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Introduction
Numeracy, mathematical competences and understanding of science are vital for the
participation in the knowledge society and the competitiveness of modern economies.
Math constitutes one of the key competences for personal fulfillment and participation
in school, society and the labor market of the twenty-first century (European Commis-
sion, 2011). It is a critical academic filter for students’ educational pathways (Chiu &
Klassen, 2010; Pitsia et al., 2017).

Students’ achievement in math can be assessed by international large-scale surveys
called Trends in International Mathematics and Science Study (TIMSS) in the world.
TIMSS is an international assessments of the math and science knowledge of 4th and
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8th grade students in all around the world. The participants come from a diverse set
of educational systems in terms of geographical location, economic development and
population size. The schools and classes that participate in TIMSS are randomly selected
to reflect the country-wide data. Since TIMSS focuses on the curriculum, it collects a
wider range of background information about student learning environments (TIMSS,
2015). The vital information of TIMSS allows researchers to get profound insights into
students’ learning, the relationship between their achievement and various factors.

Understanding the factors affecting students’ math achievement is extremely impor-
tant. The related literature indicates that previous studies primarily focused on the
influences of many individual factors (Lee et al., 2014; Lu et al., 2011; Semeraro et al.,
2020). But, the latest research has expanded the focus beyond the individual level such
as student, family, school context and the complexity of the interaction between them.
The studies report that there is general agreement about the impact of the student, fam-
ily and school-related factors on achievement (Atag, 2019; Engin-Demir, 2009; Farooq
et al,, 2011; Ker, 2016; Kraft & Dougherty, 2013; Mohammadpour, 2013; Ozer & Anil,
2011; Takashiro, 2017). It is also claimed that the variables predicting achievement and
strength of the relationship can differ according to both the countries at the macro level
(Holzberger et al., 2020) and the characteristics of the locations of the school within
the country at the micro-level (Ministry of Education [MEB], 2005; OECD, 2009a). If
strong predictors of later math success are found and successfully targeted by practi-
tioners early in school, then perhaps the education system can prevent at-risk children
from falling further behind (Gersten et al., 2005). Hence, it is emphasized that the afore-
mentioned factors should be examined both separately and collectively to predict math
achievement (Semeraro et al., 2020).

Theoretical Background

Student-related factors and achievement

Research results indicate that the student-related features were the most influential fac-
tors in terms of student achievement (Ker, 2016; Nartgiin & Cakir, 2014). According
to Hattie (2009) the potential predictors of achievement reside in students themselves.
Student’s gender, school absenteeism, early numerical and reading skills, preschool
education, perceptions, attitudes and the frequency of speaking test language at home
are some of the fundamental student-related factors presented in the literatiire (Chowa
et al,, 2015; Gottfried, 2014; Harju-Luukkainen et al., 2020; Mohammadpour, 2013; Pap-
anastasiou, 2000; Sarouphim & Chartouny, 2017; Yayan & Berberoglu, 2004; Zippert &
Rittle-Johnson, 2020).

Gender is a critical variable whose relationship with math achievement has been stud-
ied extensively (Bassey et al., 2011; Sarouphim & Chartouny, 2017). Although research
results draw attention to the relationship between gender and academic achievement,
there are contradictory findings in the literature. For example, some studies (Bas-
sey et al,, 2011; Butt & Dogar, 2014; Mohammadpour, 2013; Ross et al., 2012; Yayan &
Berberoglu, 2004) report that males are more successful than females, the other (Far-
kas et al., 1990) presents opposite finding. However, some of the other studies (Lee &
Kung, 2018; Sarouphim & Chartouny, 2017) report either a non-existent or declining
gender gap in performance, with gender patterns differing between countries. Besides,
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cross-national studies suggest that the gender gap in math performance narrows or even
reverses in societies with more gender equality, but not in those with more gender ine-
quality (Lee & Kung, 2018).

Recently, a growing number of studies find a strong association between early math
skills and later academic achievement (Bailey et al., 2014; Geary et al.,, 2013; Watts et al,,
2014). In previous studies (Harju-Luukkainen et al., 2020; Ribner et al., 2017), the anal-
ysis of six large longitudinal data sets uncovered a strong association between school
entry math skills and math achievement in third grade while accounting for a substantial
number of control variables including IQ, reading achievement, attentional control and
socioemotional skills, in five of the six studies. Similar longitudinal relations have also
been found by Byrnes and Wasik (2009) and extended to fifth-grade math achievement.

Research results emphasize that the positive attitude towards the course (Chowa et al.,
2015), motivation level (Nartgiin & Cakir, 2014), affective characteristics such as fear,
stress, anxiety, belonging (Papanastasiou, 2000) were reported as related to achievement.
According to Chowa et al. (2015), between 12 and 20% of the total variability in achieve-
ment was explained by differences in attitudes towards the course. In their study, Wang
et al. (2012) investigated factors associated with 8th graders’ math achievement in four
countries using TIMSS-2003 data. They reported that confidence in learning math was
found to have the strongest significant effect on math achievement in the USA, Russia,
Singapore and South Africa. Similarly, the study of Ker (2016) indicated that self-con-
fidence is the most influential aspect of math performance for Singapur and the USA.
In line with self-confidence, motivation is another crucial factor explaining students’
achievement (Nartgiin & Cakir, 2014). Motivation variables considering math measure
how students feel about maths, their value of maths and the perception of learning it
(Mullis et al., 2012; Wigfield & Eccles, 2000). Absenteeism is another significant factor
and has a negative relationship with academic achievement (Gottfried, 2014). According
to Gershenson et al. (2014) the chronic absentees tend to have 0.05¢0 to 0.110 lower test
scores compared with average absentees. Like the absenteeism, the sense of belonging at
school is other factor affecting math achievement. It is the extent to which students feel
accepted by and connected to their peers and part of the school community. Sense of
belonging gives students’ feeling of security, identity and community which, in turn, sup-
ports academic, psychological and social development (OECD, 2018). It is underlined
that lack of connectedness can adversely influence students’ perceptions of themselves,
their satisfaction with life and their willingness to learn and put effort into their studies.
Additionally, bullying at school also affects student success at schools. Primary students
who have been bullied at school show significantly poorer math and reading achieve-
ment than those who have not, and both being bullied and witnessing the bullying of a
classmate have a negative impact on achievement levels (Murillo & Romdn, 2011). The
language of education is another factor investigated in educational research. Whether
the education language and spoken language at home are same or not, may create dif-
ferences in math achievement. In the study of Mohammadpoure (2013), students who
spoke English at home more frequently achieved 10.33 points higher than those who did
less frequently, when the other factors in the model were taken into account.

Finally, previous research (ERG, 2017; Oral et al., 2016; Ribner et al., 2017; World Bank,
2012; Zippert & Rittle-Johnson, 2020) highlight the relationship between preschool
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education and academic success. However, in these studies, the relationship between
preschool education and academic achievement was not evaluated in the contexts of the
socio-economic structure of the family and the location of the school.

Family-related factors and achievement

The literature presents that characteristics of the family where the students grow up
in are also associated with academic achievement. According to Hurn (1993) family is
one of the main factors that makes a difference in achievement. It is reported that fam-
ily socioeconomic and cultural status (Yamamoto & Holloway, 2010), how parents are
involved in their child’s education (Christenson, 2004; Fantuzzo et al., 2000; Sad, 2012)
and what type of expectations the families have towards their child (Marchesi & Martin,
2002; Siraj-Blatchford, 2010) are some of the significant family-related factors affecting
students’ math achievement in the literature. Family socioeconomic status is a collec-
tive terminology comprising of social class/status, economic status, family size, family
structure, parental education level, occupation and other factors pertaining to family life
(Muola, 2010). According to OECD (2019), the parents of the students with low aca-
demic success are more likely to have low educational levels, work in less prestigious
jobs with low wages, migrate, speak a different language at home rather than educational
language and have a rural origin.

The explanatory power of Socioeconomic Status (SES) factors for student achievement
varies in different countries (Harju-Luukkainen et al., 2020). According to Sirin (2005),
the SES in which the student grew up are not only directly related to academic achieve-
ment, but also indirectly related with multiple interaction systems including students’
racial and ethnic origins, grade levels and school/neighborhood locations. For instance,
the family SES, which will largely determine the location of the child’s neighborhood and
school, not only directly provides home resources, but indirectly creates supportive rela-
tionships between structural forces and individuals (e.g., parent-school) through social
capital. The SES promotes sharing of social norms and values required for students to
succeed in schools through social capital. It is suggested that socioeconomic indicators
such as parents’ highest education level, parents’ highest occupation level, family income
and size are important determinants of achievement (Chevalier & Lanot, 2002; Juma
et al., 2012; Sirin, 2005; Tomul & Savasci, 2012).

There is high probability of families with a high level of the SES to offer their chil-
dren a better quality of academic support availability (Alokan et al., 2013; Kudari, 2016;
McNeal, 1999). Parents’ highest education level and family income are suggested to be
the long-term determinants of achievement and specifically the parental education level
is the most important reason for the difference in student achievement (Chevalier &
Lanot, 2002). It is remarked that the increase in family income leads to school achieve-
ment at every level of education (Juma et al., 2012) and generally the children of poor
family have lower achievement (Chevalier & Lanot, 2002). According to Kyriakides et al.
(2019), the low family income, on the one hand, prevents students from living in a more
developed settlement area, possessing a good peer group and accessing a school that
provides a good education. It limits the level of family meeting the cost of education. In
addition to these, family characteristics such as family size, number of siblings, and birth
order, the environment in which the family lives and parents’ highest occupation level
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also appear to affect student achievement. It is reported that as the number of individu-
als in the family increases, the achievement decreases (Juma et al., 2012). In developing
countries, the older children are less likely to succeed and access higher education levels
compared to younger siblings (Smits, 2007).

Harju-Luukkainen et al. (2020) present that the family-related factors, like parent’s
educational level, their values and expectations have a significant impact on child’s early
skills and later educational outcomes. Especially the early years math knowledge is sig-
nificantly correlated with later math and reading skills (Harju-Luukkainen et al., 2020;
Watts et al., 2014). Hence parents tend to provide their child with a broad math and
early literacy input. According to recent longitudinal study (Lehrl et al., 2020), book
exposure and the quality of verbal interaction regarding math predicted 554 3-year-old
children’s math outcomes in secondary school and those effects were mediated through
early language and arithmetic skills. Chohan and Khan (2010) investigated the impact
of family support on the academic performance and self-concept of 4th grade public
school students. The findings revealed that family support had consistent and positive
effect on academic achievement and self-concept of learners. Similarly, Schmitt and
Kleine (2010) studied the influence of family—school relations on achievement. They
have found that family relationship affects student’s achievement. On the other hand,
Zippert and Rittle-Johnson (2020) report barely any links between parent support and
children’s broad math skills. And the impact of early academic skills on students’ educa-
tional outcomes can vary depending on gender, the SES and language proficiency (Han-
nover Research, 2016).

School-related factors and achievement

Mohammadpour (2013) states that school plays a vital role in students’ learning process.
Since students gain part of their knowledge in schools, the school-related factors are
crucial to consider as well as student and family-related factors. The previous research
(Mullis et al., 2012; Wigfield & Eccles, 2000) underline that the availability of school/
instructional resources may have significant effects on learning. Hence, Holzberger et al.
(2020) suggest determining the relationship between students’ math achievement and
school-related variables due to the school-related factors can be manipulated actively
and developed. Research results indicate that the relationship between the school-
related factors and student outcomes varies depending on the specific school vari-
ables (Furtak et al., 2012; Hedges et al., 2016; Mickelson et al., 2013; Quin, 2017; Thapa
et al,, 2013). In the study of Bosker and Witziers (1996), 18% of the variance in students’
achievements was explained by school factors. Likewise, 9% and between 4.4 and 5.3%
of the variance in achievements was explained by school factors in the related studies
conducted by Yavuz et al. (2016) and Bacolod and Tobias (2005) respectively. According
to the MEB (2005), the percentage of explained achievement difference resulting from
school characteristics can vary between 29 and 49%, when the socioeconomic charac-
teristics of the school locations are considered together. Likewise, Chiu and Klassen
(2010) indicate that the school-level differences accounted for approximately one-fourth
of the total variance in science performance. On the other hand, it is also claimed that
impact of the school characteristics on academic achievement can vary according to the
countries, the socioeconomic characteristics of the student and the level of education. In
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countries such as Greece, Norway and Turkey, the school-related characteristics seem to
have higher effects on achievement (MEB, 2005).

The study conducted by Holzberger et al. (2020) revealed that there are strong rela-
tionships between schools’ SES composition, out-of-school activities, schools’ academic
pressure, instructional practices, classroom climate and student’ achievement. The
researchers reported that predictor of school composition by student background has
strong positive relationship with the means of math achievement for Singapur and USA.
Ker (2016) found the socioeconomic background, home and school resources as influ-
ential elements on American students’ math achievement. Besides, Akyiiz (2014) claims
that academic emphasis of the school is key variable in explaining student math achieve-
ment at all levels of education in Turkey, Singapore and Finland. Likewise, the previous
research (Mullis et al., 2012; Wigfield & Eccles, 2000) support that the school emphasis
on academic success can promote student attainment and in turn the achievement. Posi-
tive school climate and motivation are linked to academic outcomes as school climate
particularly relates to instructional quality and student achievement (Rohatgi & Scherer,
2020). In addition, the discipline and safety characteristics of a school also explain some
of the variance in achievement among schools. Students perform better both behaviour-
ally and academically in schools where the disciplinary climate is strong (Akyiiz, 2014;
OECD, 2009a).

The related literature presents that the effect of school characteristics is higher on the
academic achievements of elementary school-level students from the lower social strata
(Mancebon and Mar Molinero, 2000). In some studies, class size (Hoxby, 2000; Rivkin
et al, 2005), student—teacher ratio (Fredriksson & Ockert, 2008) and a good school
physical structure (Earthman, 2002) have been found to affect academic success posi-
tively. It is expressed that having a school equipped with a library, computer room and
laboratory or other learning materials such as textbooks and projectors are important

for academic achievement.

Location of the school and achievement

An important factor behind limited academic achievement is location of the school,
whereby wealth and poverty are concentrated in particular geographic settlemets and
neighbourhoods. Location of the school segregation is often accompanied by school seg-
regation, where students from less advantaged households are more likely both to attend
lower-quality schools and be grouped with similarly disadvantaged peers. Schools in
poorer neighbourhoods generally suffer from limited resources, larger classes, inexpe-
rienced teachers and inability to retain staff—all of which create fewer opportunities for
students to excel (OECD, 2018).

Many studies reveal that there is a linear relationship between the location of the
school and academic achievement (Dinger & Uysal Kolasin, 2009; Giambona & Porcu,
2015; Goddard et al., 2000; Guivendir, 2014; Ramos et al., 2016). According to Ferreira
et al. (2010), the spatial change of schools explains more than a quarter of the total ine-
quality within achievement in Turkey. The school in a rural area has a significant rela-
tionship with test scores which creates a significant difference in math scores especially.
It is reported that the students studying in schools of residential areas with a population
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of 15,000 or less have lower science, math and reading scores (Dinger & Uysal Kolasin,
2009).

Studies show that the socio-cultural and economic characteristics of the residential
area where the school is located and the differences in the quality of educational oppor-
tunities were considered as the potential sources of academic achievement (OECD,
2009b; World Bank, 2011). In Turkey, the composition of the household differs according
to the location of residence as in the case of other countries. The families are divided into
two main groups such as rural and urban families. They differ in some aspects such as
family size, income distribution, socioeconomic and cultural structure, education level,
authority pattern and the position of individuals within the family (Canatan & Yildirim,
2009). There also exists slum family type that generally lives in the outskirts of cities and
bears characteristics of both urban and rural families (Adak, 2017). According to TUIK
(2014), rural areas and outskirts of cities increase the risk of poverty and the educational
levels of the parents in these regions are lower (TUIK, 2013). In this context, it can be
said that the families with low socioeconomic level generally live in rural areas and out-
side of the cities which are more disadvantaged settlements. Also, the same extent of
family characteristics are reflected in schools (Karip, 2007; Marks, 2006; OECD, 2009b).
Because, the students are automatically enrolled in schools closest to their homes, based
on the residence address (MEB, 2019).

Quality of the educational opportunities offered by schools in different settlements
determines the relationship between the location of the school and academic achieve-
ment as well as the socio-cultural and economic opportunities as mentioned above. The
results of many studies have revealed that academic achievement can vary depending
on the availability, use and management of school-based resources (Adeogun & Osifila,
2008; Bacolod & Tobias, 2005; OECD, 2009b; Onder, 2016). However, in Turkey, it can
be said that there are no significant differences between schools in terms of physical and
technical equipment in different locations, but they may differ both quantitatively and
qualitatively in terms of human resources. Namely, the rate of teacher mobility is very
high in schools within disadvantaged residential areas. Despite taking serious precau-
tions, the shortage of teachers in schools within these regions could not be closed. Edu-
cational activities are sometimes carried out by less experienced teachers (Onder, 2016)
and substitude teachers who are employed on a semester or yearly basis in return for
tuition fees. Therefore, Turkish education system is occasionally subjected to criticism
that the students, who are disadvantaged in different aspects, are faced with other disad-
vantages within the system (Karip, 2007).

Purpose of the research

The number of studies investigating the individual and collective effects of the student,
family and school-related factors on achievement is limited (Engin-Demir, 2009; Giiv-
endir, 2014; Olgiioglu & Cetin, 2016; Onder & Uyar, 2018; Sar1 et al., 2017; Taslidere,
2020) and none of them have studied the collective effects of aforementioned factors on
math achievement according to the location of the school in Turkey. Hence, this study
aimed to determine how well each set of the student, family and school-related factors
predict 4th grade students’ math achievement over and above the other(s) in schools
located within different regions in Turkey. It is expected that the findings can provide
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tips on how to support the student groups studying in different school locations. It can
contribute to taking the necessary measures in various locations of the schools and mak-
ing attempts to reduce the differences in success between schools. Results can also shed
light on the development of education policies targeting the right groups. For these rea-
sons, it is thought that the current research is important in terms of creating a resource
for educational reform and developments.

Research questions
In the light of previously mentioned aspects, this study aims to answer the following

questions;

1. How well each set of the student, family and school-related factors predict 4th grade
students’ math achievement when they are added over and above the other(s) by
location of the school in Turkey?

2. Which of the student-related factors significantly explain 4th grade students’ math
achievement when the student, family and school-related factor sets were added over
and above the other(s) by location of the school in Turkey?

3. Which of the family-related factors significantly explain 4th grade students’ math
achievement when the student, family and school-related factor sets were added over
and above the other(s) by location of the school in Turkey?

4. Which of the school-related factors significantly explain 4th grade students’ math
achievement when the student, family and school-related factor sets were added over

and above the other(s) by location of the school in Turkey?

Method

Participants

The data concerning the participants was taken from TIMSS (2015). TIMSS-2015 appli-
cation collected data from total of 6456 4th graders studying in schools located within
different residential areas in Turkey. The location of the school in the data set (variable
ACBGO05B) was originally divided into five categories including urban (densely popu-
lated), suburban (on fringe or outskirts of urban area), medium-size city (medium size
city or large town), village (small town or village) and remote rural (remote rural)
(TIMSS, 2015). Preliminary analysis indicated that there was only 45 participants study-
ing in the shools located within remote rural area. It seems that the number of data con-
cerning them was insufficient for the analyses. So it was decided to combine the data
of the participants in this region under village data due to the fact that the chacteristic
properties of their schools and settlements are almost similar. Also, the data concern-
ing 21 participants’ was excluded from all analyses completely based on missing data
analysis. Hence, 6435 4th grade students attending 260 primary schools located in dif-
ferent residential areas of Turkey constituted the participants of the research. The num-
ber of participants and their gender, studying in the schools of different settlements are
given in Table 1. As seen from Table 1, most of the participants (43%) are studying in the
schools of urban area and the least number of them (13%) are studying in those of the
village area. Almost 49% of the participants are female and remaining are male students.
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Table 1 The number of participants by location of the school

Settlement Gender Total

Female Male
Urban 1370 1391 2761
Suburban 508 507 1015
Medium-size city 897 988 1885
Village 389 385 774
Total 3164 3271 6435
Variables

The dependent variable of the research is math scores of the 4th grade students who
participated in TIMSS-2015 application from different residential areas in Turkey.
TIMSS-2015 collected extensive data, but the current study used only 19 of them
grouped under three main sets such as the student, family and school-related fac-
tors. The independent variables were selected based on theoretical and empirical
findings from previous research. Besides, the data availability, comparability, critical-
ity and whether or not it will enable comprehensive evaluation were also taken into
consideration (Atag, 2019; Engin-Demir, 2009; Farooq et al., 2011; Ker, 2016; Kraft
& Dougherty, 2013; Mohammadpour, 2013; OECD, 2019; Ozer & Anil, 2011; Sem-
eraro et al., 2020; Sirin, 2005; Takashiro, 2017; Taslidere, 2020). The data concerning
the student and family-related variables were derived from the student’s question-
naire and those of the school-related variables were obtained from school principal’s
questionnaire. The student-related factor set includes gender, often speak language of
test at home, about how often absent from school, student attended preschool, early
numeracy tasks, students sense of school belonging, student bullying, students like
learning math, engaging teaching in math lessons and students confident in math.
The family-related factor set includes parents’ highest education level, parents’ high-
est occupation level, early numeric activities before school, parents’ perceptions of
school performance, parent attitude towards math and science. The school-related
factor set includes school composition by student background, instruction affluent
by math resource shortage, school emphasis on academic success and school disci-
pline problems. Definitions of the variables with their codes and descriptive statistics
results concerning them are presented in Table 2. Among all, only the gender (1—
Female; 2—Male) was categorical and the remaining are ordinal variables.

Data considerations and data analyses

Missing data is a challenging issue in analysis, especially at the group or upper levels
(McCoach, 2010), because any group-level unit with missing data excludes all individ-
ual units nested within the group-level unit from the analyses. The outcome variable
was without missing data, but there were some missing data among the predictors
in the student-related factors ranging from 0.6% (for the “engaging teaching in math
lessons”) to 5.0% (for the “often speak the language of test at home”). At the family-
related factors, the total missing data ranged from 2.4% (for the “parents’ perceptions
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of school performance”) to 5.4% (for the “parents’ highest occupation level”). At the
school-related factors, missing data ranged from 1.1% (for the “school discipline
problems”) to 5.4% (for the “school composition by student background”). According
to Tabachnik and Fidell (2013), if a small fraction of data (e.g., 5% or less) is randomly
missing in a large dataset, the problem is not serious and listwise deletion method
would be used for the treatment of missing data. Preliminary analysis showed that
more than half of the data for 21 students were missing, so, the data concerning these
students were excluded from the whole analyses completely as stated previously.

Prior to main analyses, first, the assumptions of the regression were checked and then
the data was analyzed via single level multiple linear regression to examine how well
each set of the student, family and school-related factor sets predict 4th grade students’
math achievement when each set of the factors was added over and above the other(s)
by location of the school. The analyses were conducted using IDB analyzer 4.0 program.
The models for each school location suggest how math achievement was predicted when
the student, family and school-related factors were combined entirely (Engin-Demir,
2009; Field, 2009; Green et al., 2000; Pallant, 2010). In TIMSS-2015 database, math
achievement scores were reported based on five plausible values and hence the analy-
ses were conducted by considering those five plausible values. TIMSS used a multistage
cluster sampling design and hence, the likelihood of selection sample units is not equal.
To avoid this bias in parameter estimates and produce nationally representative findings,
Student Sample Weights were used in the analyses (Rutkowski et al., 2010).

A three-step (Step-1: student; Step-2: student and family; Step-3: student, family and
school-related factors) single level multiple linear regression was conducted. The causal
priority of the factor sets explaining math achievement was determined based on the
previous research results. Namely, Hattie (2009) claims that the potential predictors
of achievement reside in students themselves. Ker (2016) suggests taking the student
background and home environmental support variables first in the hiearchy while con-
structing the models of math achievement. So, the first step (Model I) includes only the
student-related factors. Besides, Hurn (1993) asserts that family is another main factor
that makes a difference in achievement. So, in the second step (Model II), the family-
related factors were added on the student-related factors. Also, Holzberger et al. (2020)
suggest determining the relationship between student’s math achievement and school-
related variables. Hence, the school-related factors were added on the student and fam-
ily-related factors in the final step (Model III). Simultaneous-entry approach was used
because the study aimed to determine a comprehensive relationship of aforementioned
factors contributing to the explanation of the variance in the math achievement by loca-
tion of the school. Hence, all selected variables were entered into the model regardless of
the significance levels. The Results produced three models; each indicated how the math
achievement was affected when each factor set was added over and above the other

factor(s) by location of the school.

Results

Assumptions of the regression model

The assumptions of the regression were checked and no serious problem was encoun-
tered. According to Tabachnick and Fidell (2013), the minimum number of cases should
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be greater than 50+8 m (where m is the number of factors) for regression analysis.
According to this criteria, the minimum cut-off point should be 202. As reported in
Table 1, the number of cases is sufficiently higher than specified cut-off value. Zero-
order correlation coefficients among independent variables (between — 0.552 and
0.555), variance inflation factors values (between 1.022 and 1.870) and tolerance statis-
tics values (between 0.520 and 0.979) were all in acceptable ranges for all locations of
the schools. Based on these data, it can be accepted that no strong relationship exists
between two or more predictors (Pallant, 2010). Durbin—Watson values (urban =1.855,
suburban =1.914, medium-size city=1.779 and village = 1.894) are acceptable and indi-
cate that regression errors are independent (Tabachnick and Fidell, 2013). According
to Field (2009), the cut-off point for the Mahalanobis distance was 36.19. The analysis
showed that all distances were smaller than the cut-off value. The standardized residual
plot revealed that the relationship between residual and predicted dependent variable
scores was almost linear. The scatterplot of the estimated standardized values (Z-Pre-
dicted) and standardized end values (Z-Residuals) showed that the points are scattered
randomly around zero. Therefore, it suggests that the differences between predicted and
observed values exhibit a normal distribution (Field, 2009; Pallant, 2010).

After satisfying the assumptions, single level multiple linear regression was conducted
to examine the relative effects of the student, family and school-related factors on
achievement for each location of the school. A three-step model was created in the anal-
yses. The unstandardized regression coefficients (B), standard errors (SE B) and stand-
ardized regression coefficients (5) for the relations between aforementioned factors and
math achievement by location of the school are presented in Table 3. In regression mod-
els, the significance of each independent variable is determined based on the ¢-values.
For this, the table named “critical values of the ¢-distribution” which was published by
Field (2009) was taken into account. Taking the significance level as @ =0.05 and degrees
of freedom (df) (urban df: 2147 [2166—19]; suburban df: 757 [776—19]; medium-size city
df: 1382 [1401-19]; village df: 542 [561-19]) as reference, the cut off value was found as
1.96. Hence, all the variables having the value of t=1.96 and above were considered as
significant variables.

Student, family and school-related factors
The first research question was how well each set of the student, family and school-
related factors predict 4th grade students’ math achievement when they are added over
and above the other set(s) by location of the school in Turkey. Results showed that the
student-related factor set is significantly related to the math achievement in all school
locations. R* change values showed that the student-related factors accounted for 31%
(Fiya7)=107.99, p<0.05), 37% (F(757=39.50, p<0.05), 34% (F/1355=69.17, p<0.05) and
43% (F(5439=45.53, p<0.05) of the total variance in math achievement in the schools
located within urban, suburban, medium-size city and village areas respectively. It seems
that the student characteristics explained the largest amount of variance in the schools
of village by itself.

As seen from Table 3, Model 1II is also significant in all school locations. Both of the
student and family-related factors accounted for 41%, 49%, 46% and 48% of the total
variance in achievement in the schools of urban, suburban, medium-size city and
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Table 3 Standardized regression coefficients for relations between student. family and school-
related characteristics and the math achievement in terms of location of the school

Model | Model Il Model Il
B SEB 3 B SEB 8 B SEB p
Urban
Student-related
Constant 160,75 23,55 26946 23,15 209,70 36,08
Gender 5.56 25 0.03* 4.87 246 003* 437 247 003
Often speak language of 5.56 345 0.04 399 3 0.03 5.14 2.88 0.04
test at home
About how often absent — 131 247 —0.14* —1205 228 —0.13* —1184 224 —0.13*
from school
Student attended pre- 14.24 255 0.16* 1.86 237 0.02 0 245 0
school
Early numeracy tasks 6.57 0.86 0.16* 4.53 0.8 0.11* 438 0.79 0.11*
Students sense of school 263 1.25 0.06* 247 1.04 0.05* 2.16 0.99 0.05*
belonging
Student bullying —226 09 —0.05% =2 091 —0.05% —201 089 — 0.05*%
Students like learning math  3.35 1.53 0.06* 1.18 143 0.02 0.77 1.35 0.01
Engaging teaching in math  1.36 1.24 003 04 118 0.01 0.01 1.1 0
lessons
Students confidentin math  15.6 1.09 0.38* 13.05 1.01 0.32% 12.88 1.02 0.32*
Family-related
Parents'highest education 16.69 1.64 0.28* 13.14 1.82 0.22*
level
Parents'highest occupa- 353 1.01 0.06* 2.96 0.92 0.05*
tion level
Early numeric activities 4.64 1.13 011 44 1.1 0.10*
before school
Parents perceptions of —036 092 —001 —126 086 —0.03
school perf
Parent attitude towards — 101 1.08 —-002 —-007 103 0
math and science
School-related
School emphasize on 3.09 14 0.07*
academic success
Instruction affluent by 0.58 1.7 0.01
math resource
School discipline problems —397 146 —0.10*
School composition by —702 381 — 007
students background
Adjusted R? 031 041 0.44
HR? 031 0.1 0.04
F 107,99 7744 23,03
Suburban
Student-related
Constant 44.28 4222 169.17 3395 8342 71.72
Gender 1.27 537 0.01 0.06 448 0 — 167 459 — 001
Often speak language of test 345 491 003 262 427 002 215 389 002
at home
About how often absent — 2152 342 —023* —1761 —282 —0.19* —1866 —333 —020*

from school
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Table 3 (continued)

Model | Model Il Model Il
B SEB B SEB B SEB §
Student attended pre- 2.27 441 002 —428 263 —004 =261 272 —0.02
school
Early numeracy tasks 947 1.58 0.22* 4.66 1.55 0.11* 4.68 1.57 0.11*
Students sense of school 1.96 1.85 0.04 1.08 1.73 0.02 032 1.65 0.01
belonging
Student bullying —516 199 —011* =523 —159 —011* —443 157 —0.09*
Students like learning math  —2.13 358 —003 186 268 003 1.8 267 0.03
Engaging teaching in math  6.24 1.98 0.12* 36 1.64 0.07* 335 1.82 0.06
lessons
Students confident in math  15.59 1.74 0.31* 123 149 0.25* 12.37 147 0.25*%
Family-related
Parents' highest education 2156 243 0.29%  20.1 318 027%
level
Parents' highest occupa- 539 236 007* 513 232 0.07*
tion level
Early numeric activities 7.03 148 0.17* 6.08 1.6 0.15*
before school
Parents perceptions of 0.34 1.61 0.01 — 052 1.66 —0.01
school perf
Parent attitude towards 044 142 0.01 0.91 135 0.02
math and science
School-related
School emphasize on 934 3,51 0.16*
academic success
Instruction affluent by —036 544 0
math resource
School discipline problems —149 256 —003
School composition by 6.59 1.5 0.03
students background
Adjusted R? 037 049 0.51
AR? 037 0.12 0.02
F 395 5048 7.26
Medium-size city
Student-related
Constant 107.53  33.04 23557 3784 22245 453
Gender 8.99 3.08 0.05* 825 343 0.05* 837 335 0.05*
Often speak language of 4.6 38 0.04 3.64 3.03 —003 206 3 0.02
test at home
About how often absent — 869 296 —0.08*% —766 261 —007* —828 265 — 0.08*%
from school
Student attended pre- 15.35 397 0.16* 1.71 2.08 0.02 0.49 1.76 0
school
Early numeracy tasks 7.7 1.66 0.18% 3.94 1.25 0.10% 345 1.2 0.09*
Students sense of school 3.58 1.77 0.07* 341 146 0.07* 3.26 149 0.07*
belonging
Student bullying —185 12 —004 —159 123 —004 -16 1.12 —004
Students like learning math  0.94 1.99 002 204 1.52 0.03 2.1 133 0.04
Engaging teaching in math  4.47 2.51 0.09 236 2.06 0.05 1.67 193 0.03

lessons
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Table 3 (continued)

Model | Model Il Model Il
B SEB B SEB S B SEB
Students confident in math 1542 133 0.36% 12.57 1.16 0.30* 1241 1.17 0.29%
Family-related
Parents’ highest education 2059 207 032% 18.5 208  0.29%
level
Parents' highest occupa- 532 184  009* 426 1.55 0.07*
tion level
Early numeric activities 38 149 0.09* 3.99 1.28 0.10*
before school
Parents perceptions of 1.98 1.33 0.04 1.76 1.39 0.03
school perf
Parent attitude towards —045 138 —001 —023 128 0
math and science
School-related
School emphasize on 3.18 169 007
academic success
Instruction affluent by 1.34 234 002
math resource
School discipline problems —-039 159 — 001
School composition by 1369 548  0.12*
students background
Adjusted R? 0.34 046 048
AR? 0.34 0.12 0.02
F 69.17 69.59 1531
Village
Student-related
Constant 50.59 5263 150.54 5551 —32.07 100.76
Gender —577 696 —003 —736 665 —004 =593 o661 —0.03
Often speak language of 32.56 5.85 0.30* 2878 5.25 0.26* 18.65 5.69 0.17*
test at home
About how often absent — 1125 358 —0.12% =867 322 —009* —1092 339 —0.11%
from school
Student attended pre- 4.57 387 0.04 097 445 0.01 0.08 44 0
school
Early numeracy tasks 10.67 1.76 0.24* 7.19 2.06 0.16* 6.65 1.98 0.15*
Students sense of school 346 2.65 0.07 383 2.51 0.07 513 238 0.10%
belonging
Student bullying —155 187 —003 =165 171 —-003 —-002 176 0
Students like learning math  5.42 335 008 47 3 0.07 576 278  0.09*
Engaging teaching in math  2.52 261 0.04 1.68 2.53 0.03 045 23 0.01
lessons
Students confident in math  15.12 228 0.29% 14.09 222 0.27* 14.05 2.32 0.27*
Family-related
Parents' highest education 1556  3.82 0.15% 13.91 373 0.13*
level
Parents' highest occupa- 6.97 361 0.08 8.24 357 0.09*
tion level
Early numeric activities 5.57 2.03 0.12* 529 1.94 0.11*

before school




Tomul et al. Large-scale Assess Educ (2021) 9:22 Page 18 of 29

Table 3 (continued)

Model | Model Il Model lll
B SEB 3 B SEB B SEB p
Parents perceptions of - 171 221 —003 —282 233 —0.05
school perf
Parent attitude towards 333 257 006 357 244 007
math and science
School-related
School emphasize on 17.49 7.83 0.23*
academic success
Instruction affluent by 1.31 318 002
math resource
School discipline problems —129 342 —0.03
School composition by 1434 991 0.11*
students background
Adjusted R? 043 048 0.52
AR? 043 0.05 0.04
F 4553 10.85 28.01
"p<0.05

village areas correspondingly. The change in R? (AR?) revealed that, the family-related
factors added extra 10% (F3149=77.44, p<0.05), 12% (F755=50.48, p<0.05), 12%
(F1377)=69.59, p<0.05), and 5% (F537=10.85, p<0.05) of the total variance in the
schools of urban, suburban, medium-size city and village areas respectively. It seems
that the highest contribution of the family-related factor set was made in both of the
suburban and medium-size city schools.

Likewise, Model III was found to be significant in all school locations too as seen in
Table 3. The entire models seem to account for 44%, 51%, 48% and 52% of the total vari-
ance in the schools of urban, suburban, medium-size city and village areas respectively.
R? change values showed that the school-related factors added extra 3% (Fla138y=23.03,
p<0.05), 2% (F(74=7.26, p<0.05), 2% (F 1373 =15.31, p<0.05) and 4% (F53,)=28.01,
p<0.05) of the total variance in achievement of urban, suburban, medium-size city
and village schools. Although set of the school-related factors explained almost similar
amounts of variance in all regions, the highest effect was obtained in the village schools.
All three factor sets collectively explained the largest amount of variance in achievement
in the village schools (52%), but the least one in the urban schools (44%) in the final

model.

Student-related factors

The second research question was which of the student-related factors significantly
explain 4th grade students’ math achievement when the student, family and school-
related factor sets were added over and above the other(s) by location of the school in
Turkey. As seen from Table 3, the results indicate that the variables of the about how
often absent from school (urban: £(;47=5.28, p<0.05, suburban: £5,=5.61, p<0.05,
medium-size city: ¢34y =3.12, p<0.05 and village: £(545=3.22, p<0.05), early numer-
acy tasks (urban f,14;=5.57, p<0.05, suburban: £;5;=2.98, p<0.05 medium-size
city: £(1387)=2.88, p<0.05 and village: £545=3.36, p<0.05), and students confident in
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math (urban: £y,4;)=12.61, p<0.05, suburban: f;5,=8.42, p<0.05, medium-size city:
t(1382)=10.61, p<0.05 and village: £, =6.06, p<0.05) independently had significant
contributions to math achievement in the schools located within all areas.

Field (2009) report that the standardized beta values are measured in standard devia-
tion units and they are directly comparable and hence they provide a better insight into
the ‘importance’ of a predictor in the regression model. When the final models are con-
sidered based on the standardized beta values, it is seen that the variable of the students
confident in math was found to be the most significant predictor. Likewise, B value shows
the individual contribution of each predictor variable to the models when the effects of
all other predictors are held constant (Field, 2009). As seen from Table 3, an increase of
one scale-point in student’s confidence led to increase of 12.88, 12.37, 12.41 and 14.05
points in students’ average math achievements in the urban, suburban, medium-size city
and village schools respectively. Although the variable named about how often absent
from school was the second significant predictor for math achievement in the schools
located within urban and suburban areas, that of the early numeracy tasks was found to
be second significant predictor in the schools of medium-size and village areas. The vari-
able of the how often absent from school was measured under four-category (1-never or
almost never, 2-once a month, 3-once every 2 weeks, 4-once a week or more). The results
in the final models indicate that an increase of one category in the absenteeism led to the
decreases of 11.84, 18.66, 8.28 and 10.92 points in the average achievements concerning
the urban, suburban, medium-size city and village schools respectively. These findings
indicate that there is significantly strong and negative relationships between the absen-
teeism and math achievements in all school locations. Likewise, an increase of one scale-
point in the early numeracy task before enrolling in primary school led to the increases
of 4.38, 4.68, 3.45 and 6.65 points in the average math achievements for the urban, sub-
urban, medium-size city and village schools respectively. Interestingly, although the
variable of the student bullying yielded significant contributions to math achievement
in both of the schools located within the urban and suburban areas, it was found to
be insignificant for the medium-size city and village schools correspondingly. It seems
that an increase of one unit in the student bullying led to the decreases in average math
achievements by 2.01 and 4.43 points for the urban and suburban schools respectively.
Table 3 reveals that students’ sense of school belonging was found to be another signifi-
cant predictor in the schools of all areas except those of the suburban area. It seems that
an increase of one unit in this variable led to the increase of 2.16, 3.26 and 5.13 points
in the average math achievements for the schools of urban, medium-size city and village
areas correspondingly.

As seen from Table 3, the variable labelled often spoken language of test at home was
only significant predictor for the math achievement in the schools located within the
village area. This variable consists of three-categories (1-sometimes or never, 2-almost
always, 3-always). It reveals that the students who are studying in the village schools
and speaking always Turkish at home seem to have 18.65 points higher average math
achievement. In this sense, students who speak Turkish less at home in the village seem
to be at a disadvantage. The other interesting factor is the gender which was found to be
significant predictor only in the medium-size city schools in the final model. Male stu-
dents studying in this settlement seem to outperformed female students by 8.37 points.
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Besides, as presented in Table 3, the variable called as the students attended preschool
was seem to be significant only in the urban and medium-size city schools in the first
models. But the significances of it were lost when the family and school-related factor
sets were entered into the models.

Family-related factors

The third research question was which of the family-related factors significantly explain
4th grade students’ math achievement when the student, family and school-related fac-
tor sets were added over and above the other(s) respectively by location of the school in
Turkey. The results based on the standardized regression coefficients indicate that the
variables of the parents” highest education level (urban £,47)=7.23, p <0.05, suburban:
t757=6.32, p<0.05, medium-size city: f;3,=8.91, p<0.05, and village: £545)=3.72,
p<0.05), parents’ highest occupation level (urban: £ 4;)=3.20, p<0.05, suburban:
tzs7=2.21, p<0.05, medium-size city: f;35,)=2.76, p<0.05 and village: £(545)=2.31,
p<0.05) and early numeric activities before school (urban: ¢4, =4.00, p <0.05, subur-
ban: £757)=3.79, p <0.05, medium-size city: £(;355 = 3.12, p < 0.05 and village: £54,, =2.73,
p<0.05) were significant predictors for the math achievement, whereas the parents per-
ceptions of school performance and parent attitude towards math and science insig-
nificant for all schools of whole areas. Parents’ highest education level was measured
under five-category (1-some primary lower secondary or no school, 2-lower second-
ary, 3-upper secondary, 4-post-secondary but not, university, 5-university or higher).
The results indicate that an increase of one level in the parents’ education level led to
the increase in the average achievements by 13.14, 20.10, 18.50 and 13.91 points for the
schools located in the urban, suburban, medium-size city and village areas respectively.
It is seen that parents’ education level made the highest contribution to the prediction
of achievement in the schools of suburban area whereas the lowest contribution was
made in those of the urban area. Likewise, an increase of one level in parents’ occupa-
tion which was measured under six category (1-never worked for pay, 2-general laborer,
3-skilled worker, 4-clerical, 5-small business owner, 6-professional) led to the increases
in the average achievements by 2.96, 5.13, 4.26 and 8.24 points for the schools of the
urban, suburban, medium-size city and village areas correspondingly. It seems that par-
ents’ occupation level explained the achievement most in the village schools. The early
numeracy activities before school by family was the other significant predictor of math
achievement. It seems that encouraging children conduct numerical activities before
school is beneficial for their future math success in the schools of all settlements.The
results revealed that an increase of one scale-point within the early numeric activities
before school raised average achievements by 4.41, 6.08, 3.99 and 5.29 points for the
schools located within the urban, suburban, medium-size city and village areas respec-
tively. The highest contribution to achievement was obtained in the suburban schools.

School-related factors

The final research question was which of the school-related factors significantly explain
4th grade students’ math achievement when the student, family and school-related fac-
tor sets were added over and above the other(s) by location of the school in Turkey.

As Table 3 indicates, only the school emphasizes on academic success had significant



Tomul et al. Large-scale Assess Educ (2021) 9:22 Page 21 of 29

contribution to achievement in all settlement schools except that of the medium-size
city (urban: f;5147)=2.21, p<0.05, suburban: f;5,)=2.66, p<0.05, medium-size city:
t(1382)=1.88, p>0.05 and village £(545)=2.23, p<0.05). It seems that an increase of one
level in the school emphasizes led to the increases of 3.09, 9.34 and 17.49 points in the
schools of urban, suburban, and village areas repectively. The highest contribution was
obtained in the village and the least one was obtained in the urban schools. Table 3 also
indicates that, the school composition by student background independently had signifi-
cant contributions to math achievements in both of the schools located in the medium-
size city and village areas respectively. Namely, the variable of the school composition by
student background was measured using three categories (1-more disadvantaged, 2-nei-
ther more affluent nor more disadvantaged, 3-more affluent). The results revealed that,
in the medium-size and village schools, the students who are more affluent tend to have
16.69 and 14.34 points higher achivements than those who are less affluent repectively.
Finally, the school discipline problems made significant contribution to achievement in
the schools located within the urban area only. It revealed that as the school discipline
problem increases one degree, students’ average math achievement in the urban schools
decreases by 3.97 points.

Discussion and conclusions

This study aimed to investigate the relative effects of the student, family and school-
related characteristics on 4th grade students’ math achievement according to location of
the school in Turkey. The results showed that, the highest amount of variance in achieve-
ment was accounted for the schools of the village (52%) and the least one was obtained
in those of the urban (44%) when the student, family and school-related characteristics
were added over and above the other(s) in the final models. All of the student, family
and school-related characteristic sets made significant contributions to the prediction of
math achievement in all school locations.

One of the significant findings of the current research is that, in all locations, the
student-related characteristics accounted for the highest amount of variance in math
achievement whereas the school-related characteristics explained the least. This finding
is consistent with those of the previous research (Engin-Demir, 2009; Oral & McGivney,
2014; Yavuz et al.,, 2016) and contradicts with those of others (Heyneman & Loxley,
1983; Wofimann, 2003). The study conducted by Engin-Demir (2009) reports that the
set of variables categorized as student characteristics accounted for 15% of the variance
of primary school students’ academic achievement in the slums of Ankara province. The
author added that remaining 5.4% and 4.3% of the variance were explained by the fam-
ily and school-related variables correspondingly. Likewise, in the study of Yavuz et al.
(2016), 91% of the variance in math achievement was due to student characteristics and
only 9% of that resulted from school characteristics. In their study, Oral and McGivney
(2014) report that the individual characteristics made the greatest difference in aca-
demic achievement, but the effect of school characteristics was found to be insignifi-
cant. According to Coleman Report and many subsequent studies, the school explains
only a limited portion of academic achievement and the effect of school parameters on
students’ success is negligible (Oral & McGivney, 2014). On the other hand, Heyneman
and Loxley (1983) and Wofimann (2003) claim that schools have an important role in
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supporting academic success. Even, in the study of Heyneman and Loxley (1983), the
impact of school resources on academic achievement far exceeded that of individual
characteristics.

The results revealed that the student-related characteristics made the highest contri-
bution to the math achievement in the schools of the village (43%) and the least in those
of the urban (31%) by itself. When the family-related characteristics were added on the
student-related characteristics, it added the highest variance to the achievement in the
schools of both the suburban and medium-size city (12%), and the least in those of the
village (5%). This outcome in both of the suburban and medium-size city schools may be
explained with the family properties living in these regions. In the literature, it is stated
that these regions are usually inhabited by families migrated from the countryside,
with lower incomes and lower education levels and the families desire to change their
socio-cultural and economic conditions (Agikalin, 2008). Since education is the most
important tool enabling individuals have vertical social mobility in society, the parents
are willing to educate their children. They have positive attitudes and high expectations
about their children’s education (Kadioglu Ates & Adam, 2016) and believe that chil-
dren will have better living conditions thanks to education (Kongar, 1999). Similarly, the
lower effects of the family characteristics on math achievement in the schools of the vil-
lage can be attributed to socio-cultural and economic barriers. The parents’ educational
level is generally low in the villages. The descriptive results showed that only 2% of the
parents in the village graduated from university or higher education, but 67.7% of them
graduated from some primary, lower secondary or not attended any school. It is thought
that parents’ low levels of education can also lower the value attributed to education
within the family. This can affect the forms of support provided due to the inadequacies
and limitations of families in creating the environment for educational success as Alokan
et al. (2013) claim. The study of Karaca and Giir (2004) supports this idea. In their study,
most of the parents in the village have stated that they are unable to support their chil-
dren academically at home because they lack the necessary knowledge and skills.

The other remarkable finding of the current study is that when the school characteris-
tics were added on the student and family-related characteristics, it added almost small
amounts of contributions to the math achievement (4% for the village, 3% for the urban,
2% for both the urban and medium-size city schools). Even, the highest contribution was
made in the village schools. This finding supports the previous research (Tatar, 2006)
which reports that the school characteristics are more effective on the achievements
of students from low socioeconomic backgrounds. Namely, it is thought that openness
and deprivation in the villages within the context of familial characteristics may have
increased the effect of the school characteristics on achievement in this settlement
schools. The relatively higher effect of the school characteristics on achievement of the
village schools suggests that the schools may have the power to compensate the disad-
vantages related to the socioeconomic background. It is also noteable to point out the
necessity of using the school as an opportunity in policies aimed at reducing the success
differences between school locations.

The results point out that the self-confidence among the student-related characteris-
tics made the highest contribution to the achievement in all school locations. This find-
ing is consistent with those of national (Akyiiz, 2014) and international (Chiu & Klassen,
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2010; Chowa et al., 2015; Ker, 2016; Singh et al., 2002) studies which all conclude that
the student’s self-efficacy and self-confidence are significant predictors of math achieve-
ment. Similarly, the variable of the how often absent from school was the other most
negative significant predictor for the math achievement in the schools of all settlements.
The findings revealed that as the frequency of absenteeism decreased, the math achieve-
ment increased. This outcome supports the results of previous research (Altinkurt, 2008;
Lavy, 2010) which report positive relationship between the frequency of school attend-
ance and success at all levels of education. The other finding revealed that the variable
of the early numeracy task was the significant predictor for math achievement in each
school location, especially in the village area. The significant finding suggests supplying
children with activities including numeracy tasks.

Another remarkable outcome is that when only the student-related characteristics
were used, the variable of the attending preschool was found to be significant predictor
for the math achievement in both of the urban and medium-size city schools rather than
those of the suburban and village. But, when the family and school-related characteris-
tics were added to the models, the significance of the attending preschool was lost. As
known, the preschool education aims to prepare child for upper education in terms of
cognitive, affective, social and dynamic aspects. But, Harman and Celiker (2012) pre-
sent that the child’s readiness does not depend on only the preschool education, it also
depends on lots of other factors such as the family, family environment, physical struc-
ture of the house, parents’ highest education level and socioeconomic level of the family.
Hence, the introduction of the family and school-related variables may have removed
the significant impact of the preschool education on math achievement in the schools of
the urban and medium-size city.

This study revealed that both of the parents’ highest education and occupation levels
are significant predictors for math achievement in the schools of all locations. In other
words, students who have parents with higher education and higher occupation levels
tend to have higher math achievement. This finding is consistent with those of the stud-
ies conducted in Turkey (Akyiiz, 2014) and other countries (Bacolod & Tobias, 2005;
Carnoy et al,, 2015) in terms of parents’ education level. It is thought that the higher
education level increases the likelihood of a person having a better profession, a bet-
ter job income and marrying someone with a better education level. Having more edu-
cated parents may provide relatively better socioeconomic and cultural level, in turn a
higher quality of academic support (Alokan et al., 2013; Kudari, 2016; McNeal, 1999).
The results also indicated that the variable of the early numeric activities before school
was another significant predictor of math achievement. It seems that the relative impact
of the variable was highest in the schools of the suburban and lowest in those of the
urban and medium-size city areas in the final models. There is an interesting situation;
although the percentage of students having early numeric activities is lower (8.6%) in
the schools of the suburban than those of the urban (9.4%) and medium-size city (9.2%),
the impact of this predictor is higher in the suburban schools. This contradictory result
should be investigated in further studies.

The results also showed that the contribution of the set of the school-related charac-
teristic to math achievement was significant for the schools in all settlements even it was
added as the last entry into the regression model. But, amoung the four variables, only
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the school emphasize on academic success was found to be significant predictor in all
locations except the medium-size city area. This outcome is consistent with the findings
of previous research (Cassity, 2012; Kirby & DiPaola, 2011; Oral & McGivney, 2014).
Cassity (2012) found a positive relationship between academic emphasis and student
achievement. Similarly, Kirby and DiPaola (2011) report that school’s academic empha-
sis had a strong impact on student’s math achievement. Likewise, Yavuz et al. (2017)
found positive effect of the emphasis on math success. In addition, Oral and McGivney
(2014) conclude that high academic emphasis of the school increases the probability of
students to perform better. Findings also indicated that the relative effect of the school
emphasis on achievement seems to be greater in the village schools. This outcome sup-
ports the previous research (Hoy & Sabo, 1998; Shouse, 1998) which report that schools
with strong academic emphasis affect positively the success of disadvantaged students.
Similarly, Goddard et al. (2000) found that a one-unit increase in the academic emphasis
score of a school, where disadvantaged students attended, leads to an increase of 16.53
points in math achievement. It is thought that academic emphasis is a social perception
that supports teaching and learning in schools. This perception creates a school environ-
ment that increases the likelihood of both teachers and students to persist in academic
efforts. Teachers set high achievable goals, believe students will succeed, take respon-
sibility for students’ success and are not disappointed with the problems they encoun-
ter (Goddard et al., 2000). Therefore, the result of the current research suggests that
academic emphasis may be an important opportunity to increase math success within
disadvantaged schools located in the villages and to reduce the math achievement differ-
ences between schools located in different residential areas.

This study highlights that there is a negative significant relationship between the fre-
quency of discipline problems in schools and math achievement in the schools of urban
area which supports the previous research (Simith, cited by Kili¢, 2015; Warren, 2007).
In the study of Warren (2007), a negative significant correlation was found between stu-
dent discipline problems such as drug use, violence, fighting, armed assault and math
achievement. According to Simith (2005 cited by Kilig, 2015) the higher effect of the dis-
cipline problems on math achievement may be attributed to the higher average num-
ber of punishments per student in urban schools. It is thought that, the probability of
encountering large schools with crowded classes increases in the urban centers due to
the population density. As Slate and Jones (2005) claim, the population density can make
student control difficult, create a basis for the emergence of disciplinary problems in
school and raise the possibility of encountering more disciplinary problems. Therefore,
decreasing student population in classes of urban schools may reduce discipline prob-
lems and increase math performance.

The current research examined the relative effects of the student, family and school-
related characteristics on 4th graders’ math achievement according to location of the
school in Turkey based on TIMSS-2015 data. The results revealed that the entire mod-
els explained the largest amount of variance in the schools of village area and the least
one in those of urban area. In the schools of all locations, the set of the student char-
acteristics explained the largest amount of variance, but that of the school character-
istics explained the least amount of variance in math achievement when the student,
family and school-related factor sets were added over and above the other(s). Students’
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confidence in math contributed almost the highest amount of variance in the schools
located everywhere. Early numeracy tasks, absenteeism in school, parents’ highest edu-
cation level, parents” highest occupation level and early numeric activities before school
also explained small amounts of variance in students’ math achievement in the schools
of all residential areas. But, although the current research explained certain amounts of
variance in math achievement in the schools of all locations, it seems that there are still
other factors that can explain the reaming variance.

Implications

It is expected that the findings of the current study make significant contributions to the
literature. The results suggest that it would be beneficial to increase the number of in-
class and out-of-class activities that will protect and develop students’ self-confidence in
math. School administrators may set goals that will increase the emphasis on academic
achievement. In addition, some precautions can be taken to reduce absenteeism in the
schools. It seems that there are other foctors explaining students’ math achievement in
the schools of all locations. Further studies should investigate them and would compen-
sate this gap by considering the other potential predictors. Besides, similar studies can
be conducted to establish causal connections between the variables that are questioned
with different grade levels and their results are compared with the findings of the current
research.
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