
 

International Journal of Assessment Tools in Education 

 2022, Vol. 9, No. 1, 98–117 

https://doi.org/10.21449/ijate.799754 

Published at https://ijate.net/              https://dergipark.org.tr/en/pub/ijate                         Research Article 

 

 98 

 

School characteristics mediating the relationship between school 

socioeconomic status and mathematics achievement 

 

Ozlem Albayrakoglu 1,*,  Selda Yildirim 2 

 
1Bolu Abant Izzet Baysal University, Bolu, Turkiye. 
2Bolu Abant Izzet Baysal University, Faculty of Education, Department of Mathematics and Science Education, 

Bolu, Turkiye. 

 

ARTICLE HISTORY 

Received: Sep. 24, 2020 

Revised: Nov. 04, 2021 

Accepted: Dec. 04, 2021 
 

Keywords: 

Equity,  

Multilevel Multiple 

Mediation,  

Quality of Mathematics 

Teaching, 

School Climate, 

School SES, 

TIMSS 2015. 

Abstract: While numerous studies have reported the effect of school 

socioeconomic status (SES) on achievement, the factors that can cause this 

relationship are not well established. This study is, therefore, an attempt to 

understand school SES and students' mathematics achievement relationship by 

assuming that this relationship occurs through a correlation between school SES 

and school characteristics. Identifying these school characteristics is crucial to 

reduce the relation between SES and achievement for educational equity. Focusing 

on the 8th-grade mathematics data from Trends in International Mathematics and 

Science Study (TIMSS) 2015, this study aimed to identify school characteristics 

(quality of mathematics teaching at school, discipline at school, sense of school 

belonging, and school academic emphasis) that can mediate the relationship 

between school SES and students' mathematics achievement. The results of 

multilevel regression analyses showed that controlling school characteristics 

reduced the relationship between school SES and students' mathematics 

achievement in most of the educational systems. However, the results of multilevel 

multiple mediation analysis showed that the relationship between school SES and 

students' mathematics achievement were mediated through discipline at school, 

school academic emphasis, or sense of school belonging in some educational 

systems. In addition, the results indicated that the quality of mathematics teaching 

at school was not a mediator in this relationship. These results suggest the need for 

eliminating the effect of school SES on some school characteristics to improve 

equity in education. 

1. INTRODUCTION 

Equity in mathematics education means providing individualized support to students as much 

as they need (National Council of Teachers of Mathematics, 2000). This support addresses the 

barriers that students face to achieve their potential in mathematics. Socioeconomic status 

(SES) is one of these barriers because researchers point out that both student SES and school 

SES determine student achievement in many countries (Perry & McConney, 2010; Sirin, 2005). 

Besides, Chmielewski’s study (2019) reveals that SES related performance differences have 
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been increasing consistently over the past 50 years in many countries. Researchers also state 

that the effect of school SES is more significant on students' mathematics achievement than the 

effect of student SES (Borman & Dowling, 2010; Sirin, 2005). Therefore, it seems crucial to 

eliminate the relationship between school SES and achievement for educational equity. 

Student SES is defined as the social and economic background of students' parents. 

Accordingly, school SES is defined as the socioeconomic status of parents of students in a 

school. Student SES can be indicated by various ways such as parents' income, parents' 

education level, or home educational resources. Students with higher SES are likely to have an 

education in academically more advantaged schools (having qualified teaching and school 

resources). Likewise, students with lower SES probably will be educated in academically more 

disadvantaged schools (Berkowitz et al., 2017; Liu et al., 2015; Rumberger & Palardy, 2005; 

Sirin, 2005). The mentioned distribution of students to schools in a planned or an unplanned 

manner causes differences in achievement among schools as well as the individual performance 

of students. For example, a student attending a school with a higher SES is more likely to be 

successful compared to a student having a similar family structure but attending a lower SES 

school (Gustafsson et al., 2016; Liu et al., 2015; Mullis et al., 2016). 

Besides, research shows that students who attend schools having qualified teaching, safe and 

supportive school climate, a high sense of school belonging, and giving high academic 

emphasis will have a higher probability to be successful in mathematics (Gustafsson et al., 

2016; Nilsen et al., 2016; Olmez, 2020; Thrupp et al., 2002). There is little research and there 

are no comprehensive theories that address the relationships between school SES, school 

characteristics, and academic performance. However, about the theoretical nature of these 

relationships, some authors argue that a school's SES affects its characteristics (e.g., social 

climate), which in turn affects students' academic achievement (Berkowitz et al., 2017). That 

is, students' mathematics achievement is assumed to be influenced by school SES indirectly 

through school characteristics. This indirect relationship is named mediation and, in this 

mediation, the school characteristics are called mediators. Consistent with this argument the 

results of the previous studies outlined below suggest that school characteristics may have a 

potential mediational role between school SES and student mathematics achievement. For 

example, school SES may be related to mathematics achievement indirectly through the 

mediating role of school characteristics such as quality of teaching and school climate 

(Berkowitz et al., 2015; Gustafsson et al., 2016; Hansen & Strietholt, 2018; Liu et al., 2015; 

Nilsen et al., 2016; Schmidt et al., 2015). The educational practices that contribute to student 

achievement in a school are named as "quality of teaching at school" (Brophy & Good, 1986). 

The quality of mathematics teaching might be better in high SES schools (i.e., schools with 

high SES students) because these schools are more likely to have well-qualified mathematics 

teachers. Since the quality of mathematics teaching at school is associated with students' 

mathematics achievement, school SES may indirectly be related to mathematics achievement. 

On the other hand, low SES schools may not provide a safe and supportive learning 

environment because of disadvantages resulting from having low SES such as social problems, 

violence, and emotional and behavioral difficulties (Berkowitz et al., 2017; Liu et al., 2015). 

Without a safe and supportive learning environment in school, learning cannot become students' 

focus. The degree of physical and emotional safety and order of disciplinary situations provided 

for students by a school are conceptualized as "discipline at school" (Wang & Degol, 2016). 

Therefore, school SES has the potential to affect students' mathematics achievement via 

discipline at school (Liu et al., 2015). Similarly, research has shown that students' sense of 

belonging to school (Munk, 2007) may be another meaningful mediator between school SES 

and mathematics achievement. "A sense of school belonging" is conceptualized as that a student 

has the feeling of being an essential part of school/classroom life and activities and is accepted 

and valued by teachers and peers (Goodenow, 1993). Also, academic emphasis in school is 
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another school characteristics that may be related to SES (Wu et al., 2013) and achievement 

(Hoy, 2012; Olmez, 2020; Yavuz et al., 2017). "The school academic emphasis" is 

conceptualized as priority and importance given on learning and achievement by a school (Hoy 

et al., 2006). The work of Boonen et al. (2014) demonstrates that the school academic emphasis 

may have the potential to mediate the relationship between SES and mathematics achievement. 

Despite numerous studies reported the relationship between school SES and student 

achievement, few studies investigated the underlying mechanism of this relationship 

(Berkowitz et al., 2017; Liu et al., 2015; Schmidt et al., 2015). In these studies, the joint effects 

of multiple mediators were not considered. In addition, examining these joint mediation effects 

in different cultures may shed light on understanding possible different school SES mechanism 

that is related to cultural difference. Viewing the gaps in previous studies, we investigated the 

multiple school characteristics mediating the relation between school SES and students' 

mathematics achievement. The existence of school-SES indirect effects in addition to its direct 

effect (the effect with no mediator) on student mathematics achievement creates a situation 

causing inequity in mathematics achievement (Berkowitz et al., 2017; Gustafsson et al., 2016; 

Nilsen et al., 2016). In such a situation, managing the educational environment at school in the 

way that this mediating role is eliminated can contribute to establishing equity in achievement. 

For example, if low SES schools were able to alter their climate to enhance student 

achievement, this might eliminate the negative effects of the low SES.    

Thus, the purpose of this study is to investigate the mediational role of school characteristics 

between school SES and student mathematics achievement in order to understand the school 

SES mechanism better. Previous studies indicate weaker school SES effects in secondary 

schools than primary schools (e.g., Driessen, 2002). This finding may imply that the school 

SES effect diminishes over time. However, most of the recent studies have focused on the 

secondary level and found that school SES is a stronger predictor of student outcomes in 

secondary schools (e.g., Liu et al., 2015). To contribute to the generalizability of the recent 

findings at the secondary level, in this study, we investigated the school SES mechanism using 

Trends in International Mathematics and Science Study (TIMSS) 2015 eighth-grade data. 

Previus studies that use TIMSS data report the effect of school SES on student mathematics 

achievement (e.g., Akyuz, 2014). Similarly, TIMSS reports that if low SES students attend 

schools which are composed of students from affluent homes, they are more likely to achieve 

a higher level compared to low SES students who attend schools composed of students from 

less affluent or disadvantaged homes (Mullis et al., 2011; Mullis et al., 2016). Accordingly, we 

formulated the following hypotheses: 1) School SES is positively related to students' 

mathematics achievement and 2) School SES is positively and indirectly related to students' 

mathematics achievement through the mediation of school characteristics (quality of 

mathematics teaching at school, discipline at school, school academic emphasis, and sense of 

school belonging). The proposed model demonstrates these relations (Figure 1). 

Figure 1. The Proposed Model. 
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2. METHOD 

2.1. Data and Participants 

This study uses students’ and school principals’ data obtained through TIMSS 2015 

administered by the International Association for the Evaluation of Educational Achievement 

(IEA). The sample includes 37 countries after removing Saudi Arabia due to single-sex schools 

in order to control student gender in the analysis. Therefore, data of 248.667 8th-grade students 

and 7135 schools in all remaining countries are used in the study (see Appendix 1). TIMSS uses 

a stratified two-cluster sampling design in each country with schools and classes randomly 

selected (Martin et al., 2016). 

2.2. Variables 

2.2.1. TIMSS 2015 mathematics achievement 

This study used five plausible values of mathematics achievement scores in TIMSS 2015 data 

as the dependent variable. Plausible values are multiple imputed scores based on estimates 

regarding student ability distribution (Mullis et al., 2016; Wu, 2004). The scales created by 

TIMSS from student and school principal's responses were used in this study and explained 

below (Martin et al., 2016). 

2.2.2. School SES 

TIMSS surveys school principals’ views to determine student percentage of economically 

advantaged and disadvantaged backgrounds in their schools. TIMSS uses these responses to 

describe schools as “affluent,” “neither affluent nor disadvantaged,” and “disadvantaged” based 

on students' economic backgrounds. 

2.2.3. School characteristics 

2.2.3.1. School Academic Emphasis. TIMSS asks school principals to indicate how they 

characterize their schools' emphasis on academic achievement by rating some items from very 

low to very high scale. Examples of these items are “parental expectations for student 

achievement,” “teachers’ degree of achievement in implementing the school’s curriculum,” 

“teachers’ expectation for student achievement,” “teachers’ collaborative work to improve 

student achievement,” “students' desire to do well in school”, and “students’ ability to reach 

school’s academic goals.” Then TIMSS combines these responses to describe school’s 

academic emphasis as “medium", “high”, and “very high". 

2.2.3.2. Discipline at School. Similarly, an index score in the TIMSS 2015 database, 

based on principals’ responses to the question “To what degree each of the following is a 

problem among 8th-grade students in your school?” was used in this study. Some of the issues 

scored by principals included “arriving late at school,” “absenteeism,” “intimidation and verbal 

abuse among students,” “profanity,” “cheating,” thieving”, and “vandalism.” TIMSS uses these 

responses to describe schools' discipline problems as “hardly any", “minor”, and “moderate to 

severe”. 

2.2.3.3. Sense of School Belonging. The extent of student sense of school belonging is 

categorized as “high sense of school belonging,” “sense of school belonging”, and “little sense 

of school belonging” by an index in the TIMSS 2015 database. It is derived from students’ 

responses to the question “What do you think about your school?” Some of the item examples 

were “I like being in school,” “I feel safe when I am at school,” “I feel like I belong at this 

school,” and “I like to see my classmates at school”. This score was aggregated from student-

level to school level data. 

2.2.3.4. Quality of Mathematics Teaching at School. Relevant literature indicates that 

it is beneficial to consider the relationship between achievement and variables built up from 



Albayrakoglu & Yildirim 

 

 102 

students’ responses on topics of teaching practices at class, quality of teaching, and so on to 

obtain reasonable results (Eriksson et al., 2019). The study used an index score from the TIMSS 

database aggregated from the student level to the school level regarding the quality of 

mathematics teaching (Gustafsson et al., 2016). The index obtained from student responses to 

items such as: “I know what my teacher expects me to do,” “My teacher is easy to understand,” 

“My teacher gives me interesting things to do,” “My teacher has clear answers to my questions,” 

and “My teacher is good at explaining mathematics”. The index scored through “very engaging 

teaching,” “engaging teaching”, and “less than engaging teaching”. 

2.2.3.5. Controlling Variables. The variables “sense of school belonging” and “quality 

of mathematics teaching at school” are used as student-level control variables as suggested 

since they were aggregated from student-level data (Armor et al., 2017). In addition, previous 

studies reveal that student gender (Contini et al., 2017), self-confidence (Ker, 2016; Wang et 

al., 2012), and student SES (Sirin, 2005) may be related to mathematics achievement. 

Therefore, these variables were also used as control variables. Student gender variable was 

coded 1 for girls and 0 for boys. For student SES, this study used the “home educational 

resources” scale. At this scale, students with “many resources” have 100 or more books, private 

rooms, and the Internet at home and at least one parent holds a Bachelor’s degree. Students with 

“few resources,” on the contrary, are described as having 25 or fewer books, no Internet 

connection, and no private room at home, and none of the parents holds a higher degree than a 

secondary school degree. Other students were assigned to the “some resources” category. For 

self-confidence, the scale constructed from student responses to items such as, “I usually do 

well in mathematics” and “Mathematics is more difficult for me than for many of my 

classmates" was used. On this scale, students were categorized as “very confident", “confident”, 

and “not confident”. 

2.3. Statistical Analyses 

In mediation models, one or more variables transmit the effect of an independent variable (X) 

on an independent variable (Y). These variables are named mediator (M). In this study, there 

are four mediators (quality of mathematics teaching at school, school academic emphasis, sense 

of school belonging, and discipline at school) and these mediators transmit the effect of school 

SES (X) on student mathematics achievement (Y). Figure 2 visualizes the effects of these 

mediators. 

As seen in Figure 2, the independent variable (school SES) and mediating variables (quality of 

mathematics teaching at school and school academic emphasis, sense of school belonging, and 

discipline at school) are at the school level (level 2), and the dependent variable (student 

mathematics achievement) is at the student level (level 1). In this multilevel structure, mediation 

is referred to as the 2-2-1 mediation model (Bauer et al., 2006; Krull & MacKinnon, 2001). 

That is, in this mediation model, the independent variable (X) and mediators (M) are at level 2, 

and the dependent variable is at level 1. This mediation was tested by a multilevel mediation 

approach as indicated by Zhang et al. (2009). The following steps explain the multilevel 

mediation used in this study.  
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Figure 2. Multilevel multiple mediation (indirect) effect. Student level control variables are not shown 

in the figure for clarity of the model. 

 

Step 1. Multiple regression analysis was performed to calculate the effect of school SES (X) on 

student mathematics achievement (Y), and this effect was indicated by c.    

Step 2. In this step, both school SES (X) and mediators (M) were included as simultaneous 

predictors of student achievement (Y) in multilevel regression analysis. The effects of 

mediators were indicated by b1, b2, b3, and b4. Similarly, the effect of school SES was indicated 

by c'. 

Step 3. Standard regression analyses were performed to calculate the effects of school SES (X) 

on mediators (M), and these effects were indicated by a1, a2, a3, and a4.  

As seen, c coefficient denotes the effect of school SES on student achievement, whereas the c’ 

signifies the effect of school SES on student achievement in the presence of mediators. In 

mediation analysis, c-c' estimates the total mediation effect and a.b estimates the mediation 

effect for a single mediator. In our analysis, a1.b1, a2.b2, a3.b3, and a4.b4 estimate the mediation 

effects for four mediators. 

International Data Base Analysis Program (IDB analyzer) [IEA, 2017] was used to compute 

the effects indicated in Step 3.  In Step 1 and Step 2, the effects were estimated using HLM6 

(Raudenbush & Bryk, 2002). In HLM analyses, student-level variables were group-mean 

centered, while school-level variables were grand-mean centered, and the random intercept 

fixed slope method was used. In the analyses, gender, self-confidence, student SES, quality of 

mathematics teaching, and sense of school belonging were considered as control variables at 

the student level. Sampling weights in the TIMSS database were used both at school and student 

levels. Before the analyses, missing data were imputed with the SPSS expectation-

maximization algorithm and the variables were standardized. In addition, before the mediation 

analysis, IDB Analyzer (IEA, 2017) was used to perform the descriptive statistics and 

correlations between the variables. Finally, to determine whether the mediation effects are 

statistically significant, the code calculating the Monte Carlo Confidence Intervals prepared by 

Preacher and Selig (2012) was used in R (R Development Core Team, 2017). 

3. FINDINGS 

Appendix 2 presents descriptive statistics (i.e., means, standard deviations, and associated 

standard errors) for the variables included in the analysis. We first examined the effects of 

school SES and school characteristics on student mathematics achievement. Then, we displayed 

TIMSS 2015 Mathematics 

Achievement 

c’ 
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the relationships between school SES and school characteristics. Finally, we explained the 

mediating effects arising from these relationships. 

3.1. Predicting Student Mathematics Achievement 

As seen in Table 1, school SES effect on student mathematics achievement is positive and 

statistically significant in practically most of the educational systems, except for a few (China, 

Taiwan, Italy, Kazakhstan, Lebanon, Egypt, Russia, Thailand, and Oman). This effect is 

signified as the c coefficient in Table 1. However, in most of the educational systems, the 

initially positive association of school SES with mathematics achievement is reduced once 

school characteristics are accounted for. Also, the statistically significant positive school SES 

effect on student mathematics achievement disappears in Georgia, Kuwait and Norway. In 

Table 1, coefficient c’ signifies the school SES effect on student mathematics achievement in 

the presence of the school characteristics. Concerning the proposed model, the sense of school 

belonging and school academic emphasis appear to be strong predictors of student mathematics 

achievement across some of the educational systems because of their effects (i.e., b coefficients 

in Table 1) considerably high and significant. However, discipline at school or the quality of 

mathematics teaching at school appears to be important factors for student mathematics 

achievement only in a few educational systems (e.g., Hungary and Kazakhstan). The last 

column of Table 1 shows the explained variance at school level when school SES and school 

characteristics simultaneously predicted student mathematics achievement in the multilevel 

regression analyses. On average, this value is 31% across educational systems.   

Table 1. The effect of school SES and school characteristics on mathematics achievement. 

  coef.  c   coef. c' coef. b                                          

  Sc SES R2(%) Sc SES DS (b1) SSB (b2) SAE (b3) QMT (b4) R2(%) 

  

β      SE 

   
β      SE β      SE β      SE β      SE β      SE 

  

Australia 0.33 (0.03)*** 32 0.17 (0.04)*** 0.00 (0.03) 0.28 (0.04)*** 0.05 (0.04) -0.02 (0.03) 57 

Bahrein 0.16 (0.07)* 6 0.13 (0.06)* 0.12 (0.04)** 0.21 (0.05)*** 0.19 (0.05)*** -0.05 (0.06) 33 

Botswana 0.30 (0.04)*** 32 0.20 (0.04)*** 0.03 (0.03) 0.05 (0.04) 0.26 (0.04)*** -0.02 (0.03) 54 

Canada 0.16 (0.03)*** 8 0.09 (0.03)** 0.01 (0.04) 0.17 (0.04)*** 0.15 (0.04)*** 0.00 (0.04) 25 

Chile 0.43 (0.05)*** 31 0.39 (0.05)*** 0.09 (0.04)* 0.11(0.04)* 0.11 (0.07) -0.06 (0.04) 40 

China-Taiwan 0.20 (0.11) - 0.14 (0.07) 0.11 (0.05)* -0.04 (0.06) 0.24 (0.06)*** 0.16 (0.06)* 42 

Egypt 0.15 (0.08) - 0.16 (0.07) -0.01 (0.07) 0.02 (0.08) 0.01 (0.06) 0.05 (0.09) - 

England 0.40 (0.07)*** 20 0.18 (0.08)* -0.01 (0.06) 0.49 (0.07)*** 0.07 (0.07) -0.07 (0.07) 46 

Georgia 0.12 (0.06)* 3 0.10 (0.07) -0.02 (0.07) 0.13 (0.07) -0.01 (0.07) 0.01 (0.07) 6 

Hong Kong 0.34 (0.06)*** 19 0.12 (0.05)* 0.02 (0.05)* 0.48 (0.05)*** 0.08 (0.05) -0.12 (0.05)* 52 

Hungary 0.41 (0.06)*** 32 0.31 (0.05)*** 0.18 (0.06)** 0.10 (0.07) 0.08 (0.06) -0.04 (0.08) 43 

Iran 0.25 (0.05)*** 16 0.19 (0.05)** 0.05 (0.04) -0.14 (0.05)** 0.16 (0.06)* 0.03 (0.05) 25 

Ireland 0.28 (0.06)*** 21 0.15 (0.04)** 0.08 (0.05) 0.25 (0.07)*** 0.03 (0.04) -0.05 (0.04) 43 

Israel 0.36 (0.05)*** 28 0.32 (0.05)*** 0.06 (0.05) 0.06 (0.05) 0.04 (0.06) -0.06 (0.06) 23 

Italy 0.08 (0.05) - 0.06 (0.05) 0.03 (0.05) 0.02 (0.04) 0.02 (0.05) -0.05 (0.05) 2 

Japan  0.13 (0.04)*** 11 0.11 (0.03)*** 0.03 (0.04) -0.05 (0.04) 0.13 (0.03)*** 0.06 (0.03)* 24 

Jordan  0.16 (0.05)** 10 0.12 (0.05)* 0.00 (0.04) 0.04 (0.04) 0.22 (0.04)*** 0.01 (0.05) 27 

Kazakhstan 0.13 (0.07) - 0.11 (0.07) 0.07 (0.07) -0.08 (0.09) 0.04 (0.05) 0.25 (0.09)** 11 

Korea 0.25 (0.04)*** 35 0.19 (0.03)*** -0.09 (0.03)** 0.11 (0.04)** 0.12 (0.03)*** -0.09 (0.03)** 51 

Kuwait 0.020 (0.09)* 9 0.14 (0.08) 0.07 (0.08) 0.21 (0.08)* 0.11 (0.08) -0.02 (0.09) 21 

Lebanon 0.09 (0.07) - 0.07 (0.06) 0.05 (0.05) -0.10 (0.05) 0.22(0.05)*** 0.10(0.06) 18 
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Table 1. Continues 

Lithuania 0.21 (0.04)*** 16 0.20 (0.04)*** 0.09 (0.04) -0.10 (0.05)* 0.00(0.04) 0.02(0.05) 20 

Malaysia 0.29 (0.05)*** 18 0.23 (0.05)*** 0.07 (0.05) -0.02 (0.07) 0.17 (0.05)** 0.14 (0.07)* 29 

Malta  0.21 (0.06)** 17 0.13 (0.05)* 0.07 (0.06) 0.20 (0.04)*** 0.14 (0.04)** 0.08 (0.04)* 62 

Morocco 0.31 (0.03)*** 37 0.22 (0.04)*** -0.01 (0.04) -0.09 (0.04)* 0.10 (0.06) 0.08 (0.04)* 42 

New Zealand 0.35 (0.04)*** 44 0.28 (0.03)*** 0.02 (0.04) 0.19 (0.07)** 0.07 (0.04) 0.00 (0.04) 57 

Norway 0.11 (0.03)** 10 0.05 (0.03) -0.02 (0.03) 0.11 (0.04)** 0.12 (0.03)*** -0.02 (0.04) 29 

Oman  0.08 (0.05) - 0.0 8(0.04) 0.06 (0.04) 0.07 (0.06) 0.00 (0.04) 0.09 (0.06) - 

Qatar 0.09 (0.04)* 1 0.16 (0.04)** 0.08 (0.04) 0.29 (0.07)*** 0.05 (0.05) 0.10 (0.06) 28 

Russia 0.02 (0.06) - 0.02 (0.06) 0.10 (0.06) 0.06 (0.06) 0.17 (0.06)** 0.10 (0.07) 10 

Singapore 0.42 (0.05)*** 31 0.30 (0.06)*** 0.04 (0.05) 0.24 (0.06)*** 0.10 (0.05)* 0.05 (0.04) 47 

Slovenia 0.08 (0.03)* 1 0.08 (0.03)* 0.02 (0.03) 0.02 (0.04) 0.12 (0.04)** 0.08 (0.05) 17 

South Africa 0.35 (0.10)** 22 0.32 (0.10)** 0.19 (0.06)** -0.01 (0.08) 0.02 (0.08) -0.03 (0.07) 28 

Sweden 0.28 (0.04)*** 28 0.23 (0.06)*** 0.01 (0.05) 0.10 (0.05)* 0.05 (0.06) 0.05 (0.04) 36 

Thailand 0.14 (0.08) - 0.13 (0.09) 0.04 (0.05) 0.16 (0.07)* 0.07 (0.06) -0.13 (0.08) 14 

Turkey 0.31 (0.08)*** 23 0.21 (0.07)** 0.04 (0.05) -0.03 (0.05) 0.21 (0.07)** 0.13 (0.05)* 40 

UAE 0.20 (0.03)*** 8 0.07 (0.03)* 0.05 (0.03) 0.21 (0.04)*** 0.19 (0.03)*** 0.07 (0.04)* 35 

USA 0.32 (0.03)*** 34 0.20 (0.03)*** -0.06 (0.05) 0.28 (0.04)*** 0.09 (0.04)* -0.02 (0.04) 46 

***p<0.001; **p<0.01; *p<0.05; Sc SES: School SES; SSB: Sense of School Belonging; DS: Discipline at School; QMT: Quality 

of Mathematics Teaching at School; SAE: School Academic Emphasis; R2: The variance explained at school level. 

3.2. Predicting School Characteristics 

Table 2 displays the school SES effect on school characteristics (i.e., coefficient a). Evaluating 

interactions of school SES with school characteristics revealed that the school SES affects the 

school academic emphasis almost in all educational systems, confirming that the higher the 

school SES is, the higher the school academic emphasis is. However, a statistically significant 

relationship cannot be observable for Bahrein, Israel, Qatar, and Slovenia. In ten educational 

systems, there is a statistically significant positive relationship between school SES and the 

sense of school belonging, but a negative relation between school SES and sense of school 

belonging appears in Botswana, Morocco, South Africa, Qatar and Turkey. In these educational 

systems the higher the school SES is, the lower the sense of school belonging is. In twenty 

educational systems, a statistically significant and positive relation between school SES and 

discipline at school exists. Although the school SES interaction with other school characteristics 

is likely in the majority of educational systems, school SES can affect the quality of 

mathematics teaching at school positively only in Israel and the UAE, and negatively in South 

Africa, Qatar, and Thailand. 
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Table 2. School SES effect on school characteristics. 

  coef. a   

  DS (a1) SSB (a2) SAE (a3) QMT (a4) 

  β      SE β      SE β      SE β      SE 

Australia 0.40 (0.06) *** 0.40 (0.09) *** 0.51 (0.06) *** 0.16 (0.07) 

Bahrein 0.09 (0.10) 0.00 (0.08) 0.13 (0.08) 0.14 (0.10) 

Botswana 0.31 (0.07) *** -0.16 (0.08) * 0.38 (0.07) *** 0.08 (0.08) 

Canada 0.19 (0.09) * 0.00 (0.08) 0.45 (0.06) *** -0.13 (0.06) 

Chile 0.11 (0.08) *** -0.08 (0.08) 0.26 (0.08) *** -0.04 (0.08) 

China-Taiwan 0.12 (0.15) -0.05 (0.18) 0.40 (0.11) *** -0.21 (0.13) 

Egypt -0.01 (0.10) -0.20 (0.08) 0.46 (0.08) *** -0.14 (0.09) 

England 0.20 (0.09) * 0.39 (0.06) *** 0.54 (0.07) *** 0.21 (0.09) 

Georgia  -0.13 (0.13) 0.05 (0.14) 0.31 (0.07) *** 0.03 (0.11) 

Hong Kong 0.23 (0.07) *** 0.36 (0.09) *** 0.56 (0.06) *** 0.02 (0.10) 

Hungary 0.25(0.09) *** 0.11 (0.10) * 0.50 (0.08) *** -0.10 (0.10) 

Iran  -0.10 (0.09) -0.19 (0.09) 0.23 (0.09) *** -0.07 (0.07) 

Ireland 0.26 (0.09) * 0.41 (0.09) *** 0.43 (0.07) *** 0.17 (0.09) 

Israel 0.34 (0.07) *** 0.02 (0.08) 0.42 (0.06) *** -0.03 (0.08) 

Italy 0.12 (0.14) 0.11 (0.09) 0.21 (0.07) ** -0.19 (0.09) 

Japan  0.15 (0.12) * 0.24 (0.17) * 0.25 (0.13) ** 0.02 (0.21) 

Jordan  -0.02 (0.10) -0.01 (0.10) 0.21 (0.09) *** -0.03 (0.08) 

Kazakhstan -0.14 (0.07) 0.04 (0.10) 0.07 (0.08) * 0.15 (0.09) 

Korea -0.11 (0.09) 0.02 (0.17) 0.27 (0.12) ** -0.22 (0.17) 

Kuwait 0.25 (0.10) * 0.03 (0.11) 0.38 (0.11) ** 0.00 (0.12) 

Lebanon -0.05 (0.14) 0.01 (0.08) 0.14 (0.12) ** -0.02 (0.09) 

Lithuania 0.06 (0.10) -0.07 (0.09) 0.06 (0.10) * -0.14 (0.10) 

Malaysia 0.12 (0.09) ** -0.03 (0.07) 0.34 (0.08) *** -0.01 (0.07) 

Malta  0.18 (0.20) 0.11 (0.14) 0.22 (0.15) 0.25 (0.15) 

Morocco 0.20 (0.08) * -0.18 (0.12) * 0.64 (0.07) * 0.09 (0.07) 

New Zealand 0.37 (0.06) *** 0.17 (0.11) 0.51 (0.07) *** -0.04 (0.09) 

Norway 0.10 (0.10) 0.37 (0.11) *** 0.27 (0.12) * 0.25 (0.14) 

Oman  0.06 (0.07) -0.01 (0.06) 0.09 (0.07) * 0.04 (0.07) 

Qatar 0.08 (0.01) -0.21 (0.09) * 0.13 (0.09) -0.20 (0.09) * 

Russia -0.03 (0.10) -0.14 (0.10) 0.20 (0.08) ** -0.15 (0.08) 

Singapore 0.16 (0.08) * 0.30 (0.08) *** 0.42 (0.06) *** 0.02 (0.08) 

Slovenia 0.07 (0.08) -0.04 (0.10) 0.05 (0.11) -0.11 (0.07) 

South Africa 0.09 (0.14) *** -0.20 (0.07) ** 0.19 (0.12) *** -0.08 (0.10) ** 

Sweden 0.39 (0.08) *** 0.23 (0.09) 0.45 (0.07) *** -0.11 (0.08) 

Thailand 0.06 (0.10) ** -0.14 (0.11) 0.08 (0.09) *** -0.23 (0.08) *** 

Turkey 0.11 (0.10) -0.29 (0.09) *** 0.37 (0.11) *** 0.00 (0.08) 

UAE 0.12 (0.05) ** 0.34 (0.04) *** 0.23 (0.05) *** 0.11 (0.05) * 

USA 0.45 (0.09) *** 0.49 (0.08) *** 0.51 (0.06) *** 0.23 (0.09) 

***p<0.001; **p<0.01; *p<0.05. SSB: Sense of School Belonging; DS: Discipline at School; QMT: Quality of Math-

ematics Teaching at School; SAE: School Academic Emphasis. 
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3.3. Test of Multiple Mediation 

Table 3 depicts statistically significant values and confidence intervals regarding the mediating 

role of school characteristics between the school SES and student mathematics achievement.  

As seen in Table 3, the mediating effect of sense of school belonging between school SES and 

student mathematics achievement in seven educational systems (Australia, England, Hong 

Kong, Norway, Singapore, The UAE and the USA) is statistically significant and positive. 

However, in Qatar, the statistically significant mediating role of sense of school belonging is 

negative. In nine educational systems (Botswana, Canada, Iran, Jordan, Korea, Malaysia, 

Norway, Turkey, and the USA) the school academic emphasis between school SES and 

mathematics achievement has a statistically significant and positive mediating role. The 

mediating effect of discipline at school between the relation on school SES and mathematics 

achievement is, only in Hungary, found statistically significant and positive. In none of the 

educational systems, the quality of mathematics teaching at school has no mediating role 

between the school SES and student mathematics achievement. 

Table 3. The mediating role of school characteristics. 

 Mediating Effects  

 
DS 

(a1.b1) 

SSB 

(a2.b2) 

SAE 

(a3.b3) 

QMT 

(a4.b4) 

Total 

(c-c') 

Confidence 

Interval 

(c-c') 

Australia  0.11**   0.11** (0.044-0.200) 

Botswana   0.10**  0.10** (0.045-0.167) 

Canada    0.07*  0.07** (0.020-0.125) 

England  0.20**   0.20** (0.099-0.308) 

Hong Kong 0.01 0.17**   0.18** (0.059-0.309) 

Hungary  0.05*    0.05* (0.009-0.096) 

Iran   0.03*  0.03* (0.004-0.084) 

Ireland  0.10**   0.10** (0,022-0,213) 

Jordan   0.05*  0.05* (0.007-0.093) 

Korea    0.03*  0.03* (0.004-0.070) 

Malaysia    0.06**   (0.011-0.125) 

Norway   0.04** 0.03*  0.07** (0.015-0.153) 

Qatar   -0.06*   -0.06* (-0.127; -0.009) 

Singapore   0.07** 0.04  0.11** (0.039-0.202) 

Turkey    0.08**  0.08** (0.007-0.193) 

UAE  0.07** 0.04 0.01 0.12** (0.076-0.178) 

USA  0.10** 0.04*  0.14** (0.094-0.288) 

**p<0.01; * **p<0.05. SSB: Sense of School Belonging; DS: Discipline at School; QMT: Quality of Mathematics 

Teaching at School; SAE: School Academic Emphasis. 
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4. DISCUSSION and CONCLUSION 

In this study, we examined the mediating role of school characteristics between school SES and 

student mathematics achievement across educational systems. Results showed that effects of 

school SES vary across the participating countries in TIMSS 2015 and part of school SES 

effects on student mathematics achievement can be explained by school characteristics. Also, 

the test of mediation revealed that the school academic emphasis and sense of school belonging 

were the variables that might have the potential to transmit the effect of school SES on student 

mathematics achievement. 

4.1. Predicting Mathematics Achievement 

The finding on the effect of school SES on mathematics achievement is consistent with the 

work of Chmielewski (2019), which states that inequity resulting from school SES does not 

decrease and continues to exist in many countries. Previous studies suggested that the school 

SES might be less influencing on achievement within centralized educational systems, 

implementing a standard curriculum with central exams (Broer et al., 2019). In this study, 

results regarding some educational systems are in line with this view, such as Italy and Lebanon. 

However, although the educational system in Norway has a decentralized organization, the 

results regarding Norway does not support the relationship between school SES and 

mathematics achievement. Besides, results also show that the statistically significant positive 

relationship between school SES and achievement may exist in both centralized (e.g., Turkey) 

and decentralized (e.g., Korea, Sweden, and the USA) education systems. This situation 

signifies that the inequity in educational systems may not be explained only by a decentralized 

education system.  

Concerning the effects of school characteristics on mathematics achievement, we found a 

positive significant effect of school academic emphasis in eighteen educational systems. This 

result confirms that students attending schools where they are encouraged to do their best with 

higher academic expectations might have a higher mathematics achievement in line with 

previous research (Akyuz 2014; Brault et al., 2014; Hoy et al., 2006; Nilsen & Gustafsson, 

2014; Nilsen et al., 2016).  

For the sense of school belonging, the effect was significant and positive in eighteen educational 

systems. This result is in line with the studies stating that students with a higher sense of 

belonging towards the school’s social and academic structure might have higher mathematics 

achievement (Hoy et al., 2006; Nilsen & Gustafsson, 2014; Wang & Degol, 2016).  Lei et al. 

(2016) claim that the relationship between the sense of school belonging and achievement might 

culturally be dependent and is higher in Western educational systems. The present study does 

not make a clear-cut distinction but confirms that this relationship is observed more in Western 

educational systems (England, Ireland, and the USA) and Western-dominated educational 

systems (Hong Kong, Singapore, Qatar and the UAE). 

For the discipline at school, in most of the educational systems, the results are in line with the 

work of Ma and Wilkins (2002), who stated that discipline at school might not be a predictor 

of achievement when variables such as school academic emphasis and school SES were 

considered. However, there were some exceptions in which this effect was statistically 

significant. We found a statistically significant positive effect of discipline at school on student 

mathematics achievement in five educational systems (Bahreyn, Chile, Hong Kong, Hungary 

and South Africa), revealing that students perform better in mathematics in a safe and peaceful 

school climate with fewer discipline problems (McCoy et al., 2013; Nilsen & Gustafsson, 

2014). Another exception was Korea, in which this effect was negative. In Korea, the 

disciplinary climate of schools might not have satisfied the expectations of secondary level 

students with higher mathematics achievement. This finding, however, was contrary to those 



Int. J. Assess. Tools Educ., Vol. 9, No. 1, (2022) pp. 98–117 

 109 

of Shin et al. (2009), whose research findings indicated a positive relationship between school 

discipline and Korean students' PISA mathematics achievement. 

Similarly, we did not observe a significant effect of the quality of mathematics teaching at 

school on student mathematics achievement in most of the educational systems. The exceptions 

in which this effect is positively significant are China-Taiwan, Japan, Kazakhstan, Malaysia, 

Malta, Morocco, Turkey, and the UAE. This finding supports the view that the quality of 

mathematics teaching is a key factor influencing student achievement at least in some of the 

countries (Baumert et al., 2010; Klieme et al., 2009). Other exceptions in which this effect is 

negatively significant are Hong Kong and Korea. The explanation of this negative effect might 

be the negative responses of students with a higher level of performance in mathematics. In 

these countries, students with higher mathematics performance may have higher teaching 

expectations from their schools and the schools may not satisfy these expectations.   

4.2. Predicting School Characteristics 

The effect of the school SES on the school characteristics differed across educational systems. 

With regard to the effect of school SES on discipline at school, we found a statistically 

significant positive effect in twenty-one educational systems. As stated by Brantlinger (2003), 

the reason of this positive effect might be attributable to the safe and ordered school climate 

demands of both students and their families in high SES schools. This result is also in line with 

the view that low SES schools have more disciplinary problems than those of the high SES 

schools (Bryk & Schneider, 2002; Thapa et al., 2013).  

Similarly, we observed a positive effect of school SES on school academic emphasis in most 

of the educational systems, revealing that high SES schools have a high academic emphasis on 

achievement (Dumay & Dupriez, 2008; Nilsen & Gustafsson, 2014; Opdenakker & Van 

Damme, 2001). Bahrein, Israel, Malta, Slovenia and Qatar were the exceptions, where this 

effect was not statistically significant. 

For the sense of school belonging, the effect of school SES was statistically significant in fifteen 

educational systems. The educational systems where the relation between school SES and sense 

of school belonging was positiveare mostly the developed countries such as Hong Kong, Japan, 

Singapore, and the USA. This result implies that schools in these countries might have more 

resources to connect students with high SES socially and emotionally to their schools. However, 

this effect was negative in Botswana, Morocco, South Africa, Qatar and Turkey. In this group 

of developing and low achieving countries, in contrast, schools might not have enough 

resources to fulfill expectations of students with high SES. Another explanation of this negative 

effect might be the negative rate of students with high SES due to their more critical 

perspectives towards their schools (Atlay et al., 2019).  

In addition, we did not observe a statistically significant relationship between school SES and 

the quality of mathematics teaching at school across educational systems, with few exceptions. 

The effect of school SES on the quality of mathematics teaching at school was statistically 

significant and positive in Israel and the UAE, revealing that the quality of mathematics 

teaching in high SES schools is better than low SES schools. This effect was negative in Qatar, 

South Africa, and Thailand. Quality of teaching at school might be another school 

characteristics that students with high SES rate negatively due to their sense of entitlement 

(Atlay et al., 2019). 

4.3. Mediating Role of School Characteristics 

Previous research reported that school SES has an indirect effect on mathematics (Hoy et al., 

2006) or science (Nilsen & Gustafsson, 2014) achievement through school academic emphasis. 

In this study, the finding of the mediating role of school academic emphasis between school 

SES and mathematics achievement in Botswana, Canada, Iran, Jordan, Korea, Malaysia, 
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Norway, Turkey, and the USA is consistent with the previous research. Similarly, in this study, 

findings show that the sense of school belonging is another school characteristics that has the 

potential to mediate the relationship between school SES and student mathematics achievement 

in Australia, England, Hong Kong, Ireland, Norway, Singapore, and the USA. It seems that 

high SES schools in this group of educational systems might influence mathematics 

achievement by creating a healthy school environment and a sense of school belonging. 

However, the mediating role of the sense of school belonging in Qatar is unexpectedly negative, 

possibly due to negative ratings to items related to school belonging in high SES schools. These 

results show that the mechanism of school SES and achievement relationship differ across 

educational systems.  

In their studies, Nielsen and Gustafsson (2014) stated that school academic emphasis has a 

mediating role in the relation between SES and science achievement in Norway. Combined 

with the current findings it appears that both school academic emphasis and sense of school 

belonging may have a mediating role on the relationship between school SES and mathematics 

achievement in Norway.  

Previous research also stated that school disciplinary climate might have a mediating role 

between school SES and achievement (Berkowitz et al., 2015; Nilsen & Gustafsson, 2014; Liu 

et al., 2015). However, we observed only in Hungary, a small but statistically significant 

mediating role of discipline at school between school SES and mathematics achievement. 

Although school SES positively affects discipline at school in most of the countries, it seems 

that school SES does not influence student mathematics achievement through discipline at 

school. This finding shows the importance of examining the joint effects of school 

characteristics on student mathematics achievement.   

In addition, in none of the educational systems, the results of this study did not support the view 

that mathematics teaching in high SES schools is more qualified, and thus students tend to have 

higher levels of achievement. This finding is similar to that of Hansen and Strietholt (2018), 

whose research findings suggested that the mediating role of quality of mathematics teaching, 

between SES (both in student and school levels) and mathematics achievement, may not be 

statistically significant in the presence of student self-confidence. Also, several studies showed 

that the quantity of instruction has a mediating role on the relation between school SES and 

achievement (Hansen & Strietholt, 2018; Rjosk et al., 2014; Schmidt et al., 2015). Combined 

with the current findings, it appears that the quality of instruction does not mediate the 

relationship of school SES and achievement as the quantity of instruction does. However, the 

mediating effects of quantity and quality of instruction should be detailed further by controlling 

the effect of student self-confidence.  

The present study has some limitations. First, measurement of school characteristics is based 

on principal's or students' self-report measures. Studies considering observational data may 

strengthen the relationships found in this study. Second, the data used in this study are cross-

sectional. Therefore, we cannot indicate definite causal conclusions. Third, the relations were 

examined in the mathematics domain, and the results might differ for other subjects. 

In conclusion, we were able to find that the sense of school belonging and school academic 

emphasis might be two meaningful mediators accounting for the mechanism of school SES in 

some educational systems. Analyses suggest that the disadvantages of being a student in low 

SES schools might be alleviated if the sense of school belonging in low SES schools could be 

increased in Australia, England, Hong Kong, Norway, Singapore, the UAE, and the USA. This 

result emphasizes the importance of principals and teachers who are aware of the student needs 

such as the feeling of welcomed, respected, and supported by others in the school social 

environment. As students having a sense of school belonging are successful in mathematics, 

creating school environments to enhance students' feeling of a member of school/classroom life 
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would be helpful to eliminate the negative effects of low SES. Similarly, analyses also suggest 

the need to give importance to academic emphasis in low SES schools to decrease the 

relationship between school SES and mathematics achievement in Botswana, Canada, Iran, 

Jordan, Korea, Malaysia, Norway, Turkey, and the USA. It seems that building a learning 

community that gives importance to academic achievement in low SES schools would improve 

the quality of student learning. Parents, teachers, and students are the members of the 

community who determine the school's emphasis on academic success. The notable 

involvement of these community members with a shared vision would contribute to reducing 

school SES effects. For example, parents, teachers, and students may benefit from parental 

engagement. When parents are engaged in education, they might have better contact with the 

teachers. In low SES schools, parents' and teachers' shared responsibility for encouraging 

learning may increase students' motivation to learn. 
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APPENDIX 

Appendix 1. Distribution of students and schools participating in TIMSS 2015 by country. 

 

  
Student School  Student School 

N N N N 

Australia 10.338 285 Kuwait 4.503 168 

Bahrein 4.918 105 Lebanon 3.873 138 

Botswana 5.964 159 Lithuania 4.347 208 

Canada 8.757 276 Malaysia 9.726 207 

Chile 4.849 171 Malta 3.817 48 

China-Taiwan 5.711 190 Morocco 13.035 100 

Egypt 7.822 211 New Zealand 8.142 145 

England 4.814 143 Norway 4.697 143 

Georgia 4.035 153 Oman 8.883 301 

Hong Kong 4.155 133 Qatar 5.403 131 

Hungary 4.893 144 Russia 4.87 204 

Iran 6.13 250 Singapore 6.116 167 

Ireland 4.704 149 Slovenia 4.257 148 

Israel 5.223 189 South Africa 12.514 292 

Italy 4.481 161 Sweden 4.09 150 

Japan 4.745 147 Thailand 6.482 204 

Jordan 7.865 252 Turkey 6.079 218 

Kazakhstan 4.887 172 USA 10.221 246 

Korea 5.309 150 UAE 18.012 477 
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Appendix 2. Descriptive Statistics about Countries Participating in TIMSS 2015 Assessment. 

Student Level Descriptive Statistics 

 Student Gender 

Confidence in Mathematics 

Learning Student SES 

Sense of 

School Belonging 

Quality of Mathematics 

Teaching 

TIMSS 2015 Mathematics 

Achievement 

 X̅      SE SD   SE X̅      SE SD   SE X̅      SE SD   SE X̅      SE SD   SE X̅      SE SD   SE X̅      SE SD   SE 

USA 1.50(0.01) 0.50(0.00) 1.81(0.01) 0.75(0.00) 2.15(0.01) 0.51(0.00) 2.23(0.01) 0.67(0.00) 2.22(0.02) 0.76(0.01) 518.30(3.08) 83.3(1.58) 

Australia 1.49(0.02) 0.50(0.00) 1.72(0.01) 0.70(0.01) 2.19(0.01) 0.48(0.01) 2.29(0.01) 0.65(0.01) 2.09(0.02) 0.75(0.01) 504.96(3.1) 82.36(1.89) 

UAE 1.50(0.03) 0.50(0.00) 1.83(0.01) 0.69(0.00) 2.01(0.01) 0.47(0.01) 2.02(0.01) 0.75(0.01) 2.31(0.01) 0.70(0.01) 464.78(2.0) 97.9(1.51) 

Bahrein 1.52(0.01) 0.50(0.00) 1.72(0.01) 0.70(0.01) 1.95(0.01) 0.46(0.01) 2.28(0.02) 0.66(0.01) 2.22(0.03) 0.76(0.01) 453.95(1.44) 80.33(1.41) 

Botswana 1.49(0.01) 0.54(0.00) 1.61(0.01) 0.62(0.01) 1.55(0.01) 0.54(0.00) 2.47(0.01) 0.59(0.01) 2.49(0.02) 0.66(0.01) 390.84(2.04) 83.40(1.13) 

China-Taiwan 1.51(0.01) 0.50(0.00) 1.49(0.01) 0.66(0.01) 2.03(0.01) 0.52(0.01) 2.17(0.01) 0.58(0.01) 1.98(0.03) 0.69(0.01) 599.11(2.42) 97.18(1.69) 

Morocco 1.54(0.01) 0.50(0.00) 1.68(0.01) 0.63(0.00) 1.47(0.01) 0.53(0.00) 2.70(0.01) 0.51(0.01) 2.52(0.02) 0.66(0.01) 384.39(2.25) 80.05(1.27) 

South Africa 1.49(0.01) 0.50(0.00) 1.62(0.01) 0.65(0.01) 1.71(0.01) 0.51(0.01) 2.56(0.01) 0.57(0.01) 2.52(0.02) 0.64(0.01) 372.37(4.53) 87.07(3.02) 

Georgia 1.53(0.01) 0.50(0.00) 1.67(0.02) 0.68(0.01) 2.16(0.01) 0.52(0.01) 2.38(0.01) 0.58(0.01) 2.44(0.02) 0.63(0.01) 453.20(3.44) 91.96(1.71) 

Hong Kong 1.53(0.02) 0.50(0.00) 1.56(0.01) 0.67(0.01) 1.97(0.02) 0.51(0.01) 2.16(0.02) 0.65(0.01) 2.02(0.03) 0.71(0.01) 594.25(4.62) 78.41(2.80) 

UK 1.49(0.02) 0.50(0.00) 1.80(0.02) 0.67(0.01) 2.14(0.01) 0.46(0.01) 2.24(0.02) 0.62(0.01) 2.18(0.03) 0.73(0.01) 518.26(4.17) 79.84(2.62) 

Iran 1.52(0.01) 0.50(0.00) 1.74(0.02) 0.72(0.01) 1.73(0.02) 0.61(0.01) 2.38(0.02) 0.61(0.01) 2.43(0.02) 0.69(0.01) 436.35(4.64) 94.08(2.73) 

Ireland  1.50(0.01) 0.50(0.00) 1.73(0.02) 0.71(0.01) 2.15(0.01) 0.48(0.01) 2.32(0.02) 0.64(0.01) 2.15(0.02) 0.75(0.01) 523.49(2.73) 73.95(2.31) 

Israel  1.51(0.01) 0.50(0.00) 1.92(0.02) 0.74(0.01) 2.06(0.01) 0.39(0.01) 2.38(0.02) 0.66(0.01) 2.25(0.02) 0.76(0.01) 510.90(4.10) 102.01(2.32) 

Sweden 1.52(0.01) 0.50(0.00) 1.76(0.02) 0.73(0.01) 2.19(0.01) 0.47(0.01) 2.25(0.02) 0.61(0.01) 2.10(0.03) 0.70(0.01) 500.72(2.76) 71.96(1.89) 

Italy  1.51(0.00) 0.50(0.01) 1.75(0.01) 0.75(0.02) 1.97(0.01) 0.52(0.02) 2.16(0.01) 0.60(0.01) 2.13(0.01) 0.69(0.02) 494.39(1.75) 74.54(2.52) 

Japan 1.49(0.01) 0.50(0.00) 1.41(0.01) 0.58(0.01) 2.16(0.01) 0.45(0.01) 2.14(0.02) 0.62(0.01) 1.70(0.02) 0.64(0.01) 586.47(2.27) 88.90(1.28) 

Canada 1.49(0.01) 0.50(0.00) 1.92(0.01) 0.75(0.01) 2.19(0.01) 0.44(0.01) 2.37(0.01) 0.61(0.01) 2.32(0.02) 0.69(0.01) 527.28(2.15) 69.76(1.27) 

Qatar 1.50(0.03) 0.50(0.00) 1.7680.01) 0.69(0.01) 2.05(0.01) 0.46(0.01) 2.23(0.02) 0.75(0.01) 2.23(0.02) 0.75(0.01) 437.11(2.99) 102.22(2.20) 

Kazakhstan 1.51(0.01) 0.50(0.00) 1.86(0.02) 0.64(0.01) 2.00(0.02) 0.46(0.01) 2.64(0.01) 0.50(0.01) 2.45(0.02) 0.57(0.01) 527.81(5.28) 93.23(2.26) 

Korea 1.53(0.01) 0.50(0.00) 1.53(0.01) 0.63(0.01) 2.35(0.01) 0.53(0.00) 2.17(0.01) 0.53(0.01) 1.67(0.02) 0.61(0.01) 605.74(2.60) 85.29(1.07) 

Kuwait 1.50(0.03) 0.50(0.00) 1.78(0.02) 0.67(0.01) 1.92(0.01) 0.40(0.01) 2.45(0.02) 0.61(0.01) 2.35(0.02) 0.69(0.01) 392.47(4.65) 91.07(3.33) 

Lithuania 1.50(0.01) 0.50(0.00) 1.75(0.02) 0.70(0.01) 2.09(0.01) 0.43(0.01) 2.30(0.02) 0.60(0.01) 2.22(0.03) 0.71(0.01) 511.31(2.77) 77.32(1.53) 

Lebanon 1.47(0.02) 0.50(0.00) 1.79(0.02) 0.69(0.01) 1.87(0.01) 0.50(0.01) 2.45(0.01) 0.63(0.01) 2.52(0.02) 0.68(0.01) 442.43(3.63) 75.26(1.72) 

Hungary 1.50(0.01) 0.50(0.00) 1.77(0.02) 0.74(0.01) 2.15(0.02) 0.52(0.01) 2.17(0.02) 0.63(0.01) 2.14(0.03) 0.72(0.01) 514.41(3.78) 93.39(2.24) 

Malaysia 1.50(0.02) 0.50(0.00) 1.49(0.01) 0.57(0.00) 1.82(0.01) 0.49(0.01) 2.42(0.02) 0.57(0.01) 2.29(0.02) 0.65(0.01) 465.31(3.57) 86.64(2.05) 

Malta 1.51(0.00) 0.50(0.00) 1.64(0.01) 0.70(0.00) 2.01(0.01) 0.50(0.01) 2.17(0.01) 0.67(0.01) 2.19(0.01) 0.76(0.01) 493.54(0.99) 88.44(0.88) 

Egypt 1.47(0.02) 0.50(0.00) 1.80(0.02) 0.67(0.01) 1.76(0.01) 0.52(0.01) 2.56(0.02) 0.62(0.01) 2.57(0.02) 0.64(0.01) 392.23(4.12) 98.56(2.01) 

Norway 1.50(0.01) 0.50(0.00) 1.87(0.02) 0.76(0.01) 2.28(0.01) 0.48(0.01) 2.45(0.02) 0.62(0.01) 2.10(0.03) 0.74(0.01) 511.54(2.25) 70.05(1.22) 

Russia 1.51(0.01) 0.50(0.00) 1.66(0.02) 0.68(0.01) 2.08(0.01) 0.48(0.01) 2.28(0.01) 0.61(0.01) 2.33(0.02) 0.66(0.01) 538.00(4.66) 81.71(1.76) 

Singapore 1.51(0.01) 0.50(0.00) 1.67(0.01) 0.69(0.01) 2.00(0.01) 0.48(0.01) 2.28(0.01) 0.61(0.01) 2.17(0.02) 0.67(0.01) 620.96(3.20) 82.13(2.15) 

Slovenia 1.52(0.01) 0.50(0.00) 2.32(0.01) 0.67(0.01) 1.90(0.01) 0.39(0.01) 2.10(0.02) 0.57(0.01) 2.02(0.02) 0.64(0.01) 516.34(2.09) 69.35(1.35) 

Chile  1.52(0.02) 0.50(0.00) 1.60(0.02) 0.69(0.01) 1.90(0.01) 0.45(0.01) 2.39(0.02) 0.67(0.01) 2.28(0.03) 0.76(0.01) 427.43(3.22) 79.96(1.92) 

Thailand 1.46(0.02) 0.50(0.00) 1.34(0.01) 0.53(0.01) 1.66(0.01) 0.53(0.01) 2.56(0.01) 0.54(0.00) 2.34(0.02) 0.64(0.01) 431.42(4.76) 89.18(3.40) 

Turkey 1.52(0.01) 0.50(0.00) 1.60(0.02) 0.72(0.01) 1.67(0.02) 0.59(0.01) 2.52(0.01) 0.61(0.01) 2.50(0.02) 0.66(0.01) 457.63(4.74) 105.41(2.78) 

Oman 1.52(0.02) 0.50(0.00) 1.86(0.01) 0.68(0.00) 1.78(0.01) 0.53(0.00) 2.57(0.01) 0.58(0.01) 2.51(0.02) 0.63(0.01) 403.16(2.43) 96.13(1.29) 

Jordan 1.50(0.03) 0.50(0.00) 1.82(0.01) 0.70(0.01) 1.83(0.01) 0.49(0.01) 2.60(0.02) 0.62(0.01) 2.60(0.02) 0.62(0.01) 385.55(3.23) 93.83(1.73) 

New Zealand 1.49(0.02) 0.50(0.00) 1.68(0.01) 0.67(0.01) 2.12(0.01) 0.48(0.01) 2.35(0.01) 0.61(0.01) 2.09(0.03) 0.73(0.01) 492.72(3.36) 87.88(2.04) 
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School Level Descriptive Statistics 

 School SES Sense School Belonging  Discipline at School 
Quality of Mathematics Teaching at 

School 
School Academic Emphasis  

 X̅      SE SD   SE X̅      SE SD   SE X̅      SE SD   SE X̅      SE SD   SE X̅      SE SD   SE 

USA 2.53(0.09) 0.56(0.04) 2.33(0.04) 0.27(0.02) 2.53(0.01) 0.56(0.06) 2.28(0.04) 0.2980.02) 1.6(0.05) 0.53(0.04) 

Australia 1.93(0.05) 0.71(0.04) 2.25(0.03) 0.29(0.03) 2.49(0.05) 0.51(0.01) 2.11(0.02) 0.31(0.02) 1.69(0.05) 0.66(0.03) 

UAE 2.12(0.04) 0.84(0.02) 1.93(0.02) 0.49(0.01) 2.50(0.03) 0.56(0.02) 2.27(0.01) 0.29(0.01) 1.91(0.03) 0.59(0.02 

Bahrein 2.21(0.06) 0.76(0.05) 2.32(0.02) 0.25(0.01) 2.47(0.07) 0.67(0.04) 2.28(0.03) 0.25(0.01) 1.73(0.05) 0.62(0.03) 

Botswana 1.53(0.05) 0.72(0.03) 2.46(0.01) 0.15(0.01) 1.94(0.05) 0.57(0.03) 2.48(0.02) 0.24(0.02) 1.20(0.02) 0.45(0.03) 

China-Taiwan 1.90(0.09) 0.68(0.04) 2.18(0.02) 0.17(0.01) 2.53(0.07) 0.52(0.01) 1.98(0.05) 0.31(0.02) 1.41(0.04) 0.55(0.02) 

Morocco 1.57(0.05) 0.80(0.03) 2.71(0.02) 0.17(0.01) 1.71(0.07) 0.76(0.03) 2.53(0.02) 0.28(0.02) 1.25(0.03) 0.45(0.02) 

South Africa 1.37(0.08) 0.69(0.08) 2.54(0.02) 0.18(0.01) 1.83(0.06) 0.67(0.04) 2.52(0.02) 0.25(0.02) 1.33(0.03) 0.50(0.02) 

Georgia 1.65(0.08) 0.79(0.04) 2.41(0.03) 0.21(0.02) 2.66(0.04) 0.56(0.03) 2.46(0.02) 0.23(0.02) 1.67(0.05) 0.49(0.02) 

Hong Kong 1.72(0.05) 0.73(0.03) 2.14(0.02) 0.24(0.02) 2.65(0.04) 0.48(0.02) 2.02(0.03) 0.31(0.02) 1.50(0.04) 0.60(0.03) 

UK 2.08(0.05) 0.71(0.03) 2.23(0.02) 0.27(0.01) 2.76(0.03) 0.37(0.02) 2.18(0.04) 0.35(0.02) 2.05(0.04) 0.62(0.03) 

Iran 1.58(0.05) 0.78(0.03) 2.43(0.03) 0.24(0.01) 2.61(0.05) 0.55(0.02) 2.50(0.03) 0.31(0.02) 1.49(0.05) 0.59(0.04) 

Ireland 1.90(0.07) 0.84(0.05) 2.31(0.02) 0.22(0.02) 2.60(0.05) 0.52(0.03) 2.16(0.03) 0.27(0.02) 1.92(0.05) 0.61(0.04) 

Israel 1.69(0.06) 0.75(0.03) 2.37(0.03) 0.27(0.02) 2.16(0.06) 0.64(0.03) 2.27(0.03) 0.29(0.02) 1.63(0.05) 0.54(0.02) 

Sweden 2.40(0.07) 0.74(0.04) 2.25(0.02) 0.23(0.02) 2.24(0.05) 0.52(0.03) 2.09(0.03) 0.28(0.02) 1.49(0.06) 0.59(0.04) 

Italy 2.03(0.09) 0.79(0.08) 2.16(0.02) 0.20(0.01) 2.18(0.07) 0.62(0.04) 2.13(0.03) 0.32(0.02) 1.31(0.04) 0.46(0.02) 

Japan 2.38(0.05) 0.66(0.03) 2.22(0.05) 0.25(0.04) 2.55(0.07) 0.59(0.03) 1.78(0.07) 0.34(0.04) 1.58(0.07) 0.52(0.02) 

Canada 2.05(0.06) 0.76(0.03) 2.38(0.02) 0.23(0.01) 2.52(0.04) 0.49(0.01) 2.37(0.04) 0.31(0.02)  1.60(0.05) 0.61(0.03) 

Qatar 2.73(0.05) 0.62(0.05) 2.21(0.02) 0.28(0.02) 2.47(0.06) 0.67(0.04) 2.24(0.03) 0.30(0.02) 2.03(0.05) 0.63(0.04) 

Kazakhstan 2.64(0.07) 0.59(0.06) 2.68(0.02) 0.19(0.01) 2.54(0.06) 0.75(0.04) 2.48(0.03) 0.21(0.01) 1.91(0.05) 0.48(0.05) 

Korea 1.62(0.05) 0.64(0.03) 2.18(0.03) 0.16(0.01) 2.57(0.05) 0.59(0.03) 1.75(0.05) 0.27(0.05) 1.83(0.09) 0.59(0.05) 

Kuwait  1.85(0.10) 0.82(0.04) 2.45(0.02) 0.24(0.02) 2.14(0.07) 0.70(0.03) 2.35(0.03) 0.32(0.02) 1.70(0.08) 0.62(0.07) 

Lithuania 2.11(0.07) 0.77(0.03) 2.33(0.02) 0.23(0.01) 2.41(0.05) 0.53(0.02) 2.25(0.03) 0.31(0.03) 1.57(0.06) 0.53(0.02) 

Lebanon 1.54(0.10) 0.84(0.06) 2.48(0.02) 0.24(0.01) 2.26(0.07) 0.80(0.03) 2.55(0.03) 0.28(0.02) 1.57(0.05) 0.54(0.02) 

Hungary  1.73(0.07) 0.75(0.03) 2.18(0.02) 0.24(0.01) 2.18(0.05) 0.58(0.04) 2.16(0.04) 0.33(0.02) 1.58(0.04) 0.50(0.01) 

Malaysia 1.40(0.05) 0.64(0.04) 2.46(0.02) 0.18(0.01) 2.52(0.06) 0.55(0.04) 2.34(0.02) 0.24(0.01) 1.83(0.06) 0.57(0.03) 

Malta 2.30(0.07) 0.54(0.04) 2.22(0.03) 0.23(0.02) 2.51(0.08) 0.61(0.06) 2.20(0.03) 0.23(0.03) 1.83(0.06) 0.60(0.05) 

Egypt  1.81(0.07) 0.77(0.04) 2.55(0.02) 0.23(0.01) 1.80(0.08) 0.79(0.03) 2.55(0.03) 0.25(0.02) 1.48(0.06) 0.58(0.03) 

Norway  2.47(0.07) 0.58(0.04) 2.48(0.05) 0.25(0.03) 2.78(0.04) 0.40(0.03) 2.19(0.07) 0.38(0.05) 1.43(0.05) 0.48(0.01) 

Russia 2.21(0.08) 0.85(0.04) 2.33(0.03) 0.31(0.03) 2.65(0.05) 0.50(0.03) 2.40(0.03) 0.30(0.02) 1.19(0.04) 0.39(0.03) 

Singapore 2.14(0.05) 0.67(0.03) 2.27(0.01) 0.21(0.01) 2.73(0.03) 0.45(0.02) 2.18(0.02) 0.22(0.01) 1.80(0.04) 0.56(0.03) 

Slovenia 1.82(0.05) 0.71(0.03) 1.92(0.02) 0.18(0.01) 1.56(0.04) 0.54(0.02) 2.02(0.03) 0.24(0.02) 2.64(0.05) 0.48(0.02) 

Chile  1.36(0.04) 0.64(0.03) 2.40(0.03) 0.26(0.01) 2.20(0.06) 0.62(0.04) 2.35(0.03) 0.34(0.02) 1.27(0.04) 0.46(0.03) 

Thailand 1.19(0.07) 0.61(0.07) 2.63(0.03) 0.19(0.01) 2.49(0.06) 0.58(0.04) 2.43(0.02) 0.22(0.01) 1.57(0.08) 0.57(0.03) 

Turkey 1.55(0.09) 0.78(0.05) 2.60(0.03) 0.21(0.01) 1.94(0.08) 0.74(0.02) 2.59(0.03) 0.25(0.02) 1.34(0.06) 0.56(0.06) 

Oman 2.11(0.06) 0.76(0.03) 2.56(0.02) 0.24(0.02) 2.32(0.06) 0.80(0.02) 2.52(0.02) 0.27(0.02) 1.62(0.03) 0.54(0.02) 

Jordan 1.56(0.08) 0.73(0.04) 2.64(0.03) 0.23(0.02) 2.22(0.08) 0.78(0.03) 2.64(0.02) 0.22(0.02) 1.46(0.06) 0.55(0.01) 

New Zealand 1.95(0.06) 0.82(0.04) 2.34(0.02) 0.23(0.02) 2.27(0.05) 0.56(0.03) 2.10(0.03) 0.28(0.02) 1.83(0.05) 0.64(0.03) 

 


