour, 2013; Sevgi,
2009). However, in Sandoval-Hernandez and Bialowolski's (2016) study comparing five
countries, a positive relationship was found between the frequency of speaking the test language
at home and mathematics achievement in Taipei and Singapore, while a negative relationship
was found in Hong Kong. Furthermore, for South Korea and Japan, there was no effect of the
frequency of speaking the test language at home on mathematics achievement. In conclusion,
the similarity between the language spoken at home and the language of the test is important
for students' success. The fact that children of minority or immigrant families are less familiar
with the language of the test can be an obstacle to the learning process. Therefore, education
systems should create a favourable environment for students' success by considering language
differences.

1.4. Socioeconomic Status

In a large-scale study conducted in 1966, Coleman et al. (1966) found that the most important
factor affecting students' achievement was their socioeconomic status; the effect of schools on
achievement was very small, though. Their study has been the basis for many subsequent
studies. In TIMSS, socioeconomic status at the student level is determined by the variables of
educational resources at home. The educational resources at home are determined by asking
about the number of books in the student's home, whether the student has a computer, a room,
and an internet connection, and the educational level of the parents. High scores of the student's
answers to these questions indicate that he/she has access to a large number of educational
resources at home (Sari et al., 2017). The effect of this variable on achievement can be analysed
at both the student and school levels. Since parents with high socioeconomic status can offer
more educational opportunities to their children, students' achievement is expected to be higher
(Broer et al., 2019; Mullis et al., 2020; Olatunde, 2010; Sirin, 2005). In another study,
Chmielewski (2018) found a positive and significant relationship between socioeconomic status
and student achievement in his study comparing 30 countries using data from international
studies conducted over 50 years.

It is also possible to come across studies that found that the strongest variable affecting the
mathematics achievement of 8th-grade students in TIMSS is the socioeconomic status of the
student (Bos & Kuiper, 1999; Ersan, 2016; Kili¢ & Askin, 2013; Mohammadpour & Abdul
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Ghafar, 2012). Turkiye is a heterogeneous country in terms of socioeconomic status and as in
the TIMSS Turkiye sample, there are students with very high and very low socioeconomic
status (Buyukozturk et al., 2014; Polat et al., 2016; Suna et al., 2020).

Focusing on the studies conducted in Turkiye, similar results were found to be valid for students
in Tarkiye and socioeconomic status was found to be effective in explaining student
achievement (Akyuz, 2014; Acar-Guvendir, 2014; Bellibas, 2016; Erdogan & Acar-Glvendir,
2019; Gelbal, 2008; Kalaycioglu, 2015; Karaagag, Cingdz & Giir, 2020; Ozdemir, 2016; Ozkan
& Acar-Giivendir, 2014; Suna et al., 2020; Tomul & Savasci, 2012; Yetkiner-Ozel et al., 2013).

However, in schools where the socioeconomic status of the school is high, students have access
to more resources and opportunities. This can increase students' academic achievement and help
them prepare for a better future. In addition, many studies using TIMSS data have included the
school’s socioeconomic status in their research. These studies examined how the
socioeconomic status of the school affected students’ achievement in subjects such as
mathematics and science. As a result, the effect of students' socioeconomic status on their
achievement should be taken into consideration, and this factor should also be considered in the
development of educational policies. Ersan and Rodrigez (2020), in their study with TIMSS
2015 Turkiye data, found that the effect of socioeconomic status is still strong at the school
level when the effect of socioeconomic status within and between schools is separated.

1.5. Importance of Research

Although TIMSS results have caused various debates since 1995, they have pioneered
educational reforms all over the world. The TIMSS study helped to determine the current
educational situation and achievement trends by providing the opportunity to compare the
mathematics and science achievement levels of Turkish students with those of students in other
countries. However, systematic studies are needed to analyse these data well and transform
them into educational policy. Since TIMSS data are obtained at different levels (student, school,
and teacher levels), multilevel analysis methods should be preferred to minimize the error in
the analysis of such data (Bryk & Raudenbush, 1992). In this study, student characteristics that
are thought to affect Turkish students' mathematics achievement in TIMSS 2011, 2015, and
2019 were investigated with two-level modelling by controlling socioeconomic status at the
student and school levels. When we look at the studies using Turkish TIMSS data in the
literature on TIMSS data, it is generally seen that data from a single time are analysed (Akyiz,
2014; Tavsancil & Yalgin, 2015). However, comparing the data of a country at different times
may be more meaningful in showing the effect of the educational policies enacted by the
country. In TIMSS 1999, unlike other assessments, students' views on liking and valuing
mathematics were questioned through a single scale (the positive attitude toward mathematics
scale). In the TIMSS 2007 assessment, student's attitudes towards the lesson were investigated
on the scales of positive attitude towards the lesson, value given to learning the lesson, and
confidence in learning the lesson. However, since Turkiye participated in this assessment only
with 8th-grade students, there is no information on the index variable of educational resources
at home. For this reason, the current study aims to draw attention to the changes in factors
affecting the mathematics achievement of 8th-grade students in Turkiye over time by analysing
TIMSS 2011, 2015, and 2019 data rather than data from a single time period. In this study,
therefore, those factors affecting the mathematics achievement of 8th-grade students in TIMSS
2011, 2015, and 2019 are examined. The decision to compare TIMSS data in three different
periods was taken because the scales used in these assessments are similar and the 8th grade is
defined as the last grade of secondary school in the Turkish education system. This grade level
is very important for high school selection and is related to high school success of students in
the following years. In Turkiye, 8th-grade students are required to take the high school
transition exam at the end of the year and with the score they get from this exam, they have the
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opportunity to be placed in various high schools. The high school entrance exam is the first
large-scale and high-stakes exam for Turkish students and is taken very seriously by students
as it directly affects their further education. For these reasons, the success levels of Turkish
students in the 8th grade are related to their high school success in the following years (Ozdemir
& Gelbal, 2016).

In the current study, gender, the frequency of speaking the language of the test at home, and the
educational resources at home were also studied while determining the affective characteristics
that influenced students' mathematics achievement. Since previous studies have shown that
most of the variation in student achievement is due to socioeconomic status, race, and gender
(Chmielewski, 2018; Coleman et al., 1966; Hilton & Lee, 1988; Mullis et al., 2020), such
variables were also included in the research model.

1.6. Research Objective

In this study, the effects of affective characteristics, gender, frequency of speaking the language
of the test at home, educational resources at home, and the school’s socioeconomic status on
the eighth-grade students' mathematics achievement in TIMSS 2011, 2015, and 2019 were
investigated. In this context, answers to the stated research problems were sought:

1. Does the mathematics achievement of eighth-grade students in TIMSS 2011, 2015, and 2019
vary between schools?

2. Which student variables (self-confidence in learning mathematics, liking to learn
mathematics, value given to learning mathematics, gender, language of test spoken at home,
and educational resources at home) have an effect on eighth-grade students' mathematics
achievement in TIMSS 2011, 2015, and 2019, when students' socioeconomic status is
controlled?

2. METHOD
2.1. Population and Sample

This study includes an analysis of Turkiye's TIMSS 2011 and 2015 and 2019 eighth-grade data.
TIMSS uses a two-level random sampling design in which a school sample is first selected, and
then all students in at least one classroom from these schools are sampled (LaRoche et al.,
2020). Turkiye's TIMSS 2011, 2015, and 2019 eighth-grade population and sample sizes are
given in Table 1. In this study, the missing data were removed from the datasets by the listwise
elimination technique, since the missing data rates in the datasets did not exceed 5% (Garson,
2019).

Table 1. Tlrkiye's TIMSS 2011, 2015, and 2019 population and sample sizes.

Sample size after listwise

Population Sample elimination
Years School Student School Student School Student
2011 17.621 1.198.697 239 6928 239 6850
2015 15.583 1.201.185 218 6079 218 5966
2019 16.179 1.158.547 181 4077 181 3930

One of the advantages of working with TIMSS data is that it provides weighting data at the
student and school levels. Weighting is important to compensate for the negative effects of
situations such as an unequal probability of being selected for sampling or not responding to
questions (Von Secker & Lissitz, 1999). These weights are the inverse of the student's
probability of being selected for the sample (LaRoche et al., 2016). In the study, student
variables were weighted using Total Student Weight (TOTWGT), while no weighting was used
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for the school variables. In the analyses, the student-level variables were centered on the group
mean, and the school-level variable was centered on the overall mean.

2.2. Data Collection Tools

The data collection tools of the current study consist of TIMSS 2011, 2015, and 2019 eighth-
grade mathematics achievement tests and student questionnaires. TIMSS uses item response
theory to describe student achievement on a scale representative of the entire assessment
framework and to provide accurate measures of student proficiency distributions and trends
(Foy & Yin, 2016). In addition, TIMSS calculates plausible values representing mathematics
and science proficiency levels for all students to provide unbiased estimates of the relationship
between student achievement and contextual variables (Foy et al., 2020). In the study, five
plausible values calculated from the scores of students on mathematics achievement tests were
used as dependent variables.

2.2.1. Mathematics achievement test

This section should indicate the study’s design, the sampling, the data collection tools, and the
data analysis. Clarification is essential in this part. This section should indicate the study’s
design, the sampling, the data collection tools, and the data analysis. Clarification is essential
in this part.

The TIMSS mathematics tests are made based on comprehensive assessment frameworks that
were made with the cooperation of participating countries. Each of the eighth-grade
mathematics assessments is organized around two dimensions, namely the content dimension,
which indicates the subject or content areas to be evaluated, and the cognitive dimension, which
expresses the thinking processes that students can use while engaging with the content (Mullis
etal., 2012). The TIMSS 2011, 2015, and 2019 eighth-grade mathematics tests are divided into
four content areas: numbers (30%), algebra (30%), geometry (20%), and data and probability
(20%). From the three cognitive domains (knowing, applying, and reasoning), TIMSS 2011
placed less emphasis on knowing and more on reasoning (Mullis et al., 2012). In TIMSS 2015,
more emphasis was placed on knowing and applying it to the questions and less on reasoning
(Gronmo et al., 2013). Most of the TIMSS 2019 mathematics items measure students' practice
and reasoning skills (Mullis et al., 2020).

2.2.2. Student questionnaire

In TIMSS, the questionnaires are administered to students, teachers, and school administrators
to learn more about their home, school, and classroom environments. The Student
Questionnaire, administered to eighth-grade students, asks students about their home
environment, availability of educational resources, and educational experiences related to
learning mathematics and science at home and school and includes various scales about
attitudes toward learning mathematics and science (Mullis & Fishbein, 2020). In this study,
latent or observed variables from questionnaires of students were used as independent variables.
Information on the independent variables is provided in the section that follows. Descriptive
statistics for these variables are presented in Appendix.

The gender variable consists of two categories (Girl = 1 and Boy = 2); in this study, the gender
variable is recoded as Girl =0, and Male = 1.

The language of test spoken at home expresses how often students use the language of the
TIMSS at home (1 = always, 2 = almost always, 3 = sometimes, and 4 = never). In this study,
variable levels are reverse-coded.

The “educational resources at home” is a continuous variable created based on the level of
agreement of the students with three statements, namely the number of books at home; the
education level of the parents; and whether they have a room and/or internet connection of their
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own. The Cronbach Alpha reliability coefficient of the scale was calculated as 0.63 for TIMSS
2011, 0.62 for TIMSS 2015, and 0.64 for TIMSS 20109.

The ‘liking to learn mathematics’ is a continuous variable created according to the level of
students' agreement with such statements as: | enjoy learning mathematics; I wish I did not have
to study mathematics, and mathematics lessons are boring, etc. While the scale consists of five
items for TIMSS 2011, it consists of nine items for TIMSS 2015 and 2019.

The ‘value given to learning mathematics’ is a continuous variable created based on the
student's level of agreement with such statements as: | believe that learning mathematics will
benefit me in my daily life; | need to be good at mathematics to attend the university of my
choice; and to get the job I want, I need to be good at mathematics, etc. While the scale consists
of six items for TIMSS 2011, it consists of eight items for TIMSS 2015 and TIMSS 2019. The
Cronbach Alpha reliability coefficient of the scale was calculated as 0.75 for TIMSS 2011, 0.87
for TIMSS 2015, and 0.88 for TIMSS 20109.

The ‘self-confidence in learning mathematics’ is a continuous variable created based on the
level of agreement of students with nine statements, such as: | am good at mathematics; | learn
mathematics quickly; and my teacher says | am good at mathematics, etc. The Cronbach Alpha
reliability coefficient of the scale was calculated as 0.87 for TIMSS 2011 and 2015 and 0.89
for TIMSS 20109.

The ‘school’s socioeconomic status’ is a continuous variable that is calculated by taking the
average of the Home Educational Resources Scale student scores for the entire school.

2.3. Data Analysis

The TIMSS data is organized hierarchically. According to TIMSS data, students are clustered
in classes, classes are clustered in schools, and schools are clustered in nations. Hierarchical
data cannot be analysed at a single level because clustering implies that individuals in one group
will be increasingly similar to persons in other groups. Treating individuals as if they are
separate from their social group leads to bias in analyses (Heck & Thomas, 2015). A key
assumption of the linear regression model, the independence of the residuals, is relaxed by the
multilevel modelling, which is an extension of that model (Snijders & Bosker, 2012). In the
study, the analyses were carried out with the HLM 8 package software using the multilevel
modelling method.

When the multilevel modelling assumptions were examined with the model created, it was
concluded that the first-level and second-level errors were normally distributed, and there was
no multicollinearity between the first-level variables. However, it was observed that the
homogeneity of variance assumption at the first level analysed with the H test could not be
achieved. In general, even though the violation of the homogeneity assumption does not
significantly affect the estimation of the coefficient and standard errors, it is nevertheless
advised to adopt the robust sandwich approach developed by White (1980) for parameter
estimation in these circumstances (Raudenbush & Bryk, 2002). For this reason, robust
estimation values produced by HLM using the sandwich estimation method were taken into
account in the study (Raudenbush et al., 2011).

Because all students in a classroom are included in the sample in TIMSS Turkiye, classrooms
represent schools. Thus, in the study, two-level modelling was done for a first-level student and
a second-level school. In the study, firstly, the effect of school on TIMSS 2011, 2015, and 2019
in Turkiye's eighth-grade mathematics achievement was investigated. For this purpose, random
effects of one-way ANOVA models (unconditional models) were created and analysed.
Equation (1) is an expression of the unconditional model.

Yij = Yoo+ uo; + 13 1)
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Here, n; stands for the number of students in the jth school when the total number of schools
is N. Y;; is the mathematics achievement score of the ith student in the jth school. w,; is the
school-level error, and r;; is the student-level error (a random error related to the mathematics
achievement score of the ith student in the jth school). The model divides the total variance into

two independent components as shown in Equation (2): the first-level error variance 62 and
the second-level error variance %, (Hox et al., 2018).

var(Y;;) = oo + 62 (2)

Thus, the ratio of the second level variance to the total variance is calculated by the Intraclass
Correlation Coefficient (ICC) Equation (3).

Too

ICC = P——— (3)
In the study, random intercept regression models with more than one variable were created and
analysed in order to investigate the effect of student characteristics on TIMSS 2011, 2015, and
2019 mathematics achievement by controlling socioeconomic status at the student and school
levels (Snijder & Bosker, 2012). This model, in which only the slope coefficient of the constant
term changes randomly between schools and the independent variables take place as fixed
effects at the first and second levels, is expressed by Equation (4).

Yij =Yoo+ YpoXpij +YoqWqj + Uoj + 7ij. (4)

Here, X,;; represents p independent variables at the student level, and W,; represents q
independent variables at the school level (Hox et al., 2018).

After determining whether the variables had an effect on student achievement in the study, the
effect sizes of the significant variables were investigated. Depending on the purpose of the
study, the effect size may be the difference between the means, correlation, a standardized
regression coefficient, odds ratio, explained variance ratio, etc. Since the total variance in
multilevel modelling consists of two components, within-group (62) and between-groups (£4,),
the effect size can be calculated in three different ways in these models (Lou et al., 2021). In
this study, effect sizes were calculated for the student level by dividing the estimated regression
coefficients of the variables (y,o) by the student level standard deviation (&) of the
unconditional model. The effect sizes for the school level were calculated by dividing the
estimated regression coefficient of the variable (y,4) by the school level standard deviation of

the unconditional model (\/f_00 ). The study used the effect size value ranges put forth by
Rosenthal and Rosnow (1984). According to these value ranges, the effect size is considered
large if it is higher than 0.5 standard deviation, medium if it is between 0.3 and 0.5 standard
deviation, small if it is between 0.1 and 0.3 standard deviation, and practically insignificant if
it is less than 0.1 standard deviation.

In addition, the variance rates (R?) explained by the models created in the study were calculated
by Equation (5) for student level and Equation (6) for school level. In these calculations,
unconditional models were taken as reference (Raudenbush & Bryk, 2002).

2 2
Urij (unconditional model)— Jrl-]-(comp ared model)

R? =

()

2
arij(unconditional model)
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of o}
ugj (unconditional model)—"uqj (compared model)

R3 = >
auoj (unconditional model)

3. RESULTS

3.1. School Effect on Mathematics Achievement in TIMSS 2011, 2015, and 2019

The analysis results of the unconditional models created to investigate whether there is a
difference between schools in terms of the mathematics achievement of students in TIMSS
2011, 2015, and 2019 are given in Table 2. According to the results, the general mathematics
achievement averages of the eighth-grade students increased over the years. Nonetheless,
Turkiye performed below the TIMSS mean of 500 points in each of the three assessments.

Table 2. Analysis results for unconditional models.

Fixed effect Coefficient se t df p
Average, Yoo 2011 450.64 4.25 106.06 238 0.00
2015 455,51 458 99.53 217 0.00
2019 490.88 5.18 94.75 180 0.00
Random effect sd Variance x2 df p
School level, u, 2011 62.13 3859.77 3637.17 238 0.00
2015 61.75 3812.79 3426.93 217 0.00
2019 64.79 4197.50 2407.38 180 0.00
2011 92.04 8471.37
Student level, r
2015 84.65 7164.96
2019 87.64 7679.91

The 95% confidence intervals for the general mathematics achievement averages of the
assessments were calculated with the equation yoo + 1.96(%49)*2. According to the results,
the TIMSS 2011 mathematics achievement scores of the students are between 328.87 and
573.41, the TIMSS 2015 mathematics achievement scores are between 334.48 and 576.54, and
the TIMSS 2019 mathematics achievement scores are between 363.89 and 617.87 points.

According to the random effect estimates in Table 2, the differences in mathematics
achievement between schools (TIMSS 2011: y? = 3637.17;p < 0.05, TIMSS 2015: x? =
3426.93;p < 0.05, TIMSS 2019: y2 = 2407.38;p < 0.05) are significant for all
assessments. When the ICC value was computed using Equation (3), it was determined that the
differences in achievement between schools accounted for 31% of the variance in students'
mathematics achievement for TIMSS 2011 and 35% for TIMSS 2015 and 2019. According to
the results, the school effect on students' TIMSS 2011, 2015, and 2019 mathematics
achievement is sufficient to be examined with multilevel modelling (Musca et al., 2011). In
addition, 69% of the variability in student achievement for TIMSS 2011 is due to differences
between students (explained by student variables), while for TIMSS 2015 and 2019, 65% of
this variability is due to differences between students (explained by student variables).

3.2. The Effect of Student and School Variables on TIMSS 2011, 2015, and 2019
Mathematics Achievement

According to the results in Table 3, the school’s socioeconomic status has the strongest effect
(TIMSS 2011: y=34.98; p<0.01, TIMSS 2015: y=41.51; p<0.01, TIMSS 2019: y=43.92;
p<0.01) on students' mathematics achievement for all TIMSS assessments. A one-unit increase
in the school’s socioeconomic status leads to an increase of approximately 35 points for TIMSS
2011, 42 points for 2015, and 44 points for 2019 in students' mathematics achievement. Over
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the years, the estimated coefficient value of the variable also increases. When the effect size
values in Table 3 are examined, it is seen that the school’s socioeconomic status has a large
effect on students' mathematics achievement (Rosenthal & Rosnow, 1984). A one standard
deviation increase in the variable is expected to have an effect of 0.56 standard deviation for
TIMSS 2011, 0.67 for TIMSS 2015 and 0.68 standard deviation for TIMSS 2019 on students'

mathematics achievement.

Table 3. Random intercept regression models with multiple variables.

Fixed effect Coefficient se t df p Effect size
Average, Yoo 2011 450.34 2.94 153.34 237 0.000
2015 455.26 2.98 152.55 75 0.000
2019 490.31 3.29 14883 179 0.000
Level 2
School’s 2011 34.98 2.70 12.94 237 0.000* 0.56
socioeconomic 2015 41.51 2.63 15.80 216 0.000* 0.67
status, yo; 2019 43.92 3.06 14.36 179 0.000* 0.68
Level 1
Gender, y10 2011 -6.81 2.43 -2.80 122 0.006* -0.07
2015 -5.38 2.91 -1.85 19 0.080
2019 -8.20 3.12 -2.63 84 0.010* -0.09
Language of test 2011 10.35 2.69 3.85 65 0.000* 0.11
spoken at home, 2015 8.66 2.46 3.52 145 0.001* 0.10
Y20 2019 7.67 3.05 2.51 98 0.014* 0.09
Educational 2011 8.62 0.78 11.03 251 0.000* 0.09
resources at home, 2015 7.54 0.90 8.36 24 0.000* 0.09
Y30 2019 9.75 1.23 7.95 61 0.000* 0.11
Self-confidence in 2011 21.44 0.73 29.26 1075 0.000* 0.23
learning 2015 21.77 0.86 25.40 25 0.000* 0.26
mathematics, vso 2019 19.64 1.02 19.21 53 0.000* 0.22
Liking to learn 2011 -0.53 0.91 -0.59 220 0.559
mathematics, yso 2015 -4.15 0.96 -4.33 39 0.000* -0.05
2019 -2.02 1.27 -1.59 193 0.113
Value given to 2011 0.71 0.75 0.96 95 0.342
learning 2015 -0.65 0.75 -0.86 140 0.391
mathematics, Yeo 2019 1.84 0.91 2.03 63 0.047* 0.02
Random effect sd Variance x2 df p
School level, u, 2011 41.24 1700.72  2174.89 237 0.000
2015 35.67 1272.42 173121 216 0.000
2019 37.47 1403.80  1204.02 179 0.000
2011 76.95 5921.30
Student level, r 2015 70.90 5027.15
2019 72.75 5293.10

According to the coefficient estimations of student-level variables, self-confidence in learning
mathematics has the strongest effect (TIMSS 2011: y=21.44; p<0.01, TIMSS 2015: y=21.77,
p<0.01, TIMSS 2019: y=19.64; p<0.01) on students' mathematics achievement. A one-unit
increase in the self-confidence in learning mathematics leads to an increase of about 22 points
on the TIMSS 2011 and 2015 and 20 points on the TIMSS 2019. A one standard deviation
increase in self-confidence in learning mathematics is expected to have an effect of 0.23
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standard deviation for TIMSS 2011, 0.26 for TIMSS 2015, and 0.22 for TIMSS 2019 on
students' mathematics achievement, while these effect sizes are small.

Another affective variable, the effect of liking to learn mathematics on achievement, was found
to be negative and significant for TIMSS 2015 (y=-4.15; p<0.01). A one-unit increase in the
variable decreases students' mathematics achievement by approximately four points. For
TIMSS 2011 and TIMSS 2019, the effect of liking to learn the lesson on students' mathematics
achievement is not significant. A one-standard deviation increase in the liking to learn
mathematics is expected to result in a 0.05 standard deviation decrease in student achievement.
The effect of value given to learning mathematics on students' achievement was found to be
positive and significant (y=1.84; p<0.05) only for TIMSS 2019. A one-unit increase in value
given to learning mathematics leads to an increase of approximately 2 points in students'
achievement. It is expected that a one standard deviation increase in the variable will cause an
increase of 0.02 standard deviations in the TIMSS 2019 mathematics achievement scores of
students. In practice, the effect sizes of both variables were not found to be significant.

The effect of educational resources at home on students’ mathematics achievement (TIMSS
2011: y=8.62; p<0.01, TIMSS 2015: y=7.54; p<0.01, TIMSS 2019: y=9.75; p<0.01), which is
one of the variables expressing the home background of the students, is positive and significant
for all assessments. A one-unit increase in educational resources at home leads to an increase
of about 9 points on the TIMSS 2011, 8 points on the TIMSS 2015, and 10 points on the TIMSS
2019. Likewise, a one standard deviation increase in educational resources at home is expected
to result in an increase in TIMSS mathematics achievement of 0.09 standard deviations in 2011
and 2015, and 0.11 standard deviations in 2019. It can be said that the effect size of the variable
is practically insignificant for TIMSS 2011 and 2015, but small for TIMSS 2019.

The effect of student characteristics and gender on mathematics achievement was found to be
negative and significant for TIMSS 2011 (y = -6.81; p<0.01) and TIMSS 2019 (y = -8.20;
p<0.01). Female students scored approximately 7 points higher for TIMSS 2011 and 8.5 points
higher for TIMSS 2019 than male students did. The effect of the variable on students'
mathematics achievement is not significant for TIMSS 2015. Based on the effect size values
for the gender variable, the average mathematics score of female students in TIMSS 2011 is
0.07 standard deviation higher than the average mathematics score of male students in TIMSS
2011 and 0.09 standard deviation higher than the average mathematics score in TIMSS 20109.
These effect size values are not significant in practice.

The language of test spoken at home has a positive and significant effect on how well students
perform in mathematics on all assessments. A one-unit increase in speaking the language of the
test leads to an increase of about 11 points for TIMSS 2011, 9 points for TIMSS 2015, and 8
points for TIMSS 2019. The effect size of the language of the test was calculated as 0.11 for
TIMSS 2011, 0.10 for 2015, and 0.09 for 2019. The effect size of the variable for TIMSS 2019
IS not significant in practice, and for other years, the effect size on students' mathematics
achievement is small.

Using Equation (6), we can say that the model with more than one independent variable and a
constant term that changes randomly explains 56% of the variation at the school level for
TIMSS 2011 and 67% of the variation for TIMSS 2015 and 2019. Several school variables that
are not included in the model are expected to explain the unexplained amount of variance at the
school level. When the explained variance rate at the student level with the model is calculated
with Equation (5), it can be said that 30% of the variance at the student level is explained for
the TIMSS 2011 and 2015 assessments and 31% for the 2019 one. It is expected that different
student-level variables that were not included in the study would explain 70% of the student-
level variation for TIMSS 2011 and 2015 and 69% for 2019.
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4. DISCUSSION and CONCLUSION

International education studies provide important clues about the quality of education in
different countries. Therefore, in attempt to improve the quality of education, Trkiye tries to
improve its students’ skills by making changes in national education policies based upon
TIMSS results. In particular, the preparation of high school transition exam questions with skill-
based questions aims to incorporate skills similar to those measured in TIMSS into students’
learning.

However, research shows that Tirkiye’s TIMSS mathematics results are below about half of
the results of other countries (Buyukoztirk et al., 2014; Polat et al., 2016; Suna et al., 2020).
To solve this problem, it is important to investigate the underlying causes. In this study, student
characteristics affecting the mathematics achievement of 8th grade students in Turkiye are
analysed with a specific aim to improve the education system by designing educational policies
according to the characteristics of students.

One of the most important characteristics associated with students’ mathematics achievement
is affective characteristics (Akytiz, 2014; Topcu et al., 2016) which are defined as students’
self-confidence in learning the lesson, their liking the lesson, and their value given to learning
the lesson in TIMSS. In the current study, only self-confidence in learning the lesson was found
to be an important variable in students’ mathematics achievement in all years. In other words,
8th grade students who are self-confident in mathematics receive higher scores on mathematics
tests. When the effect size values were analysed, it was determined that self-confidence in
learning mathematics was more effective than other affective variables. It can be said that this
effect is small according to the effect size value ranges taken as references in the study
(Rosenthal & Rosnow, 1984). A meta-analysis study conducted by Cift¢i and Yildiz (2019)
revealed that student self-confidence has a moderate effect on academic achievement. Since
Cohen’s d effect size value ranges were taken as references in this study, they differed from the
results of the current study. When other studies in the literature are examined, it is seen that
there is a positive relationship between mathematics achievement and self-confidence in
learning mathematics (Akyliz, 2014; Arikan et al., 2016; Aydin, 2015; Chen, 2014; Coskun &
Karadag, 2023; Demir & Kilig, 2010; Kadijevi¢, 2008; Ismail, 2009; Ismail & Awang, 2012;
Lee & Chen, 2019; Lee & Stankov, 2018; Wang et al., 2023). Ismail (2009), in a study
conducted with TIMSS 2003 data, stated that self-confidence in learning mathematics is the
strongest variable explaining students’ mathematics achievement. Similarly, Khine et al. (2015)
designed a structural equation model explaining the mathematics achievement of students’
affective characteristics with TIMSS 2011 data and revealed that the greatest contribution to
mathematics achievement was due to self-confidence. This finding was also found in other
large-scale studies other than TIMSS. For example, studies conducted with PISA data also
found a positive and significant relationship between students’ mathematics self-confidence
and mathematics domain skills (Okatan & Tomul, 2020; Sarier, 2021; Usta & Demirtagl,
2018). As a result, students with high self-confidence experience less anxiety and hesitate less
because they are confident in themselves. Thus, they can benefit more from mathematical
learning environments. Especially in view of the finding that the variable of students' self-
confidence explains mathematics performance at a significant level in all years, a programme
can be developed to make students self-confident in mathematics lessons, and whether this
programme increases their mathematics performance can be tested with experimental research.
For this reason, designing textbooks and lesson plans from easy to difficult can support
students’ self-confidence in learning mathematics.

The results of the analysis, based on TIMSS 2015 data, showed that the variable ‘liking to learn
mathematics’ has a negatively significant effect on students’ mathematics achievement.
However, there is no such relationship for TIMSS 2011 and 2019 data. The results obtained for
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TIMSS 2015 reveal that students who like mathematics have lower mathematics achievement.
However, the effect size of the variable ‘liking to learn mathematics’ IS not practically
significant. Unlike the current study, Kara (2023) and Coskun (2022) found a negative
relationship between liking mathematics and students’ mathematics achievement in studies
conducted with TIMSS 2019 data. The fact that different student variables were also used in
these studies may have caused this effect for TIMSS 2019. The results obtained in our study
differ from some other studies in the literature. Previous studies have found a positive
relationship between enjoyment of learning mathematics and mathematics achievement
(Mohammadpour, 2012; Tavsancil & Yalgin, 2015). Therefore, it is expected that mathematics
achievement of secondary school students will increase with the increase in their level of liking
mathematics. When the studies conducted on the TIMSS Tirkiye sample were analysed, it was
determined that some of them used a single-level correlational analysis. The use of different
analysis models may therefore cause differences in the results. In this study, a multilevel
analysis method was used, and school level variability was taken under control. In this study,
the relationship between value given to learning mathematics learning as the last affective
variable and students’ mathematics achievement was examined. Valuing learning mathematics
can be defined as students’ belief that what they learn in mathematics lessons will benefit them
in the future (Wigfield & Eccles, 2000). Considering the results of the current study, it was
determined that the variable of value given to learning mathematics learning significantly
explained students’ mathematics achievement only in the 2019 data. Similarly, Yavuz et al.
(2017), in their study comparing TIMSS 2007 and 2011 results, showed that there was no
significant relationship between the value students placed on mathematics and mathematics
achievement. In addition, Arikan et al. (2016) analysed TIMSS 2007 and 2011 data not only
within the scope of Turkiye but also tried to reveal the factors affecting the mathematics
achievement of both Turkish and Australian students. According to the results of this study, the
variable of value given to learning mathematics was not found to be related to achievement in
all years in both countries. In light of the findings, the fact that students do not see mathematics
as important does not prevent them from studying and succeeding in the course (lvanova &
Michaelides, 2022). When the effect size values in the current study are analysed, a non-
significant effect can be mentioned. In 2018, some changes were made to the mathematics
curriculum, and mathematics subjects started to be associated with daily life problems. This
change may have been reflected in the TIMSS 2019 results.

Apart from affective characteristics, the gender factor also comes to the fore as a student
characteristic. Considering the findings of the current study, a significant relationship was
found between gender and mathematics achievement in all years except 2015. In other words,
the mathematics achievement of female students is higher than the mathematics achievement
of male students. The 2019 High School Entrance Exam (LGS) also yielded similar results. In
the LGS mathematics subtest, female students scored higher than male students (Sensoy et al.,
2019).

Aydn (2015) obtained similar results in his study with TIMSS 2011 data and showed that the
mathematics achievement of female students was higher than that of male students. However,
when the author analysed the effect size of the gender variable in his study, he stated that it had
a small effect and was not practically significant. On the other hand, the results of the current
study contradict some studies in the literature (Bassey et al., 2011; Butt & Dogar, 2014,
Mohammadpour, 2013; Ross et al., 2012; Topal, 2021; Yayan & Berberoglu, 2004). Although
there is a common belief that men are more successful in mathematics, some meta-analyses
show that this belief is not true. Lindberg et al. (2010) summarized 242 studies conducted
between 1990 and 2007 and found that gender had no significant effect on mathematics
achievement.
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The language of the test spoken at home was defined as the frequency of speaking Turkish.
Considering that various ethnic groups live in Turkiye and that these ethnic groups preserve
their own languages, it can be said that the language of the test spoken at home is important for
students in Tarkiye. Turkiye is constantly receiving immigrants from war-torn countries such
as Afghanistan and Syria and is also a bridge between Europe and Asia. Therefore, there are
many children of immigrants in the country (Yilmaz & Sekerci 2016). The results of the current
study show that the frequency of students speaking Turkish at home has a significant effect on
TIMSS 2011, 2015 and 2019 mathematics achievement. In other words, as the frequency of
students speaking Turkish at home increases, their mathematics achievement also increases.
Similar results have been obtained in other countries as well (e.g., Chinese Taipei, Hong Kong
and Singapore) (Chen, 2014; Sandoval-Hernandez & Biatowolski, 2016). Looking at the effect
sizes for each year, it can be concluded that having the same language spoken at home as the
language of the test has a small effect on mathematics achievement. In the TIMSS study, there
are skill-based questions in which students are expected to use their ability to understand the
problem and produce an answer. Although the questions are designed for mathematical
cognitive domain skills, it is also very important to use language skills such as reading
comprehension since students cannot produce the correct answer if they do not understand what
the question is asking. Therefore, it is necessary to improve the Turkish language skills of
students whose mother tongue is not Turkish.

The number of books in the student’s home, having a room of his/her own, the level of computer
use at home, and the educational level of his/her parents (mother and father) are defined as the
student’s educational resources at home. Studies in the related literature show that educational
resources at home are related to students’ mathematics achievement and that students with high
access to these resources have higher achievement (Akytz, 2014; Acar-Guvendir, 2014,
Koyuncu, 2021; Mullis et al., 2016; Oral & McGivney, 2013; Ozer & Anil, 2011; Topal, 2021;
Topcu et al., 2016; Yayan & Berberoglu, 2004). The findings of the current study also yielded
parallel results with those of the literature. The educational resources at home variable
examined in the study emerged as an important determinant of mathematics achievement in all
years. Although this variable was considered a control variable for socioeconomic status at the
school level, the effect of educational resources at the student level still persisted. Therefore, it
is important to increase the educational resources at students’ homes. To this end, in Tiirkiye,
between 2012 and 2015, 1,437,800 tablet computers were distributed to students under the
FATIH project (http://fatihprojesi.meb.gov.tr/tablet_seti.html). Although this project was a step
towards increasing educational resources at home, it was not sufficient on its own and was later
shelved. According to the findings of the current study, it can be said that the FATIH project
did not make a difference in the TIMSS results, since the effect of educational resources at
home on academic achievement emerged in all years. Therefore, more comprehensive and
effective ways to increase students’ educational resources at home should be sought. In order
to eliminate the inequalities arising from the educational opportunities at home, various
practices can be carried out in the classroom or at school. For example, enriching the library
corner in the classroom or making the computer lab available to students outside class hours
can be among the steps to be taken for equal opportunity.

The school’s socioeconomic status was identified as the factor that most influenced the
achievement of eighth grade students in mathematics. Considering the effect sizes of the
variables in the multivariate model in all years, it is seen that the school’s socioeconomic status
is in the first place. The study reveals that the school’s socioeconomic status has a positive
relationship with academic achievement. These findings indicate that schools with students
with higher socioeconomic status have higher mathematics achievement. Especially in Turkiye,
studies conducted by Arifoglu (2019) and Gustafsson et al. (2018) confirm that school’s
socioeconomic status has a significant effect on students’ mathematics achievement.
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Gustafsson et al. (2018) compared TIMSS 2011 data from 50 different countries and found that
the mathematics achievement of eighth grade students in Turkiye was related to school
socioeconomic status. Similarly, Arifoglu (2019) examined the factors affecting the
mathematics achievement of both fourth and eighth grade students using TIMSS 2015 data
from Tiirkiye. As a result of the study, it was found that the school’s socioeconomic status was
a significant variable affecting mathematics achievement for both grade levels. These results
indicate that the academic achievement of economically disadvantaged students in Turkiye
should be lower than expected. This situation is the main indicator of non-compliance with the
principle of equal opportunities in education (Coleman et al., 1966). When the effect sizes on
the basis of years are analysed, it is seen that the effect size increases as we progress from 2011
to 2019. This means that the achievement gap between economically strong and economically
weak students has increased over time. This gap in students’ achievement persists into
adulthood and increases the economic imbalance in society. Therefore, national and local
policies should be developed for disadvantaged students, and learning opportunities in schools
be improved.

4.1. Conclusion

The Turkish education system has undergone radical changes since 2003 which are based on
the impact of comprehensive international studies (TIMSS, PISA, and PIRLS). However, when
the results of the present study are analysed, it is observed that the variables affecting student
achievement have not changed in the last 13 years, which raises a serious question mark about
the effectiveness of the reform policies. The results reveal that factors such as students’ self-
confidence in mathematics, access to educational resources at home, the language spoken at
home being Turkish, and the school’s socioeconomic status are determinants of their academic
achievement.

In this context, there are concerns about the adequacy of the interventions made for educational
reform. The fact that the factors affecting student achievement have remained relatively
constant suggests that the reforms have not contributed sufficiently to achievement. In
particular, access to educational resources at home plays a significant role in students’
mathematics achievement. In addition, the language of the test spoken at home has a significant
impact on mathematics achievement and also the school’s socioeconomic status is a critical
factor determining student achievement.

In conclusion, although it is difficult to give a clear answer to the extent to which the reforms
in the Turkish education system have contributed to student achievement, factors such as access
to educational resources at home, the language of the test spoken at home, and the school’s
socioeconomic status seem to play a decisive role in student achievement. Therefore, these
factors should be taken into consideration when determining educational policies.

4.2. Limitations and Suggestions

There are some limitations in the present study. Firstly, this study was designed within the scope
of a relational model. For this reason, the findings should not be interpreted as a cause-and-
effect relationship. Next, the current study focused only on the mathematics achievement of 8th
grade students in TIMSS data. Therefore, interested researchers can compare the results
obtained from this study with the results obtained from 4th grade students by working with their
data. In addition, this study has shown that educational resources at home is an important
variable; however, which of the variables under the index variable of educational resources at
home, such as the number of books in the home, having an individual room, having access to a
computer, and parental education levels, is more important is beyond the scope of the current
study. For this reason, it is necessary to determine which of these variables is more important
in order to develop an education policy in line with the results obtained. Especially with the
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COVID-19 pandemic, students’ access to education from home has become more critical, and
it has become difficult to ensure the principle of equal opportunity in education (Ozer & Suna,
2020; Ozer et al., 2020). Considering the possibility that the effects of this unexpected situation
may be reflected in future TIMSS data, the model used in the current study should be tested
again with TIMSS 2023 data.
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Descriptive Statistics for Dependent and Independent Variables

Dependent variables Year n Mean se Mi/r:m :m M?/)SIT:m
PV1 First plausible value 2011 6850 450.79 108.58 105.73 839.23
2015 5966 457.16 102.91 77.00 773.03
2019 3930 491.92 106.95 128.39 871.37
PV2 Second plausible value 2011 6850 450.05 110.01 93.32 845.22
2015 5966 457.92 103.38 30.88 780.64
2019 3930 493.21 107.35 115.80 866.83
PV3 Third plausible value 2011 6850 449.27 111.70 59.20 875.19
2015 5966 456.91 104.66 54.71 808.36
2019 3930 492.63 108.59 100.62 888.37
PV4 Fourth plausible value 2011 6850 449.10 11042 44.54 917.68
2015 5966 454.63 107.13 69.46 794.79
2019 3930 490.41 110.01 91.89 862.05
PV5 Fifth plausible value 2011 6850 450.03 110.61 95.53 840.44
2015 5966 457.88 104.98 55.51 785.09
2019 3930 491.69 107.86 117.26 838.33
Independent variables
Student level
Student Gender 2011 6850 0.50 0.50 0.00 1.00
characteristics 2015 5966 0.51  0.50 0.00 1.00
2019 3930 0.50 0.50 0.00 1.00
Language of the test 2011 6850 3.67 0.73 1.00 4.00
spoken at home 2015 5966 3.68  0.71 1.00 4.00
2019 3930 3.62 0.77 1.00 4.00
Educational resources at 2011 6850 8.35 2.07 4.32 14.02
home 2015 5966 9.11  1.90 4.23 13.88
2019 3930 9.39 1.79 4.55 13.52
Affective Self-confidence in learning 2011 6850 9.72 2.20 3.18 15.82
characteristics ~ mathematics 2015 5966 9.75 229 3.20 15.93
2019 3930 9381 2.35 3.28 15.85
Liking to learn 2011 6850 10.24 1.99 5.04 13.47
mathematics 2015 5966 10.26  1.98 4.97 13.98
2019 3930 1033 1.94 5.09 13.85
Value given to learning 2011 6850 9.98 1.99 3.41 13.71
mathematics 2015 5966 10.06  2.10 3.00 13.65
2019 3930 10.07 2.08 3.04 13.48
School level N
School’s socioeconomic 2011 239 8.30 1.35 4.84 13.09
status 2015 218 9.05  1.23 6.19 12.47
2019 181 9.34 1.23 6.39 12.54
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