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Previous studies have shown an association between the tracking age and gender inequality in educational
performance and attainment, but it remains unclear when and how tracking affects the gender gap in educational
outcomes. As differences between boys and girls are not constant across the school-career, tracking early or later
in the school career might have different consequences. We examine how gender gaps develop over the school
career and how this development differs between early- and late-tracking countries. Microdata on educational
achievement and attainment from several cross-national surveys (PIRLS, TIMSS, PISA, PIAAC and ESS), are
combined with country-level information on the tracking age. Using a differences-in-differences design, we find
that differentiation between educational tracks, irrespective of the age at which it occurs, is beneficial for girls.
However, this positive effect is larger when educational systems track late than when they track early, suggesting
that compared to early tracking, tracking later is more favourable for female students.

1. Introduction
The reversal of the gender gap in education has received a great deal
of attention in sociology (DiPrete & Buchmann, 2013; Goldin, Katz, &
Kuziemko, 2006). Although the underachievement of boys relative to
girls is observed in almost all Western countries, the difference in
educational attainment and performance between boys and girls varies
greatly among societies (OECD, 2011; Vincent-Lancrin, 2008). Recent
studies have found that the gender gap in education varies across
countries that organize their educational systems differently. Most
prominently, the age at which students are selected into different
educational tracks has been argued to influence gender differences in
both educational performance (Bedard & Cho, 2010; van Hek, Buch
mann, & Kraaykamp, 2019) and educational attainment (Hadjar &
Buchmann, 2016; Scheeren, van de Werfhorst, & Bol, 2018).
While these studies all show an association between gender
inequality and the age of first selection, it has remained unclear when
educational tracking affects gender differences in educational outcomes.
Most studies have relied on cross-sectional designs, making it impossible
to pinpoint when boys and girls start diverging in their educational

performance and how this pattern differs between educational systems
that vary in their age of first selection. We adopt a longitudinal
perspective by investigating the gender gap in educational outcomes in
primary, secondary, and post-secondary education. This focus on the full
school career means that we can investigate how gender gaps develop
across early- and late-tracking countries.
The results in the existing literature are ambiguous in terms of how
tracking affects gender differences in education. Studies that have
examined the effect of educational tracking on gender gaps in educa
tional outcomes have findings supporting two different mechanisms.
First, scholars have argued that early-tracking systems are beneficial for
female students. The advantage that girls already have in primary school
increases their probability of selecting into a higher track at an early age,
leading to an accumulation of advantage (Hadjar & Buchmann, 2016;
Jürges & Schneider, 2011). A second stream of studies has argued that
late tracking enlarges the female advantage in educational gender gaps,
as tracking occurs at a critical age (Pekkarinen, 2008; Scheeren et al.,
2018). Girls mature at an earlier age than boys, and when choices are
made later in secondary education, the—on average—more mature girls
will outperform boys even more.
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The two theories have different expectations on the moment in the
school career at which gender gaps arise: the cumulative advantage
mechanism argues that tracking affects the gender gap early in the
educational career, whereas the critical age mechanism argues that
tracking affects the gender gap later in the educational career. However,
the two mechanisms are not mutually exclusive, and can potentially
both be true. When both early- and late-tracking systems enhance
gender inequality in a different way, the mechanism at play depends on
the institutional setting. In this study, we will test both mechanisms by
looking at how educational gaps between females and males develop
from primary education to final educational attainment.
For our main analyses, we use data from five different cross-national
surveys—PIRLS, TIMSS, PISA, PIAAC and ESS—that provide us with
internationally comparable data on educational test performance
(mathematics, reading) and educational attainment. These datasets
assess and survey students at different ages and educational stages,
which allows us to create synthetic cohorts. The individual-level data
from the surveys are matched with contextual-level information on the
age of first selection, enabling us to examine whether the evolution of
the gender gap differs among countries with different tracking ages.
We analyse the data using a differences-in-differences (DiD)
approach. In the DiD models, we compare gender gaps in the educa
tional performance and educational attainment of younger students (e.
g., primary education) with those of older students (e.g., secondary
education). Intuitively, we study whether the gender gap changes
differently in late-tracking and in early-tracking systems between two
time points (Hanushek & Wößmann, 2006; Ruhose & Schwerdt, 2016).
In contrast to existing cross-national studies, our analyses net out the
cross-national variation in the gender gap that already existed before
tracking took place (i.e., time-invariant differences) and thus obtain a
much more precise estimate of the impact of tracking on gender dif
ferences in education.

within-school curriculum choices need to be made (Chmielewski, 2014).
Similarly, other factors of the education system might play a role.
Countries that select early often also have strong vocational systems,
where students already at young ages combine school and work (Bol &
Van de Werfhorst, 2013). It might be the case that aspects of such “dual
systems” favour boys’ over girls’ educational outcomes (Brunello &
Checchi, 2007).
In this article we focus on the isolated effect of tracking age—not
because we disregard other factors, but because there are theoretical and
empirical reasons to first study the age of tracking. First, theoretically,
we expect that it is particularly the tracking age that is consequential for
gender disparities in educational outcomes. Gender differences are not
stable over time, emphasizing the specific importance of the age at
which decisions have to be made. Second, empirically, previous studies
that compare some indicators of external differentiation show that the
tracking age is the key indicator explaining inequality (Horn, 2009;
Pekkarinen, 2008).
Tracking age has been linked to inequality in social and ethnic
background. Various studies have shown that early tracking hinders the
educational opportunities of children with a disadvantaged background,
because family background has a larger impact on educational outcomes
when students are younger (Brunello & Checchi, 2007; Horn, 2009; van
de Werfhorst & Mijs, 2010). Only recently have studies started to
examine the association between educational tracking and gender
inequality in education (Hadjar & Buchmann, 2016; Pekkarinen, 2008;
Scheeren et al., 2018; van Hek et al., 2019).
In general, these studies suggest that girls benefit from educational
tracking. On average, girls outperform boys in education, especially
when performance is measured by grades (DiPrete & Buchmann, 2013).
Moreover, girls possess advantages over boys in social and behavioural
skills (e.g., students’ work effort, disruptiveness, class participation),
which are relevant for having a successful educational career and sig
nalling your educational potential (DiPrete & Jennings, 2012; Downey
& Vogt Yuan, 2005; Jacob, 2002). When track decisions have to be
made, boys are less likely to be sent to the “highest” academic track—not
just because of their lower educational performance but also because
their on average lower social and behavioural skills gives a distorted
signal of their true educational potential. As track assignment has
long-term consequences with respect to later achievement and attain
ment outcomes (Borghans, Diris, Smits, & De Vries, 2019; Dustmann,
2004; Guyon, Maurin, & McNally, 2012; Maurin & McNally, 2007),
gender differences in track placement will impact gender differences in
future educational outcomes.

2. Theory
Curricular tracking is defined as the extent to which students are
allocated in different educational trajectories on the basis of perfor
mance, aspirations and teacher evaluations (Buchmann & Park, 2009;
Vanfossen, Jones, & Spade, 1987). The tracking age, also known as the
age of first selection, is the age at which students are streamed into these
distinct educational programmes, often labelled the (pre-)vocational
and general/academic tracks. The academic track is generally consid
ered to be the more prestigious track and the route to further educa
tional progress (Kerckhoff, 2001). In this study, we focus on the age at
which between-school tracking starts (Chmielewski, 2014).1 In a system
with between-school tracking, students are separated into educational
programmes with a completely different curriculum for multiple years.
In such systems, track placement limits future educational choices, and
mobility between tracks is generally low (Jürges & Schneider, 2011). In
the Western countries that we study, between-school tracking takes
place at 10 years in the earliest-tracking countries and at age 16 in the
latest-tracking countries.
Tracking age is only one feature of a larger educational system
characteristic, namely, the level of external differentiation (Bol & Van de
Werfhorst, 2013). Even though the tracking age is arguably the main
feature that determines the level of external differentiation, i.e., the
extent to which students are tracked within an educational system,
additional features, such as the length and number of distinct tracks, are
also part of this larger concept. For instance, the impact of early selec
tion might be mitigated when permeability between tracks is possible.
Or, the impact of late tracking might be affected when more

2.1. The timing of tracking and the gender gap in education
Thus, no matter the timing of the tracking decision, more girls than
boys end up on the higher track because of girls’ generally better
cognitive and non-cognitive school performance. However, scholars
raise different expectations as to how this plays out in early- versus latetracking systems. Put differently: at what point in the educational career
does tracking enlarge or reduce gender differences in educational
achievement and attainment? We will first discuss what we named the
cumulative advantage mechanism. This mechanism is based on a line of
research which argues that early-tracking decisions are more favourable
to girls’ educational outcomes. Next, we will discuss what we named the
critical age mechanism, which is based on a literature which suggests that
late-tracking decisions exert a more pronounced effect on the gender gap
in favour of females.
2.2. Cumulative advantage mechanism
A first set of studies has argued that early tracking is beneficial for
girls (Caro, Lenkeit, Lehmann, & Schwippert, 2009; Jürges & Schneider,
2011; Maurin & McNally, 2007; van Hek et al., 2019). The underlying
mechanism suggests a cumulative advantage for girls as they move

1

Within-school tracking, also referred to as course-by-course tracking, is a
less explicit form of tracking and consists of offering courses at varying levels of
difficulty in some subjects within a school (Chmielewski, 2014).
2
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through an early-tracking system. This line of research argues that girls’
advantage in educational performance during primary education
translates into an advantage for girls in track placement. As this track
placement occurs early in the educational career, these girls will benefit
for quite some time from the advantages related to occupying the higher
tracks. Additionally, the disadvantageous impact of being in the lower
tracks will go disproportionately to boys. As a consequence, small ad
vantages early in the school career will accumulate, leading to an
increased advantage for females over the following years.
Various studies show, in line with the first part of the mechanism,
that, in elementary school, girls outperform boys in educational per
formance (DiPrete & Buchmann, 2013) and have clear advantages in
social and behavioural skills (DiPrete & Jennings, 2012; Downey & Vogt
Yuan, 2005). Moreover, since boys are less able to signal their educa
tional capacities than girls, information about the learning potential of
boys is argued to be more uncertain than that of girls. This uncertainty is
especially detrimental in early-tracking systems, where students are
matched to an educational track at a young age and ambiguity about
what pupils are capable of is already quite high (van Elk, van der Steeg,
& Webbink, 2011). As a consequence, girls are more likely than boys to
obtain a college track recommendation and enrol in the academic track
in early-tracking systems, even when controlling for academic
achievement (Caro et al., 2009; Jürges & Schneider, 2011).
In line with the second part of the mechanism, low track placement is
shown to hamper educational performance and skill development
(Korthals, 2015; Maaz, Trautwein, Lüdtke, & Baumert, 2008), because
those tracks involve a less challenging curriculum and are, in general,
less demanding. In addition, they are shown to have a less optimal
learning environment due to fewer school resources, lower teacher
quality and less motivated classmates (Brunello & Checchi, 2007; OECD,
2012; van Houtte, 2004). Maurin and McNally (2007) showed that boys’
lower access to the highest track in Northern Ireland increased the
female-favourable gap in educational achievement at the end of sec
ondary education. Thus, selective placement in early-tracking systems is
especially problematic, because it enlarges inequalities in achievement.
Moreover, the higher track placement and improved educational
achievement will benefit future educational outcomes as well, because it
has a positive impact on students’ educational expectations and aspi
rations, it is an important signal to future educational institutions, and it
increases the number of possible educational institutions after high
school (e.g., Brunello & Checchi, 2007; Dustmann, 2004; Horn, 2009;
Marks, 2005; van de Werfhorst & Mijs, 2010).
Hence, this line of research argues that the early benefit in the track
placement of girls leads to an accumulation of advantage during sec
ondary education and, subsequently, increases gender differences in
later educational outcomes. Based on this mechanism, we expect the
female advantage in early educational outcomes (hypothesis 1a) and
later educational outcomes (hypothesis 1b) to increase to a larger extent
in early-tracking systems than in late-tracking systems.2

in secondary education, more than in primary education, girls outper
form boys in cognitive and non-cognitive skills. As a consequence, the
female advantage in track placement will be larger when the track
moment occurs later (than when it occurs earlier), which is the case in
late-tracking systems. This female advantage in track placement will
translate into a female advantage in future educational outcomes, as the
benefits related to the higher track will go disproportionately to girls.
Various studies show, in line with the first part of the mechanism,
that the female-favourable gender gap in educational performance
widens over the educational career (Dekkers, Bosker, & Driessen, 2000;
DiPrete & Buchmann, 2013; Machin & McNally, 2005; Sammons, 1995).
Non-cognitive skills are again expected to form an important explana
tion: during secondary education, girls are (temporarily) ahead of boys
with respect to several non-cognitive skills that are important for aca
demic choices and performance (OECD, 2015a), such as attentional
control (e.g., sustaining attention and control of selective attention) and
goal-directed behaviour (e.g., planning and decision-making) (Ander
son, Anderson, Northam, Jacobs, & Catroppa, 2001; Keulers, Evers,
Stiers, & Jolles, 2010).3 Moreover, staying longer in comprehensive
classes, which is the case in late-tracking systems, provides all students
with the opportunity to benefit from, interact with and become stimu
lated by high-performing students (Hanushek & Wößmann, 2006). van
Hek et al. (2019) suggest that specifically girls’ educational performance
benefits from this. Thus, as the female advantage grows during sec
ondary education, the female advantage in track placement will also be
larger in late-tracking systems. As in early-tracking systems, this
advantage in track placement is beneficial for future educational out
comes (e.g., more available options in terms of educational institutions
after high school, important signal to future educational institutions,
positive impact on persons’ expectations and aspirations).
In line with this mechanism, Pekkarinen (2008) finds, using a Finnish
school reform, that a postponement of tracking age increased female
enrolment in tertiary education. Moreover, using cross-national data,
studies have found that late tracking is associated with smaller gender
gaps in favour of boys in mathematics and science (Bedard & Cho, 2010)
and larger gender gaps in favour of girls in reading (van Hek et al., 2019)
and educational attainment (Hadjar & Buchmann, 2016). Furthermore,
using different cohorts of school-leavers across different countries and
implementing an educational reform design, Scheeren et al. (2018) find
that when European educational systems postponed the moment of
tracking, the female advantage in education increased.
Hence, this literature argues that because the female advantage in
track placement in late-tracking systems is much larger than in earlytracking systems, the female advantage in future educational out
comes will also be larger in late-tracking systems. Based on this mech
anism, we expect the female advantage in later educational outcomes to
increase to a larger extent in late-tracking systems than in early-tracking
systems (hypothesis 2).4
Both theoretical arguments are based on insights from research that
shows that gender differences in cognitive and non-cognitive skills are
not constant over the school career. Therefore, the timing of tracking
decisions becomes essential, but so far, it remains unclear whether these
gender differences are specifically consequential when important
educational choices have to be made earlier or later in the educational

2.3. Critical age mechanism
A second line of research has argued that not early, but particularly
late tracking disproportionally benefits female students (Pekkarinen,
2008; Scheeren et al., 2018). The underlying mechanism suggests that
late-tracking systems track at a critical age, because the female advan
tage is larger later in the educational career. This literature argues that

3
Whether these gender differences in cognitive and non-cognitive skills are
caused by biological and/or socio-cultural factors is still debated (Goriounova
& Mansvelder, 2019; Halpern, 2000; Wierenga, Bos, van Rossenberg, & Crone,
2019).
4
Before the age of 15, students are not yet tracked in these late-tracking
systems. We do expect a small increase in the female advantage before the
age of 15, because girls increase their advantage in educational performance
during high school due to better non-cognitive skills. However, we expect this
increase to be larger in early-tracking systems, where this increase is accom
panied by an extra boost related to more girls attending the higher tracks.

2
While we argue that the female advantage should increase after early
tracking, whether we talk about an increase in the female advantage or a
decrease in the male advantage depends on the educational outcome. For rea
sons of simplicity, we formulate our hypotheses in one direction: tracking in
creases the performance of females, which sometimes means a widening gap in
favour of girls (reading performance, final attainment) and sometimes a
decreasing gap in favour of boys (mathematics performance).

3
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career. As suggested earlier, these two mechanisms do not have to be
contradictory and are potentially at least partially complementary: both
early and late tracking might be beneficial for girls if both theoretical
mechanisms (cumulative advantage and critical age dynamics) matter.
To investigate our hypotheses, in the next sections, we examine whether
but especially when the tracking age affects gender gaps in attainment
and achievement.5
3. Data and methods
3.1. Analytical strategy
To test our hypotheses, we follow Hanushek and Wößmann (2006)
and Ruhose and Schwerdt (2016) and employ differences-in-differences
(DiD) models using survey data of students at different moments in their
educational career across several countries. For a given cohort, we
compare the gender gaps in educational outcomes of younger students
(e.g., primary education) with those of older students (e.g., secondary
education) in countries that vary in their age of tracking. By default, in
this design, the initial gender gap (i.e., before any tracking takes place)
is netted out, and so the effect of tracking is examined by the change in
the gender gap between two observation points (t0 and t1). By comparing
the change in the gender gap between countries that implemented
tracking between t0 and t1 and countries that did not, we can model how
tracking affects the educational attainment and performance of boys and
girls. The advantage of this design is that by controlling for the gender
gap that already existed at t0, we can disregard all cross-national vari
ation in time-invariant unobserved characteristics, such as a country’s
history or gender ideology (to the extent that these affect all age groups
equally). In our study, we employ DiD analyses for two transitions: (1)
primary → secondary and (2) secondary → early adulthood.
In the first DiD analysis, we model the difference between primary
and secondary school. This DiD analysis compares gender gaps in test
scores in grade 4 with gender gaps in test scores in grade 8 or at age 15.
No country tracks before grade 4, so for all countries, we have infor
mation on gender differences in educational achievement before any
tracking took place. Gender gaps in fourth grade are then compared to
gender gaps in secondary school. For the early-tracking countries (see
below), tracking takes place between these two observation points,
whereas this is not the case for late-tracking countries. Intuitively, this
first DiD analysis models whether changes in the gender gap in
achievement between primary and secondary education differ between
early- and late-tracking systems. The general equation for this model is:

Fig. 1. Representation of the three differences-in-differences models.

score gap between primary and secondary school. The interaction be
tween female and early tracking, captured by β2, estimates the effect of
being a female on test scores in primary school (before tracking has
taken place) in an early-tracking country. This interaction captures any
confounding impact of educational stage-invariant characteristics on the
gender test score gap. β7 estimates the effects of the individual-level
control variables. βx is a survey-match times country fixed effect,
which estimates the fixed effect for country-matches by adding dummies
for every country-match C. These fixed effects ensure we only examine
changes between primary and secondary school within a country-match.
For the second transition, from secondary education to early adult
hood, we perform two DiD analyses. For the first one, we examine the
effects of late tracking using data on secondary school achievement and
on adult skills. This DiD model compares gender gaps in achievement at
age 15 with gender gaps in achievement (skills) in early adulthood. For
the second one, we examine the effects of late tracking using data on
secondary school achievement and on educational attainment. This DiD
model compares gender gaps in achievement at age 15 with gender gaps
in educational attainment in early adulthood.
For the late-tracking countries, tracking takes place between these
two observation points, whereas tracking has already taken place in the
early-tracking countries. The equation for these models is the same as
Eq. 1. The only difference is that the variable SEC is replaced by the
variable ADULT (1 = early adulthood; 0 = secondary school). A simple
representation of the three DiD models is presented in Fig. 1.
The parallel trend assumption states that the evolution of the gender
gap in education between t0 and t1 would be the same in early- and latetracking countries if early-tracking countries tracked late. Any unob
served (time-invariant) differences between students in early- and latetracking countries are captured by the gender gap at t0 (which is
controlled for), and we assume that this does not differentially affect the
change in the gender gap between t0 and t1. When this assumption holds,
the difference in the evolution of the gender gap in education between
early- and late-tracking countries is due to early tracking. This
assumption would be violated if, for instance, early-tracking countries
tended to implement other policies between t0 and t1 that affect the
gender gap and that late-tracking countries do not implement. Alter
natively, this assumption would be violated if the gender gap at t0 were
already affected by anticipation of early tracking. While anticipation is
likely, it is less likely that anticipation effects vary between boys and
girls. Of course, it is not possible to completely rule out that this
assumption is violated in our design, but we believe that it is clear that
estimating the effect of tracking the DiD model is a step forward from the
cross-sectional models that have been used in the majority of the liter
ature so far.

Yijk= β0 + β1 FEMi ∗ TRj ∗ SECk + β2 FEMi ∗ TRj + β3 FEMi ∗ SECk
∑
+ β4 SECk ∗ TRj + β5 FEMi + β6 SECk + β7 Xi +
βx Cj + eijk
l=l− 1

(1)

In Eq. 1, Y is the standardized test score of individual i in country j in
educational stage k. β1 to β6 estimates all main effects and two- and
three-way interactions of the three key variables: FEM (0 = male, 1 =
female), TR (0 = late tracking, 1 = early tracking) and SEC (0 = primary
school, 1 = secondary school). Since we add country-survey combina
tion fixed effects (Cj), we cannot estimate the main effect of tracking.
Our main interest is in the three-way interaction, captured by β1, which
provides the DiD effect of early tracking on the change in the gender test

5

The mechanisms underlying gender gaps in attainment and achievement
vary. Whereas teacher evaluations, social and behavioral skills, and aspirations
might be more important for attainment, interests, school resources, and
learning time might be more important for achievement. However, we argue
that going to a higher track provides advantages to improve educational
achievement (e.g., better resources to improve performance) and attainment (e.
g., positive impact on a person’s aspirations). Hence, to keep it simple, we talk
about ‘educational outcomes’ in our hypotheses.
4
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results are robust to the exclusion or inclusion of clusters of countries.
The results of this sensitivity check can be found in Appendix B.
Our DiD strategy is similar to the approach used by Ruhose and
Schwerdt (2016). For the first DiD, we match each cohort of primary
school students (PIRLS for reading and TIMSS grade 4 for mathematics)
to one cohort of secondary school students (PISA for reading and PISA
and TIMSS grade 8 for mathematics). We do this separately for all
countries. Surveys are combined on the basis of calendar year, i.e., to
include students who are tested at approximately the same time (PIRLS
2006 with PISA 2006), or birth cohort, i.e., to include students who are
from approximately the same birth cohort (PIRLS 2001 with PISA
2006).9 The way we matched the different survey waves can be found in
Appendix A, Table A1. In total, there are 26 survey matches: 8 matches
for reading achievement and 18 matches for mathematics achievement.
These survey matches are (separately for mathematics and reading)
appended into one dataset. In this dataset, we compare the transition
from primary to secondary education for the 20 countries. Weights are
created to ensure that each participating country carries a weight of 1
within each educational stage. The (unweighted) sample size in our
analysis of reading achievement, nested in 8 different survey matches, is
N = 1,320,170. The sample size in our analysis of mathematics
achievement, nested in 18 survey matches, is N = 1,590,023.10
For our second DiD model, we analyse the change between the
gender gap in reading and math scores in secondary education and early
adulthood. Here, we matched each birth cohort of secondary school
students (PISA) to approximately the same birth cohort within the
PIAAC. We used two rounds of PIAAC data (round 1 = 2008–2013;
round 2 = 2012–2016), but only included individuals in our sample who
belong to the three youngest age-groups, namely 16− 19, 20− 24 and
25− 29 years of age, because these groups follow the cohorts that we
analyze in the PISA data.11 The way we matched the different survey
waves can be found in Appendix A, Table A2. In total there are 8 survey
matches. Again, we created weights to ensure that all 20 participating
countries carry a weight of 1 within each educational stage. The (un
weighted) sample size in our analysis of reading achievement is N =
514,985, and of mathematics achievement is N = 481,859.
In our final DiD model, we look at attainment instead of achievement
as the main outcome. Here we analyse the change between the gender
gap in reading and math scores in secondary education and the gender
gap in final educational attainment. The PISA 2000 cohort (children
born in 1983–1987) is matched to the same birth cohort within the
ESS.12 We used all 8 rounds of the ESS, which is collected bi-annually
between 2002 and 2016, but only included individuals in our sample
who were born between 1983–1987 and who were at least 21 years of
age. The data for this model are based on one data match, as only the
birth cohort that participated in the PISA 2000 is old enough in the latest
ESS waves to provide us with some reliable information about their
educational attainment in early adulthood. The sample for the third DiD

Table 1
Country selection and their tracking age.
Early tracking

Late tracking

Country

Tracking age

Country

Tracking age

Austria
Belgium
Czech Republic
Germany
Ireland
Italy
Netherlands
Slovak Republic
Turkey

10
12
11
10
12
14
12
11
11

Denmark
Finland
France
Greece
Ireland
Israel
Norway
Poland
Russian Federation
Spain
Sweden
Great Britain

16
16
15
15
15
15
16
16
15
16
16
16

Note: Ireland changed their tracking age in 2000 from 12 to 15. Therefore,
Ireland can be part of early- and late-tracking countries, depending on the year
of the survey. Early tracking indicates that a country tracks before the age of 15.

3.2. Data
The individual-level data for this study are derived from all waves of
the Progress in International Reading Literacy Study (PIRLS), the Trends
in International Mathematics and Science Study (TIMSS), the Pro
gramme for International Student Assessment (PISA), the Program for
the International Assessment of Adult Competencies (PIAAC) and the
European Social Survey (ESS). These are all large-scale cross-national
surveys containing internationally comparative data about cognitive
skills (PIRLS, TIMSS, PISA, PIAAC) and educational attainment (ESS).
The cross-national surveys assess students at different ages and
educational stages and focus on different subjects. PIRLS, developed by
the International Association for the Evaluation of Educational
Achievement (IEA), measures students’ reading achievement in primary
school, mostly in fourth grade. Also conducted by the IEA is the TIMSS,
which measures student achievement in mathematics in the fourth and
eighth grades.6 PISA, developed by the Organization for Economic Co
ordination and Development (OECD), measures cognitive skills in
mathematics and reading of 15-year-old students.7 PIAAC, which is also
carried out under the direction of the OECD, measures adult skills in
literacy and numeracy of people between the ages of 16 and 65. The ESS
provides information on respondents’ final educational attainment.
To be able to compare findings across models, we only study coun
tries that are available in all datasets. Our analytic sample therefore
consists of 20, mostly European, countries.8 Table 1 lists the countries
included in our sample, as well as their tracking age. All parts of Europe
are included in the sample, although there are geographical clusters of
countries, such as the Scandinavian countries, that all belong to the
early- or late-tracking group. For this reason, we perform sensitivity
checks with respect to our sample restriction and verify whether our

9
We examine whether focusing only on surveys that are combined on the
basis of calendar year or birth cohort changes our results, as this choice might
be problematic if cohort or time effects differentially influence the gender
performance gap in early- and late-tracking countries (Ruhose & Schwerdt,
2016). Our results do not change substantially.
10
To increase the likelihood that these respondents have experience in the
educational system of their country of residence, these samples are restricted to
the native-born population. Only PIRLS and TIMSS 2011 grade 4 do not provide
information on children’s country of birth. As tracking does not take place in
any country prior to the administration of these surveys, this is not a problem.
11
In the PIAAC data, information on the age of respondents is only available
in 4 to 5-year groups.
12
To increase our number of countries, countries that are not available in
PISA 2000 but are available in PISA 2003 are also matched to the ESS. As PISA
2003 respondents were born in 1987, they are part of the 1983− 1987 cohort of
the ESS. Because of this choice, we can add Slovak Republic and Turkey to our
sample.

6

We focus on students tested in grade 4 (PIRLS and TIMSS) and grade 8
(TIMSS). Students tested in different grades are excluded from the sample.
Except students from the United Kingdom and New Zealand, because they are
always tested one grade later (grade 5 and grade 9), as their age of entry into
primary school is earlier. Moreover, students appearing as strong outliers in
their birth year are excluded from the sample, as they might form a specific
group that includes students who skipped or repeated grades several times.
These decisions do not alter our results.
7
Fifteen-year-old students in grades below 8 or above 11 are removed from
the sample, as they might form a specific group that includes students that
skipped or repeated grades several times. Moreover, these grades are prob
lematic with our DiD design, as students may not yet have been tracked in
early-tracking countries or may have already been tracked in late-tracking
countries. These decisions do not alter our results.
8
Our first and third DiD model can also be done on 26 countries. These re
sults can be found in Appendix B.
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Table 2
Descriptive statistics: reading test scores, math test scores and educational attainment by gender and tracking system, over the educational career.
Educational stage

Educational outcome

Tracking system

Primary school
Primary school
Primary school
Primary school
Secondary school
Secondary school
Secondary school
Secondary school
Early adulthood
Early adulthood
Early adulthood
Early adulthood
Early adulthood
Early adulthood

Reading
Reading
Math
Math
Reading
Reading
Math
Math
Reading
Reading
Math
Math
Attainment
Attainment

Early
Late
Early
Late
Early
Late
Early
Late
Early
Late
Early
Late
Early
Late

Boys

Girls

Mean

Obs

− .071
− .106
.058
.035
− .176
− .189
.064
.048
.004
− .027
.092
.062
− .033
− .106

44,212
59,347
59,446
70,731
137,383
169,404
151,583
152,380
6068
10,936
6068
10,936
2561
3470

Mean

−
−

−
−
−
−
−

.073
.108
.059
.036
.185
.186
.066
.048
.004
.025
.088
.057
.032
.109

Obs
43,232
58,423
58,290
69,980
133,959
172,352
148,362
152,893
6361
11,565
6361
11,565
2724
3466

Difference
(t-test)

−
−

−
−
−
−
−

.144 ***
.214 ***
.118 ***
.071 ***
.361 ***
.375 ***
.131 ***
.096 ***
.008
.052 ***
.180 ***
.119 ***
.065 *
.215 ***

Note: These descriptive statistics are constructed by using all waves of the PIRLS and TIMSS grade 4 (primary school), TIMSS grade 8 and PISA (secondary school), and
the PIAAC and ESS (early adulthood), focusing only on the 20 countries that are incorporated in the analysis. Weights ensure that each country carries a weight of 1.
Early tracking indicates that a country tracks before the age of 15.
Two-tailed t-test: * p < .05. ** p < .01. *** p < .001.

Fig. 2. Average female advantage in achievement and attainment over the educational life course separately for early- and late-tracking countries.
Note: These gender achievement and attainment gaps correspond with the difference scores presented in the last columns of Table 2. Age 10 and 14 are averages, as
these students were tested in grade 4 and 8 irrespective of age. Age ~23 is the average age of the respondents in our sample who participated in the ESS or PIAAC.

contains 20 countries and N = 104,416 respondents in the analysis
comparing reading achievement with educational attainment and N =
67,979 respondents in the analysis comparing mathematics achieve
ment with educational attainment. It is important to stress that while we
match individuals from the same cohorts, these are not the same
individuals.

Monseur, 2009; Gustafsson, 2016). To enable comparison, the measure
is standardized within each survey and country to have a national mean
of 0 and a standard deviation of 1.13
3.3.2. Mathematics achievement
TIMSS, PISA and PIAAC test respondents’ capacity to access, employ
and interpret mathematical information in a variety of contexts. How
ever, whereas PISA and PIAAC focus on the extent to which respondents
are able to apply mathematical problems in the real-world, TIMSS is
more focused on the extent to which respondents master a certain cur
riculum (Lavrijsen & Nicaise, 2015). Again, to enable comparison, the

3.3. Dependent variables
3.3.1. Reading achievement
PIRLS, PISA and PIAAC test respondents’ understanding and inter
pretation of (written) texts and their ability to apply reading skills to
real-life situations (Shiel & Eivers, 2009). Even though there are dif
ferences between the tests in the PIRLS, PISA and PIAAC, their defini
tions of reading achievement are rather similar (Grisay, Gonzalez, &

13
Alternative, we also standardize test scores within each survey but over all
countries (before country selection) to have an international mean of 0 and a
standard deviation of 1. The results do not change substantially.
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measure is standardized within each survey and country to have a na
tional mean of 0 and a standard deviation of 1.
3.3.3. Educational attainment
Educational attainment is based on a 5-point measure of the level of
education (1 = ISCED 0–1; 2 = ISCED 2; 3 = ISCED 3; 4 = ISCED 4; 5 =
ISCED 5–6).14 Again, the measures are standardized within each survey
and country to have a national mean of 0 and a standard deviation of 1.
Table 2 displays the summary statistics of the dependent variables by
gender and tracking system separately for students in different stages of
the educational career.
3.4. Independent variables
Female is coded 1 for girls and 0 for boys. Secondary school measures
whether the respondent is in primary or secondary education (1 = sec
ondary; 0 = primary). In our second and third model, this measure is
named Early adulthood (1 = early adulthood; 0 = secondary school).
Early tracking is a country-level variable that measures whether a
country has an early-tracking system (1 = early-tracking country; 0 =
late-tracking country). We obtain information on a country’s tracking
age from the OECD, which is cross-checked with the tracking age used
by Ruhose and Schwerdt (2016). In line with previous research, a
country’s age of first selection is considered early when students are
tracked before the age of 15 (Hanushek & Wößmann, 2006; Ruhose &
Schwerdt, 2016).15 Finally, we include age as an individual-level
control.16

Fig. 3. Average female advantage in standard deviations in late-tracking sys
tems relative to early-tracking systems over the educational life course.
Note: Example of how to interpret: Reading achievement (black circle) at age 10
is the female advantage in reading in late-tracking countries minus the female
advantage in reading in early-tracking countries. Age 10 and 14 are averages, as
these students were tested in grade 4 and 8 irrespective of age. Age ~23 is the
average age of the respondents in our sample who participated in the ESS
or PIAAC.

a gender-egalitarian culture (Guiso, Monte, Sapienza, & Zingales, 2008).
That the gap already exists before tracking takes place highlights the
importance of looking at the change in the gender gap before and after
tracking, instead of just at the gaps themselves.
Fig. 3 displays how the gender gap over the educational life course
changes in late-tracking systems relative to early-tracking systems. The
y-axis depicts the difference in the gender gap between late versus earlytracking countries (late tracking minus early tracking). This descrip
tively shows what we will later model in the DiD: does the gender gap
evolve differently in late- versus early-tracking educational systems?
Fig. 3 shows that the difference between the two systems in female
advantage becomes smaller between primary and secondary school but
then enlarges between secondary school and early adulthood. Especially
in educational attainment, we observe a much larger female advantage
in late-tracking systems compared to early-tracking systems. Similar to
Fig. 2, this graph also shows that the female advantage is always larger
in late-tracking systems than in early-tracking systems—even before any
tracking takes place. However, there is clear variation across the
educational career.

4. Results
4.1. Descriptive results
Fig. 2 shows the female advantage in achievement and attainment
over the educational career separately for early- and late-tracking coun
tries. In both early- (dark grey) and late-tracking systems (light grey), we
observe a female advantage in reading which increases rapidly between
primary and secondary school, but decreases between secondary school
and early adulthood (left panel). We also find that boys’ advantage in
math achievement increases slowly, but steadily, between primary edu
cation and early adulthood (middle panel). The right panel shows that in
countries with both early- and late-tracking systems, women outperform
men in educational attainment but more so in late-tracking countries.
A striking difference between early- and late-tracking educational
systems is that girls’ advantage over boys is always larger in latetracking systems—independent of age/educational stage, survey and
educational outcome. For reading and educational attainment, we find a
larger female advantage in late-tracking countries. For mathematics, we
find a smaller female disadvantage. In fact, Fig. 2 shows that girls’
advantage over boys is already larger in late-tracking systems in grade 4,
before tracking takes place in any country. This implies that what in
cross-sectional studies might have been attributed to a tracking effect is
instead something else that late-tracking countries share—for example,

4.2. Primary school achievement – secondary school achievement
In the first DiD model, we examine whether early tracking has an
Table 3
DiD model: Primary school achievement – secondary school achievement.
Reading
achievement
Early tracking*Secondary*Female
Early tracking*Female
Secondary*Female
Secondary*Early tracking
Female
Secondary
Control variables
Age
Constant
Survey match * country fixed effect
Number of observations
Number of countries
Number of country*match

14

The results are comparable when we operationalize educational attainment
as years of education instead of level of education.
15
When we perform the analyses with a continuous measure of tracking age,
we observe comparable results.
16
We also perform the analyses controlling for parental background. How
ever, as TIMSS grade 4 1995, 2003 and 2007 do not provide information on
parents’ educational level, including this control would decrease our sample
substantially. We also operationalize parental background as number of books
in the home. However, as gender should not be related to parental background
and we do not want to over-control for students with high reading performance
buying more books (instead of the other way around), we choose to leave this
control out. However, irrespective of the operationalization, the results pre
sented in the paper remain the same.

Mathematics
achievement

B

Se

B

Se

.054 ***
− .067 ***
.167 ***
− .019 ***
.214 ***
− .021 *

.007
.005
.004
.005
.003
.010

.001
− .036 ***
− .018 ***
.004
− .079 ***
.159 ***

.006
.005
.004
.005
.003
.007

− .012 ***
.024
Yes
1,320,170
20
117

.002
.017

− .030 ***
.339 ***
Yes
1,590,023
20
151

.001
.013

Note: Weights ensure that each country carries a weight of 1 within each
educational stage.
Two-tailed test: * p < .05. ** p < .01. *** p < .001.
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Fig. 4. Marginal effect graph of female on reading achievement (left) and mathematics achievement (right) by tracking system and educational stage with 95 % Cis.

4.3. Secondary school achievement – Early adulthood achievement

effect on changes in the gender gap in reading and mathematics
achievement between primary and secondary education. The results are
presented in Table 3. Both models include country-survey fixed effects, a
control for age, and the main effects of as well as two- and three-way
interactions between tracking, educational stage and gender. The
interaction between gender and tracking captures differences in gender
gaps in achievement between early- and late-tracking countries that
already exist in primary school. Our key parameter of interest is the
three-way interaction, which examines whether gender gaps evolve
differently between primary and secondary school in early- and latetracking systems.
The three-way interaction is positive and significantly different from
zero in the DiD model of reading achievement, but the effect (0.054) is
small. Our models predict that early tracking increases gender test score
gaps in reading to the advantage of females by 5.4 percent of a standard
deviation. Fig. 4 (left) shows the marginal effect of being female on
standardized test scores in reading in primary and secondary school
separately for early (red line) and late (black line) tracking systems. The
figure demonstrates that the female advantage at both educational
stages is greater in late-tracking systems but that the increase in female
advantage between primary and secondary school is larger in earlytracking systems. In other words, the difference between primary and
secondary school is larger in early- than in late-tracking systems.
However, the figure shows that the slopes for early- and late-tracking
systems are relatively similar, reflecting the small effect size.
The three-way interaction is not significant in the DiD where math
ematics achievement is the dependent variable, which suggests that
early tracking does not affect gender test score gaps in mathematics.
Fig. 4 (right panel) shows that the female disadvantage is always smaller
in late- than in early-tracking systems but that the increase in female
disadvantage between primary and secondary school is similar in lateand early-tracking systems. In general, the gap changes very little be
tween primary and secondary education in both educational systems.
These results are partly in line with hypothesis 1a, which suggested
that early tracking is more beneficial for female students’ early educa
tional outcomes. Even though we find that early tracking benefits girls’
reading test scores more than boys’, we do not observe such an effect for
mathematics achievement. Moreover, the effect size of tracking on
reading is small.

Table 4 presents the results of the second DiD model, in which we
examine whether early tracking has an effect on changes in the gender
gap in reading and mathematics achievement between secondary school
and early adulthood.
The three-way interaction is for both reading and mathematics
negative and significant, but the effects are substantively small. Our
models predict that early tracking decreases gender test score gaps in
reading and mathematics to the advantage of females by 5.3 and 2.5
percent of a standard deviation, respectively. Fig. 5 shows the marginal
effect of being female on standardized test scores in reading (left) and
mathematics (right) in secondary school and early adulthood, separately
for early (red line) and late (black line) tracking systems. This figure
demonstrates that the female advantage in reading achievement is
decreasing between secondary school and early adulthood, but less so in
late-tracking systems, resulting in a larger female advantage in reading
in early adulthood in late- compared to early-tracking systems. With
respect to mathematics achievement, we observe that the female
Table 4
DiD model: Secondary school achievement – Early adulthood achievement.
Reading
achievement
Early tracking*Adult*Female
Early tracking*Female
Adult*Female
Adult*Early tracking
Female
Adult
Control variables
Age
Constant
Survey match * country fixed effect
Number of observations
Number of countries
Number of country*match

Mathematics
achievement

B

Se

B

Se

− .053 ***
− .010
− .347 ***
.023 **
.403 ***
.164 ***

.011
.008
.007
.008
.005
.007

− .025 *
− .039 ***
− .011
.014
− .107 ***
− .006

.012
.008
.008
.008
.005
.008

.001 *
− .221 ***
Yes
514,985
20
78

.001
.010

.002 *
.036 **
Yes
481,859
20
78

.001
.011

Note: Weights ensure that each country carries a weight of 1 within each
educational stage.
Two-tailed test: * p < .05. ** p < .01. *** p < .001.
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Fig. 5. Marginal effect graph of female on reading achievement (left) and mathematics achievement (right) by tracking system and educational stage with 95 % Cis.

mathematics, we find that the change in the gender gap is approximately
11 percent (-.114) of a standard deviation smaller in early- than in latetracking systems. In other words, late tracking increases the gender gap
in educational attainment: comparatively smaller gender gaps in
reading and mathematics are translated into a comparatively larger
gender gap in final attainment.
Fig. 6 displays the marginal effects of being female on standardized
test scores in reading (left) and mathematics (right) in secondary school
and standardized educational attainment in early adulthood separately
for early- and late-tracking systems. Whereas the female advantage in
reading is not significantly different in secondary school between earlyand late-tracking systems, the female advantage in attainment is much
larger in early adulthood in late-tracking systems than in early-tracking
systems. Specifically, we find that the gender gap in attainment is
approximately three times as large in late-tracking systems as in earlytracking systems. Similarly, we find that the gaps in mathematics
achievement are much more comparable than the gaps in final educa
tional attainment. These results show that in late-tracking countries, the
gender gaps in educational achievement in math and reading are
translated into larger female-favourable gender gaps in educational
attainment than those in countries that do not track late. These out
comes are in line with hypothesis 2 and contrary to hypothesis 1b.
In the theory section we already argue that early-tracking systems
often also have a strong vocational system, and that aspects of a dual
system might favour boys over girls. As this institutional-level feature
might also affect gender differences between the time points in our DiD
design, it is important to perform sensitivity checks in which we exclude
countries where the age of first selection coincides with a strong tracking
to a dual system. We obtain similar results when we control for the
potential confounding impact of vocational education by excluding
countries with a dual system. The results of this sensitivity check can be
found in Appendix B.

Table 5
DiD model: Secondary school achievement – Early adulthood attainment.

Early tracking*Adult*Female
Early tracking*Female
Adult*Female
Adult*Early tracking
Female
Adult
Control variables
Age
Constant
Country fixed effect
Number of observations
Number of countries

Reading achievement –
Educational attainment

Mathematics
achievement Educational attainment

B

Se

B

se

− .169 ***
.009
− .128 ***
.092 ***
.349 ***
− .653 ***

.024
.017
.016
.017
.012
.018

− .114 ***
− .046
.325 ***
.079 ***
− .104 ***
− .883 ***

.031
.025
.021
.022
.017
.022

.067 ***
− 1.192 ***
Yes
104,416
20

.001
.020

.067 ***
− .960 ***
Yes
67,979
20

.001
.023

Note: Weights ensure that each country carries a weight of 1 within each
educational stage.
Two-tailed test: * p < .05. ** p < .01. *** p < .001.

disadvantage is increasing more in early- than in late-tracking countries,
resulting in a smaller female disadvantage in late- compared to earlytracking systems. In sum, in line with hypothesis 2, and contrary to
hypothesis 1b, our findings indicate that girls are better off in late- than
in early-tracking systems. It is however important to emphasize that the
effect size is small.
4.4. Secondary school achievement – Early adulthood attainment
In the final DiD model, we examine whether tracking affects how the
gender gap in reading and mathematics achievement in secondary
school is translated into a gender gap in educational attainment in early
adulthood. The results are presented in Table 5.
For both reading and mathematics, the three-way interaction is
negative and significant. In early-tracking systems, the comparatively
higher reading scores that girls have in secondary education lead to a
smaller advantage in final educational attainment. In early-tracking
systems, the change in the gender gap is approximately 17 percent
(-.169) of a standard deviation smaller than in late-tracking systems. For

5. Conclusion
While recent literature has shown an association between gender
inequality and the tracking age, it has remained unclear when educa
tional tracking affects gender differences in educational outcomes. In
this study, we examined to what extent educational gender gaps evolve
9
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Fig. 6. Marginal effect graph of female on educational achievement and attainment by tracking system and educational stage with 95 % CIs.

tracking systems, which indicates that the mechanism at play depends
on the institutional setting. Our results thereby explain the fact that prior
research observes that both early- and late-tracking systems can be
beneficial for girls. But, the results in line with the critical age mechanism
are stronger, demonstrating that the gender gap in achievement is more
enlarged when educational systems track late than when they track early.

differently over the educational career in early- and late-tracking sys
tems and at what point in the school career tracking is consequential for
gender inequality. Using a differences-in-differences approach, we
examined the effect of the tracking age on gender differences in
educational achievement and attainment while controlling for the
gender gap that already exists before tracking takes place.
We find that after a tracking decision—irrespective of age—girls
benefit more than boys. The literature suggests that during their teenage
years, girls are ahead of boys with respect to cognitive and non-cognitive
skills. Educational choices made in this period therefore turn out to be
more beneficial for girls. The existing literature provided us with two
mechanisms that suggest two different points in the educational career
at which tracking should be especially consequential.
The cumulative advantage mechanism states that in early-tracking
systems, initial gender differences in cognitive and non-cognitive skills
are translated into gender differences in track placement at a young age,
leading to a potential accumulation of advantage for girls. In this study,
we find that early tracking does, to some extent, benefit girls’ reading
achievement. We do not find such an effect when it concerns the rela
tionship between early tracking and the gender gap in mathematics
achievement or educational attainment. However, as reading profi
ciency is a fundamental skill for achieving educational success in other
areas as well (Cheung & Andersen, 2003; OECD, 2015b), this gap is
likely to have important consequences. Hence, our results provide some
evidence in line with the first mechanism, but the effect size is small.
The critical age mechanism states that the female advantage in
educational performance and non-cognitive skills is larger later in the
educational career. As a consequence, educational track choices made at
a later age lead to larger female-favourable gender gaps than educa
tional choices made earlier in the educational career. In line with this
mechanism, our results show that late tracking is (to some extent)
beneficial, or less detrimental, for girls’ reading achievement, mathe
matics achievement and educational attainment. The effect size is
especially substantial when we focus on attainment, where we find that
late tracking benefits girls’ educational attainment more than boys’,
thereby enlarging the gender gap in educational attainment.
Our study thus finds support for both mechanisms. Depending on the
moment in the educational career and the educational outcomes that are
studied, both are to a certain extent correct. This suggests that different
mechanisms result in an increased female advantage in early- and late-

6. Discussion
In this study, we focus on various educational outcomes. Focussing
on all these different outcomes provides us with a lot of insight about the
underlying mechanism via which educational tracking affects educa
tional outcomes. We observe that the impact of educational tracking is
much smaller on adult competencies than on educational attainment,
even though the results point in the same direction. This suggests that
educational tracking does not only affect educational attainment via
achievement. Potentially, tracking not only sorts students with the best
cognitive skills, but also with the best non-cognitive skills. Subsequently,
these non-cognitive skills will be helpful in making future educational
decisions and attaining higher levels of education, irrespective of
educational achievement.
We acknowledge that the comparison between educational
achievement and attainment is less straightforward. It might, for
instance, also be the case that later tracking coincides with institutional
characteristics that have a larger impact on educational attainment than
on educational achievement. Hence, more research is needed to un
derstand how educational achievement is translated into educational
attainment in different tracking systems. However, as contemporary
labour markets are quite heavily credentialized, and a young adult’s
labour market opportunities are strongly determined by the obtained
degree, we believe it to be important to observe that highly comparable
gender achievement gaps at age 15 translate into a much larger female
advantage in educational attainment when educational systems track
late than when they track early.
Moreover, we investigate gender differences in reading achievement,
mathematics achievement and educational attainment. The size and
direction of the gender gaps in these different outcomes vary substan
tially, and also the underlying mechanisms are rather different (Buch
mann, DiPrete, & McDaniel, 2008). Moreover, gender gaps also vary
across the performance distribution (Stoet & Geary, 2013). Potentially,
10
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the impact of the tracking age is not the same over the whole distribu
tion. Future research should investigate whether tracking affects gender
gaps at the bottom or at the top of the performance distribution. Even
though this suggests that you cannot easily compare all these educa
tional outcomes, this makes it even more interesting that we observe a
relationship between the tracking age and gender gaps in all these
different outcomes. It suggests that being sorted into the higher tracks is
advantageous for all types of educational outcomes.
In line with prior studies (Hadjar & Buchmann, 2016; Scheeren et al.,
2018; van Hek et al., 2019), we find that girls’ advantage over boys in
educational achievement and attainment is larger in late-tracking
countries than in early-tracking countries. Additionally, we find that
this is already the case in primary school, before tracking takes place in
any country. This highlights the importance of changing our methodo
logical approach. Apparently, late-tracking countries differ in other as
pects from early-tracking countries than just their tracking regime. Most
existing studies have used a cross-sectional design and potentially
attribute a substantial portion of the cross-national variation in the
gender gap to tracking, whereas in fact the explanation may be found in
other structural factors.
Of course, this raises the question of why girls perform much better
than boys in late-tracking countries even before tracking occurs. As
educational institutional structures are embedded within a wider po
litical, cultural and societal context, having a late-tracking system might
be endogenous to reducing educational inequalities, inspired by this
wider context. Potentially, besides the tracking age, these late-tracking
countries are also more comparable in terms of societal and political
climate (i.e., gender ideology, welfare state, labour market).
Even though these results underline the added value of using
differences-in-differences models to examine institutional-level features,
it is important to emphasize that our DiD models are not based on
individual-level data, but utilize synthetic cohorts. The advantage of
using a DiD model with synthetic cohorts, is that we can control for all
time-constant unobserved heterogeneity at the level of the gender gap,
an important step forward compared to cross-sectional models. In
contrast to individual-level longitudinal data, we cannot include
individual-level fixed effects and we do not know where individuals
actually end up or what happens in between. Even though it is difficult
to find various individual-level panel data that are comparable across
countries, hopefully future research is able to examine tracking affects
with the use of longitudinal data.
Moreover, even though our DiD model controls for all time-constant
unobserved heterogeneity at the level of the gender gap, time-varying
unobserved institutional features or institutional features that have a
different effect on different age groups, might still be important. A
country’s gender-ideological climate might, for instance, have a stronger
influence on the educational outcomes of 25-year old students than that
of 10-year old students. Despite the fact that this study includes a diverse
set of early- and late-tracking countries, we cannot rule out that other
institutional features might play a role. Future research should investi
gate whether early- and late-tracking systems differ systematically on
other institutional factors.
We have studied how educational inequalities in achievement
translate into inequalities in later educational outcomes. It has to be
noted that female advantage in education does not always translate into
better labour market outcomes (Quadlin, 2018). The structure of the
labour market and access to the labour market play a crucial role. The
beneficial effect of tracking late on girls’ educational attainment does
not necessarily mean that these benefits translate into better labour
market positions. To obtain a more comprehensive understanding of
how tracking affects gender (in)equality in society, future research
should examine whether the tracking age also affects gender differences
in fields of study and the labour market.
In this article, we isolated one institutional factor to study its effects. Of
course other institutional characteristics might play a role. Combinations of
institutional structures potentially explain why the impact of educational

tracking differs between (clusters of) countries. It is, for instance, imagin
able that the beneficial effect of later tracking on female’s educational
outcomes will be stronger in more gender-egalitarian contexts. Moreover,
the impact of tracking on gender inequality might also differ between
countries that have high or low levels of standardization. Future research
should investigate whether a combination of institutional structures miti
gates or strengthens the impact of tracking on gender inequality in educa
tion, as these combinations might be able to explain why gender gaps in
education are large in some countries and small in others.
In conclusion, our article shows that educational tracking affects the
gender gap in educational achievement and attainment and is beneficial
for girls—irrespective of the age at which tracking occurs. After
tracking, the gender gaps in achievement and attainment increase in
favour of girls. However, this tracking effect is larger when educational
systems track late than when they track early, indicating that tracking
later in the educational career is more consequential for gender
inequality in educational achievement and attainment than tracking
earlier in the career.
Appendix A. Matching of the different surveys/survey waves

Table A1
Matching of survey waves, primary school and secondary school.
Primary school test

1.

Year

Age /
Grade

Test

Year

Age /
Grade

Subject

PIRLS

2001

4th grade

PISA

2000

15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
8th grade
8th grade
8th grade
8th grade
8th grade
8th grade
8th grade
8th grade
8th grade

Reading

th

2.

PIRLS

2001

4 grade

PISA

2003

3.

PIRLS

2001

4th grade

PISA

2006

4.

PIRLS

2006

4th grade

5.

PIRLS

2006

PISA

2006

th

PISA

2009

th

4 grade

6.

PIRLS

2006

4 grade

PISA

2012

7.

PIRLS

2011

4th grade

PISA

2012

8.

PIRLS

2011

4th grade

PISA

2015

th

9.

TIMSS

1995

4 grade

PISA

2000

10.

TIMSS

2003

4th grade

PISA

2003

11.

TIMSS

2003

4th grade

12.

11

Secondary school test

Test

TIMSS

2003

PISA

2006

th

PISA

2009

th

4 grade

13.

TIMSS

2007

4 grade

PISA

2009

14.

TIMSS

2007

4th grade

PISA

2012

15.

TIMSS

2011

4th grade

PISA

2012

th

16.

TIMSS

2011

4 grade

PISA

2015

17.

TIMSS

2015

4th grade

PISA

2015

18.
19.
20.
21.
22.
23.
24.
25.
26.

TIMSS
TIMSS
TIMSS
TIMSS
TIMSS
TIMSS
TIMSS
TIMSS
TIMSS

1995
1995
2003
2003
2007
2007
2011
2011
2015

4th
4th
4th
4th
4th
4th
4th
4th
4th

TIMSS
TIMSS
TIMSS
TIMSS
TIMSS
TIMSS
TIMSS
TIMSS
TIMSS

1995
1999
2003
2007
2007
2011
2011
2015
2015

grade
grade
grade
grade
grade
grade
grade
grade
grade

Reading
Reading
Reading
Reading
Reading
Reading
Reading
Math
Math
Math
Math
Math
Math
Math
Math
Math
Math
Math
Math
Math
Math
Math
Math
Math
Math
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Table A2
Matching of survey waves, secondary school and early adulthood.

Table B1
DiD model: Primary school achievement – secondary school achievement,
sensitivity checks.

Secondary school test

Early adulthood test

Test

Year

Age /
Grade

Test

Year

Age /
Grade

Subject

1.

PISA

2000

PIAAC

PISA

2003

3.

PISA

2003

4.

PISA

2006

5.

PISA

2006

6.

PISA

2009

7.

PISA

2009

8.

PISA

2012

Round 1
(2012)
Round 2
(2015)
Round 1
(2012)
Round 2
(2015)
Round 1
(2012)
Round 2
(2015)
Round 1
(2012)
Round 2
(2015)

25− 29
year-olds
25− 29
year-olds
25− 29
year-olds
25− 29
year-olds
20− 24
year-olds
20− 24
year-olds
16− 19
year-olds
16− 19
year-olds

Both

2.

15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds
15-yearolds

PIAAC
PIAAC
PIAAC
PIAAC
PIAAC
PIAAC
PIAAC

W/o
Northern
European
countries a
W/o Eastern
European
countries b
W/
0 Southern
European
countries c
W/o Western
European
countries d
W/o
countries
with a dual
system e
Larger
number of
countries f

Both
Both
Both
Both
Both
Both
Both

Note: The 25− 29 year-olds could be connected to two PISA cohorts,
and are, therefore, double in the data.
Appendix B. Sensitivity analyses

Reading Achievement

Mathematics Achievement

B

Se

N

B

.063 ***

.008

1,113,909

.059 ***

.008

1,087,287

.054 ***

.008

.042 ***

Se

N

.007

1,274,646

− .009

.007

1,301,320

984,525

− .005

.007

1,197,386

.009

832,581

− .001

.009

1,007,988

.066 ***

.010

954,785

− .035 ***

.008

1,236,050

.051 ***

.006

1,614,773

.006

1,876,764

.038 ***

.004

Note: This table shows the coefficient of the three-way interaction between early
tracking, secondary and female. Based on Models shown in Table 3. Our sample
also includes one non-European country (Israel), excluding this country does not
influence our results. Two-tailed test: * p < .05. ** p < .01. *** p < .001.
a
Northern European countries: Denmark, Finland, Norway and Sweden.
b
Eastern European countries: Czech Republic, Poland, Russian Federation and
Slovak Republic.
c
Southern European countries: Greece, Italy, Spain and Turkey.
d
Western European countries: Austria, Belgium, France, Germany, Great Britain,
Ireland and the Netherlands.
e
Countries with a dual system: Austria, Czech Republic, Denmark, Germany, the
Netherlands and Slovak Republic.
f
Also including: Bulgaria, Hungary, Iceland, Latvia, Portugal and Romania. Due
to PIAAC data, our analyses are based on only 20 countries. These six countries
can be included when we only focus on the first and third DiD model.

To assess the reliability of our outcomes and check for potential
influential countries, we perform several sensitivity analyses. First, we
employ four models excluding countries in Northern Europe, Eastern
Europe, Southern Europe, and Western Europe, respectively. Second, to
examine the potential confounding impact of vocational education, we
perform sensitivity analyses excluding countries where the age of first
selection coincides with a strong tracking to a dual system. Third, we
employ the first and third DiD models with a larger number of countries.
In the paper, we focus on the countries that are available in all datasets,
which leaves us with only 20 countries. However, the data used for our
first and third DiD models both include six more countries. We examine
whether our results are comparable when we focus on a larger country
sample.
Table B1 presents the sensitivity analyses of the first DiD model, and
is based on the models shown in Table 3. Again, the models include
country-survey fixed effects, a control for age, and the main effects of
and two- and three-way interactions between tracking, educational
stage and gender. However, Table B1 only displays the coefficient of the
three-way interaction, our key parameter of interest.
In the DiD model of reading achievement (left side of Table B1) we
still observe a positive and significant three-way interaction irrespective
of the clusters of countries that are excluded or included. The results are
highly comparable to those of the full sample. We still predict that early
tracking increases the female-favorable test score gap in reading. In the
DiD model of mathematics achievement (right side of Table B1) we
observe no significant effect in most samples, in line with the results of
the full sample. But, when we exclude Northern European countries, we
observe a small positive and significant effect, which indicates that early
tracking decreases the female disadvantage in test score gaps with 3.8
percent of a standard deviation. When we exclude countries with a dual
system, we observe a small negative and significant effect, which in
dicates that early tracking increases the female disadvantage in test
score gaps with 3.5 percent of a standard deviation.
Table B2 presents similar sensitivity checks, but now for the second
DiD model (Table 4). In the DiD model of reading achievement, on the
left side of Table B2, we still observe a negative and significant threeway interaction irrespective of the clusters of countries that are
excluded. Thus, we still predict that late tracking increases gender test
score gaps in reading to the advantage of females. In the DiD model of
mathematics achievement (right side of Table B2) we observe a small

negative and significant effect in most samples, in line with the results of
the full sample. However, the effect is not significant when Eastern or
Southern European countries are excluded from the sample.
Table B3 presents the sensitivity checks for the third DiD model
(Table 5). In both models (reading-attainment and mathematicsattainment), we find a negative three-way interaction irrespective of
the clusters of countries that are excluded or included. Only when
Southern European countries are excluded from the model (mathe
matics-attainment) the effect is not significant. This suggests that the
effect is driven by the inclusion of Southern European countries. As the
number of countries is rather small in these analyses, we employ the
same sensitivity check, but this time on the sample that includes six
more countries. In these models we observe that the negative three-way
interaction is always significant, irrespective of the clusters of countries
that we exclude from the analyses. Even when we exclude Southern
European countries, we still find that late tracking increases the female
advantage in educational attainment with about 11 percent of a stan
dard deviation.17
In sum, the outcomes of the sensitivity checks show that our results
are robust to different sample selections. Also when we exclude coun
tries with a dual system, to control for the potential confounding impact
of vocational education, we observe very similar results. The effects that
we find are of course, to some extent, affected by the inclusion (or
exclusion) of countries, especially since our sample includes a rather

17

12

Results available upon request.
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small number of countries. But, the general pattern is robust to selecting
different sets of countries.

Table B2
DiD model: Secondary school achievement – Early adulthood achievement,
sensitivity checks.
Reading Achievement
W/o Northern
European
countries a
W/o Eastern
European
countries b
W/0 Southern
European
countries c
W/o Western
European
countries d
W/o countries
with a dual
system e

References

Mathematics Achievement

B

Se

N

B

Se

N

− .077 ***
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− .050 ***

.012

410,557

− .025 *

.012

439,124

.013

.013

412,700

− .064 ***

.013

370,890

− .022

.014

342,402

− .108 ***

.014

351,506

− .045 **

.015

332,922

− .030 *

.015

394,724

− .028 †

.016

370,364

Anderson, V. A., Anderson, P., Northam, E., Jacobs, R., & Catroppa, C. (2001).
Development of executive functions through late childhood and adolescence in an
australian sample. Developmental Neuropsychology, 20(1), 385–406.
Bedard, K., & Cho, I. (2010). Early gender test score gaps across OECD countries.
Economics of Education Review, 29(3), 348–363.
Bol, T., & Van de Werfhorst, H. G. (2013). Educational Systems and the Trade-off
between Labor Market Allocation and Equality of Educational Opportunity.
Comparative Education Review, 57(2), 285–308.
Borghans, L., Diris, R., Smits, W., & De Vries, J. (2019). The long-run effects of secondary
school track assignment. PloS One, 14(10), Article e0215493.
Brunello, G., & Checchi, D. (2007). Does school tracking affect equality of opportunity?
New international evidence. Economic Policy, 22(52), 781–861.
Buchmann, C., & Park, H. (2009). Stratification and the formation of expectations in
highly differentiated educational systems. Research in Social Stratification and
Mobility, 27(4), 245–267.
Buchmann, C., DiPrete, T. A., & McDaniel, A. E. (2008). Gender inequalities in education.
Annual Review of Sociology, 34, 319–337.
Caro, D. H., Lenkeit, J., Lehmann, R., & Schwippert, K. (2009). The role of academic
achievement growth in school track recommendations. Studies in Educational
Evaluation, 35(4), 183–192.
Cheung, S. Y., & Andersen, R. (2003). Time to read: Family resources and educational
outcomes in Britain. Journal of Comparative Family Studies, 34(3), 413–433.
Chmielewski, A. K. (2014). An international comparison of achievement inequality in
within- and between-school tracking systems. American Journal of Education, 120(3),
293–324.
Dekkers, H. P. J. M., Bosker, R. J., & Driessen, G. W. J. M. (2000). Complex inequalities of
educational opportunities. A large-scale longitudinal study on the relation between
gender, social class, ethnicity and school success. Educational Research and
Evaluation, 6(1), 59–82.
DiPrete, T. A., & Buchmann, C. (2013). The rise of women: The growing gender gap in
education and what it means for American schools. Russell Sage Foundation.
DiPrete, T. A., & Jennings, J. L. (2012). Social and behavioral skills and the gender gap in
early educational achievement. Social Science Research, 41(1), 1–15.
Downey, D. B., & Vogt Yuan, A. S. (2005). Sex differences in school performance during
high school: Puzzling patterns and possible explanations. The Sociological Quarterly,
46(2), 299–321.
Dustmann, C. (2004). Parental background, secondary school track choice, and wages.
Oxford Economic Papers, 56(2), 209–230.
Goldin, C., Katz, L. F., & Kuziemko, I. (2006). The homecoming of American college
women: The reversal of the college gender gap. The Journal of Economic Perspectives,
20(4), 133–156.
Goriounova, N. A., & Mansvelder, H. D. (2019). Genes, cells and brain areas of
intelligence. Frontiers in Human Neuroscience, 13, 44.
Grisay, A., Gonzalez, E., & Monseur, C. (2009). Equivalence of Item difficulties across
national versions of the pirls and pisa reading assessments. IERI Monograph Series:
Issues and Methodologies in Large-Scale Assessments, 2, 63–84.
Guiso, L., Monte, F., Sapienza, P., & Zingales, L. (2008). Culture, gender, and math.
Science, 320(5880), 1164–1165.
Gustafsson, J.-E. (2016). Lasting effects of quality of schooling: Evidence from PISA and
PIAAC. Intelligence, 57, 66–72.
Guyon, N., Maurin, E., & McNally, S. (2012). The effect of tracking students by ability
into different schools: A natural experiment. The Journal of Human Resources, 47(3),
684–721.
Hadjar, A., & Buchmann, C. (2016). Education systems and gender inequalities in
educational attainment. In A. Hadjar, & C. Gross (Eds.), Education systems and
inequalities: International comparisons (pp. 159–184). Bristol: Policy Press.
Halpern, D. F. (2000). Sex differences in cognitive abilities. New York: Psychology Press.
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Larger number of
countries f
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