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Abstract 

Using data from the 2011 Trends in International Mathematics and Science Study for 
45 countries, we examined the size of socioeconomic, gender, and immigrant status 
related gaps, and their relationships with education system characteristics, such as 
differentiation, standardization, and proportion of governmental spending on 
education. We find that higher socioeconomic status is positively and significantly 
associated with higher math and science achievement; immigrant students lag behind 
their native peers in both math and science, with first generation students faring worse 
than second generation; and girls show lower math performance than boys. A higher 
degree of differentiation makes socioeconomic gaps larger in both math and science 
achievement, whereas higher governmental spending reduces socioeconomic 
achievement gaps. 

Keywords: gender, socioeconomic differences, immigrant students, differentiation, 
standardization, math and science achievement   
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¿Las Características del Sistema Educativo 
Atenúan las Brechas por Nivel 
Socioeconómico, Género y Estatus 
Migratorio en el Rendimiento en 
Matemáticas y Ciencias? 
 

Katerina Bodovski       Ismael G. Munoz 
Pennsylvania State University   Pennsylvania State University 
Soo-yong Byun        Volha Chykina 
Pennsylvania State University   University of Michigan 

 (Recibido: 22 Octubre 2019; Aceptado: 6 Abril 2020; Publicado: 25 Junio 
2020) 

Resumen

En este estudio examinamos la magnitud de las brechas por nivel socioeconómico, 
género y estatus migratorio usando información de 45 países que participaron en el 
Estudio Internacional de Tendencias en Matemática y Ciencias en el 2011, así como 
su relación con características del sistema educativo tales como diferenciación, 
estandarización y proporción del gasto público en educación. Encontramos que un 
alto nivel socioeconómico esta positiva y significativamente asociado a un alto 
rendimiento en matemáticas y ciencias; estudiantes de origen inmigrante se 
encuentran en desventaja respecto a sus compañeros nativos, siendo menor el 
rendimiento de estudiantes de primera generación en comparación a los de segunda 
generación; y las niñas muestran un menor rendimiento matemático que los niños. Un 
mayor grado de diferenciación aumenta las brechas socioeconómicas en el 
rendimiento en matemáticas y ciencias, mientras que un mayor gasto público en 
educación reduce las brechas por nivel socioeconómico. 
Palabras clave: genero, diferencias socioeconómicas, estudiantes inmigrantes, 
diferenciación, estandarización, rendimiento en matemáticas y ciencias 
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ducation systems across the globe differ in the kinds of opportunities 
they provide their students along several institutional dimensions. For 
example, countries vary in the degree of standardization in their 
education - in curriculum, teachers’ preparation, and types and timing 

of the mandatory exams that students take. Countries also use different means 
to separate students into different tracks or ability groups, i.e. differentiation. 
Finally, countries differ in the funding models used for their primary and 
secondary schools; there is considerable cross-national variation in the level 
of governmental spending on education. 

In this paper we build on research that connects the institutional 
characteristics of national education systems to student achievement. We 
expand this literature in several important ways. Using data from the 2011 
Trends in International Mathematics and Science Study (TIMSS) for 45 
countries, we examine socioeconomic, gender and immigrant status gaps in 
math and science achievement. Further, we link these gaps to differentiation, 
standardization, and percent of governmental spending on education, thus 
examining whether these features of the education systems moderate the 
stratification of math and science achievement. By doing this, we 
simultaneously account for several dimensions of the education systems rather 
than focusing on just one specific feature. While the literature has addressed 
the association between countries’ education systems and average 
achievement and its dispersion (Bodovski et al., 2017; Bol et al., 2014), it has 
not examined how education systems can affect boys’ and girls’ achievement 
and the achievement of immigrant students in a comprehensive way. More 
specifically, while a few studies have examined the effects of a particular 
feature of education systems on girls’ or immigrants’ math and science 
achievement (Ayalon & Livneh, 2013; Ruhose & Schwerdt, 2016), none have 
examined several features of education systems and their effects on math and 
science achievement of girls and immigrant students simultaneously. This is 
an important contribution to the literature because certain features of 
education systems can interact in how they affect students (Bol et al., 2014), 
and therefore exploring education systems in a multidimensional way ensures 
that the effects of education systems on immigrant students, as well as boys 
and girls, are understood in their full complexity. By focusing our analysis on 
math and science achievement, we contribute to the literature on the 

E 



RISE – International Journal of Sociology of Education, 9(2)  
 

 

125 

mechanisms behind differences in science, technology, engineering and 
mathematics (STEM) education. By analyzing 45 countries that differ in many 
substantial dimensions, such as relative size, wealth, and level of inequality, 
we shed light on the features of education systems that can ameliorate 
educational disparities. 

 
Theoretical Background 

 
Socioeconomic Differences in Academic Achievement 
 
Research in the sociology of education has long linked family socioeconomic 
background to academic achievement, showing that children from 
advantageous backgrounds perform better in school than their less fortunate 
peers (Bowles & Gintis, 1976; Levels et al., 2008; Marks, 2005; 2006). 
Numerous studies have examined the relationships between parental resources 
and practices and children outcomes (Farkas, 2003; Lareau, 2011; Bodovski 
et al., 2014). While the importance of family influence persists, a vital policy 
question is whether national education system characteristics can moderate 
the effects of family background. In other words, while it is hard to change 
the circumstances of a particular family and significant reforms are needed to 
battle socioeconomic inequality at the macro-level, a more tractable aim might 
be to identify which features of education systems exacerbate or ameliorate 
socioeconomic inequality. 

Differentiation- and track placement- has been shown to affect student 
achievement, with students in higher tracks showing greater achievement 
gains than their peers in lower tracks (Alexander et al., 1978; Dauber et al., 
1996; Gamoran, 1987; 1996; Gamoran & Mare, 1989; Kerckhoff, 1986). Due 
to socioeconomic differences in track assignment, with students from 
disadvantaged backgrounds being more likely to attend vocational or low 
academic tracks, several studies have argued that tracking aggravates 
educational inequality (Bol & Van de Werfhorst, 2013; Kerckhoff, 1995; 
Oakes, 1985; Pfeffer, 2008). The negative association with educational 
attainment is particularly strong if tracking happens when students are 
younger (Pfeffer, 2008). 

Previous studies presented mixed evidence of the effects of standardization 
on academic achievement. Bishop (1997) found that students in countries with 
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 central exit exams in math and science outperform their peers in countries 
without such exams. Similarly, Schutz et al. (2007) found that exit exams are 
associated with overall better student mathematics performance, and that the 
relationship is stronger for students from middle and higher socioeconomic 
classes than from lower socioeconomic classes. On the other hand, Park 
(2005) did not find significant effects of a country level of standardization on 
average achievement. However, Park (2008) argues that standardized 
curriculum and instruction provides students and their families with a clear 
idea of what students are expected to learn and as such may help low 
socioeconomic status (SES) families monitor their children’s educational 
progress. Using the Programme for International Student Assessment (PISA) 
2006 data on 36 countries, Bol et al. (2014) found that parental SES influences 
student achievement more in education systems without central exams. Where 
central exams are present, the relationship between SES and tracking was 
attenuated. Furthermore, in several countries, most notably in Singapore, 
sharp increases in math and science achievement on international assessments 
have occurred alongside within-country changes towards more centralized 
curricula, such as producing guidelines regarding how subjects should be 
taught (Walberg et al., 2000). 
 
Gender Gaps in Achievement 
 
For decades, researchers have been concerned with girls’ disadvantages in 
math and science. At the same time, early waves of international data showed 
that gender differences have shrunk over time (Baker & Jones, 1993; 
Wiseman et al., 2009). Interestingly, in some countries the gap has now 
flipped, with girls outperforming boys in math (Bodovski et al., 2014; Guiso 
et al., 2008; Hyde & Mertz, 2009). It is important to note that even when girls’ 
math and science achievement is on par with boys’, girls are less likely to 
pursue STEM majors in postsecondary education (Charles, 2011; Riegle-
Crumb et al., 2012). Cross-nationally, girls are more likely than boys to aspire 
to graduate from an institution of higher education (Lauglo & Liu, 2019). 
Despite increased women’s participation in higher education at all levels, sex 
segregation by field of study is not only persistent, but more pronounced in 
wealthier developed societies (Charles & Bradley, 2009). In addition, several 
studies documented that males are more likely to be enrolled in vocationally 
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oriented tracks while females are at a higher likelihood of being assigned to 
tracks that lead to university matriculation (Buchmann & Park, 2009; Gerber 
& Hout, 1995; Titma, Tuma, & Roosma, 2003).   

Schnepf (2010) shows that the math advantage largely results from males’ 
dominance at the top of the math achievement distribution; more specifically, 
male high achievers outperform female high achievers. The differences in the 
upper tail are important because how well students achieve at the top of the 
distribution serves as a gateway to mathematics and science careers (Ellison 
& Swanson, 2010). Findings regarding the gender gap that are based solely 
on U.S. samples, however, vary greatly depending on the covariates that 
scholars include in their analyses, with certain model specifications showing 
no difference between male and female students in math achievement after 
controlling for other factors (Cheema & Galluzzo, 2013). While male students 
consistently outperform female students on the mathematics section of the 
Scholastic Aptitude Test exam (Tsui, 2007), when all Educational Testing 
Service tests are analyzed, there is no mathematics gap across genders (Cole, 
1997).  

Buchmann et al. (2008) provided a comprehensive review of the literature 
on gender inequalities from early childhood to young adulthood. The authors 
summarized the findings on academic achievement in elementary and 
secondary school, in transition from high school to college and college 
attendance. They surveyed the gendered trajectories in skills, grades, and test 
scores, as well as in the behaviors and expectations that boys and girls exhibit 
in school and in their families. That review, however, did not include the 
connection between gender gaps in educational outcomes and macro-level 
countries’ characteristics. A more recent study examined the role of 
standardization and differentiation in gender gaps in reading (Van Heck et al., 
2019). Using the six waves of PISA data, the authors found that girls hold an 
advantage in reading in all OECD countries, and this advantage is further 
bolstered in countries with later track selection. They also found a negative 
relationship between standardization and the overall country’s reading 
performance with boys having a greater disadvantage in standardized systems. 
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 Immigrant Students’ Achievement 
 
Research has found substantial heterogeneity in immigrant students’ 
performance, depending on the country of destination and origin (Alba et al., 
2011; Crosnoe & Lopez Turley, 2011; Kasinitz et al., 2008; Lee & Zhou, 
2015; Levels et al., 2008; Wang & Goldschmidt, 1999). In the United States, 
for example, students of Asian origin do better in school than native-born 
white students, while students of Mexican origin exhibit lower achievement 
and graduation rates (Crosnoe & Lopez Turley, 2011; Lee & Zhou, 2015; 
Telles & Ortiz, 2008). Lee and Zhou (2015) attribute this higher achievement 
to the model minority image many hold of Asian students, as well as to the 
institutions that Asian families create upon arrival that reinforce higher 
achievement. The authors discuss the structural factors behind the 
achievement of Asian students, pointing out the high selectivity of the group 
(both in comparison to the country of origin and to the country of destination). 
Other scholars attribute differential achievement patterns to length of stay in 
the host country (Schnepf, 2008) and language proficiency (Schlicht et al., 
2010). They explain that immigrants who are in the host country for a longer 
period of time have more opportunities to better their language skills, which 
in turn has a positive influence on their achievement. Given that the 
percentage of language minority students in Europe and the United States is 
likely to increase (Brown, 2015; OECD-UNDESA, 2013), it is important to 
understand under what conditions they perform best. 

Further, having immigrant parents is associated with a unique set of 
benefits and disadvantages as well. Quite often, these parents lack the 
knowledge of the education systems of their host countries, which results in 
lack of ability to help their children with schooling (Barban & White, 2011; 
Goldenberg et al., 2001; Rosenbaum & Rochford, 2008). On the other hand, 
these parents are known to have higher levels of motivation and grit that they 
can potentially pass on to their children (Kao & Tienda, 1995; Madood, 2004). 
Scholars often refer to this grit as ‘immigrant drive’ (Portes & Rumbaut, 
2001).  

Evidence is mixed regarding immigrants’ propensity to enroll or be 
assigned to lower or higher tracks. For example, all else being equal, 
immigrant students in Italy are more likely to enroll into vocational tracks than 
non-immigrants (Barban & White, 2011), while immigrant students in 
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Germany are at a higher likelihood to be recommended by teachers for 
entrance into the college track (Caro et al., 2009). Furthermore, track 
misallocation is arguably more likely to occur in countries with more tracks; 
in other words, holding everything else constant, the probability of 
misallocation increases when there are more tracks to choose from (Combet, 
2015). It remains an empirical question as to whether there are consistent 
patterns of relationships between different education system characteristics 
and immigrant students’ performance. 

The literature continues to debate the role governmental spending on 
education plays in shaping academic achievement of different groups of 
students. West and Wößmann (2008), for instance, advocate that even 
privately operated schools should be financially supported by the government, 
as alternative arrangements could damage educational equity. Hanushek 
(2003) and Marlow (2000) show that simply increasing public spending on 
education does little to increase student achievement; they also demonstrate, 
though, that in many European countries, as public spending on education 
rises, the effect of parental education on achievement becomes smaller, and at 
the highest level of spending insignificant (Schlicht et al. 2010). 

 While incorporating every relevant institutional difference that might 
affect educational equality is virtually impossible (Meier & Schutz, 2007), an 
analysis that examines a wider array of features of education systems comes 
as a timely addition to the expanding literature on the relationship between 
inequality and institutional characteristics of education systems across 
countries. Several studies (Bodovski et al., 2017; Bol et al., 2014) have 
incorporated multiple features of education systems into their analyses but 
these studies only tangentially touch upon equity issues, such as SES-
achievement gaps in Bodovski et al (2017). However, equity issues are not 
limited to SES-achievement gaps. For the education system to perform its 
function as “the great equalizer” (Mann, 1848), it also needs – among other 
equality benchmarks – to narrow and potentially eliminate gender-
achievement gaps and immigrant student-achievement gaps (UNESCO 2016). 
In order to truly understand under which conditions an education system is 
best equipped to do so, the system characteristics and student characteristics 
need to be examined in the same analyses. In addition to examining SES-
achievement gaps, the current study uses multi-level analyses to also focus on 
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 gender-achievement gaps and immigrant status -achievement gaps. 
Specifically, our study examines two main research questions: 

1. To what extent are SES, gender, and immigrant status related to 
academic achievement in math and science cross-nationally? 

2. To what extent do differentiation, standardization, and proportion 
of governmental spending on education moderate the 
socioeconomic, gender, and immigrant status gaps in 
achievement? 

 
Data and Methods 

 
Data and Sample 
 
We used data from TIMSS 2011 and supplemented them with countries’ 
information on economic and education systems from various sources. TIMSS 
employs a two-stage stratified cluster sample design, where schools are 
selected using probability proportional-to-size sampling at the first stage; and 
one or two classes are randomly sampled within each school at the second 
stage (Joncas, 2008). In addition to assessing students’ math and science 
proficiency, TIMSS also collects background and school information for 
fourth and eighth grade students in 45 countries. We focused on eighth-grade 
students because in most countries track placement takes place in secondary 
education, which makes the eighth grade a crucial year during which student 
performance is assessed and evaluated as a basis for these decisions.  

Country-specific information on standardization, differentiation, 
government spending on education, and Gross Domestic Product (GDP) per 
capita was collected using both websites for international organizations (e.g., 
the European Union; the Organization for Economic Co-operation and 
Development, the United Nations Educational, Scientific and Cultural 
Organization; and the World Bank) and national governmental websites 
(mainly, websites of the ministries of education). For our analysis, we 
included all individuals and schools assessed in each country. Our data 
includes 261,747 students from 8,430 schools across 45 countries. 
 
  



RISE – International Journal of Sociology of Education, 9(2)  
 

 

131 

Measures 
 
Academic achievement. The dependent variables are math and science 
achievement scores. TIMSS uses item response theory (IRT) and multiple 
imputation techniques to calculate five plausible values for each academic 
subject on a scale with mean of 500 and standard deviation of 100. Using the 
average of these five plausible values as the dependent variable would 
produce smaller standard errors, which would increase the odds of committing 
a Type I error (Willms & Smith, 2005). Thus, for both academic subjects, we 
simultaneously use all five plausible values to estimate correct standard errors. 

Student-level variables. At the student level, we consider three key 
individual and family predictors: gender, immigration status, and SES. Gender 
was based on students’ report of their sex (male = 0; female = 1). Immigration 
status was measured using information on the place of birth of students and 
parents/guardians. Thus, a student who was born inside the country with 
parents also born inside the country was coded as a “native student”, a student 
who was born inside the country with at least one parent born outside the 
country was coded as a “second-generation immigrant student”, and a student 
who was born outside the country with at least one parent born outside the 
country was coded as a “first-generation immigrant student”. To measure 
SES, we constructed a standardized composite index based on father’s 
education, mother’s education, and the number of books at home. Finally, we 
include the student’s age measured in months as a control variable at the 
student level. 

School-level variables. At the school level, we controlled for school 
location. School location is measured by a dichotomous variable, where 
schools in “urban (densely populated) areas”, “suburban areas”, and “medium 
size city or large town” were categorized as urban; and schools in “small town 
or village” and “remote rural” locations as rural. Table 1 presents descriptive 
statistics for the student- and school- level variables included in our analysis. 
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 Table 1 
Unweighted descriptive statistics of student and school level variables 

  Achievement Female  Immigrant status (%) SES Age Urban Sample 

  Math Science (%) Native 2nd gen 1st gen (std.) (months)  school 
(%) N 

Armenia 472 440 49.5 87.8 6.9 5.2 0.55 177.3 73.3 5,846 
Australia 496 513 49.6 61.2 27.2 11.6 0.56 170.5 88.3 7,556 
Bahrain 416 457 49.3 64.0 15.2 20.8 0.10 175.9 73.7 4,640 
Botswana 396 404 51.3 85.2 8.8 6.0 -0.53 192.7 24.2 5,400 
Chile 431 474 53.7 94.5 2.4 3.1 0.05 173.1 86.8 5,835 
Chinese Taipei 613 566 48.6 92.0 3.8 4.2 0.21 173.2 72.8 5,042 
England 510 537 48.4 74.5 16.9 8.6 0.38 173.4 73.9 3,842 
Finland 514 552 48.9 90.3 6.1 3.6 0.47 180.0 47.1 4,266 
Georgia 438 424 48.3 91.8 4.2 4.0 0.31 172.4 68.1 4,563 
Ghana 333 309 47.8 87.8 5.0 7.2 -0.86 190.4 51.0 7,323 
Honduras 336 367 55.4 94.7 3.4 1.9 -0.68 190.5 70.0 4,418 
Hong Kong 587 536 49.7 42.3 32.9 24.8 0.04 173.2 97.4 4,015 
Hungary 513 530 49.6 92.6 4.8 2.5 0.33 178.7 61.5 5,178 
Indonesia 400 418 51.3 90.9 0.3 8.8 -0.76 173.1 74.4 5,795 
Iran 419 478 46.7 94.0 2.3 3.7 -0.54 173.4 81.7 6,029 
Israel 512 513 50.5 67.5 23.8 8.7 0.48 170.6 78.8 4,699 
Italy 499 502 48.4 84.4 8.1 7.5 0.01 168.6 41.9 3,979 
Japan 571 558 49.5 97.2 1.9 0.9 0.43 171.6 90.0 4,414 
Jordan 409 453 53.5 65.2 21.6 13.1 0.04 169.5 78.3 7,694 
Kazakhstan 484 488 49.7 79.0 8.7 12.3 0.35 177.7 60.5 4,390 
Korea 615 561 51.5 98.6 0.5 0.9 0.66 174.9 90.4 5,166 
Lebanon 458 415 53.5 76.9 6.8 16.3 -0.26 173.2 75.6 3,974 
Lithuania 509 519 49.5 92.3 6.3 1.4 0.37 179.2 78.1 4,747 
Macedonia 420 400 49.1 83.7 6.9 9.5 -0.09 178.8 67.5 4,062 
Malaysia 441 427 50.9 88.1 5.2 6.7 -0.27 175.3 57.8 5,733 
Morocco 377 381 48.0 91.7 2.8 5.5 -0.85 178.4 77.8 8,986 
New Zealand 485 511 47.8 60.2 21.3 18.5 0.17 171.3 78.0 5,336 
Norway 477 496 48.6 77.4 13.7 8.9 0.66 171.8 44.4 3,862 
Oman 370 420 49.2 69.1 9.2 21.8 -0.30 170.8 67.8 9,542 
Palestine 409 427 57.5 79.5 11.2 9.2 -0.18 178.5 66.4 7,812 
Qatar 417 427 48.9 32.5 21.0 46.6 0.43 170.3 83.5 4,422 
Romania 469 472 48.9 98.3 0.7 1.0 0.14 181.3 57.5 5,523 
Russian Federation 543 545 49.3 83.4 12.4 4.3 0.35 179.6 78.8 4,893 
Saudi Arabia 393 436 50.7 78.8 11.7 9.4 -0.25 172.0 86.3 4,344 
Singapore 608 586 49.5 59.9 24.2 15.9 0.10 175.4 100.0 5,927 
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Table 1 (continued) 

Data source: TIMSS 2011. Notes: SES = socioeconomic status. Missing values 
accounted for 1% on gender, 2% on immigrant status, 34% on SES, 7% on age, and 
5% on school location. 
 

Country-level variables. At the country level, we collected measures on 
standardization, differentiation, and government spending on education. The 
standardization index was constructed by conducting a Principal Component 
Analysis (PCA) on a set of measures that included whether the central 
government controlled the curriculum, prescribed textbooks, and required 
students to take a school exam at any given point that had consequences for 
their progression through the education system. The differentiation index was 
created by conducting PCA on measures that captured the number of available 
tracks at the secondary level and the age at which tracking occurs. Both 
standardization and differentiation indices were scaled to have a mean of zero 
and standard deviation of one across all countries. Government spending on 
education was measured as the percentage of total government spending. In 
addition to these country-level predictors, we controlled for GDP per capita 
(logged). Table 2 displays country means of the five country-level variables 
included in our analysis.  

 
 

  

  Achievement Female Immigrant status (%) SES Age Urban Sample 

  Math Science (%) Native 2nd gen 1st gen (std.) (months) school (%) N 
Slovenia 505 542 48.9 82.2 13.5 4.3 0.43 168.8 70.4 4,415 
South Africa 367 354 49.2 75.7 5.5 18.7 -0.30 193.7 45.1 11,969 
Sweden 483 508 48.1 71.7 19.4 8.9 0.57 179.7 49.9 5,573 
Syrian Arab Republic 379 426 50.7 79.6 3.0 17.4 -0.44 168.7 69.8 4,413 
Thailand 442 463 55.8 96.0 1.4 2.7 -0.50 174.1 57.1 6,124 
Tunisia 420 435 51.1 92.7 4.1 3.3 -0.42 175.1 70.0 5,128 
Turkey 449 479 49.3 96.0 2.6 1.4 -0.99 171.2 82.6 6,928 
Ukraine 488 508 51.0 82.4 14.4 3.2 0.29 173.7 58.9 3,378 
United Arab Emirates 453 461 49.9 33.4 28.2 38.4 0.27 169.6 86.3 14,089 
United States 510 524 50.6 71.1 19.8 9.1 0.47 173.2 74.6 10,477 
All countries 455 465 50.2 78.1 11.0 11.0 0.0 175.9 70.7 261,747 
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 Table 2 
Unweighted descriptive statistics of country level variables 

  Standardization  Differentiation  Government 
spending GDP per- 

  index index on education (% 
GDP) capita (logged) 

Armenia 1.13 0.95 12.60 8.14 
Australia -1.86 -1.22 13.50 11.04 
Bahrain 1.13 -0.17 8.90 10.02 
Botswana 1.13 -1.22 20.48 8.92 
Chile -0.13 -1.22 17.50 9.58 
Chinese Taipei -0.07 0.39 21.50 8.60 
England -0.07 -1.22 13.10 10.57 
Finland -1.32 -1.22 11.92 10.84 
Georgia -0.13 -0.17 9.27 8.22 
Ghana 1.13 1.02 33.40 7.37 
Honduras -1.32 -0.17 19.23 7.75 
Hong Kong -0.13 0.39 17.40 10.47 
Hungary -1.32 2.36 9.40 9.53 
Indonesia -0.07 -0.73 16.70 8.15 
Iran 0.59 0.39 15.60 8.85 
Israel -1.32 -0.17 13.50 10.41 
Italy -0.07 0.88 8.00 10.52 
Japan 1.13 -0.17 9.70 10.74 
Jordan -0.13 -1.22 13.45 8.45 
Kazakhstan 1.13 -0.10 13.04 9.34 
Korea -0.13 0.88 14.80 10.09 
Lebanon 1.13 -0.10 5.70 9.12 
Lithuania 1.13 0.39 13.60 9.56 
Macedonia -1.32 0.39 8.64 8.51 
Malaysia -0.13 0.39 21.00 9.22 
Morocco 1.13 0.39 17.30 8.02 
New Zealand -1.32 -1.22 17.90 10.52 
Norway -0.07 -1.22 15.00 11.50 
Oman -0.07 -0.10 10.95 9.96 
Palestine -1.32 -0.66 17.90 7.38 
Qatar -1.32 0.39 12.71 11.40 
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Table 2 (continued) 
  Standardization  Differentiation  Government 

spending GDP per- 

  index index on education (% 
GDP) capita (logged) 

Romania 1.13 0.88 8.30 9.11 
Russian Federation 1.13 0.39 11.15 9.50 
Saudi Arabia -1.32 0.39 19.30 10.09 
Singapore -0.13 2.42 19.50 10.88 
Slovenia 1.13 0.88 12.10 10.11 
South Africa -0.13 -1.22 18.90 8.97 
Sweden -1.32 -1.22 13.20 10.95 
Syrian Arab 
Republic 1.13 0.39 19.20 7.64 

Thailand -1.32 -0.66 24.10 8.55 
Tunisia 1.13 -1.22 20.10 8.37 
Turkey -0.07 2.36 12.83 9.27 
Ukraine 1.13 0.95 13.48 8.18 
United Arab 
Emirates 1.13 -0.17 27.43 10.59 

United States -0.67 -1.22 13.00 10.82 
All countries 0.00 0.00 15.25 9.46 
 
 
Analytical Strategy 
 
To investigate how the institutional features of education systems interact with 
student-level characteristics to affect students’ academic achievement, we 
used the HLM-7 software to estimate random-intercepts and slopes three-level 
hierarchical linear models (Raudenbush & Bryk, 2002). This approach allows 
us not only to address the clustering of students within schools and within 
countries, but also to examine the extent to which academic achievement as 
well as the relationships between academic achievement and student-level 
variables vary across schools and countries (Raudenbush & Bryk, 2002). The 
final model was specified as follows: 
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  Student-level: 
 

ACHijk = π0jk + π1jk!GENijk" + π2jk!IMMijk" + π3jk!SESijk"+eijk    (1) 
 
School-level: 
 

π0jk= β00k + β01k(LOCjk) + γ0jk               (2) 

π1jk = β10k + γ1jk 

π2jk = β20k + γ2jk 

π3jk = β30k + γ3jk 

 
Country-level: 
 

β00k = γ000 + γ001(STAk) + γ002(DIFk) + γ003(SPEk) + γ004(GDPk) + u00k  (3) 

β10k = γ100 + γ101(STAk) + γ102(DIFk) + γ103(SPEk) + γ104(GDPk) + u10k 

β20k = γ200 + γ201(STAk) + γ202(DIFk) + γ203(SPEk) + γ204(GDPk) + u20k 

β30k = γ300 + γ301(STAk) + γ302(DIFk) + γ303(SPEk) + γ304(GDPk) +  u30k 

 
where ACHijk is students’ academic achievement (i.e., math and science 

achievement) for student i in school j in country k; GENijk is gender; IMMijk 
is immigration status; SESijk is the socioeconomic status index. At the school 
level, LOCjk  is school location. At the country level, 	STAk  is the 
standardization index; DIFk  is the differentiation index; 	SPEk  is the 
government spending on education; and GDPk is the logarithm of GDP per 
capita. 𝜋%&'  are random slopes of student level predictors; 𝛽)*' is the effect of 
the school level variable; 𝛾))'  are the effects of country level variables; 𝜋)&'  
and 𝛽))' are random intercepts at the student and school levels, respectively; 
and 𝑒%&', 𝛾)&' , and 𝑢))'  are error terms at the student, school, and country 
levels, respectively. 

For both math and science achievement scores, we sequentially estimated 
the following six models. We first estimated a null model (M0) to show the 
proportion of the total variance in student achievement scores that is 
accounted for by the clustering of students within schools and countries. 
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Second, we fitted a model (M1) by regressing academic achievement only on 
the main student-level predictors. The next model (M2) added all student-, 
school-, and country-level variables. The final set of models (M3, M4, and 
M5) added cross-level interaction terms between student- and country-level 
predictors, separately. For all models, we centered all student-level predictors 
around the group mean and school- and country-level variables around the 
grand mean. We applied the final student SENATE weights in our analyses to 
take into account the effects of stratification or disproportional sampling of 
subgroups, non-response adjustments, and to calibrate each country to have 
an equal weight (Joncas, 2008). To address missing data, we used the multiple 
imputation by chained equations (MICE) technique. We included all 
dependent and independent variables in the imputed model to predict missing 
values and generated five imputed datasets to be simultaneously used in our 
analyses (Royston, 2004) 

 
Results 

 
Academic Achievement, Student Characteristics, and Education 
Systems 
 
Tables 3 and 4 show the results from the three-level hierarchical linear models 
for math and science achievement, respectively. The first column of each table 
displays results for the null model. In the case of math achievement, the 
intraclass correlations for the school and country variance are 0.23 and 0.36, 
respectively. Likewise, in the case of science achievement, the intraclass 
correlations are 0.23 and 0.31, respectively. These numbers suggest that more 
than half of the total variance in students’ academic achievement is explained 
by between-school and between-country variation, which justify the need for 
a multilevel modeling approach. 

The second column shows the relationships between academic 
achievement and the three student characteristics. The results show that 
female students performed significantly lower than males in math 
achievement (3.5 points lower) but there were no significant gender 
differences in science in this model specification. Second- and first-generation 
immigrant students performed lower than their native counterparts in both 
math (5 and 27 points lower, respectively) and science (7.4 and 33.1 points 
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 lower, respectively), with first-generation students also performing worse than 
second-generation ones1. Higher SES was associated with higher math and 
science achievement. In particular, a unit increase in the SES index was 
associated with a 21.4 point increase in math and science. 

After including the student-level variables, variation within schools 
decreased from 5074.8 to 4576.1 for math and from 5355.2 to 4782.1 for 
science. This indicates that about 10% of the within school variation in 
academic achievement scores can be explained by the three student-level 
predictors. Furthermore, the estimates for the country level variance of the 
slopes for gender (72.7 for math and 121.3 for science), second generation 
students (189.3 and 285.6), first generation students (397.1 and 433.4), and 
SES (112.9 and 91.4) are statistically significant at the 0.01 level, which 
confirms the existence of differences in slopes among countries.  

In the third column, student’s age, school location, and education system 
variables at the student-, school-, and country-level, respectively, were added. 
Results show that student’s age was negatively related with academic 
achievement and students from schools located in urban areas perform 
significantly higher than students from rural schools. Standardization, 
differentiation, privatization, and government spending on education were not 
associated with any of the two measures of academic achievement. Finally, 
GDP per capita was positively associated with both math and science 
achievement. After including the country-level variables, between countries 
variation decreased by 37% for math (from 4417.6 to 2781.8) and by 43% for 
science (from 3581.3 to 2060.9). 
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Table 3 
Estimated coefficients of three-level hierarchical linear models for math achievement 
      Random-intercept and slope models 
      (M0) (M1) (M2) 
Fixed component                   
Constant 463.00 (10.39) ** 462.98 (10.39) ** 464.73 (8.21) ** 
Level 1: student                   
  Female       -3.48 (1.45) * -4.43 (1.45) ** 
  Second generation immigrant        -4.98 (2.29) * -4.63 (2.23) * 
  First generation immigrant        -26.97 (3.26) ** -24.82 (3.29) ** 
  SES index       21.42 (1.68) ** 20.62 (1.70) ** 
  Age             -0.96 (0.02) ** 
Level 2: school                   
  Urban             24.08 (1.65) ** 
Level 3: country                   
  Standardization index             11.92 (7.87)   
  Differentiation index             11.36 (7.70)   
  Spending on education             1.35 (1.49)   
  GDP per capita (logged)             37.06 (7.31) ** 
Variance component                   
  Level 1 variance 5074.8     4576.1     4520.3     
  Level 2 variance 2835.2     2857.9     2731.6     
  Level 3 variance 4418.4     4417.6     2781.8     
  Level 2 female slope        116.3     115.3     
  Level 2 second generation slope      35.4     36.3     
  Level 2 first gen slope        388.8     371.3     
  Level 2 SES slope        55.6     54.4     
  Level 3 female slope        73.2     74.1     
  Level 3 second generation slope      185.5     174.8     
  Level 3 first gen slope        400.7     408.4     
  Level 3 SES slope        109.9     112.6     
Notes: Unstandardized coefficients are reported with standard errors in parentheses. 
Wald test for the null hypothesis that second generation and first generation 
coefficients are equal has χ²(1)=59.3 (p-value<0.001). Number of students=261,747, 
schools=8,430, countries=45. + p < 0.10; * p < 0.05; ** p < 0.01. 
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 Table 4 
Estimated coefficients of three-level hierarchical linear models for science 
achievement 
      Random-intercept and slope models 
      (M0) (M1) (M2) 
Fixed component                   
Constant 472.08 (9.37) ** 472.06 (9.37) ** 473.11 (7.05) ** 
Level 1: student                   
  Female       -2.49 (1.83)   -3.57 (1.82) + 
  Second generation immigrant        -7.39 (2.77) * -7.01 (2.73) * 
  First generation immigrant        -33.08 (3.45) ** -30.73 (3.45) ** 
  SES index       21.38 (1.52) ** 20.52 (1.54) ** 
  Age             -1.04 (0.02) ** 
Level 2: school                   
  Urban             21.53 (1.55) ** 
Level 3: country                   
  Standardization index             9.94 (6.79)   
  Differentiation index             4.75 (6.65)   
  Spending on education             0.14 (1.28)   
  GDP per capita (logged)             33.84 (6.31) ** 
Variance component                   
  Level 1 variance 5355.2     4782.1     4717.0     
  Level 2 variance 2674.8     2700.3     2598.3     
  Level 3 variance 3580.7     3581.3     2035.9     
  Level 2 female slope        123.0     119.2     
  Level 2 second generation slope      103.3     109.6     
  Level 2 first gen slope        622.0     587.6     
  Level 2 SES slope        60.1     58.7     
  Level 3 female slope        122.6     122.0     
  Level 3 second generation slope      279.5     271.1     
  Level 3 first gen slope        434.5     435.7     
  Level 3 SES slope        91.4     94.0     
Notes: Unstandardized coefficients are reported with standard errors in parentheses. 
Wald test for the null hypothesis that second generation and first-generation 
coefficients are equal has χ²(1)=71.3 (p-value<0.001). Number of students=261,747, 
schools=8,430, countries=45. + p < 0.10; * p < 0.05; ** p < 0.01. 
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Cross-Level Interactions Between Student and Education System 
Characteristics 
 
Next, tables 5 and 6 show the results from cross-level interactions between 
student- and country-level variables for math and science achievement, 
respectively. Each column shows cross-level interactions for gender (M3), 
immigrant status (M4), and SES (M5), respectively. With respect to gender, 
we found a negative and significant interaction with differentiation only for 
science achievement. This result suggests that girls’ disadvantage in science 
achievement is greater in countries with higher levels of differentiation.   

With respect to immigration status, the results show a positive and 
significant interaction term between first-generation students with 
differentiation for science achievement. This suggests that immigrant 
students’ disadvantage in science achievement is attenuated in countries with 
higher levels of differentiation. Furthermore, the interaction term between 
immigration status and GDP per capita is positive for both math and science 
achievement. These results suggest that math and science achievement gaps 
between native and immigrant students are smaller in countries with higher 
levels of economic development. 

Finally, with respect to SES, the results show a positive and significant 
interaction between SES and differentiation for both math and science 
achievement, suggesting that a higher level of differentiation 
disproportionally benefits higher SES students. No significant interaction was 
found between the level of standardization and SES. Further, we found a 
negative interaction between SES and government spending on education for 
both math and science achievement, which suggests that the disadvantage of 
low-SES students is attenuated in countries with higher levels of government 
spending on education. Finally, the interaction between SES and GDP per-
capita was positive and statistically significant only for science achievement, 
suggesting that the gap between low- and high-SES students is greater in 
wealthier countries. 
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 Table 5 
Cross-level interactions of three-level hierarchical linear models for math 
achievement 

      Random-intercept and slope models 
      (M3) (M4) (M5) 
Fixed component          
Cross level interactions                   
  Female X                   
    Standardization index 0.91 (1.43)               
    Differentiation index -1.26 (1.38)               
    Spending on education 0.02 (0.26)               
    GDP per capital (logged) 0.87 (1.37)               
  Second generation X                   
    Standardization index       -2.54 (2.07)         
    Differentiation index       3.55 (1.99) +       
    Spending on education       0.18 (0.39)         
    GDP per capital (logged)       4.81 (1.90) *       
  First generation X                   
    Standardization index       -1.73 (2.62)         
    Differentiation index       3.52 (2.53)         
    Spending on education       -0.34 (0.49)         
    GDP per capital (logged)       9.09 (2.30) **     
  SES index X                   
    Standardization index             -1.26 (1.15)   
    Differentiation index             3.30 (1.11) ** 
    Spending on education             -0.73 (0.22) ** 
    GDP per capita (logged)             1.50 (1.06)   
Variance component                   
  Level 1 variance 4520.9     4520.2     4520.3     
  Level 2 variance 2731.5     2731.6     2731.6     
  Level 3 variance 2777.5     2792.4     2642.4     
  Level 2 female slope  114.0     115.5     115.2     
  Level 2 second generation slope  35.8     36.4     36.2     
  Level 2 first gen slope  365.9     372.3     370.9     
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Table 5 (continued) 
  Random-intercept and slope models  
  (M3)   (M4)   (M5)   
  Level 2 SES slope  54.1     54.4     54.4     
  Level 3 female slope  74.9     74.0     75.1     
  Level 3 second generation slope  174.7     136.0     174.8     
  Level 3 first gen slope  408.1     332.9     408.4     
  Level 3 SES slope  112.6     112.5     79.7     

Notes: Only cross-level interaction term coefficients are presented. The models also 
included the following independent variables: female; second generation immigrant; 
first generation immigrant; SES index; age; urban; standardization index; 
differentiation index; spending on education; GDP per capita (logged). 
Unstandardized coefficients are reported with standard errors in parentheses. 
Number of students=261,747, schools=8,430, countries=45. + p < 0.10; * p < 0.05; 
** p < 0.01. 
 
Table 6 
Cross-level interactions of three-level hierarchical linear models for math 
achievement 

      Random-intercept and slope models 
      (M3) (M4) (M5) 
Fixed component                   
Cross level interactions                   
  Female X                   
    Standardization index 1.01 (1.69)               
    Differentiation index -3.67 (1.59) *             
    Spending on education -0.47 (0.31)               
    GDP per capital (logged) -2.34 (1.59)               
  Second generation X                   
    Standardization index       -2.78 (2.70)         
    Differentiation index       4.84 (2.56) +       
    Spending on education       -0.03 (0.50)         
    GDP per capital (logged)       4.49 (2.45) +       
  First generation X                   
    Standardization index       -1.09 (2.90)         
    Differentiation index       7.21 (2.80) *       
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 Table 6 (continued) 
 

      Random-intercept and slope models 
      (M3)     (M4)     (M5)   
    Spending on education       0.08 (0.55)         
    GDP per capita (logged)       9.12 (2.61) **     
  SES index X                   
    Standardization index             -1.01 (1.11)   
    Differentiation index             4.02 (1.09) ** 
    Spending on education             -0.44 (0.21) * 
    GDP per capital (logged)             2.17 (1.02) * 
Variance component                   
  Level 1 variance 4717.0     4717.0     4717.0     
  Level 2 variance 2598.3     2598.3     2598.3     
  Level 3 variance 2023.9     2047.8     1966.1     
  Level 2 female slope  119.2     119.2     119.1     
  Level 2 second generation slope  109.5     109.6     109.4     
  Level 2 first gen slope  587.5     587.8     587.5     
  Level 2 SES slope  58.7     58.7     58.7     
  Level 3 female slope  116.2     123.0     124.2     
  Level 3 second generation slope  270.9     243.6     271.3     
  Level 3 first gen slope  435.7     385.1     434.0     
  Level 3 SES slope  93.9     93.9     70.4     

Notes: Only cross-level interaction term coefficients are presented. The models also 
included the following independent variables: female; second generation immigrant; 
first generation immigrant; SES index; age; urban; standardization index; 
differentiation index; spending on education; GDP per capita (logged). 
Unstandardized coefficients are reported with standard errors in parentheses. Number 
of students=261,747, schools=8,430, countries=45. + p < 0.10; * p < 0.05; ** p < 0.01. 

 
Discussion 

 
Using data from the 2011 TIMSS for 45 countries, we examined the 
socioeconomic, gender and immigrant status related gaps in math and science 
achievement. We linked these gaps to the characteristics of education systems, 
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such as the degree of differentiation, standardization, and the share of 
governmental spending on education. We found that overall higher SES is 
positively and significantly associated with higher math and science 
achievement; immigrant students lag behind their native peers in both math 
and science with first generation students performing worse; and girls show 
lower math performance while their science achievement is not significantly 
different from boys’. Not surprisingly, students in wealthier countries showed 
higher academic performance in both math and science. 

 We found that a higher degree of differentiation makes socioeconomic 
gaps larger in both math and science achievement (i.e., in more rigidly 
differentiated systems low-SES students perform worse). Further, both first- 
and second- generation immigrant students’ disadvantage in science 
achievement is attenuated in countries with higher levels of differentiation. 
Second-generation students also perform better in math in countries with more 
rigidly tracked systems. In addition, the achievement gaps between native and 
immigrant students in both math and science are smaller in countries with 
higher GDP. Moreover, higher proportion of governmental spending on 
education reduces the disadvantage of low-SES students in both math and 
science. 

Education systems are deeply embedded within the economic, political, 
social, and cultural contexts of their respective countries, making it rather hard 
to come up with specific policy recommendations that will be effective 
universally. That being said, our findings show that higher educational 
spending attenuates the disadvantage of low-SES students in both math and 
science, thus highlighting the importance of governmental investments in 
schools. Further, our investigation shows that rigid differentiation exacerbates 
SES-based educational inequality; thus, having more flexible opportunities 
for students to switch among more or less advanced course options (both 
within and across subjects) seems beneficial for these students. This 
description fits the comprehensive high school model that is prevalent in the 
United States. However, such a model can only be successful if advanced 
options are truly available for all students. It is critical that the advanced 
curriculum (International Baccalaureate programs and/or a large enough 
variety of Advanced Placement courses) be offered in all schools, including 
those in disadvantaged areas (rural and urban).  
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 Although our findings show that differentiation may reduce the immigrant-
native gaps, particularly in science, our study should not be viewed as a call 
for de-tracking across the board. Previous studies have shown that 
immigrants’ expectations regarding how much education they will achieve 
(Chykina, 2019), as well as their eventual educational attainment (Griga & 
Hadjar, 2014) decrease in tracked education systems. Further, immigrants 
report feeling silenced and less comfortable to speak up in tracked classes and 
schools, even if placed in a higher track (Gibson & Carrasco, 2009). Our 
finding of overall disadvantage of immigrant students in both math and 
science calls for careful and thoughtful policy measures to support these 
students. Since a significant proportion of immigrant students come from 
lower socio-economic background, policies focused on additional investment 
in resources, both monetary and pedagogical, are clearly in need. Culturally 
sensitive and socially appropriate educational policies targeting immigrant 
students, especially first-generation, will be the most successful to ensure their 
brighter future in their new home countries.  

Our study has several limitations. The main limitation is the cross-sectional 
nature of the analysis. By using the TIMSS data, we are unable to control for 
previous achievement or tease out the processes by which the achievement is 
shaped over time. Second, as with any comparative international quantitative 
study, the results may hide important country-to-country differences and 
nuances in what it means to be a female, an immigrant student, or a student 
from a low socio-economic background. Yet, we believe that our findings are 
important in providing the overall picture of the relationships between 
individual student characteristics and their academic performance, and how 
these influences vary by the country educational context. 

 
Notes  
 
1. We conducted Wald tests to determine whether the coefficients for first- and second-
generation students are statistically different from each other. We found that they are 
significant both for math (χ2= 59.3, p<0.001) and science (χ2= 71.3, p<0.001) achievement. 
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