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Abstract

This paper applies recent spatial regression techniques in peer effects estimation to a sample of 33 coun-

tries in the IAE’s TIMSS 2015 study in order to quantify the gender achievement gap in eighth grade

mathematics. Based on an education production function setting and controlling for the mediating influ-

ences of student-, parent-, teacher-, and school-level factors, a significant, but small gender achievement

gap amounting to 10% of a country-level standard deviation is confirmed in the standard linear model.

I model endogenous and exogenous peer effects based on the workhorse linear-in-means model as well as

on homophily-based dyadic relations between students, both with controls for group unobservables. The

results show that the effect size increases to 12-14%, depending on the underlying socio-matrix. How-

ever, the partitioned impacts suggest even larger effects when considering spillovers within the classroom.

These could amount to as much as 38% of a standard deviation, depending on the underlying dyadic peer

weights, with the linear-in-means model possibly overstating the magnitude of classroom externalities.

Keywords: Gender Gap, Education Production Function, Human Capital, Peer Effects

JEL Classification Numbers: I20, I24, J16, J24

∗I would like to thank Jürgen Bitzer and Erkan Gören for helpful comments and suggestions. All remaining errors are my
own.

†Carl von Ossietzky University Oldenburg, School of Computing Science, Business Administration, Economics, and Law
(Faculty II), Institute of Economics, Building A5, 26111 Oldenburg, Germany, Tel.: +49-441-798-4006,
website: https://uol.de/en/economics/applied-macroeconomics/team/bernhard-dannemann/,
e-mail: bernhard.dannemann@uni-oldenburg.de

1

https://uol.de/en/economics/applied-macroeconomics/team/bernhard-dannemann/
mailto:bernhard.dannemann@uni-oldenburg.de


Better Off On Their Own? Dannemann

1 Introduction

Despite longstanding efforts at promoting gender equality in various domains of politics, the economy, and

the educational system – as formulated, for example, in the Millennium Development Goals of 2000 and

monitored by the Global Gender Gap Report (GGGR) since 2006 – the aims of gender parity, equality of

opportunities, and equal achievement across scholastic domains have still not yet been achieved completely.

This is true of both developing as well as developed countries to differing degrees and creates considerable

challenges for educational policies (World Economic Forum, 2020). One striking example of this is that even

in the year 2020, and throughout developed countries, women are still underrepresented in certain science,

technology, engineering and mathematics (STEM) fields (for instance, computer science, mathematics, or

statistics), while they have achieved parity in others, such as biology and chemistry (Cheryan et al., 2017;

Wang and Degol, 2017). Especially in the face of technology-rich environments and skills shortage, not

making full use of one half of the population in these fields seems inefficient and likely to perpetuate the

gender income gap. Despite the fact that most modern countries have established women’s freedom to choose

and pursue a career as a fundamental right, many of these countries are far from actually achieving gender

parity of graduates in STEM programmes and other technology-rich skill domains (World Economic Forum,

2020).

One possible explanation for this pattern is that certain convictions, beliefs, and role models persist that

drive occupational choices and career goals of female students. It has been reported that gender differences

in mathematics skills at high achievement levels (Ellison and Swanson, 2010) are a driving force in different

subject choices even within STEM fields (Friedman-Sokuler and Justman, 2016). Interestingly, it is specifi-

cally in the subject of mathematics that female students are prone to gender-specific stereotyping by family

and peers (Ganley et al., 2013; Stoet and Geary, 2012) as well as by teachers (Robinson-Cimpian et al.,

2014), with adverse effects on their performance. The gender gap in mathematics has been the subject of

wide-ranging research since the 1990s, most of it based on results from international student achievement

tests (Lindberg et al., 2010; Else-Quest et al., 2010; Guiso et al., 2008), national evaluation programs (Reilly

et al., 2015), and teacher-grade-reports (Voyer and Voyer, 2014). However, the results compiled in these

meta-studies differ widely across countries and regions, and appear inconclusive, with negligibly small overall

effect sizes.

Accounting for these unobserved and latent factors or cultural traits in the evaluation of gender achievement

gaps poses a challenge for empiricists, as the gender gap should be determined net of all possibly confound-

ing factors. Assessing mathematics achievement and its determinants across a sample of economically and

culturally diverse countries is thus crucial for understanding patterns of the gender achievement gap. The

Trends In Mathematics and Science Study (TIMSS) provides a comprehensive data set containing measures

of student achievement, as well as possible determinants on the individual, parent, school, and teacher levels.

Further, the rigorous school and classroom sampling in TIMSS renders it suitable for the within-classroom
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modeling of peer effects.1 The list of participating countries, regions, and provinces is extensive and, more im-

portant, heterogeneous with regard to cultural and socio-demographic variables, but also educational inputs,

performance, framework, and efficiency.

Based on the most recent 2015 wave of TIMSS, I model student achievement as the outcome of an augmented

education production function, with standard inputs controlling for student- and parent-level variables, as

well as classroom- and subject-specific teacher fixed effects. Based on social network matrices embodying the

sociological concepts of status and value homophily, following Dannemann (2020), I select relevant peers from

the classroom population to include exogenous and endogenous peer effects. This methodology is applied to

a heterogeneous sample of 33 countries or regions2, yielding a total of 165, 980 individual student test score

observations from the 33 cross-sections. The augmented education production function is then estimated for

each of these country or region cross-sections, using a spatial auto-regressive model and maximum likelihood

estimation (Lee, 2007). These approaches have gained popularity in the estimation of peer effects, as they

allow for separate identification of different types of peer effects (as discussed in Manski, 1993) and the

implementation of social network matrices to describe dyadic relations between students based on different

approaches to weighting (Lin, 2010; Bramoullé et al., 2009; Boucher et al., 2014; Lin, 2015).The results from

the individual country cross-sections are then analyzed to assess the gender achievement gap in mathematics,

separated into the direct effects on the individual and spillovers to classmates.

As a baseline scenario, education production functions without peer effects are estimated based on a standard

linear model (SLM) for all 33 cross-sections. Holding constant the effect of standard inputs of the EPF, such

as student characteristics, parental background, and teacher fixed effects (see, for instance, Todd and Wolpin,

2003, 2007; Hanushek and Woessmann, 2011, for detailed information), a significant gender achievement gap

in favor of boys is found for the vast majority of countries, which exceeds the magnitude of raw gender

differences in mathematics achievement. However, this first approach does not consider the influence of peer

relations, which could lead to biased estimates of the gender gap.

Accordingly, in a second step, the prior results are replicated based on an EPF augmented by peer effects

arising at the classroom level. Peer effects are modeled using two different approaches. First, the linear-

in-means (LiM) model, which assigns uniform weights to all students of a class as the potential peer group

represents a well-established form of modeling in the literature on peer effects estimation. Based on this

specification of the social network matrices, a widening gender gap in the presence of peer effects is observed,

which suggests that the baseline model without peer effects provides a negatively biased estimate of the share

of inequality attributable to student gender. Further, the spatial framework allows for the separate discussion

of direct and indirect impacts. The results suggest that the spillovers attributable to student gender exceed

the direct effects in magnitude. However, the precision of the LiM model estimates varies widely across

1The estimation of peer effects is considered problematic for survey-based student assessments, due to the random sampling
of classroom members representing the peer group (Micklewright et al., 2012).

2These include 3 African, 18 Asian, 5 European, 4 North American, 2 South American, and 2 Oceanian countries or regions.
See Table 1 for detailed information.
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countries and regions, casting doubt on their reliability.

A further approach to assign weights to dyadic relationships between students is the use of a social network

matrix based on a combination of status homophily and value homophily (see Dannemann, 2020). Here, the

dyadic tendency to interact and cooperate is determined based on visual characteristics (that is, gender,

age, and migratory background), but also on values and beliefs of the students (for example, sense of school

belonging, confidence in mathematics). The two concepts correspond to short- and long-run dynamics in

the grouping behavior of students, which have been observed and confirmed in various sociological studies

(McPherson et al., 2001; Currarini et al., 2009; Shrum et al., 1988; Louch, 2000; Moreland and Beach, 1992;

Tsai et al., 2016). The results based on the homophily social network matrix suggest a gender gap that is

slightly smaller than in the LiM case, but still considerably larger than in the standard linear model. This is

mainly attributable to the indirect effects, which are estimated with more precision, but which also decreased

considerably in terms of magnitude.

The remainder of the paper is organized as follows. Section 2 reviews the relevant literature on the presence,

magnitude, and possible determinants of the gender achievement gap in mathematics as well as the role

of peers in this context. Section 3 outlines the empirical investigation together with the construction of

sociology-based social network matrices and a detailed discussion of the main control variables and their

respective transmission channels. Section 4 presents the main results and puts them into the context of

existing meta-analyses. Section 5 summarizes the main findings and concludes.

2 Theoretical Background: Gender Inequality in Education

At first glance, presumably the greatest progress for gender equality has been achieved in the domain of

educational attainment. In the latest GGGR, the World Economic Forum (2020) states that in education

more than 95% of the gender parity gap has already been closed, meaning that men and women should differ

little regarding access to education and educational attainment. However, this perspective lacks detail, by

focusing on enrollment and overall attainment,3 rather than taking different fields, subjects, and opportunities

into consideration. Accordingly, achieving gender parity in basic education is only a prerequisite for reducing

gender differences in educational performance. The number of male and female students in the TIMSS data

set suggests the presence of gender parity in all participating countries. However, this is a statistical artifact,

as the study’s sampling design produces largely similar shares of male and female students on the national

level for each individual cross-section. However, these show the interesting pattern of a very heterogeneous

distribution across classrooms. Unequal gender composition of classes could affect the ways students interact

with their classmates and thus be associated with heterogeneous educational outcomes by gender. Figure

1 clearly highlights the different patterns of inequality in gender parity and the raw gender achievement

gap (that is, the difference between the average achievement of male and female students) across countries

3As measured, for example, by average years of schooling, as compiled by Barro and Lee (2013). However, these data show
hardly any difference in educational attainment between the male and female population of developed economies.
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and regions. The Middle East countries (with the exception of Turkey) consistently show high segregation

by gender across classes (more than 70% inequality), but are predominantly characterized by a negative

achievement gap, ranging between 10 and 20% of a country-level standard deviation, implying that girls

outperform boys. The majority of remaining countries fall substantially below 40% classroom segregation

by gender. Despite their low level of segregation, the American and Oceanian countries in particular show

a positive gender gap. For Europe, the figure suggests the absence of a significant gender gap, while the

evidence for African and Asian countries appears mixed.

Figure 1 about here

If anything, this bi-variate relation between lacking gender parity and the achievement gap appears to be

negative. This would suggest the preposterous implication that female students benefit from segregated

classes, or that they are “better off on their own”. This idea is disproven by evidence from Ireland, where the

historically high level of gender segregation is accompanied by no notable reductions in the gender gap in

mathematics (Doris et al., 2013). While some countries show very low levels of classroom-level polarization,

others have very segregated classes for cultural, religious, or institutional reasons (making Ireland a unique

example in Europe, see Doris et al., 2013).4 Nevertheless, the figure suggests that classroom composition

with regard to gender affects the gender achievement gap to at least some extent.

Only a few studies exist that directly address the role of peers and especially peer gender in the context of the

gender achievement gap. Reportedly, gender-based differences in susceptibility to peer influences exists, that

is, the intra-gender spillover is more pronounced than the inter-gender effect when considering the grade point

average (GPA) of students (Hsieh and Lin, 2017). Similar results exists for other outcomes, such as smoking,

alcohol or drug use, obesity, or participation in extracurricular activities (Hsieh and Lin, 2017; Clark and

Lohéac, 2007; Trogdon et al., 2008; Knifsend et al., 2018; Kooreman, 2007), suggesting that gender-based

differences in group formation behavior could indeed affect the presence and magnitude of the gender gap in

scholastic achievement. However, only a handful of studies empirically address the endogenous formation of

peer groups based on attributes such as gender (the theoretical foundations are laid in Qu and Lee (2015);

Hsieh and Lee (2016), and an empirical application is provided in Hsieh and Lin (2017)).

Early evidence points to the absence of overall gender differences in mathematics (Hyde et al., 1990; Felson and

Trudeau, 1991). A commonly proposed explanation for these minor gender differences is gendered parenting,

a style of upbringing that may include discouraging girls from engaging in mathematics. It has been argued,

for example, that boys outperform girls in school mathematics as a result of increased efforts and motivation,

because they expect this will lead to better occupational opportunities (a phenomenon known as the gender

stratification hypothesis, see Baker and Perkins Jones, 1993). The gender gap would, according to this

theory, be driven by incentives and female labor market participation.

4Saudi Arabia is the only country in the TIMSS data set that is characterized by comprehensive gender segregation, which
makes the estimation of peer effects and their effect on the gender achievement gap inapplicable. Thus, Saudi Arabia is excluded
from the empirical analysis.
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Even in more recent research, the evidence regarding the gender gap has remained inconclusive. For exam-

ple, a comprehensive meta-analysis of findings since 1990 by Lindberg et al. (2010) finds a gender gap in

mathematics with a Cohen’s d effect size measure of d = 0.05, which the authors deem not to constitute

a systematic overall gender difference. However, they conclude that their results point toward significant,

yet small differences in intra-group variability. This implies that the group of boys in school contains higher

shares of high- and low-performing students. However, when considering studies from different regions of the

world, effect sizes vary considerably, for example, with higher differences in Africa and lower differences in

European countries. A common approach for explaining these cross-country patterns is that these differences

disappear in more developed countries that place a greater emphasis on gender-equal policies and culture

(Guiso et al., 2008). This pattern is consistent with the results presented by Else-Quest et al. (2010), who

conduct an international meta-analytic study based on the coinciding 2003 waves of TIMSS and PISA. While

they find no evidence for the presence of a gender gap in mathematics for the 46 country TIMSS sample

(d = −0.01), the PISA sample (40 countries) shows a significant difference in performance (d = 0.11). Fur-

ther, the authors find sizable differences in self-confidence and affect towards mathematics, especially in the

PISA part of the sample, which supports the hypothesis of differences in upbringing and socialization being

the main cause of gender gaps in educational performance.

Several studies based on United States National Assessment of Educational Progress (NAEP) and confirmed

by a meta study also report a persistent small but positive gender gap persists between 1990 and 2011, with

a significantly higher share of high-achieving male students (Reilly et al., 2015). Notwithstanding, a meta-

analysis on the gender gap, measured by teacher grades, concludes that female students outperform their male

peers on average across various subjects, including language, mathematics, and science courses (Voyer and

Voyer, 2014). This finding suggests that differences in attitudes and behavior might indeed play a crucial role

in determining gender-based differences in achievement. For example, female students have been observed

to receive higher grades than their male counterparts as a consequence of higher self-discipline. While this

provides an advantage in the classroom context throughout the school year (Duckworth and Seligman, 2006),

it is considered less useful in the direct situation of standardized achievement tests (Walton and Spencer,

2009).

Furthermore, the differences in test scores and grades suggest that teacher grades could be biased with regard

to student gender. Accordingly, Robinson-Cimpian et al. (2014) find that in the subject of mathematics

and after accounting for differences in achievement and teacher ratings of effort, teacher perceptions in

kindergarten initially favor of girls, but shift to favor boys in later grades. As they conclude “[...] teachers

rate girls on par with similarly achieving boys only if they perceive those girls as working harder and behaving

better than those boys.” (ibid., p.1275). These behavioral differences are reinforced by the stereotype threat

– a latent perception that mathematics is not a “girls’ subject”, leading to psychological stress and reduced

test performance (Stoet and Geary, 2012; Ganley et al., 2013; Walton and Spencer, 2009).

As the aforementioned meta-studies illustrate, a widely varying pattern of differences exists for the gender

gap in mathematics across countries, resulting in inconclusive results for overall measures, which should thus
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be interpreted with caution. As Else-Quest et al. (2010) acknowledge, the results depend not only on the

source of the underlying student achievement test data (that is, TIMSS, PIRLS, PISA, or others), but also

on the data quality, which has improved with more recent waves through considerable improvements in the

representativity, coverage and detail of the studies. Likewise, according to Fryer and Levitt (2010), a possible

explanation for the presence of a negative gender gap is that the selection of students of both genders might

not be representative across international student achievement tests, as they show in a comparison to the

United States NAEP data.

In this paper, I provide an overview of the magnitude of the gender achievement gap across 33 countries

and regions participating in TIMSS 2015, which provides sampling of complete classrooms. Relying on

the most recent wave of the student achievement test ensures data quality and representativity (Else-Quest

et al., 2010; Fryer and Levitt, 2010). Along with the standard inputs of education production functions, I

control for the confounding effects of classroom peers by including endogenous and exogenous peer effects in

a spatial-autoregressive model with group unobservables (Lee, 2007). Apart from the workhorse LiM model,

I present an application of dyadic peer weights based on the sociological concept of homophily introduced in

Dannemann (2020) to attain a more relevant peer weighting (Hsieh and Lin, 2017).

3 Empirical Approach

3.1 Econometric Model

In order to evaluate individual student achievement, I estimate an EPF as specified in Equation (1) using

a set of standard inputs to control for individual and parental characteristics as well as teacher- and class-

level heterogeneity (Hanushek and Woessmann, 2011, 2017). To consider the effect of peers and classroom

structure, peer effects are explicitly modeled in the regression as social network matrices in a spatial model.

Oics = α+ ρ
∑
j∈c

wijOjcs +
K∑

k=1
β(k)X

(k)
ics +

K∑
k=1

θ(k)
( ∑

j∈c

wijX
(k)
jcs

)
+ Picsδ + Tcsγ + uics (1)

where uics = λ
∑
j∈c

w
(Adj.)
ij ujcs + εics

The spatial model described in Equation (1) is a general nested spatial model (GNSM), which contains

spatial dependency in the dependent variable, independent variables, and the error term. Generally, spatial

interactions in the dependent variable correspond to endogenous peer effects, that is, the achievement of the

individual is affected by the achievement of peers. In contrast, the effect of changes in peers’ independent

variables is the exogenous peer effect; that is, individual achievement is partly determined by relevant peer

attributes and characteristics (Manski, 1993). This approach allows for the separate identification of endoge-

nous and exogenous peer effects while controlling for group unobservables (that is, correlated effects), as is

shown in Lee (2007).

In Equation (1), α denotes the intercept. The main dependent variable Oics is the student-level mathematics
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test score of student i in school s and class c. To ensure comparability across the different countries and

regions, the variable is standardized for each cross-section by subtracting the mean and dividing by the

standard deviation. The coefficient ρ is the endogenous peer effect parameter; the term
∑
j∈c

wijOjcs refers

to the weighted sum of peer math scores. The dyadic weights wij represent the strength of the relation

between student i and j, as measured by the corresponding social network matrix (see the section below

for details on the construction of weights). The individual characteristics of the respective student are

included in the variables X(k)
ics with k = {1, . . . ,K} and the associated coefficient β(k). These variables are

the students gender, age, migratory background, language skills, and perceived bullying (see the discussion

below). Further, the influence of the K attributes of classmates or peers on individual performance, that

is, the exogenous peer effect, is measured by the weighted sum of these attributes,
∑
j∈c

wijX
(k)
jcs , using the

respective definition of peer weights and the associated coefficients θ(k). The vector Pics with its coefficient

vector δ represents variables of the parents that are also specific to the individual i. To control for the

correlated effects arising from unobserved heterogeneity, such as, teacher characteristics, school resources,

and infrastructural features of the location, a set of teacher-dummies (Tcs) specific to school s and class c

together with their coefficient vector γ is included in the regression. It is worth noting that in TIMSS 2015,

there is at least one teacher per class and subject. Accordingly, using teacher fixed effects is more fine grained

than relying on class fixed effects.

The residuals uics are modeled to contain spatial dependency on the classroom level based on the LiM social

network matrix (with uniform weights across peers) through the term λ
∑
j∈c

w
(Adj.)
ij ujcs. The motivation for

including spatial dependency in the error term among classmates is to account for any remaining unobserved

common shocks or factors occurring at the classroom level, which would otherwise induce auto-correlation

and invalid inferences (Lin, 2010; LeSage and Pace, 2009). The remaining error term εics is then an i.i.d.

stochastic term.

Equation (1) is estimated for each of the 33 countries/regions in the sample individually. Accordingly, all

coefficients are specific to the 33 distinct cross-sections. The spatial regression model relies on maximum

likelihood estimation, as the estimation of models with spatial dependence in the dependent variable using

ordinary least squares entails inconsistent estimation of parameters and standard errors (see LeSage and Pace,

2009). All weights matrices are row-normalized to enhance estimability and to facilitate comparability of the

estimated effects. Row-normalizing ensures that the weights for each observation sum up to one and thus

corresponds to a weighted averaging (Darmofal, 2015). Subsequently, the individual country/region-specific

results for the gender indicator variable are employed in a random effects meta-regression model to obtain an

overall measure of the effect size. The coefficients are weighted by the associated sample size and standard

errors.

While in the standard linear model, the estimated regression coefficients can be interpreted directly as

marginal effects, this does not apply to spatial models. In these, as represented in Equation (1) above, the

partial derivative of the achievement of individual i with respect to variables of individual j is non-zero.

Accordingly, a matrix of partial derivatives for each variable can be constructed, where the main diagonal
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corresponds to the derivative of student i with respect to the variable of i. This corresponds to the direct

impact, which includes feedback mechanisms from peers. The off-diagonal elements are then the partial

derivative of student i’s achievement with respect to the variable of student j 6= i, which are the indirect

effects specific to the respective student. To obtain a pooled effect, the average effect of the non-zero off-

diagonal elements is calculated, which is then the average indirect impact. The total impact is the sum of

direct and indirect impacts (see, for example LeSage and Pace, 2011, for further discussion). Calculating

partitioned effects to assess effect sizes provides the opportunity to identify possible transmission channels

of peer effects and gives additional insight on how the gender achievement gap differs across countries. For

parsimony, only the partitioned impacts for the gender variable are reported. All other results are available

upon request.5

3.2 Data and Variables

Main dependent variable. The test score data is obtained from the Trends in Mathematics and Science

Study (TIMSS) 2015, a project of the International Association for the Evaluation of Educational Achieve-

ment (IAE). TIMSS is designed as a paper-based student assessment, where the language of test is usually

the official language of the respective country or sub-region. Regarding the use of calculators in the eighth

grade mathematics assessment, the IAE allows each country to decide individually whether this is permitted.

The idea is to not give any (dis)advantage to students (not) accustomed to using calculators in mathematics

lessons (Grønmo et al., 2015). Student test scores both on the individual as well as the aggregate level have

been accepted as a measure of general cognitive ability based on a significant correlation with results from

IQ tests (Rindermann, 2007).6

Student gender. An indicator variable for male student gender is included in the regression. Differences

between male and female students have been observed in both cognitive and non-cognitive abilities. Non-

cognitive factors, such as diligence, self-efficacy, or motivation, which play a vital role in determining scholastic

outcomes, are found to be affected by gender-specific differences in upbringing, cultural environment, and

social conventions (Guiso et al., 2008; Fryer and Levitt, 2010; Ganley et al., 2013; Stoet and Geary, 2012),

as well as by how students are perceived, treated, and graded by their teachers (Robinson-Cimpian et al.,

2014). Especially stereotypes regarding the roles, occupations, and skills of women are still present in various

domains, with implications on educational and occupational choices (Aesaert and van Braak, 2015; Imdorf

et al., 2015). Despite major efforts since the adoption of the Millennium Development Goals to attain equality

of opportunity for both genders (Sultana, 2008), there are still countries with no universal access to education,

especially for girls, as is reflected, for instance, by differences in enrollment rates (Megahed and Lack, 2011;

5While this paper focuses on the interpretation and discussion of the partitioned effects of the gender variable, both the
estimated regression coefficients and the partitioned impacts for the remaining variables are provided in the online supplemental
material to this paper.

6Overall, the TIMSS study, as opposed to, for example, OECD’s PISA, is aimed slightly more at application and knowledge,
rather than reasoning. Consequently, international student tests in general and TIMSS in particular have been criticized for
promoting rote or parrot-fashion learning (Felson and Trudeau, 1991; Hanushek and Woessmann, 2008, 2011).
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World Economic Forum, 2015). Regarding cognitive abilities, which reflect actual classroom performance,

gender differences may be perpetuated when gender-specific curricular needs are neglected, for example, when

there is a lack of physical activity as a balancing factor for boys to increase their ability to concentrate and

stay focused (Cöster et al., 2018). This is consistent with findings of Lavy and Schlosser (2011), who, for the

United States, find the incidence of disruption and violence to decrease as the share of girls in a classroom is

increased.

Further student-level variables. First, student age controls for the fact that TIMSS 2015 is a grade-

level study specific to eighth-grade students.7 Differences in student age within countries can be broadly

distinguished into being caused by either timing of enrollment, or by grade repetition. Regarding the timing,

delayed enrollment may be beneficial due to, for example, higher readiness for school, better health, or

gains in maturity (Bedard and Dhuey, 2006; McEwan and Shapiro, 2007; Brown and Park, 2002; Glewee

and Jacoby, 1995). Grade repetition (or the opposite, grade acceleration or skipping) is suggestive of the

student’s abilities (Hughes et al., 2017) and circumstances, for example, nutrition, state of health, major

issues, or other important factors (Warne, 2017; Kretschmann et al., 2016; Warne and Liu, 2017).

Second, it has been observed that for immigrants, both the socio-economic status, as well as the educational

and economic opportunities differ across countries and cultures, which accounts for different speeds of assim-

ilation and affects human capital accumulation (Djajić, 2003). To control for this issue, I include variables

referring to the student’s first- or second-generation immigrant background, as well as to the frequency of

use of the language of test at home. A higher share of migrants in classrooms has been found to have adverse

impacts on the educational performance of natives (Brunello and Rocco, 2013) and has thus been the subject

of heated discussion in policy and research. Further, education received in the home country is found to af-

fect the performance in the destination country (Hanushek and Woessmann, 2012) and the efforts to acquire

sufficient language skills. Successfully acquiring language skills is determined by students’ motivation, which

again correlates positively with socio-economic status (Kormos and Kiddle, 2013).

Third and last, to consider the sense of well-being for the individual students and the general social atmosphere

within a classroom, a control for the student’s perception of bullying activities in the everyday school context

is included. The phenomenon of school bullying, which occurs across a wide range of countries, affects the

behavior and performance of students throughout virtually all grades and for diverse reasons (Bekiari et al.,

2017; Ponzo, 2013). It exerts a negative influence on student achievement, causing psychological distress,

increased absenteeism and, reduced school attendance (Harel-Fisch et al., 2011).

Parent-level variables. The highest educational attainment of the parents is included as a compound

measure for various aspects of child-rearing and parental involvement (Johnsen et al., 2018). Parental educa-

tion serves as a proxy for the innate abilities of the child, as a strong heritability of intelligence from parents

7It differs in this respect from the OECD’s PISA study, which is targeted at a 15-year-old student population and is therefore
heterogeneous in terms of grade. There is significant variation in student age both between and within countries (see Table 1).
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to their offspring is observed (Anger and Heineck, 2010). In addition, parental education also determines

parental efforts, for example, by increasing the focus on child health and nutrition (Currie, 2009), increasing

parents’ involvement in their children’s academic activities (Fan and Chen, 2001; Davis-Keane, 2005), and

increasing the value parents place on education per se (Angelucci et al., 2010; Rindermann, 2007). Further,

it is often associated with a better socio-economic status and thus a better provision of material resources

(Schuetz et al., 2008). Similar to the student-level variable, a variable controlling for the immigration back-

ground of both parents is included to account for the effect of second generation immigrants. As stated by

Djajić (2003), different speeds of assimilation can give rise to conflicts among immigrant children and their

parents, with unclear implications on schooling efforts and academic performance. As a further measure

of resources employed in the acquisition of cognitive skills, proxies for household economic and educational

resources are included (Parcel and Dufur, 2001). Such are the number of books (Fuchs and Woessmann,

2007) or digital devices (Hanushek et al., 2015) at home, or the provision of basic study supplies such as a

desk or an own room. These variables proxy for a basic level of wealth or economic resources, and for cultural

and technological affinity of the parents.

Correlated effects. Research has shown that school systems differ across countries in their capability to

compensate for differences in students’ socio-economic status. This is of particular relevance, as it has been

observed that the variation in socio-economic background within schools and classrooms is higher in devel-

oping countries (Gustafsson et al., 2018). Schools’ endowment with educational and instructional resources

and infrastructure, which differ across both countries and schools, could also affect student outcomes (see

Hanushek and Woessmann, 2017, for a comprehensive discussion). For example, it has been observed for a

sample of British schools that school poverty negatively affects students’ educational achievement (Nieuwen-

huis, 2018). At the teacher level, it is well-documented that teacher characteristics partly determine the

efficiency of the learning environment. While it has been shown that especially beginner teachers perform

significantly worse than their more experienced counterparts (Rivkin et al., 2005), reasearch has had difficul-

ties identifying the influence of other observable teacher characteristics (Hanushek and Rivkin, 2010).

3.3 Social Network Matrices

Peer effects are usually approximated by calculating averages of variables across a predefined group of po-

tential peers. In this study, common class membership is chosen as the peer definition to exploit this specific

feature of the TIMSS data set and is represented by the so-called adjacency matrix W (Adj.), as formalized

in Equation (2).

W (Adj.) := (wij)n×n, where wij =


1 if ci = cj

0 if ci 6= cj

0 if i = j

(2)
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Here, students i and j are assigned a dyadic weight of 1 if they are members of the same class c and

0 otherwise. Of course, the individual under investigation should not be considered in the calculation of

averages and is thus assigned zero weight, that is, the adjacency matrix corresponds to calculating the mean

of the peer group, except for individual i, using uniform weights for all peers. Even though this approach has

been commonly employed in the literature on peer effects in the past, it fails to account for the relevance of

different peers in the peer group (see the discussion in Angrist, 2014; Lin, 2015). This is especially relevant

in the case of a sample that is heterogeneous in terms of culture, values, ethnicity, and class composition.

Furthermore, the countries differ substantially in terms of educational systems and educators’ approaches to

classroom organization. Considering student decisions in group formation could provide further insights into

peer relations and help in the selection of relevant peers (which appears important given the concerns raised

by Angrist, 2014), even though the sensitivity of spatial models to matrix choices is reported to be rather

low (LeSage and Pace, 2011).

Following Dannemann (2020), I construct similarity-based social network matrices to account for the two

forms of homophily that could arise in different stages of group formation within the classroom (McPherson

et al., 2001; Di Stefano et al., 2015). First, status homophily corresponds to students forming peer groups

based on visual characteristics in the short run, that is, in the early phase after being assigned to classes.

Accordingly, dyadic similarity between students is calculated based on the attributes gender, age, and mi-

gratory background (Shrum et al., 1988; Currarini et al., 2009; Tsai et al., 2016). Second, value homophily

considers values and beliefs of students in the decision to cooperate and thus corresponds to a process of

group formation that is oriented more towards the long run, that is, the groups that have formed some time

after students were assigned to the class (Freeman et al., 2017). Here, dyadic similarity is based on students’

self-reports of whether they like or value the subject mathematics, and how they assess their feeling of school

belonging. To attain a holistic measure, combined homophily incorporates the rationale of both of the afore-

mentioned concepts. It is used to proxy for the idea that groups that formed through status homophily in

the initial phase have subsequently changed through value homophily after students have got to know each

other.

W (Hom.) := (Sij)n×n, where Sij = 1
M

M∑
m=1

s
(m)
ij (c) (3)

In Equation (3),W (Hom.) is the combined homophily classroom social network matrix. For all n observations

of each sample, Sij are the dyadic similarities of students i and j in classroom c, which correspond to

the average across the individual similarities s(m)
ij (c) of the M variables employed in the calculation. This

compound dyadic similarity measure Sij ranges between zero and one and represents the relative importance

of the peers across the classroom. This implies that peer weights reflect a cardinal scale. The individual

similarities are then calculated as shown in Equation (4), following the concept of the Gower (1971) similarity
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measure.

s
(m)
ij (c) = 1−

|x(m)
i (c)− x(m)

j (c)|
max(x(m)(c))−min(x(m)(c))

(4)

Here, x(m)
i (c) and x(m)

j (c) are the values on metric variables x(m) for students i and j in classroom c. The

expression
(

max(x(m)(c)) − min(x(m)(c))
)
denotes the range within the classroom c of variable x(m)(c).

By definition, the similarity between the two students with the minimum and maximum value on variable

x(m) within the classroom is zero, whereas two students with identical values have a similarity of one. The

similarities for dichotomous variables are defined as shown in Equation (5). If students i and j are similar on

the dichotomous variable, for example migratory background, they are assigned a similarity of one. If they

differ, their similarity is accordingly set to zero.

s
(m)
ij (c) :=

1 if x(m)
i (c) = x

(m)
j (c)

0 otherwise
(5)

The combined homophily matrixW (Hom.) differs from the adjacency matrixW (Adj.) by allowing the relative

importance of peers to vary (that is, not all peers in the classroom exert equally strong effects) and by

relaxing the implicit assumption of full network density, which implies for the adjacency matrix that all

possible connections within the network exist at full strength. Instead, more weight is shifted to the more

relevant peers (in terms of likelihood to interact and cooperate, as has been suggested by sociological studies,

such as Freeman et al., 2017; Tsai et al., 2016).

3.4 Descriptive Statistics

Out of the 45 countries and regions/sub-regions included in the TIMSS data set, 33 countries/regions are part

of the empirical sample (see Table 1 for additional details). The study includes sub-samples for two African,

six North or South American, 11 Middle East, seven Asian, five European, as well as two Oceanian countries

and regions, and thus provides student-level data on achievement and various individual- and parent-level

variables for a total of 163, 752 eighth-grade students. The complete list of included countries/regions with

their sample sizes is shown in Table 1.

Figure 2 about here

The sample of countries and regions is rather heterogeneous in terms of student achievement in mathematics,

as can be seen from Figure 2, which shows the countries’ deviation from 500 test score points, which is often

interpreted as the OECD average performance and is fairly close to the sample mean. The dashed lines

indicate the range of one sample standard deviation (approximately 60 points), implying the presence of 5

relatively high-performance countries (the East Asian countries Hong Kong, Japan, South Korea, Taiwan,
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and Singapore) as well as 7 low-achieving countries (the four Middle East countries Egypt, Oman, Kuwait,

and Jordan, the African countries South Africa and Botswana, as well as Buenos Aires (Argentina)).

4 Main Empirical Results

For each of the 33 countries/regions and the two distinct types of social network matrices, the education

production function is estimated to assess the magnitude of the gender achievement gap in mathematics.

As discussed above, the partitioned impacts are analyzed in the following to attain a sense of the pattern

and magnitude of the gender achievement gap. Below the individual country/region-specific results, an

overall measure is presented that is based on a random effects restricted maximum likelihood (REML) meta

regression.

Direct Impacts. As a first step, it is worthwhile to look at the direct impacts, as they are most suitable

for comparison with other studies. Table 2 shows the results for the direct impacts of male student gender on

mathematics test performance. It is divided into three panels, where the left one (a) shows the results for the

standard linear model (or “OLS” estimates) without peer effects. The middle one (b) shows the partitioned

impacts for the linear-in-means model, and the right one (c) shows those of the combined homophily model.

Each panel includes a plot and a list of the direct impact effect sizes with their associated 90% confidence

interval. Last, each final column shows the relative weight of the regression in the computation of the overall

measure (indicated as a diamond at the bottom of the graph), which is based on the standard error and the

number of observations of the individual regressions.

Table 2 about here

In Panel (a), the coefficients for the baseline estimates from the standard linear model without peer effects

are shown. The results are straightforward and unambiguous: As opposed to the initial picture emerging

from the stylized facts presented in the prior section (especially Figure 1), only Egypt, Abu Dhabi, and

South Korea show a negative gender gap. Instead, the majority of countries/regions (27 out of 33, with 3

insignificant), including the previously negative Middle East countries, shows a significant and positive gender

gap (with the exception of Oman, for which no significant difference is found). Most of these estimates range

between 5% and 15% of a standard deviation of the dependent variable. It is striking that especially Iran,

Jordan, and Kuwait, the countries with the highest levels of classroom gender segregation, are estimated very

imprecisely, as becomes apparent from the wide confidence intervals. Interestingly, for the North and South

American regions, all estimated gender gaps in mathematics exceed the overall average direct effect for the

SLM, which is estimated at 0.10 standard deviations of the student achievement variable.

For the direct effects in the linear in means model in Panel (b), that is, upon the inclusion of peer effects

based on the unweighted classroom average of peers, it is mostly the effect sizes that are affected, but not
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the signs. Especially the American countries and regions show clearly increased magnitudes of the estimated

gender gap. Particularly for the Middle East countries, the pattern of the gender gap is noteworthy. Although

with the exception of Dubai, the countries are characterized by a negative raw gender gap (see Figure 1), the

estimate from the SLM model as well as the direct effects in the augmented models point to the existence of

a positive gender gap, as most effects are shifted positively, as is the case for Abu Dhabi. While in the SLM

case, a negative gender achievement gap of −0.13 standard deviations is found, it is increased to positive 0.10

standard deviations of the dependent variable upon the inclusion of peer effects in the EPF. A noteworthy

exception is the decrease in the coefficient for Iran, which is accompanied by a reduction in precision, causing

it to lose statistical significance at conventional levels. More generally, as compared to the SLM, Egypt is

now the only country with a significant and negative gender gap. Overall, 26 of the 33 cross-sections find

a positive direct effect. For 6 countries (Botswana, Abu Dhabi, Iran, Jordan, Oman, and South Korea), no

significant difference in mathematics performance for boys and girls is found, although it is striking that

especially the effects for Iran and Jordan are estimated very imprecisely, as is indicated by the very large

confidence interval. Accordingly, the overall measure suggests a gender gap of 0.14 standard deviations in

the dependent variable.

Switching to the combined homophily social network matrix in Panel (c), which corresponds to considering

status and value homophily in peer relations, brings only small changes to the overall pattern. The majority

of regressions continue to show positive and significant direct effects of male gender (25 out of 33). While

significance vanishes for Thailand and Norway, the direct effect for Iran is estimated more precisely and

gains significance at the 10% level. It is also striking that for Canada and its province Ontario (but not for

Quebec), the magnitude of the effect is decreased substantially, but remains significant at the 1% level.

To summarize, relying on homophily-based peer effects in the calculation of the gender achievement gap

reduces the magnitude of the direct effects in many cases and results in an overall measure of 0.12 standard

deviations. This is relatively sizable, compared to effect sizes found in meta-analyses (Hyde et al., 1990;

Lindberg et al., 2010; Reilly et al., 2015). Especially the European and American countries show the sobering

picture of a clearly positive gender gap, which is particularly pronounced in Ireland, Italy, Argentina (Buenos

Aires), and Chile. This finding confirms that significant differences still persist in mathematics achievement,

which contradicts the statement that differences in math scores would disappear in the presence of a gender-

equal culture (as found by Guiso et al., 2008, based on the full gender gap index) or that European and

North American countries have largely achieved gender equality in education, as suggested by the education

sub-index (World Economic Forum, 2020). However, this sub-index, for which the focus is on enrollment and

literacy, might be too superficial to capture differences across subjects or gender-based stereotyping (Ganley

et al., 2013; Stoet and Geary, 2012). The negative implications of these role models and stereotypes are

differences in subjects of university study and occupational choices, with low shares of women in STEM

fields even in highly developed countries (Cheryan et al., 2017; Wang and Degol, 2017; Friedman-Sokuler and

Justman, 2016). Thus, the findings on international achievements in promoting gender equality in education

presented as part of the GGGR bear the risk of giving a false sense of security.
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Indirect Impacts. In contrast, the indirect impacts (or classroom spillovers) presented in Table 3 are

markedly more diverse and in both panels show no clear overall pattern. Note that in the absence of peer

effects, no indirect effects can be calculated, thus the panel with the SLM results is dropped.

Panel (a) with the LiM results contains 12 regressions with positive and significant spillover effects. However,

5 of these (South Africa, Canada, Ontario, Oman, and Thailand) show effect sizes of more than one standard

deviation, which appears unreasonably large.8 6 countries (United Arab Emirates, Abu Dhabi, Dubai,

Egypt, Qatar, and New Zealand) show a significantly negative spillover effect. Further, 15 regressions show

no significant spillover effect for the gender variable. Nevertheless, the overall measure amounts to 0.38

standard deviations, which is very sizable but is presumably driven by the large positive outliers.9

Table 3 about here

In Panel (b), the results are even more ambiguous. In only 10 cases does the spillover effect remain positive

and significant (Quebec, Malaysia, and Oman lose significance, and England gains significance, although

only at the 10% level). Further, the magnitude of the prior very large outliers is reduced considerably (for

example, the coefficient for Canada decreases from 3.97 in LiM to 1.70, which is, however, still considered

large). Interestingly, five of the ten Middle East countries show a negative and significant spillover effect, while

not one is positive, implying that increasing the share of boys reduces the performance of all classmates. New

Zealand is no longer associated with a significant spillover effect, while Singapore turns significantly negative

at the 10% level, yielding a total of seven cases with negative spillovers. In the case of combined homophily,

the overall measure is calculated as 0.13 standard deviations, but it is not statistically significantly different

from zero at the 10% level, with the confidence interval barely containing the zero.10

Both specifications with peer effects reveal a negative classroom externality for the United Arab Emirates

(including Abu Dhabi and Dubai), Qatar, Iran, and Egypt, suggesting that classes benefit from an increased

number of girls, presumably through an improved learning atmosphere. One possible explanation for this ob-

servation could be changes in the cultural and religious environment of these primarily Muslim countries. The

literature has found religiosity rather than political institutions to influence educational outcomes (Cooray

and Potrafke, 2011; Østby et al., 2016), mainly as a consequence of bans on certain intellectual and scientific

pursuits, as well as the presence of religiosity in all spheres of everyday life (Stoet and Geary, 2017). Despite

Muslim women being identified as among the least educated population groups in prior cohorts, more recent

generations have succeeded in catching up and significantly reducing the education gap, both with respect

to Muslim men as well as to women of other religions, especially in the Gulf States. This effect has been

particularly strong in countries where it has been accompanied by high economic development (McClendon

8Sawilowsky (2009) discusses rules of thumb for assessing effect sizes. Effect sizes larger than one standard deviation are
considered large, while effect sizes greater than two standard deviations are considered huge.

9The overall effect decreases to 0.11 [−0.05, 0.27] standard deviations if the countries with an indirect effect size larger than
two S.D. (Canada, Ontario, and South Africa) are removed from the sample.

10Likewise, the overall effect decreases to 0.09 [−0.03, 0.21] standard deviations, if according to the prior rule, the country
with an indirect effect size larger than two S.D., that is, Ontario (Canada), is removed from the sample.
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et al., 2018).

Total Impacts. Table 4 shows the results for the total impacts of male student gender on mathematics

test performance. In addition to the prior tables, it replicates the point estimates for the direct and indirect

impacts for the sake of comparison.

In Panel (a), positive and significant estimates for direct, indirect, and total impacts are found in 11 cross-

sections (South Africa, Canada, Ontario, Quebec, United States, Malaysia, Thailand, Taiwan, Ireland, Nor-

way, and Australia). This implies the existence of a positive gender achievement gap, which is further

perpetuated by a positive classroom externality. Only England, Italy, and Hong Kong show a positive and

significant direct and total impact, but an insignificant indirect impact. Here, increases in the individual

student’s performance affect classmates only through the endogenous peer effect, that is, through improved

scholastic performance, yet the gender variable has no distinct exogenous effect on the peer outcomes.

Table 4 about here

In Oman, the positive and significant total impact is driven by the positive and significant indirect impact.

The direct effect itself is not significant at conventional levels. It is worth mentioning that the indirect impact

amounts to 1.063 standard deviations in the dependent variable, which is again unusually large and points

towards a rather biased estimation (see Note 8). In the 8 regressions, Buenos Aires, Chile, Bahrain, Kuwait,

Turkey, Japan, Singapore, and Norway (eighth grade), a positive and significant direct impact is governed

by the insignificance of the indirect impact, entailing an insignificant total impact.

Six countries are characterized by a significantly negative total impact: First, Abu Dhabi shows a significant

and negative indirect, yet an insignificant direct impact. Here, the performance of boys does not differ

significantly from that of girls, however, they create a negative classroom externality. The United Arab

Emirates, Dubai, Qatar, and New Zealand show the interesting pattern of a positive direct impact that

is outweighed by a significant and negative indirect effect. While for these countries, a positive gender

achievement gap for the individual is confirmed, the resulting negative externality is stronger, suggesting

that larger shares of male students are harmful to the classroom atmosphere, as suggested by Lavy and

Schlosser (2011).

The overall total effect across the 33 regressions is estimated to be 0.52 standard deviations of the dependent

variable and is considerably larger than comparable magnitudes found in the literature (Lindberg et al., 2010,

d = 0.05) (Else-Quest et al., 2010, d = −0.01 for TIMSS and d = 0.11 for PISA 2003) (Guiso et al., 2008,

approx. 10.5 points / 2% of mean score11).

At first glance, switching to the combined homophily social network matrix in Panel (b) entails only minor

changes in the signs and significance of the results. For Buenos Aires, Chile, Kuwait, Japan, Singapore,

11Guiso et al. (2008) report no descriptive statistics on the estimation sample. As their study is based on the 2003 wave of
PISA, it can be assumed that the gap of 10.5 corresponds to approximately 10 − 15 % of a country-level standard deviation.
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and Norway (eighth grade) the prior insignificant total impact turns positive and significant. This is caused

mainly by higher precision in the estimation of the indirect impact, which, however, remains insignificant

in four of the five cases, with the exception of Singapore, where the indirect effect becomes significant at

the 10% level. Similarly, the precision of Iran’s indirect impact of student gender is substantially increased,

causing it to gain statistical significance at the 1% level. In spite of the direct impact turning significant

and positive, although only at the 10% level, the total impact is significant and negative as well, although

at the 5% level. Further, two countries with a positive total impact in the LiM model, Oman and Quebec,

no longer show a significant total impact upon switching to the combined homophily model, presumably

due to notable reductions in the point estimate for the indirect effect, causing it to lose significance at

conventional levels. The direct effect remains virtually unchanged (positive for Quebec and insignificant

for Oman). Nevertheless, the magnitude of indirect impacts is heavily reduced as compared to the LiM

model for the majority of countries (see, for example, Canada, South Africa, or Thailand). Interestingly,

some countries (such as Australia or Norway (eighth grade)) even show modest increases in the magnitude

of the spillover. However, the dispersion of the total effects is reduced considerably as compared to the

LiM model. These findings are further highlighted by the overall total impact, which is reduced to half its

magnitude. Accordingly, the total effect of male student gender on student achievement in mathematics

across the 33-country sample amounts to 0.26 standard deviations on average.

5 Conclusion

This paper has presented evidence for the presence of a gender achievement gap in eighth grade mathematics

among a total of 163, 752 students in 33 participating countries and regions of the IAE’s 2015 wave of

the Trends in Mathematics and Science Study (TIMSS). In an augmented education production function,

the student-level estimates for each country/region consider the confounding effects of individual- (that

is, gender, age, migratory background, perceived bullying) or parent-level variables (for example, level of

education, migratory background, or household resources). Further, I control for the influence of endogenous

and exogenous peer effects as well as spatially clustered errors in a spatial auto-regressive model, which helps

in further reducing omitted variable bias on the estimated coefficient of the student gender variable. This

model controls implicitly for school- and teacher-level factors through the inclusion of teacher fixed effects

to capture the influence of group unobservables (Lee, 2007). The results show that the direct impacts of

the student gender variable range between 0.12 and 0.14 standard deviations of the mathematics test score

variable when including peer effects and are thus considered moderate but significant. Further, the indirect

effects calculated from the spatial model suggest that classroom externalities are sizable and considerably

larger than the direct effects (0.38 S.D. in the LiM, 0.13 S.D., but insignificant, in the combined homophily

model). Considering the total impacts of student gender suggests a gender achievement gap of 0.52 standard

deviations in the LiM model, which decreases to 0.26 standard deviations once the effect of status and

value homophily in peer relations (see Dannemann, 2020, for a detailed discussion of the homophily network
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matrices) is considered.

The main insight from the evaluation of the gender achievement gap across 33 countries and regions is that

a significant difference between the mathematics performance of male and female students persists, even

in highly developed countries. Furthermore, accounting for the externalities arising from classroom peers

suggests that the gap could even be significantly larger than prior studies suggest (Lindberg et al., 2010). The

focus on partitioned impacts comes with twofold implications: First, considering direct impacts is broadly in

line with the magnitudes of the gender achievement gap typically found in prior meta-analyses. However, the

magnitude of the gap increases when peer effects are considered, suggesting that the omission of endogenous

and exogenous peer effects entails a negative bias on the coefficient of the gender variable. Second, the results

from indirect and total impacts suggest that classroom externalities and spillovers could be important drivers

of gender inequality in education, which have not been explicitly addressed in prior research. Comparing

results from the LiM and combined homophily models highlights the importance of selecting relevant peers in

the estimation. Using the LiM, which implicitly assumes maximum network density, as the unweighted peer

measure entails imprecise estimation of spillovers (as is shown in Bramoullé et al., 2009) and an overstated

gender gap overall. This finding points to the need for further research on social dynamics within schools and

classrooms, which might be at the core of gender differences in certain subjects. While notable formal models

for endogenously determined social matrices exist (Qu and Lee, 2015; Hsieh and Lee, 2016), their application

is still limited (Hsieh and Lin, 2017). In fact, this study has highlighted the presence of different patterns

in gender gap spillovers, yet remains short on detailed explanations for the emergence of these differences,

which are thus left for future research. For example, observing actual classroom relations in an experimental

setting could provide educators with valuable information on how students of different genders interact and

thus provide a starting point for teacher intervention to optimize the learning atmosphere and inhibit negative

externalities.

Overall, several policy implications can be drawn from this paper. For the European, American, and Ocea-

nian countries, the largely positive and significant direct effects underscore the need for educational policy

intervention if the goal of gender equality is to be achieved. It is noteworthy that the magnitude of the peer

effects is affected strongly by the underlying social network matrix, suggesting that these externalities are

driven by the group formation behavior of students and could thus be moderated through teacher interven-

tion. However, these results are rather imprecise and indicate the need for further research. Accordingly,

they should be interpreted with caution. Especially for the Middle East region, a large discrepancy between

gender parity, the SLM, and the augmented models with peer effects is found. Regardless of the massive

gains in participation and attainment of girls in education (as is shown in World Economic Forum, 2015,

2020), gender segregation is still existent across a wide area and substantially exceeds that in other regions

of the world. The negative spillovers suggest that reducing segregation by promoting gender-mixed classes

could be a key to lowering the gender gap in mathematics and fostering gender equality in education. In light

of this, considering raw gender gaps as stylized facts, as presented in Figure 1, is misleading and conceals the

fact that female students in these countries are indeed not “better off on their own”. Strategies for increasing
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female mathematics achievement could aim, for example, at promoting classroom gender parity to mitigate

negative externalities arising from a high share of male students in the classroom.
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Figures and Tables

Figure 1: Raw Achievement Gender Gap and Classroom Gender Segregation
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Notes: The 33 countries from the regression sample are shown. Raw Mathematics Gender Gap (% of country S.D.) corresponds
to the raw difference between achievement of boys and girls, divided by each country’s standard deviation of average mathematics
achievement (see Table 1 for details). Classroom Segregation (%) is based on the Reynal-Querol (2002) polarization index and
measures how gender-segregated classrooms in the country are on average (Segregation of genders j in classroom c is calculated
as Segc = 1 − RQc =

∑2
j=1 4(1 − πjc)2πjc, where a value of 1 corresponds to 100 % segregation and 0 is full gender parity).

Note that in contrast to the gender parity index, no distinction is made with regard to over-accomplishment of gender parity;
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Figure 2: Average Achievement in Mathematics
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