Western University

Scholarship@Western
Aboriginal Policy Research Consortium International (APRCi)

12-2008

Peer effects and the indigenous/ non‐indigenous
early test‐score gap in Peru
Chris Sakellariou

Follow this and additional works at: https://ir.lib.uwo.ca/aprci
Part of the Bilingual, Multilingual, and Multicultural Education Commons
Citation of this paper:
Sakellariou, Chris, "Peer effects and the indigenous/ non‐indigenous early test‐score gap in Peru" (2008). Aboriginal Policy Research
Consortium International (APRCi). 182.
https://ir.lib.uwo.ca/aprci/182

This article was downloaded by: [University of Western Ontario]
On: 18 November 2012, At: 06:57
Publisher: Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Education Economics
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/cede20

Peer effects and the indigenous/
non‐indigenous early test‐score gap in
Peru
Chris Sakellariou

a

a

Division of Economics, Humanities, Arts and Social Sciences,
Nanyang Technological University, Singapore
Version of record first published: 31 Oct 2008.

To cite this article: Chris Sakellariou (2008): Peer effects and the indigenous/non‐indigenous early
test‐score gap in Peru, Education Economics, 16:4, 371-390
To link to this article: http://dx.doi.org/10.1080/09645290802133065

PLEASE SCROLL DOWN FOR ARTICLE
Full terms and conditions of use: http://www.tandfonline.com/page/terms-andconditions
This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

Education Economics
Vol. 16, No. 4, December 2008, 371–390

Peer effects and the indigenous/non-indigenous early test-score
gap in Peru
Chris Sakellariou*

Downloaded by [University of Western Ontario] at 06:57 18 November 2012

Division of Economics, Humanities, Arts and Social Sciences, Nanyang Technological University,
Singapore
Education
10.1080/09645290802133065
CEDE_A_313472.sgm
0964-5292
Original
Taylor
02008
00
Dr.
ACSAKE@ntu.edu.sg
000002008
ChrisSakellariou
and
&
Article
Francis
Economics
(print)/1469-5782
Francis
(online)

This paper assesses the magnitude of the non-indigenous/indigenous test-score gap for
third-year and fourth-year primary school pupils in Peru, in relation to the main family,
school and peer inputs contributing to the test-score gap using the estimation method of
feasible generalized least squares. The article then decomposes the gap into its
constituent components using the traditional Oaxaca–Blinder decomposition method, as
well as a modified decomposition method based on the estimation of a cognitive
achievement production function. The decomposition results from both decomposition
methods suggest that almost all of the test-score gap is explained by various peer,
student, family and school characteristics. The peer characteristics used in the regression
are the main contributors to the gross test-score gap, comprising between 58% and 71%
of the language test gap and 45–62% of the mathematics test-score gap, depending on
the decomposition method used.
Keywords: indigenous; education; test scores; peer effects; Peru

Introduction
In Latin America, Bolivia, Peru and Mexico (the last in absolute numbers only) are the
major indigenous population centers along with Guatemala and Ecuador. In Peru in the
1990s, approximately 30% of the population was indigenous, speaking different versions of
Quechua, which is widespread throughout Peru. In urban areas, most of the indigenous
people are bilingual, while the rural indigenous population of Peru is mostly monolingual.
The educational achievement of indigenous people in Peru, as well as in the other Latin
American countries with significant indigenous minorities, has been lagging behind the
Spanish-speaking population.
While in recent years student enrollment in Peru has increased with near universal
completion of primary education in the 1990s, the quality of the education system as
measured by pupils’ scores in international tests remains low and unevenly distributed
between urban and rural areas (World Bank 1999; Benavides et al. 2007). In particular,
based on results from international achievement evaluations, Peru ranks very low among
Latin American countries. For example, in the international achievement evaluation
(language and mathematics) for third-grade and fourth-grade students organized by
UNESCO, fourth-grade students in Peru ranked 12 while third-grade students ranked 11
among 12 Latin American countries. Similarly, in the first Programme for International
Student Assessment (PISA) evaluation, Peru ranked at the bottom (OECD 2003). Additional evidence from national evaluations conducted by the Peruvian Ministry of Education
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suggest deficiencies in mathematics (general problem-solving and the topic of fractions)
and that most sixth-grade students score below the cut-off threshold considered acceptable
by specialists (Cueto, Ramirez, and León 2006).1
As in most Latin American countries, inequity is a major challenge of the education
system in Peru, as manifested by low enrollments and higher repetition and dropout rates of
children from disadvantaged backgrounds. Socioeconomic background remains an important determinant of educational outcomes in Latin American countries, and – according to
Reimers (2000), who analyzed the effect of more family resources (such as parents’ education and family income) on education outcomes – educational systems in Latin America have
perpetuated, if not increased socioeconomic differences between groups. However, it is
worth pointing out that, in the case of Peru, the low quality of education as measured by
pupils’ scores on international tests is not just an artifact of Peruvian students’ lower socioeconomic background. For example, on UNESCO’s Latin American Laboratory for the
Assessment of the Quality of Education (LLECE) test, Peruvian pupils from higher socioeconomic backgrounds also scored much lower than their counterparts in many other Latin
American countries (Benavides et al. 2007).
Willms and Somer (2001) used data from the Primer Estudio International Comparativo
survey and found that the relationship between schooling outcomes and family background
varies among Latin American countries. Across all countries examined, the most effective
schools tend to be those with high levels of school resources; those that have classrooms
that are not multi-grade; those with students tested frequently; and those that have classrooms with a positive classroom climate, especially with respect to discipline.
Empirical evidence on education production functions exists for both developed countries (for example, Hanushek 1986, 2002) and developing countries (for example, Glewwe
2002). Past empirical research does not always agree on which personal (student), school
and family inputs improve children’s achievement. Examples are the disagreements on the
role of schooling inputs such as class size, teacher experience, teacher education and
mother’s employment.2
Nevertheless, although a child’s achievement is inherently individual in nature, a large
body of evidence points to the existence of persistence effects in educational achievement
across generations (Fertig 2003; Fertig and Schmidt 2002; Currie and Thomas 1999).
Consequently, one must control for individual pupil characteristics as well as family background. Finally, one needs to control for characteristics on school environment as well as
institutional arrangements.3
Recent evidence from the literature on early test-score differentials suggests that differences in children’s cognitive ability across families appear at an early age, tend to persist
and may even widen with age. In general, ‘good’ families promote cognitive, social and
behavioral skills, while ‘bad’ families do not. This is important in determining what policy
interventions can be successful (Carneiro and Hecknam 2003). Evidence also suggests that
socioeconomic and family background variables, such as parent’s education and the number
of books a child has, are very important determinants of test scores at early ages (Fryer and
Levitt 2002). Finally, evidence exists suggesting that peer effects may be significant (see,
for example, McEwan 2004).
The objective of this study is to assess the magnitude of the indigenous/non-indigenous
test-score gap for third-year and fourth-year primary school pupils in Peru, to identify the
main student, family, school and peer characteristics contributing to the test-score gap, and
to decompose the gap into its constituent components using the Oaxaca–Blinder decomposition method. In doing so, education production functions will be estimated, using the 1997
Primer Estudio International Comparativo survey data.

Downloaded by [University of Western Ontario] at 06:57 18 November 2012

Education Economics

373

Methodology and estimation
Methodology
The first step is to specify and estimate cognitive achievement production functions that
relate students’ achievement to individual, family and school inputs. I then proceed to
decompose the indigenous/non-indigenous test gap into an explained component (accounting for family, school and peer characteristics) and an ‘unexplained’ component, using the
traditional Oaxaca (1973)–Blinder (1973) decomposition method as well as a modified
decomposition method based on the estimation of a cognitive achievement production function using a pooled sample consisting of both indigenous and non-indigenous students, after
including an indigenous dummy in the set of explanatory variables.
Although the two decomposition approaches are expected to provide similar results, at
least qualitatively, the traditional Oaxaca–Blinder decomposition allows the estimation and
evaluation of the contribution of differences in intercepts in the overall test-score gap.
Furthermore, by using both decomposition methods, one can compare results with those
from other studies that are not consistent in the decomposition methodology used. The
model specification for the estimation of the production function for cognitive achievement
is as follows:

(

)

Tija = Ta Fija , S ija , Pija + ε ija ,

(1)

where Tij is the observed test score of student i in household j at time a (time of the test),
Fija is a vector of individual and parent inputs, Sija is a vector of school-related inputs, Pija
is a vector of peer characteristics and εija is an additive error, which includes all of the omitted variables including those that relate to the history of past inputs, endowed mental capacity and measurement error.4
In its linear specification (after dropping subscript a) the model is given by:
Tij = β0 + β1 Fij + β2 Sij + β3 Pij + ε ij ,

(2 )

where β0–β3 are coefficients to be estimated.
The standard procedure for analyzing the determinants of the test-score differentials is
to fit equations between test scores and observed characteristics. The observed test-score
differential can be decomposed as:
TNI − TI = ( X NI − X I )βNI + X i ( βNI − βI ),

( 3)

where T is the standardized test score (z-score),5 Xi is a vector of family, school and peer
characteristics for the ith individual, β is a vector of coefficients, and subscripts NI and I are
identifiers of indigenous and non-indigenous students. A student is identified as indigenous
if that student grew up speaking an indigenous language at home.
The overall test-score gap can therefore be decomposed into two components: one is the
portion attributed to differences in characteristics (XNI – XI) evaluated with the non-indigenous
group performance (βNI) as ‘price’; the other portion is attributable to differences in effects
on performance (βNI – βI) of non-indigenous and indigenous students derived from the same
characteristics. This second (unexplained) component, while more difficult to interpret in the
present context compared with an earnings gap decomposition framework, can be assigned
more than one interpretations.
First, an obvious one is that the unexplained portion of the test gap may reflect certain
unobserved family characteristics that are correlated with achievement and indigenous status,
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possibly relating to household wealth. Second, even in the absence of overt discrimination
against indigenous students, teachers may view indigenous students as underachievers,
and therefore use different teaching standards.6 Finally, it may be that indigenous and nonindigenous students do not reap the same benefits from equivalent school and classroom
resources (McEwan, 2004).
A modified Oaxaca–Blinder decomposition
An alternative decomposition is possible using a modified Oaxaca–Blinder method, in
which the unexplained part of the test-score differential is captured by an indigenous indicator taking the value of one for indigenous students and zero otherwise. Consider a production function for cognitive achievement:

(

)

Tija = Ta INDIGij , Fija , S ija , Pija + ε ija ,

( 4)

where Tij is the observed test score of student i in household j at time a (time of the test),
INDIGija is a dummy variable equal to one if the student spoke an indigenous language at
home and zero otherwise, and εija is an additive error, which includes all the omitted variables including those that relate to the history of past inputs, endowed mental capacity and
measurement error.
In its linear specification (after dropping subscript a) the model is given by:
Tij = β0 + β1INDIGij + β2 Fij + β3 Sij + β4 Pij + ε ij ,

(5)

where β0–β4 are coefficients to be estimated.
In implementing a modified Oaxaca decomposition of the test-score gap (for an application on Bolivia and Chile, see also McEwan 2004), note that the mean test score of indigenous and non-indigenous students is given by:
T I = β0 + β1 + β2 F I + β3 S I + β4 P I

(6 )

T NI = β0 + β2 F NI + β3 S NI + β4 P NI

(7 )

where T is the mean test score, I and NI indicate indigenous and non-indigenous students,
and F, S and P are the mean family (including individual), school and peer characteristics.
Subtracting Equation (6) from Equation (7):

(T

NI

)

(

) (

) (

− T I = β1 + β2 F NI − F I + β3 S NI − S I + β4 P NI − P I

)

(8 )

where coefficient β1 is an estimate of the portion of the gap that remains after accounting
for the differences in mean characteristics.
Certain of the above coefficient estimates may be subject to biases. For example, if a
school characteristic is correlated with unobserved family characteristics that influence
achievement (such as family wealth and parents’ motivation), the effect of attending a
school with such characteristics may be biased.
Concluding, two alternative decompositions are used in order to assess the consistency of results (mainly concerning the size and nature of the unexplained indigenous/
non-indigenous test-score gap). Note, however, that the two decompositions are different,
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as the two estimators actually correspond to different counterfactual situations: one of
them corresponds to the comparison of indigenous people with the average of the population, and the other to indigenous people compared with non-indigenous people.
Estimation method
While test scores and individual and family information are at the individual level, school
resources and other school-related inputs are at the school level. In choosing the estimation
method we recognize that observed test scores are expected to be correlated at the school
level due to clustering effects. Therefore, the assumption that disturbances are independently and identically distributed with fixed conditional variance does not hold. The estimation method of feasible generalized least squares (FGLS) (see Greene 2000) is chosen as
more suitable than ordinary least squares (OLS) regression, as it allows the disentangling of
student from school effects.
Given the generalized regression model:
T = Xβ + ε ,

and a positive definite variance–covariance matrix Ω assumed not available and estimated
as Ω* using a FGLS estimator. The FGLS estimator of the vector of coefficients is:
βFGLS = ( X ′ Ω * −1 X ) −1 X ′ Ω * −1T

In our case, the panels are the schools. As is common in cross-sectional datasets, the
variance for each panel will differ. A heteroskedastic FGLS model is therefore specified in
the derivation of the FGLS estimator.
Data
The data used are from the 1997 Primer Estudio International Comparativo (First Comparative International Study on Language, Mathematics and Associated Factors) survey, carried
out by the LLECE, coordinated by UNESCO and funded by the Inter-American Development
Bank, the Ford Foundation, UNESCO and the participating countries. Data were collected
in 13 countries, but information is available only for 11 countries7 (Argentina, Bolivia, Brazil,
Chile, Colombia, Honduras, Mexico, Paraguay, Peru, Dominican Republic and Venezuela).
In the process of data collection, more than 50,000 third-grade and fourth-grade students
were tested in language and mathematics. A set of questionnaires were also administered to
students, their parents (or guardians), teachers and school principals. The data were stratified to ensure sufficient observations of public, private, urban, rural and metropolitan pupils
in each country. Private schools were over-sampled, allowing for more precise comparisons
between private and public schools. It is also worth noting that the survey’s sampling strategy designated rural schools as a single, public sector stratum, reflecting the fact that in
rural areas in most Latin American countries schools are overwhelmingly public. On the
other hand, urban areas were divided into public and private strata. Furthermore, rural
students are poorer in ways that may be unobservable by researchers (Somers, McEwan,
and Willms 2004).
Data were collected for 100 schools in each country with 40 children per school. Onehalf of the students were in the third grade and one-half in the fourth grade. The survey
instruments – besides the tests administered to the sample of pupils – were the self-applied
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questionnaires to school principals, teachers, parents (or legal guardians) of tested pupils
and the students themselves. Since the test and questionnaires were administered only to
children who attended school (therefore, no information was obtained on children not in
school), the results can only be applied to enrolled children. The test consisted of 32 multiple choice questions for mathematics8 and 19 multiple choice questions for language.
Finally, the tests were developed using the norms model; that is, the tests were designed
to produce national averages of about 50% of the maximum possible score. The testing
results are therefore appropriate for producing relative scores by groups – such as urban
versus rural, boys versus girls, indigenous versus non-indigenous, and so on – rather than
evaluating adequacy of learning.
Discussion
Descriptive statistics
Figures 1–4 show the distribution of test scores of indigenous and non-indigenous students
in Peru. The language test consisted of 19 questions, while the mathematics test consisted
of 32 questions. Generally speaking, the distributions of indigenous students are rightskewed. On the other hand, the distributions of non-indigenous pupils are approximately
normally distributed.
Table 1 presents descriptive statistics on a variety of characteristics of third-year and
fourth-year pupils. A first observation is that the non-indigenous/indigenous test-score
differential is much higher in the language test than the mathematics test. The standardized
Figure 4.
1. Distribution of mathematics
2.
3.
language test test
scores
scores
(%):(%):
indigenous,
Spanish,
indigenous,
Spanish,
Peru
Peru
Peru
1997.
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Figure 1.

Distribution of language test scores (%): indigenous, Peru 1997.
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Figure 2.

Distribution of language test scores (%): Spanish, Peru 1997.
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Figure 3.

Distribution of mathematics test scores (%): indigenous, Peru 1997.
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Table 1.

Distribution of mathematics test scores (%): Spanish, Peru 1997.

Descriptive statistics, Peru 1997.

Test scores
Language
Mathematics

Full sample

Spanish

Indigenous

Difference

10.63 (4.2)
12.90 (6.1)

11.03 (4.2)
13.27 (6.1)

7.51 (3.4)
9.94 (4.5)

3.52** (0.83a)
3.35** (0.60a)

Other characteristics (%)
Indigenous
Female
Fourth grade

0.11
0.49
0.49

–
0.49
0.49

–
0.44
0.47

–
0.05**
0.02

Work activity
Never works
Works sometimes
Works regularly
Repeated first grade

0.39
0.35
0.25
0.16

0.42
0.34
0.24
0.13

0.16
0.46
0.38
0.35

0.26**
−0.12**
−0.14**
−0.22**

Books at home
No books at home
< 10 books
> 10 books
Attended kindergarten

0.15
0.53
0.32
0.71

0.14
0.51
0.35
0.75

0.29
0.65
0.06
0.37

−0.15**
−0.14**
0.29**
0.38**
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(Continued).

Guardian’s education
< primary
Primary
Secondary
Higher
Teacher female
Teacher’s years of experience
Teacher has freedom
Pupil/teacher ratio
Have Spanish textbook
Have mathematics textbook

Full sample

Spanish

Indigenous

0.06
0.40
0.30
0.24
0.68
19.9 (14.5)
0.82
14.25 (12.3)
0.69
0.39

0.04
0.37
0.32
0.27
0.71
19.9 (14.5)
0.82
14.72 (12.5)
0.74
0.43

0.29
0.62
0.07
0.02
0.46
19.3 (14.5)
0.81
10.03 (9.2)
0.30
0.11

Difference
−0.25**
−0.25**
0.25**
0.25**
0.25**
0.6
0.01
4.7**
0.44**
0.32**

Classroom condition
Bad

0.18

0.14

0.45

−0.31**

School sector
Public
Private subsidized
Private

0.78
0.09
0.12

0.75
0.11
0.14

0.99
0.005
0.005

−0.24**
0.10**
0.13**

School location
Capital city
Secondary city
Small town
Rural

0.31
0.20
0.30
0.20

0.34
0.22
0.30
0.15

0.03
0.06
0.32
0.59

0.31**
0.14**
−0.02
−0.44**

School type
Morning or afternoon
Whole day
School shift

0.49
0.10
0.40

0.48
0.08
0.43

0.57
0.26
0.17

−0.09**
−0.18**
0.26**

0.11
0.51
4064

0.05
0.56
3620

0.64
0.21
444

−0.59**
0.35**

By school
Mean (indigenous)
Mean (guardian > secondary)
Observations

Note: Means of variables using the complete sample. There are differences between the above sample statistics
and those used in the regression estimations and decomposition analysis, due to missing observations in various
independent variables. **Significance at the 1% level. aStandard deviation.
Source: 1997 UNESCO (OREALC) survey.

differential is 0.83 standard deviations in the language test, compared with 0.60 standard
deviations in the mathematics test.9
Looking at other descriptive statistics, a much larger proportion of indigenous students
exhibit some form of work activity while attending school (84%), compared with nonindigenous students (58%). Furthermore, indigenous students predominantly live in rural
areas and small towns (91%), while non-indigenous students mostly reside in large cities
(56%). In Peru, practically all indigenous students (over 99%) attend public schools, while
about 25% of non-indigenous students attend private schools (14% of which are private
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paying schools). While there is no information on family income, there is hardly any doubt
that indigenous students come from a more disadvantaged socioeconomic background;
besides their higher incidence of work activity, indigenous students have fathers (or guardians) who are less educated and grow-up with less books at home compared with nonindigenous students.
Estimation results
Before discussing the estimates derived from FGLS regressions, attention is drawn to the
consequences of student self-selection on the estimated relationships among student, family,
teacher and school characteristics and student outcomes. Two potential sources10 of student
self-selection may be of importance. First, households choose specific schools based on
observed arbitrary differences, such as cost and location. Controlling for various socioeconomic and other student characteristics can greatly reduce this potential bias. I therefore
control for student background to the full extent permitted by the data. Second, households
may choose a school based on unobserved differences, or differences that are hard to
measure (Vegas 2002). If, for example, more motivated parents systematically tend to
choose, say, private schools, results will overestimate any positive effects associated with
private schools.
It should also be noted that, while family income is absent from the set of regressors,
certain variables that are present (such as work activity and number of books at home) are
expected to capture (at least partly) the effect of family wealth, and therefore the estimated
coefficients should be interpreted as such. Furthermore, the a priori expectation of the sign
of certain (mostly school) variables may be ambiguous; for example, being given a mathematics textbook is certainly preferred to nothing at all – however, students who are given a
textbook may perform worse compared with those who are given teacher-compiled notes.
Likewise, certain questions in the questionnaire may be misleading; for example, teachers
having a lot of freedom at work may be associated with worse student performance, as it
may reflect bad management and poor supervision of teachers’ performance.
Table 2 presents the regression results using the pooled sample of indigenous and nonindigenous students, which include a dummy for indigenous/non-indigenous status, the
coefficient of which is a measure of the effect of indigenous status on student performance
after controlling for a variety of student, family, school and peer characteristics. Without
controlling for various characteristics, the detrimental effect of being indigenous on testscore achievement is twice as large in the language test compared with the mathematics test.
After controlling for such characteristics, the coefficient of indigenous status is small and
statistically insignificant.
Looking at the standardized coefficients in the achievement regressions, a number of
results emerge. Girls performed better than boys in the language test, while the opposite is
true for mathematics. Children who never worked while studying did much better in both
tests compared with children who worked regularly. The effect of father’s education is
important only when it is at the postsecondary level, while having a father with primary or
secondary education (compared with less than primary) does not significantly affect the
child’s achievement. Having access to books at home significantly increases performance
in both tests, and the beneficial effect increases with the number of books. However, rather
than assigning a causal interpretation to the estimated coefficients, family variables such as
the ones considered here are best interpreted as proxies of family wealth and the home educational environment; they may also reflect the influences of unmeasured school variables that
are correlated with certain family characteristics.

Achievement regressions: All, Peru 1997.

–
–
–
–
–
–
–
–
–
–
–
–
–
–

Books at home (omitted: no books)
1–10 books
> 10 books
Attended kindergarten

Guardian’s education (omitted: less than primary)
Primary
Secondary
Higher
Teacher female
Teacher’s years of experience
Teacher has freedom
Pupil/teacher ratio
Have Spanish/mathematics textbook
Room condition: bad

School sector (omitted: public school)
Private subsidized
Private

0.287 (5.0)**
0.366 (6.4)**

0.017 (0.3)
−0.011 (0.2)
0.220 (3.3)**
−0.115 (3.9)**
0.0002 (0.2)
0.022 (0.6)
0.003 (2.3)*
0.043 (1.2)
0.090 (2.4)*

0.028 (0.7)
0.167 (3.3)**
0.041 (1.2)

0.261 (7.2)**
0.091 (2.6)**
−0.175 (4.6)**

−0.045 (0.7)
0.66 (2.5)*
0.377 (13.8)**

−0.858 (20.5)**
–
–
–
–
–

Column 2

Column 1

Dependent variable: language z-score

Work activity (omitted: always works)
Never works
Works sometimes
Repeated first grade

Indigenous
Female
Fourth grade

Table 2.

–
–

–
–
–
–
–
–
–
–
–

–
–
–

–
–
–

−0.442 (11.5)**
–
–

Column 3

0.576 (9.1)**
0.779 (11.8)**

0.030 (0.5)
−0.011 (0.2)
0.125 (1.8)
−0.91 (2.8)**
0.003 (3.7)**
0.025 (0.7)
0.001 (1.9)
0.029 (0.9)
0.059 (1.4)

0.180 (4.5)**
0.244 (4.1)**
−0.028 (0.8)

0.264 (6.6)**
0.044 (1.2)
−0.128 (3.2)**

−0.084 (1.4)
−0.072 (2.5)*
0.416 (14.0)**

Column 4

Dependent variable: mathematics z-score
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–
–
0.073 (4.8)
−5478
420
[0.000]
117
4064

−0.490 (5.0)**
0.651 (6.5)**
−0.823 (8.8)**
−3575
2533
[0.000]
106
3089

−0.012 (0.2)
0.078 (2.2)*

−0.145 (3.3)**
−0.147 (2.9)**

Column 2

–
–
−0.039 (2.7)
−5363
133
[0.000]
117
4029

–
–

–
–

Column 3

−0.269 (3.0)**
0.480 (5.0)**
−0.781 (8.1)**
−3013
1664
[0.000]
115
2572

0.107 (1.7)
0.111 (2.9)**

−0.155 (3.4)**
−0.040 (0.9)

Column 4

Dependent variable: mathematics z-score

Note: Data in parentheses are t-values. **Significance at the 1% level, *significance at the 5% level. Columns l and 3: controlling for indigenous status only; columns 2 and
4: full set of controls.
Source: 1997 UNESCO survey.

Peer effects (by school)
Mean (indigenous)
Mean (guardian > secondary)
Constant
Log-likelihood
Wald chi-square
[p value]
Estimated covariances (number of schools)
Observations

–
–

School type (omitted: morning or afternoon)
Whole day
Shift school

Column 1

Dependent variable: language z-score

–
–

(Continued).

School location (omitted: capital/secondary city)
Small town
Rural

Table 2.
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Having a female teacher is associated with a worse student performance in both tests.
Longer teacher experience results in better student performance, but only for the mathematics test; however, this variable may also be reflecting the effect of having an older teacher.
The effect of teacher freedom at work is not significant, suggesting that enjoying freedom
as a teacher (self-reported by the teachers in the survey) has no effect on students’ performance. This result may reflect some other unmeasured school quality, such as bad management or inadequate supervision. A higher pupil/teacher ratio, in the case of Peru, is
associated with a higher test score. The empirical literature provides inconclusive evidence
on the effect of the pupil/teacher ratio on student performance. Textbook availability
improves student performance for both language and mathematics, but this result is not
significant. Bad condition of the classroom seems to have a perverse effect on student
performance, although this effect is significant only in the language test. However, this
result may reflect some other effect, such as school location.
School sector and location are significant determinants of student performance. Private
school students11 (in both private subsidized and paying schools) performed much better
than their public school counterparts. Finally, students attending school in large cities
outperform those in small towns and rural areas.
Peer effects are particularly strong, especially on their effects on the language test. A
higher proportion of indigenous students in the school population results in lower test
scores. Note, however, that about 90% of students are Spanish speaking. On the other hand,
the higher the proportion of students with fathers (or guardians) with higher than secondary
school qualifications, the higher the test scores in both language and mathematics (by 0.65
and 0.48 standard deviations, respectively).
Table 3 reports the results of separate achievement regressions for indigenous and nonindigenous students, which were used in the Oaxaca–Blinder decompositions. Regression
coefficient estimates are less precise in the indigenous regressions due to smaller sample
sizes. This results in a large number of coefficient estimates in the indigenous regressions
being statistically insignificant.
Notable differences in estimated regression coefficients between the indigenous and
non-indigenous regressions are the effects of no labor market activity – from which nonindigenous students reap benefits while indigenous students do not – and the effects of
living in small towns and rural areas, where indigenous students performed worse in the
language test and better in the mathematics test while their Spanish-speaking counterparts
living in large cities performed better in both tests. Notable also is the finding that a higher
pupil/teacher ratio has a beneficial effect on pupil performance, possibly because in Peru the
pupil/teacher ratio proxies community size and larger communities enjoy better teacher
quality, materials, and other unobservable inputs.
Again, of particular interest are the results on peer effects. A higher proportion of indigenous students in the school actually increases the score (language) or has no effect on the
score (mathematics) of indigenous students, while a higher proportion of indigenous
students significantly decreases the score of non-indigenous students. On the other hand,
attending a school where students’ fathers are more educated significantly increases the
score of non-indigenous students but does not seem to have a significant effect on the score
of indigenous students.
Decomposition results
Table 4 presents the results of decomposing the non-indigenous/indigenous achievement
gap using the traditional Oaxaca–Blinder decomposition method (column 2) as well as a

0.089 (1.2)
0.125 (0.9)
0.207 (0.7)
−0.229 (2.8)**
−0.002 (0.7)
0.214 (2.8)**
0.030 (5.4)**
0.038 (0.5)
−0.051 (0.6)
−1.181 (5.4)**
−0.973 (5.2)**

Guardian’s education (omitted: less than primary)
Primary
Secondary
Higher
Teacher female
Teacher’s years of experience
Teacher has freedom
Pupil/teacher ratio
Have Spanish/mathematics textbook
Classroom condition: bad

School location (omitted: capital/secondary city)
Small town
Rural

0.035 (0.4)
0.213 (1.5)
1.101 (1.4)

−0.070 (0.7)
0.011 (0.2)
−0.027 (0.4)

Work activity (omitted: always works)
Never works
Works sometimes
Repeated first grade

Books at home (omitted: no books)
1–10 books
> 10 books
Attended kindergarten

0.088 (3.1)**
0.405 (13.8)**

−0.044 (1.3)
0.214 (3.1)**

Female
Fourth grade

−0.079 (1.8)
−0.141 (2.6)**

−0.036 (0.5)
−0.063 (0.8)
0.161 (2.0)*
−0.107 (3.4)**
0.001 (0.6)
0.008 (0.2)
0.001 (0.5)
−0.005 (0.1)
0.101 (2.4)*

0.007 (0.2)
0.144 (2.6)**
0.045 (1.2)

0.291 (7.5)**
0.128 (3.3)**
−0.215 (4.9)**

Non-indigenous

Dependent variable: language

Achievement regressions (FGLS), by indigenous/non-indigenous status: Peru 1997.

Indigenous

Table 3.

0.579 (2.4)*
0.558 (2.3)*

0.054 (0.8)
0.117 (0.8)
0.387 (1.2)
−0.274 (3.7)**
−0.009 (4.1)**
−0.024 (0.2)
0.005 (6.5)**
0.049 (0.8)
−0.613 (8.0)**

−0.005 (0.1)
0.085 (0.2)
−0.038 (0.6)

0.135 (1.4)
0.236 (3.5)**
−0.050 (0.7)

−0.105 (1.7)
−0.079 (1.1)

Indigenous

−0.154 (3.2)**
−0.038 (0.8)

−0.019 (0.2)
−0.059 (0.7)
0.101 (1.2)
−0.110 (3.1)*
0.004 (4.2)**
0.044 (1.1)
0.001 (1.9)
0.014 (0.4)
0.193 (4.3)**

0.165 (4.1)**
0.226 (3.7)**
−0.009 (0.2)

0.237 (5.6)**
−0.005 (0.1)
−0.113 (2.5)*

−0.071 (2.3)*
0.472 (14.8)**

Non-indigenous

Dependent variable: mathematics
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−0.857 (7.2)
0.816 (7.6)**
−0.784 (7.3)**
−3201
1842
[0.000]
104
2746

−0.014 (0.2)
0.032 (0.8)

Non-indigenous

0.044 (0.2)
−0.255 (0.9)
−0.968 (3.3)**
−178
261
[0.000]
33
255

0.777 (7.1)**
0.734 (5.5)**

Indigenous

−0.609 (6.1)**
0.491 (5.0)**
−0.737 (6.6)**
−2741
1450
[0.000]
113
2317

−0.034 (0.5)
0.059 (1.5)

Non-indigenous

Dependent variable: mathematics

Note: Data in parentheses are t-values. **Significance at the 1% level, *significance at the 5% level. School sector is not controlled for as only a handful of indigenous
students in the sample attended private subsidized or private schools.
Source: 1997 UNESCO (OREALC) survey.

1.059 (3.6)**
0.488 (1.1)
−0.903 (3.0)**
−245
166
[0.000]
34
343

Peer effects (By school)
Mean (indigenous)
Mean (guardian ≥ secondary)
Constant
Log-likelihood
Wald chi-square
[p value]
Estimated covariances (number of schools)
Observations

Indigenous

Dependent variable: language

−0.861 (5.4)**
−0.044 (0.3)

(Continued).

School type (omitted: morning or afternoon)
Whole day
Shift school

Table 3.

Downloaded by [University of Western Ontario] at 06:57 18 November 2012

384
Chris Sakellariou

Education Economics

Downloaded by [University of Western Ontario] at 06:57 18 November 2012

Table 4.

385

Decompositions of non-indigenous/indigenous test-score (z-score) differentials, Peru 1997.
Decomposition based
on pooled regression
with indigenous dummy

Oaxaca decomposition

Language test
Explained
Family
School
Peer
Unexplained
Family
School
Peer
Intercept
Total
Usable observations

0.932
0.229
0.173
0.536
0.045
–
–
–
–
0.983
3089

1.149
0.226
0.103
0.820
−0.204
0.079
0.775
−1.040
−0.019
0.945
3089 (343 indigenous)

Mathematics test
Explained
Family
School
Peer
Unexplained
Family
School
Peer
Intercept
Total*
Usable observations

0.662
0.161
0.200
0.301
0.084
–
–
–
–
0.746
2572

0.788
0.152
0.146
0.490
−0.034
0.144
−0.213
−0.204
0.238
0.754
2572 (255 indigenous)

Note: Implied totals (sum of decomposition components). Totals from the two decompositions do not coincide, as
the two decompositions reflect different counterfactuals. Numbers in bold: Total explained, total unexplained and
gross gap for language and mathematics tests.
Source: 1997 UNESCO survey.

modified decomposition method (column 1). The gross standardized gap is approximately
one standard deviation for the language test and approximately 0.75 standard deviations for
the mathematics test, in favor of non-indigenous (Spanish-speaking) students.
Two issues worth commenting on before proceeding with the presentation of the testscore decomposition results relate to how representative are the survey data available of
the indigenous and non-indigenous populations of third-year and fourth-year pupils, as
well as the severity of selection bias due to dropping observations with partial background
information. With respect to the first, it should be noted that pupils who drop out of school
before the third grade are not part of the sample, while the probability of a child dropping
out of school is higher among the indigenous population. Furthermore, pupils who are
more often absent (and hence more likely to be absent the day of the test) are not part of
the sample.
The severity of selection bias due to dropping observations with partial background
information can be assessed by comparing the average test-score gap in the original
sample with that after dropping observations with partial background information (i.e. the
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one that appears in the test-score decomposition in Table 4). Based on this comparison, the
selection bias seems to be a moderate one, as the test-score differences from the original
sample of students who took the tests (0.83, 0.60 for language and mathematics, respectively) are not drastically different from those derived form the decomposition (0.95 and
0.75 respectively).
Using the standard Oaxaca–Blinder decomposition method (Table 4, column 2), the
unexplained component is close to zero for the mathematics test and somewhat in favor of
indigenous students for the language test. The greatest contribution towards explaining the
test-score gap comes from the peer variables. Furthermore, family variables contribute more
than school variables to the overall explained component.
Column 1 of Table 4 reports the results of the decomposition using the modified method.
The predicted gross test gaps by the two decomposition approaches are broadly similar in
magnitude. As in the conventional decomposition, in the modified decomposition the unexplained component represents only a small part of the gross test-score gap (5% and 12% for
the language test and the mathematics test, respectively). Peer effects are again the most
important contributors, constituting 45–60% of the total gap.
The indigenous population in Peru is predominantly rural. While in the decompositions
of Table 4 about 11% of students are indigenous, one-third of the students in the highpoverty rural areas are indigenous, compared with only about 5% in urban areas. There are
compelling reasons to expect the school dynamics (and hence, the education production
functions) to differ substantially. I therefore estimated education production functions separately for rural and urban areas. The decomposition results using the modified method are
presented in Table 5. In this comparison I use the modified decomposition method only, as
the small numbers of indigenous students (especially in urban areas) resulted in imprecise
estimates in the indigenous education production functions.
Certain coefficient estimates between rural and urban areas are somewhat different. The
effect of being indigenous on the standardized test score (unexplained component) is negligent in rural areas, while in urban areas the effect is larger but not statistically significant
Table 5. Decompositions of non-indigenous/indigenous test-score (z-score) differentials, based on
pooled regression with indigenous dummy: rural versus urban, Peru 1997.
Rural
Language test
Explained
Family
School
Peer
Unexplained
Family
School
Peer
Intercept
Total
Usable observations

Urban

Language test

Mathematics test

Language test

Mathematics test

0.720
0.290
−0.061
0.492
−0.037
–
–
–
–
0.683
2491

0.496
0.158
−0.062
0.400
0.054

1.014
0.235
−0.063
0.842
0.160

0.755
0.211
0.070
0.474
0.136

0.548
1825

1.174
598

0.892
772

Note: Implied totals (sum of decomposition components). Totals from the two decompositions do not coincide, as
the two decompositions reflect different counterfactuals.
Source: 1997 UNESCO survey.
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at the 5% level. The effect of student gender is significant in urban areas, where female
students do better in language but worse in mathematics, while in rural areas there is no
gender effect. The detrimental effect of working regularly while studying is much stronger
in urban compared with rural areas. This may be because exhibiting work activity while
studying is very common in rural areas. Having many books at home is associated with a
higher increase in student’s performance in urban compared with rural areas. A higher
pupil/teacher ratio is found to be associated with a significantly lower mathematics score in
urban areas and a higher mathematics score in rural areas. The finding that a higher pupil/
teacher ratio has a beneficial effect on pupil performance in rural areas further supports the
suspicion that in rural areas class size is correlated with other characteristics such as
community size, with students in larger communities enjoying better quality of unobservable inputs. Another possible explanation for the finding that in rural areas large classes do
not negatively affect outcomes could be that that students are of similar ability (and perhaps
low ability for certain schools such as indigenous schools), resulting in fewer conflicts and
disruptions. Notable similarities between rural and urban areas are found in the effect of
having a female teacher (consistently resulting in lower scores in both areas and tests) and
the effect of peer groups, particularly the strong positive effect on scores from attending
schools where peers have more educated parents.
The decomposition analysis by school location confirms the earlier finding that student,
family, school and peer characteristics explain almost the entire test-score gap, and more so
in rural areas. Peer effects are again the most important determinant, explaining about 73%
of the test-score gap in rural areas and 53–72% of the gap in urban areas. Finally, it is
worth noting that the gross test-score gap in urban areas is much larger (nearly double that
in rural areas).
The results presented in this paper for Peru are qualitatively similar to those obtained by
McEwan (2004) for Bolivia and Chile using the modified decomposition approach, who
found that the unexplained component varies from about 10% (Chile) to about 25%
(Bolivia) of the gross gap. The results for Peru are, however, more conclusive; when peer
effects are included, the unexplained component of the test-score gap virtually disappears.
The role of peer groups in explaining test-score differences between groups has been also
established when comparing public versus private school outcomes. Somers, McEwan, and
Willms (2004), using the same set of data as this study, found that while there are substantial
and consistent differences in the achievement of private and public schools, after accounting
for peer group characteristics the average private school effect across all 10 countries examined is zero.
Conclusions and policy recommendations
The present study assesses the magnitude of the indigenous/non-indigenous test-score gap
for third-year and fourth-year primary school pupils in Peru. I identify the main student,
family, school and peer inputs contributing to the test-score gap, and decompose the gap
into its constituent components.
In choosing the estimation method I recognize that observed test scores are expected to
be correlated at the school level due to clustering effects. Therefore, the estimation method
of FGLS is chosen, as it allows the disentangling of student from school effects.
The decomposition results from both decomposition methods suggest that, essentially,
the entire test-score gap is explained by various peer and characteristics. The two peer characteristics used in the regression (proportion of indigenous students by school and proportion of educated fathers by school) are the main contributors to the gross test-score gap,
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comprising between 58% and 71% of the language test gap and 45–62% of the mathematics
test-score gap, depending on the decomposition method used.
While inequalities among groups are important in national achievement test results, the
Peruvian evidence (such as that from Programme for International Student Assessment)
confirms that the under-achievement problem is generalized and not just a problem of lowincome, rural, or indigenous language-speaking students. Similarly, when the results were
adjusted for social class differences, analysis on the LLECE test (1996/97) shows that Peruvian
third and fourth graders scored in the bottom five of 12 Latin American countries in language
and in the bottom three in mathematics. Peruvian pupils whose parents have a high level of
education scored lower than their counterparts in most other Latin American countries (Willms
and Somers 2001; Benavides et al. 2007). One may therefore suggest that any interventions
specific to indigenous students should be considered in the context of the quality problems
faced by the primary education system, as well as the understanding that the poor results of
indigenous pupils are characteristic of the low-income, mainly rural population in Peru.
Some promising policy interventions one could consider for reducing the gap have been
suggested in the literature (see, for example, Hernandez-Zavala et al. 2006), such as:
promoting effective bilingual education instruction designed to provide indigenous children
with mastery of the Spanish language before the completion of primary school, although
there is some evidence that frequently bilingual education is poorly implemented even
within schools designated as indigenous (see, for example, World Bank 2005); compensatory education programs meant to equalize learning opportunities, which have proven to be
very effective in closing learning gaps (see, for example, Shapiro and Moreno 2004);
finally, and in light of the finding that peer groups are of particular importance, choice of
school at least theoretically, could lead to improved learning outcomes (see, for example,
Angrist et al. 2002). Cueto et al. (2004) show that students grouped in classrooms of
relatively lower socioeconomic status tend to progress less in school than their peers in relatively higher socioeconomic groups.
Evidence also exists that policy reforms, especially at the primary school level, contribute
to reducing the indigenous test-score gaps. For example, the 1990 reform in Chile – where
the Ministry of Education implemented a range of reforms targeting low-achievement or
low-income students (including targeted investments in remedial tutoring and a lengthening
of the school day) were successful in increasing mean school test scores, and in particular,
some of these education reforms played a role in the observed reduction of the indigenous
rest score gaps in the late 1990s within the eighth-grade cohorts. In a relatively short time
period, the mean indigenous/non-indigenous test-score gap declined by 0.2 standard deviations in Spanish and 0.1 standard deviations in mathematics (McEwan 2006).
Any policy choices (such as compensatory programs), however, need to be preceded by
experiments that are rolled out over time with treatment and control groups and are made
on the basis of rigorous impact evaluation results. This is important as there is lack of
evidence on what it takes to improve indigenous education in Latin America.

Notes
1. For further insight into issues relating to quality of education in Peru, see also Cueto et al. (2006),

Benavides (1998) and Cueto and Aguero (2003).
2. For a survey or related literature, see Todd and Wolpin (2003).
3. While studies that use an education production function approach provide valuable insight into

the relationship between inputs and student outcomes, few studies look at what happens inside
the classroom and evaluate opportunities to learn. For such a study see Cueto et al. (2006), who
attempted to describe opportunities to learn mathematics in Peru, to determine whether these
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opportunities were related to the type of school and analyzed whether opportunities to learn were
related to student achievement.
Todd and Wolpin (2003) discuss in detail the assumptions that would satisfy the application of
this specification, in which the achievement test score depends solely on the contemporaneous
measures of family, school and other inputs. These assumptions state: that current input measures
capture the entire history of inputs or, alternatively, only contemporaneous inputs matter; and that
contemporaneous inputs are unrelated to endowed mental capacity.
Standardized test scores are used to facilitate the comparison between language and mathematics
test results, as the two tests consist of a different number of questions.
This may be a contributing factor that helps to sustain, and possibly expand the black–white testscore gap in the United States (Ferguson 1998).
Subsequently, Costa Rica and Cuba were excluded; the first due to consistency problems and the
second due to missing data on child labor.
One hundred percent of pupils’ test score in mathematics was in the 0–30 range; that is, no pupil
answered 31 or all 32 questions correctly.
These test-score differentials are not identical to those reported in the decomposition tables due
to missing observations on the right-hand side variables in the estimation of cognitive achievement production function.
A third possible source – namely, students (or their parents) choosing a school based on its
resources – is probably of lesser importance in countries like Peru (especially in rural areas), as
opposed to, say, the United States, where there are substantial differences in resources per student
among schools.
Note that only a handful of students in private subsidized and private paying schools in the sample
are indigenous.
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