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Abstract 

The aim of this paper is twofold. First is to investigate the casual relationship between school gender 

composition and achievement in Math and literacy. Second is to elucidate the mechanisms behind such 

relationship. For that, we use four cohorts of 5th grade students assessment of Math and Portuguese in 

Brazilian elementary public schools, and apply two similar identification strategies, relying on school level 

gender peer effects and school fixed effects to control for sorting and self-selection of students across 

schools. In our first set of estimates we identify a positive relationship between the proportion of girls and 

the grades in both test scores, but mainly in Math, a subject that boys tend to perform better. Then, on our 

second set of estimates, we are able to assess that the benefits of having a greater proportion of girls occur 

mainly through improvements in student behavior, which reflects in less violence, greater teacher 

expectations over the studentôs academic future, and favors syllabus progress. Hence, this research draws 

attention to gender as an important factor in the allocation of students and teachers within schools. The 

consideration of our findings in the formulation and execution of policies can result in effective and low 

cost measures aimed at increasing scholastic achievement. 
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Resumo 

O objetivo deste artigo é duplo. O primeiro é investigar a relação causal entre a composição de gênero na 

escola e o aprendizado em matemática e português. O segundo é elucidar os mecanismos por trás de tal 

relação. Para isso são utilizadas quatro coortes de avaliação de matemática e português em alunos do 5º ano 

de escolas públicas, e são aplicadas duas estratégias de identificação similares, baseadas nos efeitos de 

pares ao nível de escola e em efeitos fixos de escola para controlar pela classificação e auto-seleção dos 

alunos entre escolas. No primeiro conjunto de estimações é identificada relação positiva entre a proporção 

de meninas na escola em ambos os testes, mas principalmente, em matemática, uma disciplina cujos 

meninos tendem a se sair melhor. No segundo conjunto de estimativas, identifica-se que os benefícios de 

ter uma maior proporção de meninas ocorrem principalmente por meio de melhorias no comportamento 

dos alunos, o que reflete em menos violência, maiores expectativa dos professores em relação ao futuro 

acadêmico dos alunos, e favorece o cumprimento do conteúdo programático. Portanto, esta pesquisa chama 

a atenção para o gênero como um fator importante na alocação de alunos e professores nas escolas. A 

consideração destes resultados na formulação e execução de políticas pode resultar em uma maneira efetiva 

e de baixo custo visando aumentar o aprendizado escolar. 
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1. Introduction 

 

The idea that the interaction among students influences behavior and the learning environment, thus, 

affecting school productivity is quite intuitive. The magnitude of this phenomenon is of great interest among 

educators, researchers and policymakers who are seeking to enhance the efficiency of schools by designing 

classrooms or schools in such a way that the grouping of peers takes into account ability levels and the 

background of the students. 

There is a growing body of literature in Economics that contributes to this debate1. In the applied 

field, probably the greatest concern is with providing credible estimates of these influences, given the 

difficulty to disentangle the effects of belonging to a group from the reasons for belonging to it. In other 

words, the assignment of students to classes and schools are hardly random, tainting the formation of peers 

with sorting and self-selection, which turns the pursuit for reliable estimations into a steep challenge. 

Aside from this difficulty, several authors have been able to make important contributions to this 

literature2, first by assessing if the mean achievement of schoolmates influences individual performance 

and, more recently, to the role of differences in peer characteristics such as race, ethnicity and gender. The 

latter, which is the main focus of the present paper, is underlined by inequalities in tests scores, where for 

most of the developed and developing world the gap in scholastic achievement tends to favor boys in Math 

(Bedard and Cho, 2010; Bharadwaj et al., 2016; Contini et al., 2017) and girls in literacy (Husain and 

Millimet , 2009; Buchmann, et al., 2008). 

In addition to estimating gender peer effects, another concern of this study is with how the peer 

gender composition influences test scores. There are two major ways through which the composition of a 

classroom might influence learning. First, by the congestion effects, which are negative externalities created 

when one student impedes the learning of all other classmates (Lazear, 2001). This effect, in the gender 

context, can take place when a more disruptive boy is replaced by a girl, or when girls exert such an 

influence that reduces the chances of boys to misbehave. Second, teachers may treat boys and girls 

differently, in such a way that this influences grading, the content and the organization of what is taught 

(Dee, 2006; Lavy, 2008; Cornwell et al., 2013). To assess these hypotheses and elucidate the drivers of the 

influence that girls have, we confront school gender composition with information on teachersô expectations 

over studentsô academic progress, syllabus progress, job satisfaction, student behavior, violence exposure, 

and pedagogical methods. This is an improvement to the literature, since other authors3 with similar 

interests base their estimates on studentsô views about the classroom climate, which may or may not be 

aligned with the teachersô perception. 

This paper aims to contribute to the existing literature, first seeking to identify gender peer effects 

in Brazilian primary schools. That is, we explore if the assignment to a school with a higher proportion of 

girls influences 5th grade Math and literacy achievement, and investigate if whether this effect is influenced 

by school size, studentsô socioeconomic background, nonlinearities in the proportion of girls, and gender 

clustering schools. We further assess if the gender composition influences teachersô expectations and 

perception of the classroom climate, as previously mentioned. For that, we apply two similar identification 

strategies following Hoxby (2000) and Lavy and Schlosser (2011), relying on school level gender peer 

effects and school fixed effects to control for sorting and self-selection of students across schools.   

Our findings suggest that the proportion of girls positively affects Math and Portuguese test scores 

of boys and girls. Despite the fact that these effects are quite similar, they are slightly larger for Math, a 

subject that girls tend to be outperformed by boys. This, in turn, suggests that the gender peer effects are 

not exclusively associated with spillovers that arise from having higher achieving peers. Furthermore, we 

found evidence that these estimates do not rely solely on the size of the school, or on the socioeconomic 

background of the schoolôs students. Moreover, we find that girlsô achievements are higher when they 

attend schools with classes that tend to group them in the same classroom. This effect, however, does not 

hold for boys, implying that despite both genders profit from coexisting, girls benefit even more if clustered 

together.  

 
1 See Lazear (2001), Hanushek et al. (2003) and Angrist (2014). 
2 See Sacerdote (2011), Epple e Romano (2011) and Sacerdote (2014) for a review of the theoretical and applied literatures. 
3 See, for example, Lavy and Schlosser (2011). 



Lastly, our results indicate that the benefits of having a greater proportion of girls are mainly through 

improvements in student behavior, which reflects in less violence, greater teacher expectations over the 

studentôs academic future, and facilitates classroom progress. Thus, this research draws attention to gender 

as an important factor in the allocation of students and teachers within schools, suggesting new ways of 

increasing school efficiency, in a country that already performs below OECD average, and worse than 

countries with similar expenditure per student (OECD, 2016).  

This paper is structured as follows. The next section describes our empirical strategy, discusses the 

data and the construction of the samples used throughout the analysis. Section 3 begins with evidences of 

the validity of our identification strategy, then presents our main estimates of the gender peer effects, and 

the possibility of heterogeneous and non-linear effects. In its last part, Section 3 shows the estimates of 

gender composition on classroom climate, teacherôs expectations and student behavior. Section 4 presents 

the concluding remarks. 

 

2. Empirical Strategy 

 

One of the main challenges in estimating peer effects is that schools and classrooms are not formed 

randomly, in such a way that the composition of schools and classes may reflect, among other factors, the 

family background of students. This may occur, for example, when affluent parents are more active in the 

search of the best school for their children, or when principals organize the composition of classes so that 

better performers or students with the same socio-economic background can study together. Many other 

classroom and school characteristics can influence their composition, and some of them may not be 

observed by the researcher. These factors, therefore, act as confounders in the estimation of peer effects, 

since they may influence peer composition and the outcomes of the students in a given school. 

The identification strategy used in this paper builds on the works of Hoxby (2000) and Lavy and 

Schlosser (2011), relying on school level gender peer effects and using school fixed effects to control for 

sorting and self-selection of students across schools. The idea behind this strategy, according to Hoxby 

(2000), is that the variation in adjacent cohortsô peer composition within a grade within a school is 

idiosyncratic and beyond the easy management of parents and schools. This happens because of the 

difficulty associated with predicting the gender composition of a specific cohort, and to the fact that it is 

expensive for the parents to react to this variation by changing schools, as opposed to the classroom 

composition.  

Therefore, by using repeated observations on schools in a school fixed-effects framework we are 

able to control for unobserved and unchanging characteristics that are related both to achievement and peer 

gender composition. That is, we account for sorting and selection, paving the way for a causal estimate of 

the peer composition on two sets of estimates. The first assesses the impact of peer gender composition on 

test scores, while the second aims to identify the possible channels through which this gender composition 

influences test scores. As to these possible channels, we explore teachersô expectations over the studentsô 

academic progress, their perception of classroom climate, violence, and adoption of different pedagogical 

methods.  

In the first set of estimates, concerning the identification of gender peer effects, we estimate 

Equation 1, as shown below, separately for boys and girls. 

 

ώ  † ‗ὖ ὼ —ὢ ‐  (1) 

 

Where i denotes the individuals, s the schools, and t time. ώ  is the normalized Math or Portuguese 

score of each student;  and † are the school and time effects, respectively; ὖ  is the gender peer effect 

variable, which corresponds to the proportion of girls in 5th grade for each school; ὼ  are the individual 

characteristics, which comprises of race, which is defined by white or non-white, a socioeconomic status 

index (SES), the number of people living in student household, and dummies for the cases where the father 

lives with the student, and if at least one of the parents graduated from university, as well as the studentôs 

school enrollment and enrollment squared; ὢ  are the school averages, excluding the own student, of 

the individual characteristics; ‐  is the error term, which is composed of a school-specific random element 



that allows for any type of correlation within observations of the same school across time and an individual 

random element. 

It is worth noting that the SES index is built using the first component of Principal Component 

Analysis, a procedure commonly used as a dimensionality reduction technique (Jolliffe, 2002). It takes into 

consideration the number of bedrooms, bathrooms, computers, cars and televisions in the student 

household. With regard to missing4 observations in any of these variables, we imputed the correspondent 

classroom mean of the characteristic, and added indicator dummies for these missing values in the model 

estimation. This procedure accounts for the possibility of non-random missing values and, also, avoids 

drastic reductions in the sample size (Allison, 2001). 

In similar fashion, in the second part of this paper we estimate Equation 2, below, to assess how 

gender composition influences test scores. 

 

ώ  † ‗ὖ —ὢ ‐  (2) 

 

Where s denotes the schools, and t time. ώ  is the school average of the indicator variable built from 

the teachersô answers to relevant questions in the inquiry;  and † are the school and time effects, 

respectively; ὖ  is the gender peer effect variable, which corresponds to the proportion of girls in 5th grade 

for each school; ὢ  consists of the average school cohort controls which, again, are race (white or non-

white), a socioeconomic status index (SES), the number of people living in the student household, and 

dummies for the cases where the father lives with the student, and if at least one of the parents graduated 

from university, as well as the school enrollment and enrollment squared; it also contains the school 

averages of the teacher characteristics, that is, if whether the teacher has a graduate degree, a postgraduate 

degree, if he works in any other activity besides teaching, if he has more than 10 years of experience being 

a teacher, works more than 40 hours per week and a dummy indicating if he has a permanent teaching 

contract with the school; ‐  is the error term. 

 

2.1 Data 

 

This paper uses four cohorts of the Brazilian Ministry of Education assessment of Math and 

Portuguese learning for 5th grade public school students (2009, 2011, 2013 and 2015). This assessment is 

biannual, and also includes questionnaires for Principals, Teachers, Schools and Students. The latter, 

besides comprising of a test for each subject, collects information on the background of the students, and it 

is where we gather most of the variables used as controls in our estimates. We match the dataset from these 

four assessments to the corresponding Brazilian Education Census, in order to obtain data on enrollment 

and on the percentage of girls at the 5th grade school level, which is the variable of interest in the study. 

We focus on 5th grade as we are pursuing a casual effect and need to reduce the influence of dropouts 

and school retention, two factors associated with gender that play an important role in the Brazilian school 

system, especially at more advanced school grades (OECD, 2016; OECD, 2019). The final sample only 

takes into account students in mixed gender regular education schools that appear in all the years of the 

assessment. We also exclude schools that base their admission criteria on an exam, as this is a source of 

selection, which could bias our estimates. Also, in order to avoid changes in the gender composition that 

might be a result of structural changes in the school, we drop schools that have an annual enrollment lower 

than 10 students, and those that experienced a change in enrollment of 80% or more between two 

consecutive years. Table 15, below, present the descriptive statistics by cohort for the main variables of 

interest used to estimate gender peer effects on test scores. 

 
 

 

 
4 A total of 11% of the individuals in our sample had missing observations that needed to be imputed in order to build the SES 

index.  
5 Descriptive statistics for the rest of the variables are in Table 1A in the Appendix. 



Table 1 - Descriptive statistics by cohort. 

Cohort Students Schools 
% of 

girls 

Average  

Math Score 

Average 

Portuguese Score 

Females Males Females Males 

2009 1,605,822 23,689 0.482 205.87 207.58 191.11 181.03 

2011 1,491,958 23,689 0.480 209.55 212.81 198.37 185.44 

2013 1,338,303 23,689 0.479 212.66 213.82 203.32 190.82 

2015 1,369,161 23,689 0.481 218.53 221.36 213.31 202.68 

All  5,805,244 23,689 0.481 211.38 213.61 201.03 189.52 
Source: Elaborated by the authors using SAEB (2009-2015). 

 

This sample comprises of almost 6 million students, fairly distributed across the years, and in 23,689 

schools. On average, as mentioned in the Introduction, boys tend to outperform girls in Math, while the gap 

in score favors women in literacy. The mean proportions of girls in all cohorts are slightly below 50%, 

without any time trend. Our estimates regarding the possible channels through which the gender 

composition influences test scores, in the second part of the paper, is slightly different since some of the 

teacherôs questionnaires are missing. Below, Table 2, presents the descriptive statistics of this sample. 

 
Table 2 - Descriptive statistics by cohort. 

Cohort Schools Teachers 
% of 

girls 

2009 20,824 55,686 0.481 

2011 20,824 89,020 0.479 

2013 20,824 65,390 0.477 

2015 20,824 88,992 0.481 

All  20,824 299,088 0.480 
Source: Elaborated by the authors using SAEB (2009-2015). 

 

The second set of estimates has a sample of almost 300 thousand teachers, in 20,824 schools. The 

variation in the number of teachers on each cohort, as already mentioned, is due to missing valid 

questionnaires. The mean proportions of girls in all the cohorts are fairly similar to our fist sample, that is, 

slightly below 50% and without any noticeable time trend.  

As to the possible channels through which the gender composition influences test scores, we 

gathered over thirty questions in the teachersô questionnaire that relate to their perception of classroom 

climate, separating them by topics, which are: expectations over studentsô academic progress; syllabus 

progress and job satisfaction; student behavior; violence exposure in classroom; and, pedagogical methods. 

Since they are mostly yes or no questions, we transform them into dummy variables and calculate the yearly 

school average of each, creating an indicator that stands between 0 and 16. 

 

3. Results 

 

3.1 Evidence on the validity of the identification strategy 

 

The main coefficient of interest in Equations 1 and 2 is ‗, which can be understood as the average 

treatment effect of having more female peers in a given school. In order for this interpretation to hold, 

changes in the unobserved factors that could affect the studentôs achievement must be uncorrelated with 

changes in the proportion of females within a school. Also, there must be enough variation in the percentage 

of females at the different cohorts to enable a precise estimate of the gender peer effects on achievement. 

Table 3 report the variance decomposition of the proportion of females used on both set of estimates of this 

 
6 Descriptive statistics for these variables are in Table 1A in the Appendix. 



paper. In the first, where we seek to identify gender peer effects on test scores, the variance within schools 

is 78% in the Math sample and 82% in Portuguese, while in the second set of estimates, those regarding 

teacherôs perception of classroom climate, 67% of the variance is within schools. 

 
Table 0 - Decomposition of variance in the proportion of female students. 

  Gender peer effects sample Teachersô classroom climate 

sample  Math Portuguese 

  
Sum of 

squares 

Share of 

total 
Df 

Sum of 

squares 

Share of 

total 
df 

Sum of 

squares 

Share of 

total 
df 

Between 1288761.7 22.11% 23686 1032691.5 17.74% 23688 373013 32.90% 20823 

Within 4539005.4 77.89% 5779269 4789048.1 82.26% 5780156 760831 67.10% 278264 

Total 5827767.1   5802955 5821739.6   5803844 1133844     

Source: Elaborated by the authors using SAEB (2009-2015). 

 

In addition to this substantial within school variance, Figure 1 depicts the correlation between the 

standard deviation of the proportion of girls in each school and its average enrollment7. This enables a better 

evaluation if there is a specific size of school that is responsible for this variability. The graph, in turn, 

shows that despite the fact that smaller schools account for the majority of the variance, there is still 

significant variability in schools whose average 5th grade enrollment is up to 300 students.  

 
Figure 1 - Standard deviation of the proportion of females and school average enrollment. 

 
Source: Elaborated by the authors using SAEB (2009-2015). 

 

Another concern addressed by the identification strategy is to whether this within school variation 

in the proportion of female students is indeed random. If somehow unobserved characteristics, as well as, 

characteristics of the students, parents and schools influence the gender composition of a cohort within a 

school, the estimated peer effects will be biased. In this regard, we assume that parents are not able to 

predict the gender composition of their childôs cohort and hence, are not able to respond to it. This is 

corroborated by the fact that we use a national representative sample of public schools, which corresponds 

to 80% of the enrollment in elementary schools in Brazil, and that the majority of these schools have the 

place of residence as main admission criteria. Both these features diminish the possibility that any 

unobserved characteristic will influence the gender composition of a cohort within a given school.  

Aside from that, in Table 4, shows if proportion of female students within schools is correlated with 

any of the control variables in our first set of models. We perform this balancing test by performing separate 

regressions of the treatment variable on each of the controls using School Fixed Effects (SFE) and Ordinary 

Linear Squared (OLS), as a benchmark for comparison. 

 

 

 

 

 
7 Figure 1 is drawn from the sample used to identify gender peer effects. A graph for the sample used in the second set of 

estimates is not shown due to its similarity but is available upon request from the authors.  


