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Abstract

The aim of thispaperis twofold. First isto investigate the casual relationship between school gender
composition and achievement in Math and literacy. Sec®nal elucidatehe mechanisms behind such
relationship.For that, we uséour cohortsof 5" grade studentassessment of Maiind Portugasein
Brazilian elementary public schools, and apply two similar identification strategies, relying on school level
gender peer edcts and school fixed effects to control for sorting andsa#ction of students across
schoolsIn our first set of esthates we identify a positive relationship betwdsnproportion of girland
thegradedn both test scores, but nmdy in Math, a sulgct thatboys tend to perform bettéFhen, on our
second set of estimates, we are able to assess thenbits of having a greater proportion of gotsur
mainly through improvements in student behavior, which reflects in ledsne® greater teacher
expectations over t he favdrsisylaugirogressHencathiereseacch dvea t u r
attention to gender as an important factor in the allocation of students and teachers within Bhhools.
consideration of oufindings in the formulation and execution of policies can result in effectivéoand
costmeasures aimed at increasing schitaachievement.

Keywords: Gender inequalityAcademic achievement in Braziteer effects.

Resumo

O objetivo deste artigo @uplo. O primeiro € investigar a relacao causal entre a composicao de g@nero
escola e o aprendizado em matematica e portu@Quésgundo é elucidar os mecanismos por tras de tal
relacdo. Parssosao utilizadas quatro coortéds avaliacadadematematica @ortugles emalunos do 5° ano

de escolas publicas, sfioaplicades duas estratégias de identificacdo similabesedasnos efeitos de
pares ao nivel de escolem efeitcs fixos de escola para controlgela classificacde auteselecdo dos
alunos entresmolas. No primeiro conjunto de estimacdes € identificatigdo positiva entr& proporcao

de meninama escola m ambos os testes, mpsncipalmente, em matematica, uma disciplawgos
meninos tendem a se sair melhdo. segundo conjunto de estinvats,identificase que os beneficios de
ter uma maior proporcao de menir@®rrem principalmente por meio de melhoriascomportamento
dos alunos, o que reflete em men@léncia, maioes expectativa de professoes emrelacdo a futuro
académico dealuncs, e favorece o cumprimento dontetdo programatic®ortanto, esta pesquisa chama
a atencdo para o género como um fator importante na alocacdo de alunos e professores nas escolas
consideracao destes resultadofomaulacao e execuc¢ao de politigele 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, thu
affecting school productivity is quite intuitive. The magnitude of this phenomenognsaifinterest among
educators, researchers and@ghakers 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 tl
background of the studen

There is a growing body of literature in Ecoriosnthat contributes to this debatén the applied
field, probably the greatest concern is with providing credible estimates of these influences, given thi
difficulty to disentangle the effects of belying to a group from the reasons for belonging .ténitother
words, the assignment of students to classes and schools are hardly random, tainting the formation of pe
with sorting and sel§election, which turns the pursuit for reliable estimatiors ansteep challenge.

Aside from this difficulty, seeral authors have been able to make important contributions to this
literature, first by assessing if the mean achievement of schoolmates influences individual performanc:
and, more recently, to the eobf differences in peer characteristics such as edbricity and gendefhe
latter, which is the main focus of the present paper, is underlinggbyalities in tests scores, where for
most of the developed and developing world the gap in schaastievement tends to favor boys in Math
(Bedard and Cha201Q Bharadwaj et al.2016; Continiet al.,2017) and girls in lteracy Husainand
Millimet, 2009 Buchmanngt al.,2008.

In addition to estimating gender peer effeetsotherconcernof this study iswith how thepeer
gendercompositioninfluences tesscoresThere are two major ways through which the compositioa
classroom might influence learning. First, by the congestion effects, which are negative externalities create
when one student impedes the learning of all other classifhatesar 2001) This effect, in the gender
context, can take place when ama disruptive boy is replaced by a girl, or when girls exechsan
influence that reduces the chances of boys to misbehave. Second, teachers may treat boys and g
differently, in such a way that this influences grading, the content and the organafatvhat is taught
(Dee 2006 Lavy, 2008 Cornwellet al.,2013. To assesthese hypothesemdelucidatethe drivers of the
influence that girls haveye confront school gender composition wittifiormationont e ac her s 0 e X [
over st ude progesssylmlus progresgob satisfactionstudent behawr, violence exposute
and pedagogical method$his is an improvement to the literature, since other authwith similar
interests base theirtes mat es on studentsd views about the
aligned wit brceptbre t eachersod p

This paper aims to contribute toetbxisting literature, first seeking to identify gender peer effects
in Brazilian primary schools. Thés, we explore if the assignment to a school with a higher proportion of
girls influences ¥ grade Math ad literacy achievemerand investigate ifvhether this effect is influenced
by school Ssi ze, st ude nrnodirgearises ino theopeopastionoohyirland geaderk g r
clustering schoolsWe further assess if the gender composition inflaepc t e axpdttatiors @nd
perceptiorof the classroom climates previously mentione&or that, we applywo similar identiication
strateges following Hoxby (2000)and Lavy and Schlosser (201 1elying on school level gender peer
effects and school fixed effects to control for sorting andssd#ction of students across schools.

Our findings suggest théhe proportion of girls positively affects Math and Portuguese test scores
of boys and girls. Despite the fact that these efface quite similar, they are slightly larger for Math, a
subject that girls tend to be outperformed by boys. This, in tuggests thathe gender peer effects are
not exclusively associated with spillovers that arise from having higher achievingfpagnermore, we
found evidence that these estimates do not rely solely on the size of the school, or on the socioeconon
bak gr ound of t heMoseoveioowd sfistdidehas. girl soé achi
attend schools with classes ti@td togroup them in the same classrocrhis effect, however, does not
hold for boys, implying that despite both genderdipfrom coexisting, girls benefit even moreitistered
together.

! Seel.azear(2001) Hanushek et a(2003)andAngrist (2014)
2 SeeSacerdot€2011) Epple e Roman@®011)andSacerdot€¢2014)for a review of the theoretical and applied literasure
3 See, for example, Lavy and Schlosser (2011).



Lastly, our results indicate that the benefits of havinggatgr proportion of girls are mainly through
improvements in student behavior, which reflects in less violence, greateertexgectations over the
student 6s academi c f ut ur eThusatmsdesdamicdralvg atteatioretadgerc | a !
as an important factor in the allocation of students and teachers within schools, suggestimgys of
increasing schocgfficiency, in a country that already performs below OECD average, and worse than
countries with similar expenditure per studéDECD, 2016)

This paper is structured as follows. The next section describes our engtrated)y, discusses the
data and the construction of the samples used throughout the analysis. Sbetgors 3vithevidences of
the validity of our identification strategthenpresents our main estimates of the gender peer eféexts
the possibilityof heterogeneous and néinear effectsin its last part, Section 3 shows the estimates of
gender composition on classroomclima, t eacher 6 s e x p e c tSection 4presenta n d
the concluding remarks.

2. Empirical Strategy

One of the mia challenges in estimating peer effects is that schools and classrooms are not forme
randomly, in such a way that the compositaf schools and classes may reflect, among other factors, the
family background of students. This may occur, for examplenvalfituent parents are more active in the
search of the best school for their children, or when principals organize the conmpofsdiasses so that
better performers or students with the same secanomic background can study together. Many other
classroom and school characteristics can influence their composition, and some of them may not b
observed by the researcher. Thesstdias, therefore, act as confounders in the estimation of peer effects,
since they may influence peer composition and theoougs of the students in a given school.

The identification strategy used in this papaeilds on the work of Hoxby (2000 and Lay and
Schlosser (2011), relying on school level gender peer effects and using school fixed effects to control fc
sorting andselfselection of students across schools. The idea behind this strategy, according to Hoxb
(2000), is that the variation in adjae nt cohortsdé peer composition
idiosyncratic and beyond the easy management of parentschodls This happens because of the
difficulty associated with predicting the gender composition of a specific cohort, andfaxtlhleat it is
expensive for the parents to react to this variation by changing schools, as opposed to the classroc
compositon.

Therefore, by using repeated observations on schools in a $oteabéffectsframework we are
able to control for unobseed and unchanging characteristics that are relateddatthievement and peer
gender composition. That is, we account fatisg and selection, paving the way for a causal estimate of
the peer compositioon two sets of estimates. Tfiest assesses thmpact of peer gender composition on
test scores, while the secoaiths to identifythe possible channels through whickstipender composition
influences test scoreAs to these possible channels, we exptoeac her sé expectatio
academic progresteir perception of classroom climate, violencedadoption of differenpedagogical
methods.

In the frst set of estimatesgoncering the identification of gender peer effects, we estimate
Equation 1as showrbelow,separately for boys and girls

@ | t 0 teo - - 0

Wherei denotes the individualsthe schools, anttime.w is the normalized Math or Portuguese
score ofeachstudent] andt are the schoaind time effects, respectivelyy; is the gender peer effect
variable, which corresponds to the proportion of girlsirgBade for each schoaly are the individual
characteristics, which comprises of rastjch is defined by white anon-white, a socioeconomic status
index(SES) the number of people living in student household, and dummigssfeases whetée father
lives withthe student, and if at least one of the parents graduated from univarsity we | | as th
schod enrollment and enroliment squared; are the school average=xcluding the own studerdf

the individual characteristics; is the error term, which is composed of a sckepacific random element



that allows for any type of correlation within observations of tineesschool aciss time and an individual
random element.

It is worth noting thathe SES indexs built using the first component of Principal Component
Analysis, a procedure commonly used as a dimensionality reduction tecfiodfie, 2002) It takes into
considerationthe number ofbedrooms, bathrooms, computers, cars aidvisionsin the student
householdWith regard to missirfgobservations in any of these variables, we imputedahespondent
classroom mean of the characteristind addedhdicator dummies fothesemissing values in the model
estimation This procedure accounts for the possibility of mandom missing values and, also, avoids
drastic reductions in the sample s{2dlison, 2001)

In similar fashionjn the second part of this papge estimate Equation, Delow, to assess how
gender composition influences test scores.

W | Tt 0 —& - 2
Wheresdenoteghe schools, antime.w is theschool average of the indicator variable built from

the teachersd answer s t o;| raedtfeareatmetschapluaadstime effecss, |

respectivelyD is the gender peer effect variable, which corresponds to the proportion of giflgriade

for each school( consists of the average school cohort controls wtaghain,arerace(white or nor

white), a socioeconomic statusdex (SES) the number of people living ithe student household, and

dummies forthe cases whertbe father lives wittthe student, and if at least one of the parents graduated

from university as well as theschml enroliment and enrollment squareid also containghe school

averages of the teachanaacteristics, that is, if whether the teacher has a graduate degree, a postgraduat

degree, if he works in any other activity besides teaching, if he has moiEltliaarsf experience being

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

contract with the schop! is the error term

2.1Data

This paper use$our cohortsof the Brazilian Ministry of Educatbn assessment of Matand
Portugueséearning for §' grade public school studer(®®009, 2011, 2013 and 2015 his assessment is
biannual, and alsincludes questionnaires for Principals, Teach&ahoolsand Students The latter,
besides comprising @f test for each subject, collects information on the background of the students, and it
is where we gather most of the variables used as contrals gstimates. We match the dataset from these
four assessments to the corresponddnggzilian Education Qesus, in order t@btaindata on enrollment
and on the percentage of girls at tHegBade school level, which is the variable of interest in theyst

We focus on B grade as we are pursuing a casual effect and need to reduce the influence of dropou
and school retention, two factors associated with gender that play an important role in the Brazilian scho
system, especially at more advanced stigpnades (OECD, 2018@ECD, 2019) The final sample only
takes intoaccaunt students immixed gender regular education schablat appear in all the years of the
assessment. We also exclude schools that base their inusgeria on an exam, as this is a source of
selection, which could bias our estimates. Also, in otdevoid changes in the gender composition that
might be a result of structural changes in the s¢iveeldropschools that have an annual enrollimemter
than 10 students, and those that experienced a change in enroliment of 80%e dvetagren two
conseative yearsTable 1°, below, present the descriptive statistigscohort for the main variables of
interest used to estimate gender peer effettest scores

4 A total of 11% of the individuals in our sample had missing observations that needed to be imputed in ordethe3ESd
index.
5> Descriptive statistics for the rest of the variables are in Table 1/ighendix.



Table 1 - Descriptive statistics by cohort.

% of Average Average
Cohort Students Schools 0 ° Math Score  Portuguese Scor

girls Females Males Females Males
2009 1,605,82z 23689 0.482 20587 20758 19111 18103
2011  1,491,95¢ 23689 0.480 20955 21281 19837 18544
2013 1,338,302 23689 0.479 21266 21382 20332 19082
2015 1,369,161 23689 0.481 21853 22136 21331 20268

All 5,805,244 23689 0.481 21138 21361 20103 18952
SourceElaborated by the authors using SAEB{22015).

This samplecomprises oélmost 6 million students, fairly distributedrass the years, and in 23,689
schoolsOn averageas mentioned in the Introductidmgys tend to outperform girls in Math, while the gap
in score favors women in literacyhe mean proportions of girls in all cohorts are slightly below 50%,
without any ime trend.Our estimates regarding the possible channels through which the gender
composition influences test scores, in the second part of the paper, is slightly ddfererdomeof the
t e a c dquestiodraires are missirBelow, Table2, presents th descriptive statistics ofithsample

Table 2 - Descriptive statistics by cohort.

% of

girls
2009 20824 55,686 0.481
2011 20,824 89,020 0479
2013 20824 65,390 0477
2015 20,824 88,992 0481

All 20,824 299,088 0480
Source: Elaborated by the authors using SAEBO2Q015).

Cohort Schools Teachers

The £cond set of estimates hasaanpleof almost 300 thousand teachers, in 20,824 schibks
variation in the number of teacheom each cohoytas alreadymentioned is due tomissing valid
guestonnairesThe mean proportions of girls in all the cohortsfardy similar to our fist sample, that is,
slightly below 50%andwithout any notieable time trend.

As to the possible channels through which the gender composition influences test seores
gathered over thirty questi ons theimperceptien otlassaoorh e r s
climate, separating them by topics, ialh are: expectatonesver st udent s 0;syflabusd e m
progressand job satisfaction; student bef@yviolence exposuri classroomand, pedagogical methods.
Since they are mostly yes or no questions, we transform them into dummy varidhtakatate the yearly
school average of each, creating an indicator that stands between® and 1

3. Results
3.1Evidence on the validity of the identification strategy

The main coefficient of interegt Equationsl and 2is _, which can be understo@sthe average
treatmenteffect of having more female peers in a given school. In order for this interpretatiodfo
changes in the unobserved factors that could a
changps in the proportion of females within a school. Also, there must be enough variation in the percentag
of females at the different cohotts enable a precise estimate of the gender peer effects on achievement.
Table 3 report the variance decompositiothef proportion of femalassed orboth set okestimates of this

% Descriptive statistics for these variabéee in Table 1A in the Appendix.



paper In thefirst, where weseek tadentify gender peer effegbn testscoresthe variance within schools
Is 78%in the Math sample and 82% in Portugyeshile inthe second set of estiates, those regarding
t eacher 6s clsroonelpnate, 67&0 ofaHe variance is within schools.

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

Gender peer effegsample T e a ¢ hlassrao climate
Math Portuguese sample
Sum of  Share of Df Sum of  Share of Sum of  Share of of
squares total squares  total squares total

Between 1288/61.7 22.11% 23686 1032691.t 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.€ 5803844 1133844
Source: Elaborated by the authasing SAEB (209-2015).

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 enrollthanénables a better
evaluation if thee is a specific sizef 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 sti
significant variability in schools whose averadegsade enroliment is up t800 students.

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

Source: Elaborated by the authors using SAER92D15).

Another concern addressed by the identification strategfy whether this within school variation
in the proportion of female students is indeed random. If somehow unobserved characteristics, as well e
characteristics of the students, parents and $ehoituence 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
predict the gender composition of theii Thishsi | d:¢
corroborated by the fact that we use a natiogaresentative sample of public schools, which corresponds
to 80% of the enrollment in elementary schools in Brazil, and that the majority of these schools have th
place of residence as main adsion criteria. Both these features diminish the podsibitiat any
unobserved characteristic will influence the gender composition of a cohort within a given school.

Aside from that, in Tabld, shows ifproportion of female students within schoolsaesrelated with
any of the control variables in ofirst set ofmodek. We perform this balancing test by performing separate
regressions of the treatment variable on each of the controls using School Fixed Effects (SFE) and Ordina
Linear Squared (OLSgs a benchmark for comparison.

" Figure 1 is drawn from the sample used to identify gender peer effects. A graph for the sample used in the second set
estimates is not shown due to its similabityt is available upon request from the authors.



