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Tracked and Segregated: The Effect of Early Informal Within-School Tracking in 
Schools with Students with Low Socioeconomic Status or Roma Ethnicity. While 
between-school tracking has been a well-explored topic especially with countries tracking 
their educational systems as early as at the age of 10, within-school ability grouping has 
received comparatively less analytical attention. This paper explores effects of within-school 
informal tracking practices at socioeconomically and ethnically mixed elementary schools. In 
Slovakia, where these practices were previously described as linked to segregation of Roma 
students, they result in academically, socioeconomically, and ethnically distinct separate 
classes in a school. We try to identify the early tracking practices of schools by exploring if 
two or more classes included in the TIMSS 2019 assessment in a particular school display 
extreme differences with regard to ethnic (Slovak vs. Roma) or socioeconomic (defined by 
parental education levels or occupation) composition. We employ a series of hierarchical 
linear models to assess the impact of early within-school informal tracking on mathematics 
and science test results of students from low-track classes. We check the robustness of our 
findings in a parallel propensity scores approach. Our results confirm that class-level segre-
gation seems to have a very significant connection to academic performance of students 
from low-track classes. When compared to identical students from non-tracked classes, stu-
dents from low-track classes have more than 15% lower test scores in mathematics and 
science. This points to the need to further explore early informal within-school tracking practi-
ces which have so far escaped analytical attention. While not a topic of cross-national asses-
sment programs per se, this can be done using data from major international assessments. 
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Introduction 

Out of the institutional features of education systems, tracking (differentiation) 

is widely considered the most influential with respect to its effect on student 

academic outcomes and inequality of educational opportunity (IEO
4
) (Bol et al. 

2014; Brunello – Checchi 2007; Marks 2005). The discussion on the impact 
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of tracking – which we understand as “the practice of allocating students into 

school programs or classes that are homogeneous in terms of 'cognitive ability'” 

(Bol et al. 2014: 1547) – has been inconclusive for a long time, with results 

largely depending on available data, research designs, and employed concepts 

of educational inequality (Strello et al. 2021). Although current studies seem to 

agree on the main conclusions, these conclusions are made based on studies 

that focus mostly on particular forms of tracking. Meanwhile, other forms of 

tracking remain under-researched despite their potential importance for the 

overall picture. Our study focuses on one of these specific types of tracking – 

a very early informal (unreported) internal (within-school) tracking. We study 

the impact of this type of tracking in socioeconomically diverse elementary 

schools (ISCED 1 level of the regular education system) in Slovakia with 

a relevant share of children with very low socioeconomic status or Roma 

ethnicity. 

 The motivation of our research is two-fold. First, we would like to add to 

the existing body of research on tracking and social stratification in education 

by focusing on internal informal tracking. Specifically, we aim to examine 

whether this under-researched form of tracking has a significant effect on the 

education achievement of students, and if so, how pronounced this effect is. 

Most of the studies on tracking have so far focused on formal external tracking 

that starts around the age of 10 or later, depending on the country. In contrast, 

informal and internal (within-school) tracking practices usually escape the 

attention of cross-country comparative analyses that use large data sets from 

international assessments such as Programme for International Student 

Assessment (PISA), Progress in International Reading Literacy Study (PIRLS), 

and Trends in International Mathematics and Science Study (TIMSS). Only 

few researchers have attempted to do so, despite the potential impact of these 

forms of tracking on the IEO (Skopek et al. 2019; Van de Werfhorst – Mijs 

2010). Informal tracking exists, more or less visibly, in many countries 

(Skopek et al. 2019) and although it is not in place de iure, de facto it might 

direct students to relatively fixed, in many cases only hardly reversible educa-

tion paths (Hapalová – Vančíková 2019). Moreover, it often occurs even earlier 

than formal tracking, even as early as in elementary schools. Research shows 

that the earlier the tracking occurs, the stronger its impact is (Woessmann 

2009). Similarly, although internal tracking has been studied to a much lesser 

extent compared with the external one, we assume that there might be the same 

inequity-strengthening mechanisms at play. In particular, the circumstance of 

high and low-track co-existing close to each other “under one roof” seems 

likely to exacerbate the labelling effect (Oakes 2005) that impacts on the 

students´ academic self-concept and teachers´ expectations. According to the 
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differentiation-polarization theory, tracking creates polarization that leads to 

developing “antiacademic attitudes (…) among students who are labeled 

failures, whereas proacademic attitudes develop among students who are labe-

led successes” (Abraham 1989; Ball 1981; Hammersley 1985; Hargreaves 

1967; Lacey 1966, 1970, 1974, as cited in Fleischmann et al. 2023: 3). 

 The second motivation of our research is the comparatively high level of 

education inequality in Slovakia (Herrera Sosa et al. 2015: 8-9), with very large 

education achievement gaps between three pairs of groups of students: the rich 

and poor students, the students visiting different types of school (gymnasiums 

and vocational schools), and the non-Roma and Roma students
5
. One of the 

main factors that explain such a pronounced variance in student achievement is 

the significant social stratification of schools, which goes hand-in-hand with 

the early tracking system (Herrera Sosa et al. 2015: 9). Qualitative studies, 

media, and NGOs in Slovakia (for example, Gdovinová 2018; Kriglerová ed. 

2015; Kusá 2016; Svoboda 2013: 16) have documented that, in addition to 

between-school tracking, there are also informal tracking and segregatory 

practices taking place within Slovak elementary schools. However, there are no 

quantitative representative data on the scope and impact of the phenomenon 

yet. Thus, we have chosen socioeconomically diverse elementary schools with 

a relevant share of children with very low socioeconomic status or Roma 

ethnicity (as the groups most endangered by the inequities stemming from the 

socioeconomic disadvantages in the Slovak education system (Herrera Sosa et 

al. 2015: 8-9) in Slovakia as the place to study impacts of very early internal 

informal tracking. We aim to establish if this type of tracking has a significant 

impact (controlling for other factors) on the results of these students and how 

significant this impact is. 

 In order to identify hard-to-spot informal tracking within schools, we build 

on previous research on tracking (in general) that shows a very high correlation 

between socioeconomic status and race/ethnicity on the one hand and track 

allocation and achievement on the other (Dupriez et al. 2008; Gamoran – 

Berends 1987; Hallinan 1994). In everyday life of schools, these are 

intertwined to the extent when it is difficult to draw a clear line between 

tracking (based on the meritocratic principle) and segregation (which is rooted 

in ascriptive factors, such as socioeconomic background, ethnicity, gender, 
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etc.). In socioeconomically and ethnically heterogeneous school environments, 

tracking is usually a driver of segregation. Therefore, we use the socioecono-

mic status and ethnicity of students and their parents as an indicator of track 

allocation (separation) of students in elementary schools in Slovakia. We 

identify pairs of classes within schools that are clearly distinct with regard to 

socioeconomic status and ethnicity and explore the impact of such a separation 

on the academic results of students. This approach is justified by the presence 

of an informal system of two-fold allocation of students into classes in some 

schools in Slovakia – based on their academic results and, at the same time, on 

their SES and ethnicity, reported in the literature (Huttová et al. 2012; Kusá 

2016). These allocation practices result in the existence of classes (within one 

school) that are both academically and socioeconomically/ethnically distinct 

(Kusá 2016). 

 Overall, our paper is the first to focus on a) very early informal internal 

tracking using a large international assessment (TIMSS 2019) and the first to 

analyze b) tracking in situations where low-track classes concentrate children 

with very low socioeconomic status or Roma ethnicity. Our main research 

question is what impact does attending an academically tracked and socioeco-

nomically or ethnically segregated class within a school have on the academic 

results of the students from the low-track class. Our hypothesis is that being in 

a tracked class with students with very low levels of SES or with Roma 

ethnicity has a particularly significant negative impact on the academic results 

of the low-track students. 

Tracking 

Tracking as a concept and as a practice is present in contemporary societies to 

the extent that it could be argued that all educational systems are more or less 

tracked, that is, virtually all of them tend to select and sort students into diffe-

rent schools, classrooms, or courses based on student preferences and/or abili-

ties (Blossfeld et al. 2016; Bol et al. 2014: 1548; Dupriez et al. 2008; 

Kerckhoff 1995: 331; Van de Werfhorst – Mijs 2010). Although some authors 

(for example, Hanushek – Woessmann 2006) discern between tracked and 

comprehensive (non-tracked) education systems (i.e., with or without tracking), 

a more precise classification of education systems is one based on the degree of 

presence of tracking (Bol et al. 2014). This is measured as a composite index 

based on multiple indicators such as tracking age (age of first selection), length 

of the tracked curriculum, scope of separation of students (school/class level; 

whole day tracks or temporary „streams‟ only for specific subjects), number of 

different tracks or curricula, potential and actual between-track mobility, and 
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percentage of students in vocational track (see, for example, Bol et al. 2014; 

Bol – Van de Werfhorst 2013; Lavrijsen 2013; Shavit – Müller 1998). Accor-

ding to this view, even the formally comprehensive education systems (for 

example, in Anglophone countries such as England, the United States, Austra-

lia or Ireland) implicitly involve some forms of differentiated schooling 

(Skopek et al. 2019: 218-9). This, in turn, poses a conceptual and methodo-

logical challenge in how to capture the less obvious forms of tracking. 

 In our research, we draw on a typology developed by Blossfeld et al. (2016) 

who differentiate between four forms of tracking based on two criteria: 

externalization (whether tracking occurs between schools or within them, 

i.e. between classes and courses) and formalization (whether tracking is 

regulated, recognized by law and discernible in school certificates and 

qualifications or is not recognized formally, but the heterogeneity between or 

within schools in terms of quality of instruction, learning equipment, compo-

sition of student body etc. significantly impacts learning opportunities, 

experiences, and achievement of students) (Skopek et al. 2019: 218). Based on 

these two criteria, Blossfeld et al. recognize 4 “ideal types” / forms of diffe-

rentiation (tracking) that coexist and overlap in “real world of school systems” 

(formal external, formal internal, informal external, informal internal differen-

tiation). The form of tracking explored in our research is informal internal 

differentiation – sorting students within schools into different classes at the 

discretion of teachers or the school principal, e.g., different ability classes 

(Blossfeld et al. 2016;  Skopek et al. 2019: 218). 

Effects of tracking 

The proponents of tracking argue that separating students into academically 

homogeneous groups leads to maximizing student achievement via better spe-

cialization, and addressing the needs, abilities, and interests of the specific 

student population
6
 (Brunello – Checchi 2007: 785; Gamoran et al. 1995: 688; 

Hallinan 1994; Hanushek – Woessmann 2006; Van de Werfhorst – Mijs 2010: 

415). However, these beliefs are not well substantiated empirically (Bol et al. 

2014: 1548). Results of studies and meta-studies of various research designs 

are mixed. These effects are measured through three different indicators of the 

educational effectiveness and (in)equality: a) Impact of tracking on the average 

results of students – studies and meta studies using this measure show either 

that tracking does not have an effect or has a detrimental effect (Brunello – 
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Checchi 2007; Duru-Bellat – Suchaut 2005; Figlio – Page 2002; Gamoran – 

Mare 1989; Hanushek – Woessmann 2006; Skopek – Triventi – Buchholz 

2019; Strello et al. 2021: 159; Van de Werfhorst – Mijs 2010: 421); b) Impact 

of tracking on the dispersion of the test scores (i.e., inequality in learning) – in 

this case, the evidence is mixed (Van de Werfhorst – Mijs 2010: 416). Some 

cross-country studies show that the level of dispersion in achievement tests is 

higher in early-tracking countries (Hanushek – Woessmann 2005); or more 

specifically, that tracking leads to an increase in inequality (Strello et al. 2021: 

158) by depressing low-performing children (Hallinan 1988; Hallinan – 

Kubitschek 1999; Huang 2009) and/or disproportionately benefitting high-

performing children” (Ammermüller 2005; Betts 2011; Gamoran – Mare 1989; 

Hallinan 1994: 80; Hanushek – Woessmann 2006; Huang 2009; Schütz et al. 

2008). However, other studies contested the hypothesis (for example, Duru-

Bellat – Suchaut 2005; Micklewright – Schnepf 2006); and c) Impact of 

tracking on the IEO by social background and race/ethnicity – most of these 

studies show a negative impact of tracking, i.e., that inequalities are magnified 

by educational differentiation (Hallinan 1994: 80; Skopek et al. 2019: 228; Van 

de Werfhorst – Mijs 2010: 417). The link between social/family background 

and the school results tends to be stronger in countries with a higher level of 

differentiation and in countries that sort students early (Ammermüller 2005; 

Brunello – Checchi 2007; Duru-Bellat – Suchaut 2005; Hanushek – 

Woessmann 2006; Horn 2009; Marks 2005; Schütz et al. 2008; Skopek et al. 

2019). Similarly, studies show that tracking is linked to ethnic/race inequalities 

both in performance (Crul – Holdaway 2009; Entorf – Lauk 2008; Hallinan 

1994: 80), track mobility (Hallinan 1996), and track allocation (Oakes 1990). 

 In sum, the research on tracking has found mostly zero or negative effects of 

tracking on educational inequalities. Two types of mechanisms that 

theoretically explain this impact are identified: (Bol et al. 2014: 1548): a) The 

social selection mechanisms (mechanisms before and during the allocation to 

tracks) – Socioeconomic (and ethnic) background plays an important role 

during the process of educational decision-making of students and parents and 

in the allocation of students to different tracks (Brunello – Checchi 2007: 784), 

especially when tracking occurs at a younger age (Bol et al. 2014: 1548). 

Because SES gaps in cognitive abilities and skills are marked already before 

children enter school (Bradbury et al. 2015), socially disadvantaged students 

and students from minorities tend to be concentrated in low tracks (Hallinan 

1994), and students with a more affluent and majority background tend to be 

concentrated in high tracks. At the same time, students from minorities and 

socially disadvantaged students are not only less likely to have academic 

results for the high track (Brunello – Checchi 2007), but they are less likely to 
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choose the high track, to be recommended by a teacher into the high track, and 

even to get in with the same or similar academic results as students with a more 

affluent background (Blossfeld et al. 2016); and b) Mechanisms after 

allocation to tracks – Different learning environments in various tracks may 

create differences in curriculum, instructional quality, pace, materials and re-

sources available, attractiveness, and thoroughness of learning, reinforce peer 

effects and self-fulfilling prophecy effects via different classroom composition, 

norms and aspirations, teachers´ expectations, labelling and teacher-student 

interactions (Bol et al. 2014: 1548; Brunello – Checchi 2007; Entorf – Lauk 

2008; Hallinan 1994: 80; Skopek et al. 2019: 216; Veselý – Matějů 2010: 63-

66). 

 Overall, the impact of tracking on IEO can be framed through the principle 

of cumulative advantage and disadvantage (DiPrete – Eirich 2006): As prior 

achievement and educational decision-making are related to SES and 

race/ethnicity, and both significantly affect the allocation of the track, academic 

achievement of a student, and the learning conditions in the track, the higher 

SES and majority children disproportionately reap the benefits of differen-

tiation in education system (Hallinan 1994; Skopek et al. 2019: 216). 

Tracking and segregation in elementary schools in Slovakia 

Slovakia is among the countries with the most tracked educational systems, 

both according to studies using single indicators (Brunello – Checchi 2007; 

OECD 2020; Strello et al. 2021; Woessmann 2009) and composite measures of 

tracking (Bol et al. 2014: 1557; Bol – Van de Werfhorst 2013: 26). While these 

studies use official statistics on formal tracking, there are also various informal 

selective mechanisms in the Slovak education system (see below) (Hapalová – 

Vančíková 2019; Kriglerová ed. 2015; Svoboda 2013: 16). Typically, the 

multipath education system in Slovakia has been researched with an emphasis 

on the segregation aspect of these practices (Kusá 2016: 39). One reason for the 

focus on segregation instead of tracking might be the marked problem of both 

spatial and school segregation
7
 of the Roma minority in Slovakia. Examples of 

segregation in education have been documented by academic researchers, 

media, state institutions and non-government bodies (Friedman et al. 2009; 

Hapalová 2019; Hapalová – Hvozdovič 2013; Kriglerová ed. 2015; Lajčáková 

et al. 2017; Rafael ed. 2011; and others). They occur at many levels of the 
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2023). 
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education system – in pre-schools, elementary and high schools, in regular as 

well as special schools, on school level and - crucial for our paper - on class 

level too (Hapalová 2019). In regular education, segregated schools or 

segregated classes within ethnically mixed schools might be the result of 

demographic development of the area, direct or indirect segregatory delimi-

tation of school districts, or by school policies in reaction to the educational 

“white flight” that is enabled by the right of parents to choose a school for their 

children (Hapalová 2019; Huttová et al. 2012: 89; Kriglerová ed. 2015). Within 

schools, segregated Roma classes can paradoxically also emerge as an uninten-

ded outcome of public policy measures that were implemented to improve the 

education opportunities of Roma students, such as “zero grades” and 

specialized compensatory classes (see more below). Segregation in education 

has been one of the reasons why the European Commission has decided to refer 

Slovakia to the Court of Justice of the European Union in 2023, an act that 

followed the infringement proceedings against the Slovak Republic (since 

2015), together with the Czech Republic (2014) and Hungary (2016) (European 

Commission 2023). 

 Roma segregation in education is in many schools and areas concomitant 

with a probably even more widespread practice of tracking, that occurs to 

a different extent and in various - more or less formalized - forms on all levels 

of the Slovak education system (Kriglerová ed. 2015; OECD 2010). According 

to cross-national studies such as PISA and TIMSS, Slovakia is among the 

countries with the earliest start of formal tracking, with 10-11 years as the age 

of first selection. However, the earliest informal tracking and selection 

practices occur even earlier, in many cases as early as before the start of the 

elementary school (i.e., at the age of 6-7) (Hapalová – Vančíková 2019; 

Kriglerová ed. 2015; Kusá 2016: 40-41). In schools with a socioeconomically 

and ethnically heterogeneous student population, distinguishing between 

tracking and segregation is very problematic, as these two types of selection 

mechanism are deeply intertwined both in the assigning processes, in the edu-

cation processes taking place in the created classes, and in the narratives and 

rationales of the involved actors (educators, parents, students). 

 Academically, socioeconomically, and ethnically homogeneous and separa-

ted (tracked) classes emerge as a result of three types of selection practices: a) 

they are initiated by schools: school enrollment assessments; parallel classes, 

sometimes with different types of curriculum; b) they are created as a result of 

specific education policy measures that are aimed to address the needs of 

disadvantaged students: compensatory classes; until 2022 zero grades; c) they 

are intended and to some extent regulated by the school law as “official” 
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tracks: classes for gifted children and special classes in regular schools
8
. Most 

of these practices are not explicitly regulated by the education act as an intent 

to establish an official track. Thus, we might include them under the informal 

type of tracking as defined by Blossfeld et al. (2016). 

 We identify five forms of informal tracking: a) Various, more or less 

standardized forms of assessment at school enrolment (age 6-7) – (Kriglerová 

ed. 2015; Kusá 2016: 107) decide whether a child is prepared for school 

attendance; whether a child is accepted into the specific school or not; and 

sometimes also to which class a child is assigned. Besides regular classes, there 

are also special classes/special schools, classes for gifted children, and in some 

cases, schools also offer classes with an extra focus on foreign languages, 

sports, etc. (see more below). School enrolment assessment practices, level of 

their quality and difficulty are highly varied (Kusá 2016: 107; Vančíková 

2019b). b) Parallel classes within one grade that use a different curriculum 

and have a different academic and/or socioeconomic and ethnic population of 

students – classes with a special focus on foreign languages, STEM, sports, etc. 

can be found in many elementary schools (Huttová et al. 2012; Kriglerová ed. 

2015). There are no exact data on the scope of this phenomenon yet
9
. Students 

are enrolled in these classes either as early as during the ISCED 1 level or often 

before the 5th grade (i.e., the start of ISCED 2). Enrollment can be based on 

previous academic results, admission tests, teacher recommendation, and, not 

exceptionally, also on parental choice / preference. Many schools offer the 

exclusive „high-track‟ classes as a tool in the race for parents´ favor (Huttová et 

al. 2012; Kusá 2016). c) Zero grades – were established as a tool to improve 

school readiness and educational opportunities for socially disadvantaged 

children. Designed as a temporary measure, they eventually evolved into the 

main compensatory public policy tool aimed at children of the poorest, 

marginalized Roma communities (Vančíková 2019c). However, students from 

these ethnically, linguistically, socioeconomically, and academically homoge-

neous and at the same time disadvantaged classes often continued together in 

the same or a very similar collective also in the following grades (Huttová et al. 

2012: 69; Kriglerová ed. 2015; Kusá 2016; Vančíková 2019c). Since the 2022 

legislation change, zero grades are no longer a part of the education system 

(Education Act 2008). d) Specialized compensatory classes for students who 

are “not supposed to successfully master the learning content of the given 
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 Special classes are designed for intellectually disabled students. Although they can be in a regular school, they 

belong to the system of special, not regular education and thus, they are excluded from the official statistics and 

assessments. 
9
 Kusá (2016) in her qualitative study of inclusive environments in Slovak schools, identified some form of dividing 

students between the exclusive and the ʽresidualʼ classes in at least half of the 26 studied schools. 
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year” (Education act 2008) – have been established, similarly to zero grades, as 

a support tool for socially disadvantaged students (Lajčáková et al. 2017). 

These classes have a lower number of students (maximum 8), an adjusted 

curriculum, and students can visit them for a maximum of one year. Again, 

they are visited almost exclusively by disadvantaged Roma students and, as 

such, contribute to segregation (Hapalová 2019). e) (Schools and) classes for 

gifted children – include a relatively small percentage of students
10

. Children 

can be assigned to these classes as early as at the age of 6 (mostly in case of 

classes or schools for children with a “general intellectual gift” (Education Act 

2008)) or before entering the ISCED 2 level (the fifth grade). 

 The presence of these and other tracking and selection practices in Slovak 

schools is a result of two features of the education system (Zimenová 2013: 

34): a) the right of parents to choose a school for their child and b) the per 

capita financing of schools. These two features combine to create a high level 

of competition between schools (Kusá 2016)
11

. In the race for students, schools 

tend to offer homogeneous classes and exclusive programs that are aimed 

especially at parents from the middle and upper social class (Huttová et al. 

2012; Kusá 2016: 40). At the same time, tools that would sufficiently help to 

include students with different needs in schools are insufficient or lacking 

(Huttová et al. 2012; Kriglerová ed. 2015; Svoboda 2013; Zimenová 2013). 

Consequently, parents, especially from higher social classes and/or with gifted 

children (Vančíková 2019a), do not trust the ability of the education system to 

provide students with individual support, address their needs and develop their 

potential fully, and they look for opportunities to improve learning conditions 

for their children. This in turn leads to a significant (both in the extent and the 

impact) socioeconomic, ethnic, and academic separation of students (Hapalová 

– Vančíková 2019; Kusá 2016). In ethnically and socioeconomically diverse 

schools, the lower track classes become the common place for Roma students, 

students with special needs, students repeating a year, and students with 

problematic behavior (Kusá 2016: 106). Here, the learning process is heavily 

influenced by low expectations, lack of motivation, and frequent disciplinary 

problems (Kusá 2016: 105). It is not uncommon that even students with 

previously mediocre results deteriorate towards very weak ones (Kusá 2016: 

109). 

                                                           
10

 The number of students who are educated in the classes or schools for intellectually gifted children remains stable 

between 3000 and 3500 (according to statistics since 2009). However, this number represents more than 70% of all 

students who are diagnosed as intellectually gifted. 
11

 The level of between-school competition in Slovakia is very high even in the OECD countries comparison (OECD 

2014). School systems with low levels of competition among schools often have high levels of social inclusion. By 
contrast, in education systems where parents can choose schools, and schools compete for enrollment, schools are 

often more socially segregated (OECD 2014). 
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 To establish the effect of the tracking practices listed above, we rely on the 

Trends in International Mathematics and Science Study (TIMSS) 2019 which 

establishes proficiency in mathematics and science at the end of the ISCED 1 

cycle in the fourth grade. The TIMSS study is fielded every four years since 

1995 by the International Association for the Evaluation of Educational Achie-

vement. In 2019, 64 countries participated in the study. Aiming at students 

from the fourth grade, TIMSS provides the earliest data available with regard 

to academic performance of students in schools in Slovakia. While the survey 

does not include information on the presence of tracking practices, it provides 

sufficient measures of the socioeconomic background of the students. To 

identify tracking, we rely on studying the heterogeneity in parental socioeco-

nomic composition of classes within a school. 

Data and methods 

To identify tracking practices at schools we rely on a combination of the main 

TIMSS 2019 dataset with the TIMSS 2019 “bridge” data. TIMSS changed the 

mode from pen and paper to CAPI in the 2019 wave. To control for effects of 

the changed mode, a separate smaller “bridge” sample using the original pen 

and paper mode was fielded together with the main sample which used CAPI. 

Both samples are stratified random samples of schools and intact classes of 

students, while both samples are not selected independently of each other. As it 

was not possible to administer both modes to the same classes an optimal 

sampling strategy was developed to make the bridge samples as comparable as 

possible to the main samples (LaRoche – Foy 2020: 9.58). Schools in Slovakia 

were sampled based on their language of instruction (Slovak, Hungarian), size 

(small, large) and average math score in national testing (low, medium, high, 

missing) (LaRoche – Foy 2020: 9.220). A particularly valuable feature of 

combining the main and the bridge datasets for the purposes of our paper is that 

it increases opportunities to identify a “tracked” class in a school. While the 

main dataset samples two classes from a school (and only one class, if there is 

only one class in the fourth grade), the bridge dataset adds another class to the 

data for schools which were selected for both independent samples. The main 

TIMSS 2019 dataset includes 4 247 students from 157 schools while the bridge 

data has 1 610 students from 70 schools. The combined dataset includes 5857 

students, 362 classes and 203 schools. Of the 203 schools 133 have at least two 

classes in the sample, 24 schools have three classes, and one school has four 

classes.
12 

As the total population of fourth grade students in Slovakia in 2019 

                                                           
12

 There were on average 1.5 classes in the fourth grade in schools in Slovakia in 2022. 
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was 52 222 students across 2 000 schools (LaRoche – Foy 2020: 9.13), our 

sample includes over eleven percent of the analyzed student population. 

 

Identifying tracking 

The standard TIMSS questionnaires do not include a question if the school uses 

any sorting mechanisms to create tracked or special classes (TIMSS maps only 

within-class ability grouping in the teacher questionnaire). We try to identify 

such schools by examining the differences in socio-demographic characteristics 

of the parents in classes within a school. If this composition differs to a large 

extent, it is highly probable that the school does not use a random class-

assignment of students but relies on some form of sorting mechanisms aligning 

parental characteristics with placement into a particular class in the school. To 

identify tracked classes with children with parents with very low levels of SES 

or with Roma ethnicity, we compare a) the share of households with Romani 

speakers
13

, b) the share of parents without work experience or in jobs requiring 

no qualification and c) the share of parents with elementary school education 

within classes from individual schools. 

 To identify large differences in the socio-demography of parents 

empirically, we rely on the classic Dissimilarity Index D (Duncan – Duncan 

1955). This is a simple and frequently used measure of unevenness of the 

distribution of a characteristics still used in recent research on school segrega-

tion (Strello et al. 2022). In our case we analyze the distribution of the three 

characteristics among classes of the same school and identify early tracking 

schools if the dissimilarity index is higher than 0.33. These are schools where 

at least a third of the students would need to change class to attain an even 

distribution of the respective attribute. 

 This way we identify 5 schools suspect of early tracking based on the 

Romani language attribute, 6 schools based on the distribution of non-qualified 

work among parents and 5 schools based on the share of parents with 

elementary school education. There is some overlap between the three methods 

– two schools have been identified as suspect of tracking practices by all three 

approaches. 

 

Dependent variables 

To measure school performance, we use proficiency scores in mathematics and 

science which are available as a set of five „„plausible values” in the TIMSS 

datasets. To limit the burden of the students, each has to answer only a selected 

                                                           
13

 Not all Roma in Slovakia speak the Romani language. According to the 2011 census, 14% of Roma in Slovakia 

identify Slovak and 9.9% Hungarian as their maternal languages. 
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group of questions. TIMSS uses a complex procedure to combine these results 

into a set of five plausible values which are internationally standardized to an 

average of 500 and a standard deviation of 100. To account for this procedure, 

we calculate each of our models five times for each plausible value as 

a dependent variable and present the average as the resulting figure. 

 

Independent variables 

Our main independent variable is the presence of tracking practices in 

ethnically and socioeconomically diverse schools visited by a relevant share of 

children with very low levels of SES or with Roma ethnicity. We use three 

alternative identifications of tracking to create dummy variables indicating that 

a student is in a low-track class. This can be a class where a disproportionately 

large share of students a) is from households where Romani language is 

spoken, b) has parents who do not work or work in jobs requiring no qualifi-

cation, or c) has parents with a lower secondary level of education or less. 

 Other independent variables include gender (1 = female), education of 

parents (1 = university education, 0 = below university education), parental 

social class (0 – unqualified or no job, 1 – qualified workers, 2 – professionals, 

managers and senior officials), number of books at home, language spoken at 

home (dummy variable with the value 1 for students who never speak the 

language of the test at home), Romani language spoken by child or parents (yes 

= 1) and the number of years in pre-school. These are all standard independent 

variables frequently used in analyses of school performance (Feniger et al. 

2021; Scheeren 2022; Teltemann – Schunck 2016). We also include the early 

literacy and numeracy index (school readiness), which is based on information 

provided by the parents on tasks the child was able to accomplish prior to 

attending school. 

 Our models also include four school level variables: Size of municipality, 

type of settlement, size of school (derived from the number of classrooms 

included in the sample). Additionally, we include being an ethnic minority 

school with Hungarian language as the language of instructions as a control 

variable, as Hungarian minority schools are generally smaller and were 

sampled as a separate strata. 

 While official TIMSS documentation reports no significant difference in the 

fourth-grade mathematics and science scores between regular and bridge 

TIMSS 2019 (von Davier et al. 2020: 13.10) , to account for potential mode 

effects, we include a dummy variable to distinguish the mode of the TIMSS 

survey. 
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Modeling strategy and robustness check 

To model proficiency in mathematics and science we use a set of three-level 

hierarchical linear regressions with random intercepts respecting the clustering 

of students into classes and schools. The regression models are calculated 

without weights from the TIMSS dataset. However, to account for the omission 

of weights and to avoid potential biases related to the stratified selection of 

school we use the parameters used in the sampling of schools (size, language of 

instruction) as independent variables. As our dependent variables are two sets 

of five plausible values (mathematics and science scores), we run each 

regression five times for each of the plausible values and present the average 

regression coefficients. We apply this modeling strategy as we are not able to 

rely on tools designed specifically for working with plausible values and 

weights in the TIMSS survey (such as the International Database (IDB) 

Analyzer or the EdSurvey R Package) as they are unable to accommodate our 

three-level hierarchical design combing data from the two modes of TIMSS 

2019. 

 To assess the effect of visiting a low-track class, besides hierarchical linear 

regression, we use propensity scores matching to compare students from low-

track classes with nearly identical students from untracked and high-track 

classes. This also serves as a robustness check of the former approach. Later, 

school-level models are estimated to demonstrate that the overall results of 

schools with tracked classes indicate a lower proficiency in the TIMSS 

assessment. 
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Table 1: Descriptive statistics 

 Mean SD Share (%) Min Max Missing (%) 

Proficiency in Mathematics 510.426 76.021  160.120 750.600 0.0 % 

Proficiency in Science 521.553 81.691  138.032 758.278 0.0 % 

       

Gender (1 = Female) - - 49.2 0 1 0.0 % 
Parents‟ highest education  

(1 = university) - - 41.1 0 1 3.9 % 

Parents‟ highest social class 
(0 = unqualified or no job / 2 = 

Professionals and managers) - - 17.4 / 30.6 0 2 6.3 % 

prRoma language (1 = parent or child 
uses Roma language) - - 5.6 0 1 0.0 % 

Language of test at home (1 = always 

other language at home) - - 2.7 0 1 0.9 % 
Books at home (1 = 0 to 10; 5 – more 

than 200) 2.895 1.162  1 5 1.0 % 

Years in preschool 2.629 0.801  0 3 4.5 % 
Early literacy and numeracy (1 = Very 

well / 3 = Not well) - - 7.1 / 48.5 1 3 3.4 % 

       

Tracking identified via Roma language 

(1 = low-track class) - - 1.6 0 1 0.0 % 
Tracking identified via parental 

education (1 = low-track class) - - 1.4 0 1 0.0 % 

Tracking identified via parental 
occupation (1 = low-track class) - - 1.7 0 1 0.0 % 

       

Language of instruction (1 = Hungarian) - - 4.6 0 1 0.0 % 
Size of municipality (2 = 100 – 500 

thousand; 7 = 3000 or fewer) 5.001 1.660  2 7 1.5 % 

Area in which school is located (1 = 
Urban; 4 = Small town or village) 2.926 1.280  1 4 1.5 % 

School size (0 = small; 2 = large) 0.925 0.476  0 2 0.0 % 
 

Source: TIMSS 2019 

Analysis 

Descriptive statistics 

The basic descriptive characteristic of our sample is provided in Table 1. We 

see that we identified between 1.4 and 1.7% of students in a low-track classes 

in ethnically and socioeconomically diverse schools visited by children with 

very low socioeconomic status or Roma ethnicity. As we do not have all 

classes from the schools included in the sample, we are likely not identifying 

all tracked classes as the sample might miss the tracked class. 

 As we can see, the variables have a rather small share of missing values, we 

therefore do not employ imputation techniques in our multivariate analyses. 

The school-background questionnaire for two schools does not include 
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information on the area where the school is located and size of municipality, 

which means that the final number of schools included in the analysis is 201. 

Moreover, this omission reduces the number of students in low-track classes 

identified by employment of parents as one of these classes was in a school 

with missing information on the area and municipality size. 

 

Hierarchical Linear Regression 

The results of our hierarchical linear models modeling proficiency scores in 

mathematics and science are reported in tables 2 and 3. With regard to the 

independent variables, we see significant differences between girls and boys, 

students with parents with university education and without it, as well as diffe-

rence connected to the social class of the parents. 

 Interestingly, speaking Romani language, or speaking other than the lan-

guage of the test at home has a stronger negative effect for science results. On 

the other hand, the early literacy and numeracy index (i.e., school readiness) is 

a stronger predictor of performance in mathematics than in science. Similarly, 

gender differences are more than double in size in mathematics. The effect of 

other variables is approximately similar for both dependent variables across 

models 1 and 3 in Tables 2 and 3. 

 Also, taking the TIMSS exam using the paper questionnaire has no effect on 

mathematics results, but it seems to have a negative impact (even though only 

at the 0.05 significance level) on the science results. While this is an interesting 

finding unnoticed by the TIMSS documentation, it is beyond the scope of our 

paper. 

 Models in Tables 2 and 3 agree also on the non-significance of the school-

level variables included in the model. Overall, the explanatory power of models 

in Table 3 is slightly higher mostly due to the stronger connection between 

Romani language or speaking other than the language of the test at home and 

proficiency scores in science. 

 Regarding our three main explanatory variables, the results in Tables 2 and 

3 seem to provide a robust support for the hypothesis on strong negative 

impacts of early tracking in ethnically and socioeconomically diverse schools 

with a relevant share of children with very low socioeconomic status or Roma 

ethnicity on students from low-track classes. All three methods of identifying 

a low-track class result in creating a dummy variable which predicts a rela-

tively drastic decrease in proficiency scores both in mathematics as well as in 

science. This decrease seems to be of equal magnitude for mathematics and 

science. Being in the low-track classes identified via Romani language is the 

strongest predictor of a low score. At a scale internationally standardized to an 

average of 500 and a standard deviation of 100, going to such a class lowers the 

proficiency scores by more than 84 score points making it the strongest effect 
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size in all the models. Overall, the effect of tracking identified based on paren-

tal occupation is the weakest with the effect of tracking identified based on 

parental education being only slightly stronger. We discuss this difference in 

the conclusion. 

 

Robustness check 

As an alternative to the hierarchical linear regression approach, we used 

propensity score matching to estimate the average marginal effect of being in 

a low-track class identified by one of the three methods. We were able to 

perform exact matching using all independent variables from our models which 

had a significant coefficient (gender, parent‟s highest education, parent‟s 

highest social class, Romani language, language of test at home, books at ho-

me, years in preschool, early literacy and numeracy). Comparison of the mat-

ched sample with the treated classes confirms a strong association between 

visiting a low-track class in an ethnically and socioeconomically diverse school 

with children with very low socioeconomic status or Roma ethnicity and acade-

mic performance in mathematics and sciences in the TIMSS assessment corro-

borating the results of our multilevel models in Tables 2 and 3. 

 To account for the alternative explanation of the observed effect of tracking 

as being simply the result of a meritocratic selection of low-performing stu-

dents into low tracks, we also estimated a series of school-level models. With 

these models, we try to explain the average school performance in mathematics 

and science. The models in Tables A and B in the Appendix show that accoun-

ting for socioeconomic and ethnic composition of the school, the presence of 

tracking practices significantly lowers the average proficiency in mathematics 

and science of the school. This finding holds for all three methods used to 

identify tracking and suggests that the poor results of students from the tracked 

classes are strong enough to significantly lower the average performance of the 

whole school. This demonstrates that the effects observed in the hierarchical 

regression models and in the matching approach are not merely a result of 

assigning already low-performing students into low tracks. (If this were the 

case, the overall results of schools with tracked classes should not be different 

from schools without tracking.) Moreover, if models in Tables A and B are 

calculated without students in low tracks
14

, the difference between schools with 

and without tracking practices becomes either non-significant or notably 

smaller. This suggest that while some schools with tracking practices may also 

be of lower quality in general, their low performance is in most cases primarily 

due to the poor results of the low tracks. 

  

                                                           
14

 In these models, the average school performance of schools with tracking practices is calculated only for students 

not assigned to the low-track class. These models are available upon request form the authors. 
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Table 2: Proficiency in mathematics, hierarchical linear regression 
 

 Model 1 Model 2 Model 3 

 B p B p B p 

(Intercept) 526.337 <0.001 527.137 <0.001 527.422 <0.001 

Gender (1 = Female) -12.054 <0.001 -11.847 <0.001 -11.786 <0.001 

Parents‟ highest education (1 = university) 20.625 <0.001 20.591 <0.001 20.391 <0.001 

Parents‟ highest social class: Qualified workers (ref.)       

Parents‟ highest social class: Unqualified or no job -12.891 <0.001 -12.624 <0.001 -12.677 <0.001 

Parents‟ highest social class: Professionals and managers 4.194 0.058 4.141 0.062 4.020 0.069 

Roma language (1 = parent or child uses Roma language) -29.057 <0.001 -33.194 <0.001 -33.785 <0.001 

Language (1 = always other language at home) -22.229 0.002 -22.644 0.001 -22.344 0.002 

Books at home (1 to 5) 11.604 <0.001 11.610 <0.001 11.661 <0.001 

Years in preschool 9.120 <0.001 9.097 <0.001 9.322 <0.001 

Early Literacy and Numeracy: Not well (ref.)       

Early Literacy and Numeracy: Moderately well 17.655 <0.001 17.472 <0.001 17.459 <0.001 

Early Literacy and Numeracy: Very well 42.161 <0.001 42.125 <0.001 42.014 <0.001 

Class level variables       

Tracking: Roma language (1 = low-track class) -85.661 <0.001     

Tracking: parental education (1 = low-track class)   -56.715 <0.001   

Tracking: parental occupation (1 = low-track class)     -36.476 <0.001 

Mode od TIMSS 2019 survey (1 = bridge version) -6.466 0.199 -7.991 0.108 -7.338 0.148 

School level variables       

Language of instruction (1 = Hungarian) 5.815 0.532 6.510 0.482 4.013 0.668 

Size of municipality (2 to 7) -4.044 0.095 -4.155 0.081 -4.082 0.094 

Area in which school is located: Urban–densely populated 

(ref.)       

Area in which school is located: Suburban 0.913 0.878 0.769 0.883 0.410 0.902 

Area in which school is located: Medium size city or large 

town 1.940 0.808 2.819 0.719 2.743 0.733 

Area in which school is located: Small town or village -1.320 0.870 -1.623 0.853 -2.851 0.762 

School size: Middle sized school (ref.)       

School size: Small 0.355 0.838 1.342 0.757 1.932 0.702 

School size: Large 4.751 0.514 2.865 0.699 4.496 0.548 

Random Effects       

σ
2
 2839.87  2846.45  2847.46  

τ00 281.06 IDCLASS 334.17 IDCLASS 315.44 IDCLASS 

 471.26 IDSCHOOL 420.42 IDSCHOOL 461.45 IDSCHOOL 

ICC 0.21  0.21  0.21  

N 357  357  357  

 201  201  201  

Observations 5250  5250  5250  

Marginal R
2
 / Conditional R

2
 0.302 / 0.448 0.295 / 0.442 0.293 / 0.445 

AIC 57092.101 57115.347 57119.508 

log-Likelihood -28523.051 -28534.673 -28536.754 
 

Note: p – values below 0.05 are marked bold 
Source: TIMSS 2019  
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Table 3: Proficiency in science, hierarchical linear regression 
 Model 1 Model 2 Model 3 

 B p B p B p 

(Intercept) 537.269 <0.001 537.869 <0.001 538.190 <0.001 

Gender (1 = Female) -4.114 0.017 -3.873 <0.001 -3.798 0.027 

Parents‟ highest education (1 = university) 20.674 <0.001 20.626 <0.001 20.402 <0.001 

Parents‟ highest social class: Qualified workers (ref.)       

Parents‟ highest social class: Unqualified or no job -15.683 <0.001 -15.349 <0.001 -15.401 <0.001 

Parents‟ highest social class: Professionals and managers 5.971 0.015 5.927 0.016 5.762 0.019 

Roma language (1 = parent or child uses Roma language) -53.445 <0.001 -58.208 <0.001 -58.929 <0.001 

Language (1 = always other language at home) -32.062 <0.001 -32.516 <0.001 -32.175 <0.001 

Books at home (1 to 5) 12.547 <0.001 12.552 <0.001 12.614 <0.001 

Years in preschool 8.903 <0.001 8.855 <0.001 9.113 <0.001 

Early Literacy and Numeracy: Not well (ref.)       

Early Literacy and Numeracy: Moderately well 13.756 <0.001 13.557 <0.001 13.524 <0.001 

Early Literacy and Numeracy: Very well 29.141 <0.001 29.124 <0.001 28.984 <0.001 

Class level variables       

Tracking: Roma language (1 = low-track class) -84.429 <0.001     

Tracking: parental education (1 = low-track class)   -56.163 <0.001   

Tracking: parental occupation (1 = low-track class)     -37.606 <0.001 

Mode od TIMSS 2019 survey (1 = bridge version) -10.355 0.037 -11.853 0.016 -11.188 0.024 

School level variables       

Language of instruction (1 = Hungarian) -4.832 0.609 -4.212 0.648 -6.427 0.497 

Size of municipality (2 to 7) -3.465 0.153 -3.537 0.141 -3.452 0.153 

Area in which school is located: Urban–densely 
populated (ref.)       

Area in which school is located: Suburban 2.836 0.768 2.779 0.770 2.247 0.815 

Area in which school is located: Medium size city or 
large town 1.368 0.815 2.173 0.767 2.091 0.772 

Area in which school is located: Small town or village -2.528 0.792 -2.782 0.768 -4.014 0.671 

School size: Middle sized school (ref.)       

School size: Small -1.974 0.683 -1.060 0.751 -0.605 0.764 

School size: Large 5.511 0.440 3.957 0.586 5.626 0.438 

Random Effects       

σ2 3087.10  3096.74  3097.86  

τ00 199.57 IDCLASS 230.02 IDCLASS 224.89 IDCLASS 

 495.96 IDSCHOOL 466.42 IDSCHOOL 478.36 IDSCHOOL 

ICC 0.18  0.18  0.18  

N 357  357  357  

 201  201  201  

Observations 5250  5250  5250  

Marginal R2 / Conditional R2 0.335 / 0.458 0.329 / 0.452 0.328 / 0.453 

AIC 57473.936 57497.901 57500.829 

log-Likelihood -28713.968 -28725.951 -28727.415 
 

Note: p – values below 0.05 are marked bold 

Source: TIMSS 2019 
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Conclusion 

Our study explored the impact of a particular form of early within-school 

tracking at elementary schools in Slovakia – an under-studied tracking strategy 

(Van de Werfhorst – Mijs 2010) which could be described as informal internal 

differentiation within the typology of tracking developed by Blossfeld et al. 

(2016). Schools in Slovakia employ several strategies to create tracked classes 

at the beginning or in the course of elementary school, years before the age 

when the first formal tracking in the Slovak educational system occurs 

(Hapalová – Vančíková 2019; Kusá 2016). The extremely early introduction of 

selecting mechanisms already at the time of entry into the schooling system 

makes this form of tracking particularly study-worthy, as such an early tracking 

may have extremely pronounced effects on educational and career outcomes of 

the students (Scheeren 2022). 

 Our focus is on the effect of these informal tracking practices in ethnically 

and socioeconomically diverse schools with a relevant number of children with 

parents with very low socioeconomic status or Roma ethnicity on the low-track 

student proficiency in mathematics and science measured by the TIMSS 2019 

survey of fourth grade students. While the survey does not provide any 

information on within-school tracking, it samples up to four compact classes 

per school enabling to identify extremely diverging distributions of parental 

socio-demographic parameters between fourth-grade classes. We see their 

occurrence as an indication that the school does not use random assignment of 

students into classes but most likely relies on some form of sorting mechanism. 

As the impact of socio-economic disadvantages pre-dates the school entry 

(Bradbury et al. 2015), we assume that students from less-privileged 

backgrounds will perform worse in any kind of tests or entrance exams. This 

will lead to the creation of homogeneous low-track classes. By studying the 

distribution of parental education, type of work and the use of Romani lan-

guage by students and their parents, we are able to identify several schools 

which have a tracked class with children from a disadvantaged background 

and/or of Roma ethnicity. As the sample does not include all classes from 

schools included in the sample, our identification strategy most likely under-

estimates the share of schools employing tracking practices in the early classes 

of the elementary schools. 

 After identifying low-track classes in ethnically and socioeconomically 

diverse schools visited by children with very low socioeconomic status or 

Roma ethnicity, we use a series of hierarchical linear models to establish if 

studying in a low-track class has an impact on proficiency scores in mathe-

matics and science. The results confirm a clearly significant effect of being in 

a low-track class on performance in the TIMSS assessment. Of the three 
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identification criteria used to establish low-track classes, the criteria relying on 

Romani language in the household of the student identified the most 

significantly underperforming classes. Students from such classes had test 

scores lower by more than 84 score points on an internationally standardized 

scale with an average of 500 and a standard deviation of 100 in both mathe-

matics and science. This was the strongest effect in our models, which included 

all relevant socio-demographic variables related to school performance. 

A score difference of 84 points is also one of the largest reported by analyses 

based on the TIMSS dataset. We confirmed the robustness of our results in 

a simultaneous approach based on propensity scores. The particularly strong 

effect of our treatment variables might be in part due to our identification 

strategy of low-track classes in an extremely diverse socio-economic back-

ground. By focusing on particularly strong indices of socio-economic disadvan-

tage, we missed tracking in more homogeneous socio-economic environments 

which might have overall a lower impact on the test scores. 

 For a long time, researchers and analysts have reported informal tracking 

practices resulting in segregation of Roma students at elementary schools in 

Slovakia (Huttová et al. 2012; Kusá 2016; Rafael ed. 2011). Our study provides 

an innovative analytical approach to one of the standard international 

assessment programs to identify those practices and to explore their impact on 

school performance of the students. According to our findings, students from 

low-track classes in ethnically and socioeconomically diverse schools visited 

by children with very low socioeconomic status or Roma ethnicity perform 

notably worse when compared with children with identical socio-economic 

backgrounds and pre-school experience. Our results imply the importance of 

including tracking practices in the ongoing desegregation discussion in Slova-

kia and in the wider central-European region. 

 Our study suggests that almost two percent of the elementary schools´ 

students in Slovakia visit informal low-track classes in ethnically and socioeco-

nomically diverse schools visited by children with very low socioeconomic 

status or Roma ethnicity. Children in such classes have far worse educational 

results than similar children visiting untracked classes. Moreover, some of our 

results suggest that tracking practices can be a sign of low quality of education 

provided by the school in general. Further analyses should establish the exact 

extent of the phenomenon and explore if the identification of tracking used by 

our paper can be used to identify early informal within-school tracking in other 

countries covered by the TIMSS assessment. The particularly strong effect 

observed should motivate further research into early informal internal tracking 

which remains largely unnoticed by the large-scale assessments. Our empirical 

identification of tracking based on parental characteristics opens an avenue to 

further analyses in this area. On the other hand, our reliance on cross-sectional 
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data limits the claims that can be made about the causal link between tracking 

and proficiency in the TIMSS assessment. Dedicated longitudinal data are 

necessary to confirm the causal nature of the link between being assigned to 

a low-track and poor performance. 
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Appendix 
 

Table A: Proficiency in mathematics, school-level model, linear regression 

 Model 1 Model 2 Model 3 

 B p B p B p 

(Intercept) 257.46 <0.001 250.68 <0.001 239.86 <0.001 

Share of parents with university 

education 74.92 <0.001 77.63 <0.001 73.74 <0.001 

Social class of parents -16.56 0.171 -13.00 0.276 -15.46 0.203 

Share of Roma language -46.83 0.023 -59.44 0.004 -58.18 0.006 

Share of other language spoken at home 53.40 0.041 55.09 0.032 61.22 0.020 

Books at home (1 to 5) 27.98 <0.001 25.29 0.001 28.44 <0.001 

Years in preschool -3.14 0.686 -4.57 0.549 -3.11 0.690 

Early literacy and numeracy 22.69 0.101 25.77 0.055 26.35 0.055 

Tracking: Roma language (1 = yes) -45.16 0.004     

Tracking: parental education (1 = yes)   -59.57 <0.001   

Tracking: parental occupation (1= yes)     -31.04 0.007 

       

Observations 203  203  203  

R2 / R2 adjusted 0.582 / 0.564 0.596 / 0.580 0.580 / 0.562 
 

Note: p – values below 0.05 are marked bold 
Source: TIMSS 2019 
 

 

Table B: Proficiency in science, school-level model, linear regression  

 Model 1 Model 2 Model 3 

 B p B p B p 

(Intercept) 333.15 <0.001 320.71 <0.001 312.10 <0.001 

Share of parents with university education 80.46 <0.001 83.49 <0.001 79.26 <0.001 

Social class of parents -17.76 0.103 -14.53 0.179 -16.59 0.131 

Share of Roma language -67.14 <0.001 -79.77 <0.001 -79.86 <0.001 

Share of other language spoken at home 1.04 0.964 2.62 0.910 9.72 0.681 

Books at home (1 to 5) 27.44 <0.001 24.89 <0.001 27.97 <0.001 

Years in preschool 0.38 0.956 -0.30 0.965 0.60 0.932 

Early literacy and numeracy 13.00 0.296 17.49 0.150 17.45 0.158 

Tracking: Roma language (1 = yes) -52.40 <0.001     

Tracking: parental education (1 = yes)   -57.66 <0.001   

Tracking: parental occupation (1= yes)     -34.49 0.001 

       

Observations 203  203  203  

R2 / R2 adjusted 0.716 / 0.704 0.722 / 0.710 0.713 / 0.701 
 

Note: p – values below 0.05 are marked bold 
Source: TIMSS 2019 
 


