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Abstract

In this paper we estimate the effect of teachers’ wamgestudents' achievement in a
developing country. We use test scores of pupils enrailétoki 8th grade of primary school,
surveyed in 2001 in Brazil. We regress individual student destes on gross monthly
teacher wages allowing for nonlinearities. Given thergir heterogeneity of Brazilian
pupils and teachers, we estimate quantile regressions, (@®)h provide, instead of a
constant mean coefficient, a detailed characterzadibthe effect of teachers' wages on
conditional pupils' scores. For the same reason,Iseeran separate regressions for private
and public schools. We then account for potential enddgeokteachers' wages through
the estimation of instrumental variables models (I\ihaly, we estimate two-stage least
absolute deviation models (2SLAD), that allow us to copeulaneously with the
heterogeneity of the student-teacher relationship and thithendogeneity of teachers'
wages. Our results show that wages of language teachersahsmall, but positive and
significant effect, on student test scores in privat®sls, controlling for endogeneity, but
that they are insignificant, or even negative, in pusticools. We also observe that teacher
wages show a decreasing effect as we move along théicnatdistribution of scores. The
same effects are found for mathematics teachers, butetults are less robust and the
coefficients are smaller.
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1. Introduction: teachers wages as inputs in the ed ucation
production function

Despite all recent technological advances, schoolingpires essentially a labor-intensive sector.
Indeed, wages still represent the most important shHaegelucational budgets in many countries.
For example, in 2001, wages of teachers and other schatdifigogether represented 77% of total
expenditures on primary and secondary education in B{@ELCD, 2001). The efficacy of these
expenditures in improving student achievement is therefonegbfpolicy relevance.

In the economics of education literature, a teachetge is often taken as a proxy for his level of
competence. It is usually assumed that better workerbedter rewarded so that the wage is an
indicator of their productivity. The most commonly usedifiesition for this assumption is that
more qualified and more capable individuals face a choiteee® working as a teacher or
working in another sector (Southwick & Indermit, 1997; Dol& Van der Klaauw, 1999; Angrist

& Guryan, 2003). Too low relative wages in the educatioeatos would create an adverse
selection problem, leading less-able graduates to choosectamb teachers and lowering the
overall level of teacher quality (Hoxby & Leigh, 2003). Aiftiatively, one could assume there
exists some form of reward to merit in the teaching gesibn that would tend to increase the
wages of better teachers. The latter assumption e=qthe existence of a competitive market for
teachers. This is certainly not obvious in many settirggpecially when we recall that a
considerable fraction of many schooling systems is ruthbystate. In public schools, teachers'
wages are typically determined by age, tenure, politichtations and other factors not necessarily
related to merit or productivity. Therefore, there isfimancial incentive for the best teachers to
stay in the educational sector since they may haverlwstteer prospects in other economic sectors
(Lenkford & Wyckoff, 1997).

In Brazil, a private schooling system co-exists witpublic one. In the former, there is a 'free
market' for teachers: recruitment procedures and watiegseaire decided on a decentralized basis,
subject to some constraints imposed by unions and co#ebavgaining rules. Each school is
considerably free to make decisions related to teachagland performance rewarding. Contrary
to what happens in the private system, in the public syshene is no free market for teachers.
Recruitment should in principle be done by means of pulditests, but many teachers are
indicated to their jobs by politicians or by other meansg&%aare determined according to general
guidelines stated by the federal authority (ministry of atlan), but mainly by state-level and/or

municipal-level decision-makers. Public schools cannot de@déonomously to pay higher
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salaries in order to attract better teachers, noewaurd such teachers, who are supposedly the ones
who could lead pupils to attain better performance. Thugxpect to find stronger correlations
between teacher wages and pupils achievement in theegpsiystem than in the public one.

It is @ much-debated topic in the empirical literatuteetier investing in resources such as teacher
wages can improve student performance. A common findindpais resources do not have a
significant effect on student test scores (Hanushek, 1986; 2992), but such a conclusion has
frequently been questioned (Card & Krueger, 1992; Figlio, 1998)icBlarly, the effect of relative
wages is usually more significant than the absolute ézaghge (Southwick & Indermit, 1997) but
both variables have a weak and not very robust effestument scores (Dewey et al., 2000).

The purpose of our paper is to assess the effect of teast@ges on student performance,
exploiting the features of Brazil, a developing countryvimch the variation in teacher wages is
particularly marked, as we will show later. The underlygsoning is that it could be the case that
in industrialized countries teachers’ wages have reaeh#ureshold above which there is not
enough variation as to measure an effect of a changageswon student performance. In a poorer
country where the dispersion in wages is much higherletred of teachers' wages might have a
more significant effect, at least in the private sdimg system (Case and Deaton, 1999).

We essentially test three hypotheses in this papethdt) teachers wages matter for students
achievement, (ii) that the conditional correlatiortedchers wages and scores is stronger in private
than in public schools, given that the latter are isggba greater number of constraints on their
recruitment and payment policies, and (iii) that theme variations in the conditional correlation of
teachers wages with students test scores, indicatatgltére is heterogeneity in the pupil-teacher
relationship.

The paper is organized as followSection 2is devoted to the presentation of our data and a
discussion of the variables we use. We then estimatedacation production function, first by
ordinary least-squares (OLS), which serves as our hasedferencesgction 3. Given the high
heterogeneity of Brazilian pupils and teachersseantion 4we turn to the estimation of quantile
regressions (QR), which provide a detailed characterizadib the effect of teachers wages
(explanatory variable) along the distribution of pupit®res (dependent variable). This technique
contrasts with OLS and IV estimations, which only prowdean conditional correlations of the
explanatory and the dependent variables. Even includiegies f controls, OLS coefficients risk
being biased, since it is difficult to defend the assumpti@at students of different levels of
performance are randomly assigned to teachers ofetitfevages. In order to address this likely

endogeneity issue, we use a set of variables, includingaisaexperience and teachers’ gender, as
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instruments for the teachers' wage (Béction 5. Finally, we try to cope simultaneously with
heterogeneity in the teacher-student relationship andgenedy of teachers' wages through a
combination of two-stage least squares and QR, in thalkmdwo-stage least absolute deviation

estimation (2SLAD section §. Section 7contains a summary and the conclusions.

2. Data set and choice of variables

2.1. The SAEB database

The data we use come from the 2001 Brazilian survey onspaphievement, the so-called SAEB,
which stands for Basic Education Assessment SysteritBSIA organized by INEP, a research
institute subordinated to the Brazilian Ministry of Edimat SAEB consists of countrywide
cognitive ability exams in language (Portuguese) and matiemabupled with a collection of
data on relevant features of students, teachers, prscgral schools. It focuses on the evaluation
of pupils at three key stages of their formal educat#ih: year of primary school, 8th year of
primary school, and 3rd year of secondary school. Eatifese grades corresponds to the last year
of a stage in the Brazilian schooling system. Thesetlae end of first half of primary school
(during which students have one teacher for all subjettts)end of second half of primary school
(during which students have one teacher for each subgext)the end of secondary school (after
which students can do college admission exams).

Schooling is mandatory in Brazil for children up to 14 yeaegardless of the grade they are
attending. The '8 grade sample constitutes the best available approximatiothe end of
compulsory schooling. Moreover, th8 grade sample is also less exposed to dropping out than the
3 grade of secondary school. Finally, th& grade datasets have fewer missing data in key
questions (e.g. pupil’s age, mother’s education, number of bataksme etc.) as compared to the
4" grade dataset. For these reasons, in this paper, we dezifteis exclusively on theé"&rade
sample. It should be noted, however, that while themewended age for pupils enrolled in tHe 8
grade is 14 years, the range of pupils’ ages in the sasattually quite wide.

The SAEB database surveys random samples. For each grabesubject, the sample is
representative of the students of the whole country,cdreach of the 26 Brazilian states and the
Federal District (in which is located country’s capit@tasilia). In a first step, schools that took
part in SAEB have been randomly chosen. In a secam she class has then been randomly

chosen inside each of these schools. All studentgea class have been submitted to the SAEB

! In Portuguese, SAEB stands for Sistema de Avaliacdmein&Basico. INEP stands for Instituto Nacional de
Estudos e Pesquisas Educacionais (In English: National tadttuEducational Studies and Research).
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exam on only one of the two subjects, which means thaaréicular pupil could not do both
language and mathematics tests. Pupils' test scores cowlegpasubject-specific pedagogical
scales elaborated by INEP staff together with teachesgearchers and experts. Possible scores
range from 0 to 500, and are supposed to evaluate skills aitiesiwf students. Scores are not

comparable across subjects.

2.2.Choice of control variables

Tables 1 (language) and 2 (mathematics) contain descrgititistics for all variables used in the
estimations for all schools taken together and for eéggb of school: private, municipal public
schools, and state-level public schools. We recdilttiey refer to the 2001 wave of SAEB, to both
language and mathematics tests, and to trgrade.

Tables 1 and 2 show descriptive statistics of the depeatenthe explanatory variables expressed
both in their original unitsntscoreand ntwageprof, that is before unit transformations undertaken
for ease of interpretation (explained below). By logkat ‘ntscore’ and ‘ntwageprof, we verify
the high variability of both scores and teachers waljeboth subjects, while the average scores
are not far from 250, the range of scores is quite vadge Minimum score of 78, 21 and maximum
score of 399,03 in mathematics). Teachers' wages rangedffoto 15 s.m., the monetary unit used
heré, and standard deviations are substahti&tandard deviations of both dependent and
explanatory variables are higher in private with respegublic schools.

The remaining rows show descriptive statistics forttadl variables used in our estimations: the
dependent variables¢org, the explanatory variablewégeproj, and the control variables.
Appendix 2 explains in detail how the explanatory variabke heen constructed. The important
point is that it has been created out of a transftomaf the original information we had, such that
the new variable has mean equal to 0 and standard dewegtiahto 1. The dependent variable, i.e.
the student's test score, was standardized in order ¢oshenean of 500, and a standard deviation
of 100.

Following Carroll (1963) and subsequent literatutbere are five factors that determine students
learning rate: "(i) aptitude, (ii) ability to understand rastions, (iii) perseverance, (iv) opportunity,

and (v) the quality of instruction”. We use these categ@iea reference for the choice of our

2 The monetary unit used here is that one in which wagesxmressed in Brazilian administration, namely ‘s.m.’,
which stands for 'salarios minimos', (literally, ‘minim wages'). One unit of s.m. was approximately equivaten
US$68,00 in October 2001, when SAEB exams took place. See Apffodifurther explanations.

% The range is the same for both subjects becausesitiéble has been composed out of the same categoristiogue
concerning their wages that has been posed to all tsagyardless of the discipline that they teach. See Ajppén

for further explanations

4 Creemer, 1994; Scheerens, 1997; Creegtent, 2000
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control variables among all the information availabletlom pupil itself, on its family, its teacher
and its school.

Firstly, to account for observabiedividual characteristics (potentially related to points i to iv),
we include age, gender and race of the pupil. There isadlmange of ages inside the considered
grade (pupils are aged between 8 and 14 in thgr&de). We can therefore expect age to affect
motivation, self-confidence and maturity of the pupils. Welude dummies for self-reported
pupil's race (black and mixed). Since, on average, mixed iduhls are poorer than whites in
Brazil, and blacks are the poorest race group, this dumingnip plays the role of a control for
unobserved variables related to pupils race, but partiguldris also a control for its socio-
economic status.

Secondly, we control for pupilamily environment. We use measures of mother education
(misced), family wealth (as measured by the numbempi@yees at home: nmaids), the number of
books at home (as a proxy for the family interestiearihing and as a home educational resource:
nbbooks), and the type of family structure the pupil live@nith both parents or not: nonnuclear).
These variables might affect the motivation, levetiddrt and opportunities of the pupils as well as
their ability to understand instructions.

Thirdly, to account specifically fopupil effort (point iii), we use information on the frequency
with which pupils does their homework when asked to dbnitwk)>. We also have information as
to whether the pupil repeated grades (retention) and hew.die use this variable as an imperfect
control forpast effort, while we are aware that this complex variable adflects innate talent and
family background.

Fourthly, we include measures of theality of schooling (point v) received by pupils. We have
information on the size of classes, (the studentfeza@tio: stratio), the availability of a library in
the school (library) and the number of computers availédal pupil use (ncomﬁ) Moreover, we
include the gross monthly wage of the principal as a cbfdrohis overall level of competence

(wageprinc).

® One could fear that the quantity of homework given by thehtas either endogenous (unobserved characteristics
influence both pupils homework records and their scaiggjltaneously), or even as an outcome variable (veat-
teachers possibly have an impact, not only the sdgremils, but also on their homework activities). It slibbe noted
that the variable measures the frequency with which pdpiteeir homework, and not simply the frequency with they
are given homework. That is, the value this variablarass depends primarily on a choice made by pupils, so
classifying this variable as an outcome variable tspcstraightforward. Simultaneous determination mighofb
concern, but we decided to keep this variable in the modeN@reasons: (i) because it is just a control astconr
main focus, (ii) it is the only variable indicating@ff that is available in the SAEB dataset.

5 We don’t have information on the number of students in selwbol, so we were not able to generate the ideal
variable that would be the number of computers per lreaddh school.
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Finally, we add controls for regional specificities bé tenvironment. We use indicator variables
for each Brazilian state (ufll to uf53), aimed at captualigstate-specific heterogeneity. We
include municipal information on tax revenues per heagp@aap) to take into accouvriations

in economic resourcesthat could influence both student performance and teachagesw
independently of their actual productivity level. For ins@nwealthier municipalities could give
access to public libraries, health services or otltetcaiamilies and on average parents’ earnings
would tend to be higher than in poorer municipalities.

As for teachers characteristicswe assume that, conditional on having or not a univedsityee
(univprof), all otherwise relevant characteristics tedlato teachers quality are synthesized by their
wages. Other observed teachers variables are used aspradged instruments in IV and 2SLAD
estimations: teachers’ gender (gendprof), teachers’ iexper in teaching the tested discipline
(expprof), monthly hours of work (hoursprof) and a dummyiciaithg whether the teacher has

another job besides teaching (otherjob) .

3. Do teachers’ wages matter? The baseline model (O LS)

3.1. Model and explanatory variables

Our basic model estimates an education production fundtiorscores that '8 grade pupils
obtained in SAEB tests, in both subjects: language andematics. Test scores are a function of
teachers' gross monthly wages, controlling for the facti@scribed in the previous section. Our

OLS (benchmark) model is as follows:

Scorg =a + W, +yX; + 8X3 + g (Equation 1)
Where: Score is the performance of pupil i in SAEB, tééistands for each teacher's wage, X is a

vector of control variables ands the error term.

Note that by including in the equation a vector (X?) comagirthe squares of the continuously
valued right-hand side variables, we avoid imposing theigcege assumption of linearity in the
relationship between right-hand side variables and theoow variable (score), a procedure
inspired by Figlio (1999). In subsection 3.1 we explain whyuse the specification stated in
equation 1 and not a more general one, which would inclsdeared teachers' wages term (W?2).
Test score observations have been standardized satcthéhmean for this variable is 500, with a
standard deviation of 100 (variable name: score). And teawglages observations have been set to
have a mean equal to 0 and a standard deviation equal toidblezaame: wageprof). Thanks to
these transformations, we can interpret the estimefiedts of teacher wages on scores in
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an intuitive way. For example, a marginal effectl6f would mean that a change of 1 unit of
teachers wages (that is, 1 standard deviation of teaalyss) corresponds with a change of 10
points of pupils score (that is, 10% of standard deviaifgrupils scores).

In addition to the estimations for the overall saenphe also estimate our models for private,
municipal, and state schools separately. There are teeasons for doing so. First of all, it
appears that there are importadifferences between public and private schoalsin the
descriptive statistics by type of school (tables 1 and )pbserve that average scores of private
schools students are between 15 to 20 percent higher tsa @h public schools. We also notice
that, on average, private schools teachers earn 30%thareheir public counterparts. When we
turn to control variables, the differences are alsiisty. For example, pupils in private schools
live much less often in non-nuclear families (27 comppace40 per cent in public schools), have
highly educated mothers (on average, mothers of studantwivate schools have been to
university, mothers of students in public schools have iigé),in wealthier families with more
books and do more homework. Private school infrastructudlensages are also much better than
those of the public sector. Private schools directars, on average, 30% more than their public
schools counterparts and private schools have, on ay@agemputers for pupil use compared to
less than 5 for public schools.

Of course, these differences in average values of depgnexplanatory and control variables do
not make the case for partitioning the sample — indeedgetdifferences are controlled for in our
estimations —, but they constitute evidences that prigatk public schools function imery
contrasted environments We believe that, beyond these observable variatilese might also
exist unobservable heterogeneity of pupil's charactexitien one type of school to another. This
leads us to think that in Brazil, private and public schofinction in completely different
environments, and are allocated completely different snofenputs (particularly, of inputs such as
pupils and teachers characteristics).

Another reason why we think it is interesting to lobk@vate and public schools separately relates
to their respectiveunding and managing characteristics Private schools are neither financed nor
managed by the public authority, which significantly moditiesir decision-making environment
and the nature of their budget constraints. As mentigmediously, private schools function in
competition with other schools in the educational mankdereas public schools are managed by
the state and respond to bureaucratic rules.

As a consequence, we believe that the effect on stesdents of an important input like teachers'

wages should not be estimated (only) by taking the whkalmple and assuming a constant
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coefficient for all types of schools. It seems warhile to gain some insights about this kind of
heterogeneity, of both regressors and scores, by s$elyaestimating private and public schools
coefficients.

Although they are not as strong as those between erarad public schools, there are also some
relevantdifferences among public schoolsMunicipal and state schools differ mainly in their
degree of decision-making autonomy (decentralization). réésepublic schools are funded and
managed mainly at the local level (there are 5562 munikgsain Brazil), state schools are funded
and managed mainly at a higher level (there are 27 stattbe country). Consequently, to be
consistent we decided to partition the public schoolgptaas well.

Therefore we estimate our models for all schools takgether, but also separately for the three
types of schools — private, municipal and state schoolsrder to keep results comparable when
we use partitioned samples, we standardize the dependeable (test score: ‘score’) and the
explanatory variable (teacher’s wage: wageprof) by subaeh that means and standard deviations

are set, respectively, to 500 and 100, and to 0 and 1 forygscbftschool.

3.2. OLSresults

F tests of structural chang@form us that we can reasonably reject the null hygsishthat the
coefficient 6, associated with the vector of squared control varsabie equal to zero. This
conclusion holds for both subjects when all schoddstaken together. However, we cannot reject
the null hypotheses that the coefficients associatédtiie square of teacher’'s wage (W?) are equal
to zero. These tests suggest that the specification evbars (linear in W and nonlinear in X) is
more adequate than the linear functional form usually eyedlin education production functions.
These results are in line with those obtained by F{dl899). In the remaining of the paper, we will
make use of this specification, stated in equation 1 above

Tables 3 and 4 show, for language and mathematics respgctieresults of OLS estimations of
the impact of teachers' wages on scores, undertakendagy to equation 1, namely, conditional
on a series of controls. For each of the two subjecksnguage and mathematics — we present
results for all schools taken together, and alsodchéype of school.

In this baseline (OLS) model, teacher wages hasmall but positive and significant (at 1% level)
effecton student test scores, when all schools are takenh@rgéh the language sample, the

coefficient is of 3,30, which means that a change of 1iortkachers wages (that is, 1 standard

7

See table 5.
8 When each type of school is treated separately, theflexible model, namely the one which is nonlineaboth W
and X, in some cases is preferred to the one we ¢hiosar in W, nonlinear in X), especially in municipahsols.
However, we decided to stick to the same specificatiobmsaanodels in order to make our comparisons clearer.
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deviation of teachers wages) corresponds to a chang8®pa8ints of pupils score (that is, 3,30%
of standard deviation of pupils scores). A similar ressiltobtained in mathematics, but the
coefficient is smaller (2,38). The coefficients asateml with the private school dumi(private)

are positive and very high in both subjects.

Tables 3 and 4 also contain the results for the pamiticscamples. The picture we obtain is quite
different depending on the type of school. For both subjéeachers’ wages coefficients in private
schoolsare considerably higher than those of the whole saif89 in language and 4,02 in
mathematics) and both are significant. Famicipal schoolsthe more decentralized type of public
school, teacher wage coefficients are not statiticifferent from zero in both subjects. The same
is true for state schoolsn language, while in mathematics the coefficient isifpe (3,14),
statistically significant, and higher than the oneoaided with the all the schools taken together.
So the effect of teacher wages on student test searésefwhole sample seems lower than that for
private schools due to both types of public schools caefiis in the language exam, and only
because of municipal schools in the mathematics case.

Our control variables yield the expected signs, in lirtd wtiandard results found in the literature.
Boys perform better than girls do in mathematics aed¢verse is true in language. Age and grade
retention both affect test scores negatively. Sgibrted black and mixed pupils perform worse on
average, as well as individuals coming from non-nuckeanilies, and those that have fewer books
at home. Having a teacher holding a university degree (onkariguage scores) or the availability
of a school library (only for public schools) affecsttscores positively as well as having access to
computers at school (in private schools only). Note thast public schools have very few
computers and less often a library than private schddis could explain the differences in
significance of the measured effects between schpekty

Our results suggest that teachers’ wages do matter fomssudehievement in Brazil, although the
estimated coefficients are not extremely high. Moreae hypothesis that, in private schools, the
conditional effects of teachers wages on scoredik@ly to be stronger than in public schools,
given that the latter are imposed a greater numbeomsdtraints on their recruitment and payment

policies, is largely supported by our OLS results.

® Private takes value one if the school is privateth@rwise



4. To whom do teachers’ wages matter? The rationale for using
guantile regressions (QR)

Education production function studies typically reportrage effects on student achievement
(typically, the outcome variable) of school resourdasily resources, or other relevant inputs.
Widely used methods such as least squares and instrumemgdles have the drawback of not
allowing one to assess the effect of resources onvashent at different points of the conditional
distribution of educational achievement (scores), sineg only estimate a constant coefficient, the
conditional mean.
However, understanding theffect of teachers’ wages along the distribution of sconey be
relevant for various reasons. It is particularly imipat when there are good reasons to believe that
‘weak' and 'strong' students function in extremely difie contexts. This is the case in the Brazilian
schooling system. Indeed Brazilian students and teacnerfieterogeneous in various respects.
Firstly, this country presents one of the most unequalmecdistributions in the world, which is
attested, for example, by a very high Gini coefficigmoughout the 1980s and the 1990s — 0,59 —
against an average of 0,50 for other Latin American camifBarros et al., 2000). Secondly,
inequality of student achievement is particularly stronddiiazil, in comparison with developed
countries and even some developing countries. Accordingual measures of inequality such as
the ratio between the first and the ninth decilescofess or educational Gini, Brazil ranks last (i.e.
most unequal country) in an international student assgsexam, the so-called ‘PISA 2000,
recently organized by OECD. To sum up, the heterogenejpypifs in Brazil is so strong that we
suspect that coefficients calculated as averages, sutlose provided by OLS and IV estimations,
potentially hide insightful information. More importantihey are likely to mislead policy-makers
by giving an incorrect diagnosis of the relative impacsahe inputs, and especially of teachers’
wages, in the production of education. Indeed, we have aspmeto impose, a priori, that the
coefficient associated with the explanatory varialednstant along the distribution of scores.
One way of dealing with potential heterogeneity of #lationship between Brazilian pupils and
teachers is to estimate coefficients of samplestjpemtd by type of school, as we do throughout
this paper. However, such a procedure has a drawbackcésfais to drop, in each estimation, a
considerable amount of variation in both scores andheza’ wages as we only consider the
observations related to roughly one third of the overafipda. Another strategy for dealing with
heterogeneity consists of using the quantile regressiomitpie. Eide and Showalter (1998)
advocated the use of quantile regression by saying thatrtbépnly addressed the question ‘does

money matter?", but also “for whom does money matte/cordingly, in this paper,
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while least squares and instrumental variables estimatitto us to answer whether teachers’
wages matter in Brazil, quantile regressions allow wetermine to whom they really matter.
Technically, quantile regressions consist of a gener@lizaif the conditionamedianestimation

(or least absolute deviation), which is in fact an oddistical technique. It was left aside for many
years or only presented as a curiosity in statistedbboks because of computational difficulties
among other reasons (Koenker, 2000). It was then "redisedY; developed and introduced in the
economic literature by Koenker & Bassett (1978). It heenlgeneralized as a method of estimation
of conditional quantile functions for any quantéleof the dependent variable. When estimating
guantiles, absolute deviations are given positive andtivegaeights, in such a way that a fraction
6 of the observations will lie below the fitted line weha fraction (1 -8) will lie above it. Asd goes
from O to 1, the entire distribution of test scormmditional on teachers wages (W) and covariates
(X and X?), is described.

The 8™ quantile coefficients are obtained as a solution tegpeession below:

Min< > éScore-xpB,[+ > (1-8)Score-x s, (Equation 2)
BORX | i:Scorex 8 i:Scorex; 8
We thus estimate equation 2 for each quantile veeiaterested in so as to obtain a set of

coefficients for each quantilgs, .

4.1. Related literature and the procedure we adopted

Some recent papers have been published which wmetilguregression to assess the effect of
resources on student achievement. Eide and ShoWh88) estimate the effect of different types
of school resources (pupil-teacher ratio, schoak yength, qualification of teachers, peer effects
and per pupil expenditures) on the conditionalritistion of performance (test score gains) both by
ordinary least squares and by quantile regressiomsr results show that most of the coefficients
are not statistically significamn averagdi.e. by least squares estimation). However, sohtkem
turn out to be statistically significant for sompesific quantiles when the quantile regression
method is used (e.g. school year length becomesisant for upper tail of distribution).

Later on, other papers have used the quantile ssigre technique in economics of education.
Levin (2001) studies mainly the effect of classesibut also of peer effects, on achievement of
Dutch pupils. His results show a strong downwaethdrin the effect of having more pupils of the
same 1Q in one's class on achievement as one nupvdse achievement distribution. That is, low
performing pupils benefit more from ability groupitigan average or high performing ones.
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Rangvid (2003) estimates peer effects along the condititistaibution of scores for Danish pupils,
finding that peer effects are stronger for weak studantsthat they decrease over the distribution
of scores. In a setting very close to ours, Billg0R) first uses ordinary least squares and quantile
regressions separately, and then combines instrumentablesriwith quantile regressions in two
stages, in order to estimate the effect of teachempastudent performance in private schools in
the US. In the latter formulation, she finds that higimaximum salaries have no significant impact
on the measure of student performance she uses.

To our knowledge, our paper is the first to estimate edutadioduction functions through the
guantile regression technique using Brazilian data. We estiagiation 2 for 5 quantiles of the
test score distribution. We estimate the quartiles, imetuthe median (0.25, 0.5, and 0.75) in order
to obtain a clear picture of the changing pattern oéffect of wage variables on the distribution of
scores. It is also useful to compare the median aedmban coefficientd Additionally, we
estimate two extreme quantiles (0.05 and 0.95) to give udeanoif the effect of our explanatory

variables on scores for very weak and very strong stedent

4.2. QR results

Tables 6 (language) and 7 (mathematics) show QR estimaéeuks for 5 quantiles, including a
series of control variables. For each subject, we ptessults for all schools taken together and for
each type of school, and we reproduce OLS coefficiemtsdmparison. Recall that the dependent
variable is the students' test score.

When we look a@all schools togetherwe have quite different results in language (tablerg) a
mathematics (table 7). In language, the effect of #wachwages decreases (though not
monotonically) with the performance of students. Theffcdent drops from a positive and
significant level (5,14) for the first estimated quan{éie0,05) to a low coefficient (0,74) which is
not significantly different from zero for the lasstienated quantile6€0,95). According to these
results, teachers' wages are conditionally cormlébea higher extent with the scores of low-
performing students than with those of high-performing stwddnt mathematics, such a clear
decreasing pattern is not observed. Coefficients ardl, gyoaitive, and significant (at 10% level)
for all estimated quantiles, but they go up and down, witlsoibstantial shifts, even between the
extreme quantiles (2,21 fé=0,05 against 2,97 fd&=0,95).

9 The median (QR with =0,5) and the mean (OLS) coefficients may differ few teasons: (i) the conditional
distribution of scores may be skewed: either thereedatively too many observations for which teachergeseaare
low (implying a low median coefficient), or there aetatively too few observations for which teachergegare low
(implying a high median coefficient), (i) if thereasconsiderable number of outliers.
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There is a gap between the median coefficient (2,95)th@dmean coefficient (2,38) in both
disciplines, suggesting that the OLS coefficient is uablgtto express the conditional correlation
of teachers' wages with the scores of weak studeitsedh) as the conditional distribution of scores
is skewed (to the left in the case of mathematicghéoright for language), quantile regression
should provide more precision for the estimation oféffiects at different points of the distribution.
When we turn our attention to particular types of sththe most interesting result is found for
private schools In the language test, all estimated coefficients @ositive. They are also
statistically significant, except for the last o8e(@,95). The overall decreasing pattern verified for
all schools taken together is reproduced here, but teasity of the estimated effect is stronger,
especially for6=0,05, where the coefficient is 14,39. Recall that thisnee¢hat a marginal change
of 1 standard deviation of teachers’ wages is related ¢thaage of 14,39 points (14,39% of
standard deviation of scores). Even for the third quai@#®,75), the coefficient is much higher
than the all-schools-taken-together analogous resd® (gersus 2,95). We notice a considerable
difference between the median (5,35) and the mean cieeffi(6,99). In the mathematics test, none
of the extreme quantiles coefficients are statidticalifferent from zero, while the three
coefficients corresponding to the quartiles are posistatistically significant, and presenting a
slight overall decreasing trend.

For public schoolsonly 4 out of 20 coefficients are significant at the 1@%el, only 2 at the 1%
level, and the results are much less revealing. Nonthe@funicipal schoolscoefficients is
different from zero and no clear increasing or decrgagsattern is observed. Btate schoolsin
both subjects, the coefficients for the high-performitugients §=0,95) are statistically significant,
but while it is positive in mathematics (5,83), it is agge in language (-5,96). A very slight
decreasing pattern can be found in language, but in mathemataear-cut picture is obtained.
Detention of a university degree by the teacher improves peigormance in language, especially
that of the better students. This result seems todtwlithat a higher level of skills makes the
students more able to reap the benefits of having a univémsibed teacher. These results do not
hold for math test scores, which do not seem affectetebteacher's university education.

All other unobserved aspects of teacher quality, capturetthdoyvages, mainly benefit the low-
performing students pointing to some form of merit pay ficient selection of teacher candidates
especially in the private sector. We conclude thateeiith the whole sample or with the private
schools sample, the hypothesis that there are \argin the conditional correlation of teachers
wages with students test scores (the heterogeneity hgmjtle supported by the coefficients of

language estimations. In mathematics, this is true a$ buglto a smaller extent. So, the
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achievement impact of an additional unit of teacher vimget the same for all types of student.

5. Correcting for endogeneity: instrumental variabl es (IV)

5.1. Strategy used to take endogeneity of teacher wages into account

We can not ignore the possibility that good studentsassgned essentially better-paid teachers.
Individuals whose unobservable characteristics make thighiperforming students may well be
those who are taught by well-paid teachers. For instavelepaid teachers might live and work in
richer neighborhoods where students would on average perfdatively well in SAEB exams,
regardless of the quality of the teaching they are givais could happen, for example, due to the
provision of family support working as a substitute for sthmouts. If this is the case, even after
controlling for the available observable variables, theff@ents we estimate would not capture
the true effect of teachers wages (and the teacherisyghaly are assumed to represent) on scores.
They would measure the combined effect of teacher waghsivese unobserved factors, biasing
OLS coefficients, possibly upwards.

It may also be the case, instead, that rich paremtsevchildren are not brilliant at school make an
effort to offer their children the best available scivagpl In order to do so, they could enroll their
children in expensive private schools so that well-paidhes working there could help these not-
so-brilliant-but-rich pupils in the endeavor of acquiringedter level of academic skills. Since they
are not very talented, however, these students migtdinoleést scores which are far from
outstanding, even though their teachers earn a relatigh wage (and have a relatively high level
of skills). In this case, teachers’ wages coeffigembuld be excessively low because of a selection
problem, regardless of the quality of teaching that is pravide

There are certainly other possible sources of setedtias in the relationship between teachers'
wages and students' scores. Whatever the reason, gneusyect thateachers' wages are not
randomly assigned to different types of studesten conditioning on all available covariates.
Trying to account for potential endogeneity of teacheagjas, we have estimated an instrumental
variable model. In the first stage, we estimate teatheages as a function of the same set of
variables used in OLS and QR estimations, but also vt af instruments that are excluded from

the main, second-stage, equation. The first step takdsltbwing form:

Wi =n +0X;+ kX2 + Al + p; (Equation 3)
Where W stands for the teacher’'s wage, X is a vemt@ontrol variables, | represents the set of

instrumental variables that are excluded in the secopdassumed to be orthogonal to scores) and
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w is the error term.

In the main equation, we exclude the instruments wenasdo be predetermined with respect to
students' score, especially the gender of the teachautgigd) and his or her years of experience as
a teacher (expprof). Firstly, we believe that whethéeacher is a man or a woman is not a factor
that is likely to influence students’ score directly. tBa other hand, there is typically a gender gap
in wages, even when experience, age and other factersoatrolled for, so that, on average,
gender is correlated with wages. Secondly, education phioduttinctions frequently provide
evidences that a teacher’s experience, conditionatamariates, has no systematic significant
impact on scoré$ But experience can be expected to be strongly ededwith wages, especially
in the public sector. So, in principle, these two vargldeem to fill the required conditions for
them to be valid instruments: they are correlated thighvariable we suspect to be endogenous and
they are correlated with the dependent variable of thm equation only through the channel of
the endogenous variable. The set of instruments we wséalade the monthly hours of work of a
teacher (hoursprof), whether he or she has anothdojberjob), and the squares of the number of
years of experience (experience2) and of the numbeowsthaught per month (hoursprof2). We
use the same specification for the two subjects, flthese six instruments being used as
predetermined variables.

The second step is exactly the same as the OLS s#ioifi, except for the fact that we replace the

potentially endogenous variable (wageprof) by an instrumesateable (wagehat).

Scorg = a + pWHat; + 6 X+ {X? + g (Equation 4)
Where Score is the performance of pupil i in SAEB té#tjat stands for the predicted value of

teacher wage (based on the first stage), X is a vettambrol variables ane is the error term.

5.2. IV results

Results from the second stage of 2SLS estimationthéocomplete sample are found in tables 8
and 9, and they can be compared with OLS results (t8kdesl 4). As a first check of the validity
of our instruments, we look at the results of firstgetaestimations. In the first stage, most
coefficients of predetermined instruments are staidyisignificant. More interesting, though, is
to look at partial R-squared, as well as the F testiseoptedetermined instruments of the first stage

regressions. The R-squared is reasonably high for all sslged types of school (ranging from

M vVignoles et al.(2000)



0,13 to 0,18) and all F tests allow us to reject the hypesh#sat the coefficients of excluded
instruments are not different from zero. As a secoadesicheck, we have computed Sargan’'s
statistic for a test of over-identification. Thettg®lds good results (p-values ranging from 0,28 to
0,40) in language, for all schools and for both private raahicipal schools, but not for state
schools. In mathematics, p-values are low for oVverad municipal schools, and very low for state
and private schools, casting doubts on the validityhefdet of instruments. For that reason, we
concentrate our analysis on the results of the laggexam. We have tested some subsets of
instruments for each sample, some of which pass theurmnsnt validity checks and yield
gualitatively comparable results. However we decidedefmnt here only the results using the
complete set for the sake of comparison.

In the language exam, when all schools are taken togstmrnd stage estimation yields a positive
and significant coefficient of teacher wages on testes, as in OLS. In facthe coefficient is
slightly higher than its OLS counterpda,52 versus 3,30). The same pattern is verified for private
schools, with a coefficient that is higher than tHeSne (8,30 versus 6,99), and also statistically
significant. The state schools' (more decentralized ipwahools) and the municipal school's
teacher wage coefficients are both insignificant. Bi@e of a university degree by the teacher has
a significant positive effect on language test scoresrfgnitude similar to the OLS specification.
In mathematics, none of the coefficients is sigaific The main qualitative conclusions we had

drawn in the OLS section are thus preserved when weiment the teacher’s wage.

6. Quantile regressions combined with two-stage-lea st squares: two-
stage absolute deviation (2SLAD)

In subsection 4, we have extended the estimation mditonal mean (OLS coefficients) to the
estimation of coefficients that vary along the dittion of conditional scores, through the use of
quantile regressions. It is now natural to proceed iarsmlogous way, extending the IV model of
section 5 in a similar manner. The idea underlying thislipation of two techniques (quantile
regression and two-stage least squares) is to cope swiemlisly with both problems that are likely
to bias our OLS coefficients, namely the heterogengftgtudents and possible endogeneity of
teachers’ wages. So our aim now is to determine to wieachers’ wages matter in Brazil (QR),
but using as explanatory variable a “corrected” regrd@8irS/IV approach).
This combination of quantile regression with two-staget lsgsiares is called two-stage least
absolute deviation (2SLAD). Levin (2001) and Billger (2002) haverntyg applied it in education

production functions, for example. The consistency asgmptotic normality of the 2SLAD
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estimator has been shown by Amemiya (1982), Powell (1983Lhrn (1996).

The procedure consists of regressing the endogenous valiaaelsers wages) on all instruments
(including the predetermined ones) in the first stageutiftwrdinary least squares, and then use the
fitted values from the first stage as a regressorarsédtond-stage quantile regression estimation.
So our next step is to estimate the effects of ourunstnt (wagehat) on student achievement for
different points in the test score distribution using 5 qlesnbf the test score distribution (0.05,
0.25, 0.5, 0.75 and 0.95) in the second step of our model.

6.1. 2SLAD results (combining QR with 2SLS)

Tables 10 (language) and 11 (mathematics) show 2SLAD esimeatesults for 5 quantiles,
including a series of control variables. For each subjgetpresent results for all schools taken
together and for each type of school and we reproduce @&fficients for comparison.

The results for mathematics are not quite reliabléHerreasons outlined in section 5.2. Moreover,
few coefficients can be considered statisticallyestéht from zero at usual levels of confidence.

As for the language exam, the results we obtain iam#as to those obtained using plain quantile
regression: the effect of teachers wages decreasegyftmot monotonically) with the performance
of students, both when all schools are taken togetherwden only private schools are picked.
This strengthens our former conclusion that teachertguadcluding university education mostly
benefits lower performing pupils. Detention of a univerdiggree by the teacher again only affects
student test scores in language of the best pupils in pgeht®ls. The picture is not very clear for

public schools, since there are no significant coefitsie

7. Summary and conclusions

Using a more flexible functional form with respecttte ones that are commonly used in the

economics of education literature, we investigated whetieee is a correlation between teachers’

wages and students' achievement in a developing countail. Bra

We essentially tested three hypotheses in this paper:

(1 that teachers wages, an important and expensive educairipuod] matter for students
achievement,

(i) that the conditional correlation of teachers wages scores is stronger in private than in
public schools, given that the latter are imposed a greatmber of constraints on their

recruitment and payment policies, and



(i) that there are variations in the conditional cotiretaof teachers wages with students test
scores, suggesting the existence of heterogeneity in thieteapher relationship in Brazil.

All our results using the language sample support all thypetheses:

0] on average, teachers wages do have a significant effestiudents test scores, although the
coefficients are quite small,

(i) private schools (in which, typically rich families refi their children), coefficients for
teachers wages are positive, significant, and higher public schools and all-schools
coefficients,

(i)  the achievement impact of an additional unit of teadlage is not the same for all types of
student: the positive effect of teacher quality (as omeak by teacher wage) is most
important for low-performing pupils. These results are gme=i when we correct for
potential endogeneity of teacher wages using instrumentables and two-stage least
absolute deviation, reinforcing the credibility of theules Nonetheless, the coefficients of
IV and 2SLAD generally turn out to be less precise thair OLS and QR counterparts.

In mathematics, our OLS results suggest that teachages do matter for student performance,
and they are more pronounced in private schools. QR tsesito provide evidences of
heterogeneity, since estimated coefficients are diffeaeross quantiles (coefficients for extreme
guantiles are not significant while coefficients foemhediary quantiles are). However, we can not
identify a decreasing pattern as clear as in language.8@dQR results are not repeated in the
2SLS and 2SLAD estimations.

To the contrary, detention of a university degree bytéaeher mainly improves the performance

of the best pupils. This result seems to indicatedhbt the best pupils are able to reap the benefits

of having a university trained teacher. All other unobseasgkcts of teacher quality, captured by
the wages, mainly benefit the low-performing students pgnto some form of merit pay or
efficient selection of teacher candidates espedialtiie private sector.

It is not clear from our evidences which particular aebgeristic of private schools is responsible

for the link found between teacher wage and pupil achieveiméBrazil. The relation could point

to a better functioning of the market in the private stisector, but also to the use of merit pay to

a larger extent as compared to the public sector. Ttex Etplanation has been investigated in the

literature on merit pay in the US and it appears thair&ato use merit pay in the public sector is

mainly due to specific circumstances such as the opposit teacher unions (Ballou, 2001).

A puzzling issue is why the results we obtain for teachemges become so different from one

subject to the other when we instrument teachers walesse differences may be due to
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differences in the nature of pupil-teacher relationsbip due to different labor market
characteristics, such as the gender composition ofi¢esigpopulation. In fact, an instrument such
as teachers’ gender was likely to be endogenous in matlismwhile being exogenous in
language. The gender of the mathematics teacher seehas/¢oa direct impact on scores (not
through the channel of his or her wages). Understandingthibyis so, as well as investigating
whether this result is also true for other Braziliatadsets or, more generally, for other countries,
are topics that require further research.

Finally, it should be mentioned that we do not haveatinbition to claim that our results provide a
strong causal relationship between teachers’ wages andtstusisores. But we do claim that our
results contain some insightful descriptive staticogsrsection) evidence of the relationship
between these two variables, since we used a great nainbentrols across the estimations, and
different econometric techniques. In any case, a pessdih for further research is to test our three
hypotheses again by using different strategies of idertiditaone of which could consist of

exploiting pseudo-panel features of the SAEB datasets asuklenezes-Filho & Pazzello (2004).
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Appendix 1: Descriptive statistics and estimation r

Table 1: Descriptive statistics, Language, 8th grade, 2001.

esults

All schools Private Schools Municipal schoqgls State Schools
Mean Std, Mean  Std, Dev, Mean Std, Dev, Mean Std, Dev,
Dev,
Dependent variables Ntscore 24484 5139 276,12 46,37 227,00 45,78 227,91 45,24
Score 500 100
Ntwageprof 5,04 3,16 5,99 3,66 4,74 3,05 4,32 2,33
Teacher Variables Genderprof 0,17 0,38
Hoursprof 116,00 46,13 118,00 47,2y 120,40 46,21 110,27 44,24
Expprof 3,36 1,18
Otherwork 0,16 0,37
Univprof 0,90 0,30 0,95 0,21 0,89 0,31 0,86 0,3%
Alterwage 8,17 3,31
Pupil characteristics Gender 0,46 0,50
Age 15,04 1,66
Black 0,07 0,26 0,03 0,18 0,10 0,30 0,08 0,28
Mixed 0,38 0,48
Retention 0,57 0,85 0,24 0,58 0,77 0,93 0,75 0,92
Hmwk 1,93 0,98
Family variables Misced 3,25 1,22 4,17 0,92 2,64 1,03 2,81 1,p7
Nonnuclear 0,36 0,48 0,27 0,44 0,41 0,49 0,41 0,49
N_maids 0,59 1,00
Nbooks 1,49 0,68
School variables Wageprinc 0,00 1,0p
Library 0,81 0,39 0,91 0,29 0,73 0,44 0,79 0,41
Air 0,83 0,38
Light 0,92 0,27
Ncomp 10,94 17,26 22,75 22,149 4,57 7,57 3,27 6,30
Stratio 35,73 9,90
Private 0,36 0,48
Local tax variable Taxpercap 101,15 99,87 113,12 102,65 101,91 100,99 88,40 D4,37
Number of observations 50492 18015 14776 17701

Short description of variables: ntscore non transformed fmgb scores, ntwageprof: non transformed teachgesja

hoursprof: number of hours working as a teacher mertim expprof: number of years of experience, otherwork:
dummy value 1 if teacher has another job on the sideprofidummy indicating whether teacher went to univeysit

alterwage: potential alternative wage given gender, eduacatid state, Age:pupil's age in years, black and mixed: self
declared ethnic origin, retention: number of times prgpkated a class, Hmwk: frequency with which the pups doe
his homework, misced: level of education attained byrtb#énher, nonnuclear: dummy of value 1 if family if paremts a
separated, n_maids: number of maids, Nbooks: numbeok§lz home, wageprinc: wage of school director, library:
dummy indicating presence of a library in school, airtligimmies indicating whether the classroom is light and a
enough, ncomp:number of computers available for pupil trsgios student/teacher ratio, private : dummy indigati
private management of schools, taxpercap: tex per capdeiyen in the municipality.



Table 2: Descriptive statistics, Mathematics, 8th grade, 2001.

All schools State schools Municipal Schopls  Private Schools
Mean  Std, De Mean  Std, Dev Mean Std, Dev Mean Std, Dev
Dependent variables Ntscore 253,86 53,176 232,34 41,82 232,80 42,97 292,24 50,74
Score 500 100
Ntwageprof 5,27 3,44 4,37 2,53 4,73 3,29 6,54 3,89
Teacher variables Genderpr( 0,57 0,50
Hoursprof 122,76 46,11 115,84 43,78 124,08 4580 128,20 47,63
Expprof 3,28 1,21
Otherwork 0,24 0,43
Univprof 0,87 0,34
Alterwage 8,17 3,31
Pupil characteristics Gender 0,48 0,50
Idade 15,03 1,66
Black 0,07 0,26 0,09 0,29 0,11 0,31 0,04 0,18
Mixed 0,38 0,48
Retention 0,58 0,87 0,77 0,94 0,77 0,94 0,24 0,58
Hmwk1 1,88 0,99
Family variables Misced 3,26 1,22 2,82 1,07 2,64 1,02 4,18 0,92
Nonnuclear 0,36 0,48 0,40 0,49 0,40 0,49 0,27 0,44
N_maids 0,59 1,00
Nbooks 1,49 0,68
School Variables Wageprinc 0,00 1,0(¢
Library 0,82 0,39 0,79 0,41 0,73 0,44 0,91 0,29
Air 0,83 0,38
Light 0,92 0,27
Ncomp 10,95 17,25 3,29 6,33 4,58 7,58 22,74 22,15
Stratio 35,74 9,89 37,43 8,97 35,25 9,34 34,48 10,91
Private 0,36 0,48
Local tax variable Taxpercap 101,27 100,00 88,51 94|59 101,98 101,071 113,28 102,71
Number of observations 50300 17630 14709 17961




Table 3: OLS results, Language, 8 grade, by type of school.

Dependent variable: Student test scores

All Schools Private Schools Municipal Schoals State Schools

Coef, Std, Err]  Coef, Std, Enr, Coef, Std, Err, Coef, &,
Wageprof 3,30%** 0,58 6,99%** 1,12 0,53 1,19 0,79 1,12
Univprof 7,93%** 1,76 | 13,20** 4,24 | 16,18** 3,68 2,11 2,98
Gender -15,24*=* 0,95 | -20,89** 1,73 | -12,55** 194 | -16,39*** 1,86
Idade 15,27* 5,51 | 70,44*=* 13,84 7,02 10,75 7,54 10,52
Idade2 -0,72%* 0,17 | -2,60*** 0,46 -0,53 0,33 -0,51 0,33
Black -15,565*** 1,93 |-21,56** 4,91 | -18,53** 340 | -11,89* 3,49
Mixed -4,13%* 1,03 -5,74* 1,99 -5,63** 2,05 -1,38 1,93
Retention -31,24%* 176 | -50,98** 4,34 | -22,71** 324 | -32,18** 3,13
Retention2 8,53*+* 0,67 | 11,36** 1,94 5,70%** 1,19 9,61%* 1,16
Hmwk1 23,43** 1,90 | 21,46*+* 3,81 | 25,38*** 3,73 | 27,75*** 3,55
Hmwk12 -4,68%** 0,53 | -4,24** 1,03 | -493** 1,05 | -555** 1,00
Misced -1,85 2,25 5,57 6,03 -0,29 4,63 -0,27 4,37
Misced2 1,32%** 0,35 0,37 0,82 0,92 0,79 1,29* 0,72
Nonnuclear -13,84** 1,00 | -18,17*** 1,97 | -11,23** 196| -1517** 1,86
N_maids -1,87 2,05 4,59* 2,78 -19,45% 6,14 -20,11*** 574
N_maids2 1,75* 0,77 0,08 1,02 7,51** 2,37 7,73** 2,26
Nbooks 24,10*** 4,40 | 21,46 6,88 29,94* 11,89 46,20"* 10,26
Nbooks2 -3,86** 1,16 -2,86* 1,73 -5,67* 3,36 -10,14** 2,86
Wageprinc 4,13%** 0,70 | 5,58*** 1,23 6,21%* 1,76 4,98** 1,80
Wageprinc2 -0,49 0,56 0,15 0,97 -6,37**  1,2§ 2,55* 1,54
Library 3,45** 1,28 2,43 3,05 5,36* 2,39 6,86** 2,40
Private 37,88** 153
Air -1,85 1,45 1,09 3,76 -3,82 2,76 -0,99 2,56
Light 3,55* 1,97 3,30 6,16 5,34 3,92 2,72 3,12
Ncomp 0,49*+* 0,07 0,34** 0,12 0,55* 0,32 0,73* 0,38
Ncomp2 0,00*** 0,00 0,00* 0,00 0,01 0,01 -0,03 0,02
Stratio -0,13 0,23 -0,16 0,36 -0,05 0,52 0,35 0,56
Stratio2 0,00 0,00 0,00 0,01 0,00 0,01 -0,01 0,01
Taxpercap 0,15%** 0,02 0,18*** 0,04 0,02 0,04 0,20%*** 0,03
Taxpercap2 0,00%** 0,00 | 0,00*** 0,00 0,00 0,00 0,00** 0,00
Constant 371,01** 44,15 -47,20  106,3% 442,68** 87,06 452,15** 84,86
State dummies? Yes Yes Yes Yes
R squared 0,34 0,22 0,20 0,17
Number of obs 29015 10400 8500 10115




Table 4: OLS results, Mathematics, 8th grade, by type of Bool.

Dependent variable: Student test scores

All schools Private Schools Municipal Schoals State Skhoo
Score Coef. Std. Err. Coef. Std. Er. Coef. Std. Err. Coef. d. Bir.
Wageprof 2,38%** 0,59 4,02%* 1,11 -0,73 1,27 3,14** 1,18
Univprof 1,62 1,51 8,52* 3,53 -0,10 3,19 -0,12 2,84
Gender 26,49*** 0,90 24,85%** 1,70 | 36,87** 1,95 36,54** 1,86
Idade -10,36* 5,28 31,31* 13,59 -13,60 11,02 -21,26* 10,58
Idade2 0,07 0,17 -1,41* 0,45 0,07 0,34 0,33 0,33
Black -21,04** 1,80 | -29,30*** 4,79 | -23,43*** 3,37 | -22,73*** 3,41
Mixed -7,81%* 0,98 -8,94*** 1,93 -7,11* 2,08 -8,97*** 1,96
Retention -29,99*** 1,68 | -54,00~** 4,26 | -29,12*** 3,26| -26,53*** 3,16
Retention2 | 8,28%** 0,64 12,68*** 1,89 8,66%** 1,21 7,17%* 1,17
Hmwk1 17,70%* 1,79 14,01 3,60 21,89*** 3,77 18,71 3,57
Hmwk12 -3,24%** 0,50 -1,84* 0,98 -3,91 %= 1,06 -3,73%** 1,01
Misced -8,27x** 2,16 3,48 6,02 -8,63* 4,69 3,61 4,48
Misced?2 2,45%%* 0,34 1,02 0,81 2,52%* 0,80 0,56 0,74
Nonnuclear| -15,95*** 0,95 | -22,73*** 1,93 | -1542*»* 199| -1550*** 1,88
N_maids 8,52%** 1,96 13,05** 2,74 -1,64 6,18 -7,85 5,73
N_maids2 -1,72*% 0,74 -3,23** 1,01 1,97 2,41 4,30* 2,24
Nbooks 30,18* 4,20 32,78*** 6,73 | 43,32** 12,17| 51,56 10,37
Nbooks2 -5,44%** 1,11 -5,81* 1,70 -9,08* 3,46 | -11,32** 2,89
Wageprinc | 4,62*** 0,68 7,82%** 1,21 4,10* 1,78 3,98* 1,87
Wageprinc2 0,50 0,54 0,22 0,94 -4 ,54*** 1,26 3,46* 1,60
Library 2,23* 1,23 2,23 3,08 7,95** 2,42 4,27* 2,44
Private 45,48%** 1,45
Air -2,84* 1,40 -6,89* 3,75 0,42 2,90 -0,84 2,56
Light 5,35** 1,93 14,68* 6,16 6,23 4,17 4,21 3,18
Ncomp 0,75%* 0,07 0,79%** 0,11 0,25 0,32 -0,05 0,39
Ncomp2 0,00%** 0,00 -0,01%** 0,00 0,02 0,01 0,03 0,02
Stratio -0,27 0,21 -0,67* 0,32 0,28 0,54 0,24 0,56
Stratio2 0,00 0,00 0,01 0,00 -0,01 0,01 -0,01 0,01
Taxpercap 0,09*** 0,02 0,15%** 0,04 0,05 0,04 0,12%** 0,03
Taxpercap2 0,00*** 0,00 0,00** 0,00 0,00* 0,00 0,00 0,00
Constant 554,6 229,75 595,74 653,26
State Yes Yes Yes Yes
dummies?
R squared 0,44 0,29 0,24 0,21
Number of 28484 10279 8500 9705
Obs




Table 5: Chow test of structural change
.“Sometimes called Chow test for structural change"Hayashi, 2000: 79).

(Ho: coefficients of additional variables on each unrestted model = 0)

Language

Mathematics

Test 1

Test 2

Test 1

Test 2

unrestricted

restricted
F ratio
p-value

Decision

Conclusion

score = f(W, X, X3

Unrestricted is bett

score = f(W, X)
32,31
0
Ho rejected

) score = f(W, Wz, X))
score = f(W, X, X3)

er

0,02

0,88
Ho not rejected
Restricted is bett

0

2

r

score = f(W, X, X?)

scord(®/, X)
35,72
0
Ho rejected

nrestricted is better

score = f(W, W2, X, X?)
score = f(W, X, X3)

1,17
0,28
Horejeicted

Restricted is better

Chosen specification:
W = teachers' wages
X = all other variables

Score = f(W, X?)

W2 = the square of teachers' wages
X2 = the square of all other variables

Score = f(W, X?)

Table 6: Quantile regression and OLS, Language,"8grade.

OoLS Q.05 Q.25 Q.50 Q.75 Q.95
All schools | Coef, Std, Err, Coef, Std, Enr, Coef, Std, BErr, Coef, &d,| Coef, Std, Err Coef, Std, Err,
Wageprof | 3,30%** 0,58 5,14%** 1,39 | 3,52** 0,79 2,84*** 0,67 | 2,95*** 0,77 0,74 1,04
Univprof | 7,93*** 1,76 7,32* 4,07 | 8,43*** 234 6,96** 2,01 7,09** 2,33 | 11,55 3,22
Private Schools
Zwprofpriv | 6,99%** 1,12 | 14,39** 3,00 | 6,44** 1,47 5,35%** 1,38 | 549 141 2,85 1,94
Univprof | 13,20** 4,24 17,60 10,91 12,58* 5,48| 7,17 5,22 7,31 5,39 16,61* 7,89
Municipal Schools
Zwprofmun| 0,53 1,19 -1,66 2,72 -0,05 1,76 -0,05 1,50 2,16 1,87 -0,71 2,17
Univprof | 16,18*** 3,68 16,41* 8,28 | 17,47** 544 | 16,31** 4,63 10,60* 4,19 9,45 7,10
State Schools
Zwprofest 0,79 1,12 3,15 2,33 3,10* 1,41 2,16 1,55 -1,87 1,66 -5,96** 2,26
Univprof 2,11 2,98 -2,83 6,47 3,47 3,75 1,78 4,18 7,79% 4,19 5,79 6,15
Table 7: Quantile regression and OLS, Mathematics,"8grade.
OoLS Q.05 Q.25 Q.50 Q.75 Q.95
All schools | Coef, Std, Err, Coef, Std, Err, Coef, Std, BErr, Coef, &d,| Coef, Std, Err Coef, Std, Err,
Wageprof | 2,38*** 0,59 2,21* 1,24 2,16** 0,77 2,95 0,71 2,23** 0,71 2,97* 1,22
Univprof 1,62 1,51 -1,91 2,86 2,68 1,92 2,05 1,83 1,5 1,87 1,34 3,3
Private Schools
Zwprofpriv | 4,02** 1,11 4,57 2,95 5% 1,67 4,78*** 1,31 3,69** 1,34 0,65 1,99
Univprof | 8,52* 3,53 1,81 8,51 12,09* 51 7,38* 4,16 9,61* 4,35 16,46** 6,27
Municipal Schools
Zwprofmun| -0,73 1,27 0,54 2,39 1,28 1,76 -1,12 1,54 -2,19 2,05 -1,23 2,61
Univprof -0,10 3,19 3,29 54 1,32 4,27 -3,09 3,87 -3,562 5,35 7,28 7,18
State Schools
Zwprofest | 3,14** 1,18 0,05 2,02 1,69 1,69 4,01** 1,23 1,69 1,58 5,83* 3,2
Univprof -0,12 2,84 -4,1 4,57 -0,92 4 -0,42 2,97 2,97 3,84 2,57 7,99




Table 8: 2SLS results, Language,"8grade.

All Schools Private Schools Municipal Schopls State Skshoo
First stage Coef, Std, Coef, Std, Err,| Coef, Std, Coef, Std,
(teachers wages) Err, Err, Err,
Gendprof 0,18*=* 0,01 0,19%** 0,02 | 0,15*** 0,02 0,08*** 0,02
Hoursprof 0,007** 0,0005 0,01*** 0,00 0,0005 0,001 -0,004*+* 0,00
Hoursprof2 -10e-5*** 0,00 |3x10e-5*** 0,00 0,0005* 0,00 | 4x10e-5*** 0,00
Expprof 0,15+ 0,02 0,02 0,03 | 0,42*= 0,04 -0,02 0,04
Expprof2 0,005 0,003 0,02** 0,005/ -0,03*** 0,01 0,04%** 0,005
Otherwork -0,09** 0,01 | -0,14*** 0,02 | -0,08** 0,02 -0,09*** 0,02
Adjusted R-squared 0,4742 0,5256 0,4721 0,4779
Partial R-squared 0,1513 0,1606 0,1455 0,1821
F, p-value 848,07 0,00(¢ 324,66 0,000 236,710 0,000 367,77 0,000
Main equation Coef, Std, Coef, Std, Err,| Coef, Std, Coef, Std,
(test scores) Err, Err, Err,
Wageprof 4,20%* 1,52 8,30** 2,81 3,44 3,14 -0,61 2,64
Univprof 7,63%** 1,90 11,8* 4,37 | 15,83** 3,95 2,49 3,44
R-squared 0,34 0,22 0,20 0,17
Overid test: Sargan| 5,121 0,40 6,245 0,28 5,941 0,31 21,673 0,0006
statistic and p-value|
Number of 28605 10238 8397 9970
observations
Table 9: 2SLS results, Mathematics, 8 grade.

All Schools Private Schools Municipal Schopls State Skshoo
First stage Coef, Std, Coef, Std, Err,| Coef, Std, Coef, Std,
(teachers wages) Err, Err, Err,
Genderprof 0,11** 0,009 0,17*<* 0,02 | 0,12** 0,02 0,035* 0,015
Hoursprof 0,004** 0,000t | 0,004*** 0,00 |0,005*** 0,000¢| 0,003* 0,0009
Hoursprof2 3x10e-6* 0,00 2x10e-6 0,00 5x10e-6 4x1(e-6 8x10e-6* 4x10e-6
Expprof 0,035* 0,02 0,07* 0,035 -0,08* 0,04 -0,016 0,034
Expprof2 0,02*** 0,003 0,006 0,005 0,04*= 0,005 0,03*** 0,005
Otherwork -0,12»* 0,01 -0,05** 0,02 | -0,15*** 0,02 -0,2%** 0,02
Adjusted R-squared 0,5180 0,5013 0,5657 0,49
Partial R-squared 0,1527 0,1246 0,1751 0,1844
F, p-value 837,23  0,00(¢ 238,08 0,000 293,34 0,000 355,66 0,000
Main equation Coef, Std, Coef, Std, Err,| Coef, Std, Coef, Std,
(test scores) Err, Err, Err,
Wageprof 0,30 1,51 -2,64 3,17 0,44 3,18 2,14 2,75
Univprof 2,42 1,63 10,74* 3,66 0,86 3,42 -1,15 3,16
R-squared 0,44 0,29 0,24 0,21
Overid test: Sargan| 9,623 0,09 11,495 0,04 8,985 0,11 18,393 0,002
statistic and p-value|
Number of 27942 10095 8350 9497

observations




Table 10: Quantile regression and 2SLS (2SLAD), Language™&rade.

2SLS Q.05 Q.25 Q.50 Q.75 Q.95
All schools | Coef, Std, Err, Coef, Std, Enr, Coef, Std, Hrr, Coef, &d,| Coef, Std, Err Coef, Std, Err,
Wageprof | 4,20** 1,52 10,89** 3,63 5,08* 2,22 3,67* 1,87 2,77 1,89 2,1 2,78

Univprof | 7,63*** 1,90 6,53 4,47 7,48** 2,77 7,1% 2,33 8** 2,35 13,8%* 3,48

Private Schools

Zwprofpriv | 8,30** 2,81 17,89* 8 10,92 3,91 5,08 3,86 4,50 3,54 -4,16 4,85
Univprof | 11,8** 4,37 18,37 12,65| 10,11* 6,2 4,33 5,98 5,55 5,45 19,55* 7,61

Municipal Schools

Zwprofmun| 3,44 3,14 10,25 7,12 4,22 4,36 0,50 3,87 4,64 4,0 0,18 6,29
Univprof [15,83** 3,95 8,18 9,04 | 15,98** 5,54 15,22** 4,83 12,53* 5 9,19 17,77

[*2)

State Schools

Zwprofest | -0,61 2,64 -5,48 5,38 1,45 3,7 3,49 3,76 -1,59 3,59 -3,82 5,82
Univprof 2,49 3,44 -0,76 7,19 4,38 4,74 0,06 4,89 7,24 4,65 3,63 7,46

Table 11: Quantile regression and 2SLS (2SLAD), Mathematic8" grade.

2SLS Q.05 Q.25 Q.50 Q.75 Q.95
All schools | Coef, Std, Err, Coef, Std, Enr, Coef, Std, Brr, Coef, &d,| Coef, Std, Err Coef, Std, Err,
Wageprof | 0,30 1,51 -4,48 2,85 -1 2,08 3,76* 1,93 1,98 1,85 -2,79 3,26
Univprof 2,42 1,63 0,59 2,98 3,73* 2,21 1,88 2,08 2,03 2 3,23 3,6

Private Schools

Zwprofpriv| -2 64 3,17 -9,81 8,61 -5,58 4,75 -0,42 3,9 2,1 4,03 -5,25 5,59
Univprof | 10,74** 3,66 13,44 9,29 | 14,57 5,51 9,57* 4,50 10,32* 4,72 17,6%* 6,6

Municipal Schools

Zwprofmun| 0,44 3,13 -0,4 5,69 0,70 4,33 4,70 4,16 2,68 4,76 -5,19 7,39
Univprof 0,86 3,42 7,75 5,85 3,09 4,77 -4,11 4,68 -6,79 5,645 7,36 8,65

State Schools

Zwprofest | 2,14 2,75 | -8,28* 4,53 0,63 3,86 7,13* 3,43 2,37 3,39 -6,26 6,75
Univprof -1,15 3,16 -0,33 5,05 -2,17 4,36 -3,67 3,93 1,06 3,91 3,04 7,86




Appendix 2: Computation of wages variables

1.From 'reais' to an indexCategories of gross monthly wages of principals aadhiers, which
were originally expressed in Brazilian currency (1 reakais...), have been transformed by us into
categories of an index used by Brazilian administratios®,so-called 'salario minimo' (sm used as
shorthand; in English, it means ‘minimum wage’). Wedutige ratio 1sm = 180,00 reais, which

corresponded in October 2001, when data was collected, tib @®&S dollars.

2. Attributing values to the categoriéd/e have then attributed a value to each categowage.

For example, category 1 was 'up to R180,00 reais'. In stépslhds been converted into 'up to
1sm'. In step 2, the value 0,5 has been attributed to etsgrvation in this category, such that the
wage is now 0,5 sm. The variables created have beled Gatiwageprof' (teachers’ wages, present

in tables 1 and 2) and ‘ntwageprinc’ (principals’ wages).

3. Standardization of gross monthly wagémally, in order to make the interpretation of the
coefficients straightforward, we standardized thealdeis created in step 2 above, with a mean of 0
and a standard deviation of 1, and called them wageprofh@esicwage) and wageprinc

(principals’ wage). These variables are used in our etinga
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