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Abstract: This paper investigates peer effects in the academic achievement of Costa Rican students.
Two measures of peer effects are used: (1) a measure of a schools’ average socioeconomic status and
(2) a measure of unsatisfied basic needs at district level. The estimation of a three-level hierarchical
model allows us to deal with selection bias and unobserved heterogeneity. Results show that
socioeconomic peer effect, both at school and district levels, positively and significantly correlates
with academic achievement. An increase in one standard deviation in the socioeconomic index
has the same effect on academic achievement as an additional year of schooling; two years if the
improvement occurs in the index of unsatisfied basic needs. These results are robust for mathematics,
reading and science. Results from quantile regression reveal that students with high academic
achievement take greater advantages from studying in schools with higher socioeconomic status
(mathematics and reading). Meanwhile, students with low academic achievement are the most
affected by studying in poorer districts (mathematics and science). These results show the strong
feedback between educational and social inequity and constitute a good example of how poverty
traps can persist in developing countries.

Keywords: peer effect; unsatisfied basic needs; academic achievement; poverty; socioeconomic
status; Costa Rica; PISA

1. Introduction

Peer effects have important consequences in terms of educational equity, as they
can perpetuate social differences. If the students’ results are conditioned by the socioeco-
nomic environment of the schools, and students that attend schools with lower socioeco-
nomic status get lower educational achievements, this can create a poverty trap, in which
poverty persists.

The influence of the peer effect on student achievement has been studied since
Coleman (1968) published their well-known report “Equality of Educational Opportu-
nity” on the determinants of educational performance. Since then, a growing number of
empirical studies have analyzed the consequences of the peer effects in education (see
Vigdor and Ludwig 2010; and Paloyo 2020 for a detailed review). This literature has in
common the difficulties of defining the peer effect, the scarce availability of data, and the
methodological problems, as endogeneity, that make the impact of the peer effect uncertain
(Murnane 1981; Manski 1993; Izaguirre and Di Capua 2020).

The objective of this study is to provide new ways to measure the peer effects and
estimate its impact on academic performance in Costa Rica; a country that belongs to a
region, Latin America, where these studies are scarce. In fact, as far as we know, there
are no previous empirical studies that have focused on the study of peer effects in Costa
Rica. Beside this, the existing studies in Latin America are based on national sources,
such as SAEB (Firpo et al. 2015) or GERES (Marotta 2017), or regional datasets as TERCE
(Izaguirre and Di Capua 2020). To the best of our knowledge, there are no regional studies
that use the international dataset provided by the Programme for International Student
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Assessment (PISA), carried out by the Organization for Cooperation and Development.
This makes it difficult to compare the results between a large international sample of
countries. At the same time, it limits the design of the empirical models since the surveys
used do not offer the methodological possibilities of PISA. The use of this international
survey in the present analysis allows us to work with more control variables and to facilitate
international comparisons.

We propose two indicators to measure the peer effect:

(1) The level of economic, social and cultural status (ESCS) by schools; traditional in
literature but not previously used in Latin America studies.

(2) A district poverty index, calculated through unsatisfied basic needs in terms of hy-
giene, education, consumption or housing. This constitutes a novelty in the literature
on the measurement of peer effects.

To carry out the empirical analysis, we use the data that PISA offers on the academic
performance of Costa Rican students in 2012. We chose this year because it allows us
to also have socioeconomic data, which we will merge with the PISA database. In 2012,
geolocalized information of the schools participating in PISA in Costa Rica is available and
this information is crucial for our methodological proposal.

The results show that the peer effect, measured through the economic, social and
cultural status in the schools, is positively and significantly correlated with the academic
performance of the students. That is, those students who study in schools where their
peers have a higher economic, social and cultural level, obtain better academic results.
Regarding the peer effect measured through the poverty index, we find that studying
in schools located in the poorest districts —where there are unsatisfied basic needs— is
negatively correlated with academic results. The results are robust for mathematics, reading
and science.

This evidence has important implications on the design of educational and economic
policies. The situation risks students in the poorest districts and schools falling into a
poverty trap. In this sense, our results provide information on the possible social conse-
quences of poverty perpetuation, and courses of action to promote educational equity and
social mobility. Poverty reduction is a clear and measurable goal that has to be tackled in
order to spur learning achievement.

The rest of the article is organized as follows. The second section reviews the existing
literature on the peer effect. The third section presents the data used in the analysis. The
fourth explains the methodology. The fifth presents the results. The sixth compares the
results with those of other works. The seventh includes the conclusions, extensions and
recommendations in terms of educational policy.

2. Literature Review

The impact of peer effect on academic performance has been widely studied in the
literature, especially in developed countries, where we find greater availability of data
(Ammermueller and Pischke 2009). The composition of the classes according to gender or
ethnicity, the abilities of the classmates and their socioeconomic level are the characteristics
most used to measure the peer effect. Most of the studies conclude that the peer effect is
an important determinant of academic performance (Sacerdote 2011; Carrell et al. 2018;
Paloyo 2020).

The first articles that analyzed the peer effect focused on the impact that the com-
position of the classes had on the performance of the students. In these cases, the effect
has been measured mainly through gender or ethnic differences. Empirical evidence has
shown that a higher percentage of girls in classes benefits students’ academic performance,
by reducing the level of violence and distraction (Lavy and Schlosser 2011). Regarding
ethnicity, the results are more ambiguous. Hanushek et al. (2003) conclude that a higher
percentage of African American students affects performance. However, Diette and Uwaifo
Diette and Oyelere (2017) defend that it would be language problems, and not the presence
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of immigrants per se, which produces negative effects on the academic performance of
native-born students.

Summers and Wolfe (1977) take ethnic differences into account, but their study is also
pioneering by introducing the measurement of the peer effect through the ability of peers
(scores in standard evaluations). Their study for Philadelphia reveals that surrounding
themselves with higher-achieving peers especially benefits disadvantaged students. This
approach has been applied more times since then. Hoxby (2000) stands out for being one
of the articles that estimates the greatest impact of the peer effect on academic performance.
Hanushek et al. (2003) propose to use the ability of classmates from two previous courses
as a measure to avoid problems of reverse causality—the student’s academic performance
affects the rest of the classmates and vice versa, overestimating the results.

One of the variables most used in the literature to measure the peer effect is the
socioeconomic status (SES) of peers. The findings of Coleman (1968) on the importance of
socioeconomic status as a determinant of the academic performance of American students,
provoked a large wave of research that decided to measure the peer effect through this
characteristic. According to the meta-analysis of Sirin (2005), the main components of
socioeconomic status are: family income, education, parental occupation and household
resources. In this line, Schneeweis and Winter-Ebmer (2007) measure the peer effect
of Austrian students through the maximum parental occupation index. Rangvid (2003)
uses the average per class of years of maternal education for Denmark as a measure. Both
authors use the indices that PISA provides and obtain a positive relationship with academic
performance. Another proxy used in the literature to measure the peer effect is to elaborate
socioeconomic indicators that combine various dimensions of the family situation. Our
study agrees with Raitano and Vona (2013) in using the level of economic, social and
cultural status offered by the PISA program to measure the peer effect. This indicator is
one of the most complete capturing the student’s socioeconomic level.

Finally, it should be noted that the relationship between peer effect and academic
performance occurs through two channels: schools and districts—the latter represents
a more recent trend line. The school has been the most used context in educational
production functions (Rangvid 2003; Raitano and Vona 2013). A growing number of
studies have demonstrated that school socioeconomic economic status is significantly
related to academic achievement (Pop-Eleches and Urquiola 2013; Angrist et al. 2016;
Xuan et al. 2019).

The characteristics of the district where the school is located—unemployment, poverty,
health, crime, education, etc.—can also affect the academic performance of students and
well-being (Del Valle and Fernández 2014; Billings et al. 2014; Gimenez et al. 2020). Students
do not interact only in schools. The districts where the schools are located also constitute
areas of special interest given that students spend many hours developing extracurricular
activities and sharing in leisure (Gimenez et al. 2018). However, despite confirming this
last relationship, Vigdor and Ludwig (2010) or Carlson and Cowen (2015) find that the
impact of schools on the academic performance of students in the United States is greater
than that of districts.

In the case of Latin America, the empirical studies related to peer effect are both more
recent and scarce, but results point in the same direction: socioeconomic characteristics
on student, school and neighborhood are determinants of academic achievement and can
explain a high variability of differences in school performance.

Most of the studies on peer effect have analyzed the impact of family and school socioe-
conomic level on academic performance. Breton and Canavire-Bacarreza (2016) estimate
the effect of socioeconomic characteristics on student scores in seven Latin American coun-
tries and Scandinavia and find that the half of the difference is explained by Latin American
parents lower average educational and socioeconomic characteristics. These results are also
corroborated by Castro-Aristizabal et al. (2017). The authors using results from the 8 Latin
American countries in PISA 2012, find that the differences in individual and characteristics
explain the greater proportion of the gaps in performance. Other studies have focused
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on the socioeconomic characteristics of schools, and in particular, the differences between
public and private schools. In this line, Somers et al. (2004) analyze if private schools are
really more effective than public schools at improving student outcomes (“private school
effect”) in Latin American countries. Based on UNESCO data for 10 countries, the authors
find that differences in achievement between private and public schools are only partly
explained by better socioeconomic status of private school students and much more by
peer-group characteristics. Castro-Aristizabal et al. (2017) using PISA 2012 data for 8 Latin
American countries also find that the differences between private and public schools are
mainly explained by individual and family characteristics. Sakellariou (2017) also points
out the importance of accounting for peer effects when evaluating school effectiveness
between private and public schools.

There is little empirical research that explicitly analyses the measure of peer effect in
Latin America. In the case of Chile, McEwan (2003), uses data from the Ministry of Chile on
the academic performance in the Spanish language subject and the family characteristics
of his eighth-year students. The author measures the peer effect through the years of
mother’s education and finds that peer effect improves the academic performance of
students. Additionally, for Chile, Canales and Webb (2018) examine the detrimental effects
of high ethnic composition schools on differences between non-indigenous and indigenous
students. Using national test score data, they find that school composition with respect
to the socioeconomic background and indigenous status of students matters for academic
achievement. For Brazil, Marotta (2017) measures the peer effect through the ability of peers,
based on data from the Longitudinal Study of the Generation of Schools of 2005 “GERES”.
Comparing the performance of students at the beginning and at the end of the first year,
the author concludes that students learn more by surrounding themselves with peers
with a higher academic level. Based on TERCE data set, Izaguirre and Di Capua (2020)
assesses peer group influence on academic performance of primary school students in Latin
America and the Caribbean. The authors find the existence of endogenous peer effects, but
their magnitude and significance depend on subject and school type.

This paper contributes to the literature on peer effects offering further empirical evi-
dence on a Latin American country, one of the world regions where there is a relative short-
age of literature on the peer effect and academic achievement in comparison with developed
countries. Our research provides some key contributions to the literature on the peer effect
in Latin America. First, as far as we know, this is the first application based on PISA data to
measure the impact of the peer effect on academic performance. The literature in the field
has explicitly recognized the difficulty of estimating peer effects because of the existence
of omitted variable bias problem and data limitation (Izaguirre and Di Capua 2020). The
combination of the PISA dataset with local socioeconomic data and the use of an index of
unsatisfied basic needs as a measure of district poverty offers a conceptual and method-
ological improvement to previous evidence. Moreover, we have not found any literature
that measures the peer effect in Costa Rica, which makes our research the first to estimate it.

3. Empirical Study, Data and Descriptive Statistics

Our empirical study analyses peer effects on student achievement through a socioeco-
nomic index at school and district level in Costa Rica, which is a novelty.

Costa Rica is suitable for our empirical analysis. Costa Rica is one of the countries in
the region with more accurate statistics, both with regard to the variety of the information
collected and in the methodological quality of its elaboration. We focus on the year 2012
for two reasons. First, in that year the PISA survey was carried out (the project collects
information every 3 years). Second, for that year, there is information on the index of
unsatisfied basic needs in Costa Rica. These types of poverty studies represent a great
technical complexity for statistical offices and are not frequent. At the time of this study,
2012 is the last year for which the index was developed. Tables A1 and A2 in Appendix A
offer a description of the variables and their sources as well as the summary statistics.
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Unlike previous literature that relies on national or local level examinations, our
research work uses the PISA dataset. This international evaluation, implemented by the
OECD in 2000, examines the results of 15-year-old students in three areas, mathemat-
ics, reading and science every three years. Costa Rica has participated in this program
since 2009.

The PISA dataset has some technical advantages. Besides the estimates of students’
skills, PISA collects data on the student, family and school factors that helps to explain
differences in performance. Consequently, the results of PISA have a high degree of validity
and reliability and enable international comparisons (OECD 2013a).

Of course, like other programs that attempt to measure the performance of students,
PISA is not immune to some problems of a technical nature. For example, the presence of
missing observations, which stem from the fact that students and directors leave questions
unanswered, can be a major problem when working with PISA. Some authors propose
to eliminate those observations that do not reach a pre-established minimum level of
responses. In our sample, the missing observations are 4.5% (Table 1). Although this per-
centage is low, eliminating those observations with at least one blank answer would mean
losing 48% of the sample size (from 4602 to 2381 observations). For this reason, it is essential
to use a method that allows us to deal with the loss of observations without reducing the
sample. Following Gimenez et al. (2018) and Gimenez and Barrado (2020), we use the hot-
deck procedure, specifically, the Bayesian bootstrap method of Rubin and Schenker (1986)
implemented in Stata by Mander and Clayton (2007). This hotdeck procedure replaces each
of the missing values with the most similar values from the observed cases, maintaining
the total sample.

Table 1. Analysis of missing observations.

Variable Missing Total Share of Missing Data

Share of government funding 492 4602 10.69%
Share of fully certified teachers at school 1495 4602 32.49%
Shortage of mathematics
s teachers 36 4602 0.78%

Shortage of reading teachers 62 4602 1.35%
Shortage of science teachers 36 4602 0.78%
Non-native student 43 4602 0.93%
Books at home 197 4602 4.28%
Parents’ education 331 4602 7.19%
Parents’ occupation 416 4602 9.04%

Total missing 3108
Total observations used in baseline model
regression 69,030

Share of missing values imputed 4.50%

To measure the peer effect on the academic performance of students, we propose to
use socioeconomic status by schools and poverty by districts (473 in the country). The level
of economic, social and cultural status (ESCS) index provided by PISA was constructed
using the three variables related to family background: parents’ highest level of education,
parents’ highest occupational status, and home possessions—including books in the home
(OECD 2014a). The ESCS index is therefore calculated at the school level and the variables
that allow it to be calculated are student-level variables. Consequently, although there is
an association between the socioeconomic level of each student and that of the school, we
move at different levels.

The poverty index that we will use has been prepared by the National Geographic
Institute and the National Institute of Statistics and Censuses of Costa Rica. The latter is
measured through an index of unsatisfied basic needs in housing, education, hygiene and
consumption. Combining the PISA data with district socioeconomic information represents
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an important novelty in the literature on the peer effect. This is possible thanks to the fact
that we have information on the geolocation of the schools that participate in the PISA
program. This information has been provided by the Ministry of Education and the Estado
de la Educación of Costa Rica (the last, a well-known think tank on education).

In Figures 1 and 2 we observe the relationship between the academic performance
of the students and the two measures of the peer effect that we use. For simplicity, we
show this relationship for mathematics, but the conclusions are the same for reading and
science subjects. The relationships found a coincide with our hypotheses: we hope that
the socioeconomic level of the schools and the district development (less poverty and
unsatisfied basic needs) positively influence school results.
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Figure 1 shows the mean score for each socioeconomic level (ESCS) by school. As
a school’s ESCS rate increases, students score higher. Figure 2 shows the poverty index
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by districts. There is a negative association between the poverty index and the academic
performance of students.

4. Model and Methodology: Elaboration of the Educational Production Function

The educational production function establishes the relationship between the
student’s outcomes (output), and a set of student, family and school characteristics
(inputs) (Deutsch et al. 2013). The literature tends to measure student performance by their
scores on standard assessments. In the production function that we use, we add the input
of the peer effect, which is the key variable in our study.

To obtain unbiased estimators of this effect, we use Hierarchical Linear Models or
Multilevel models (HLM), commonly applied to PISA data.

This technique takes into account the nested structure of educational data set. Observa-
tions are grouped into clusters that maintain a hierarchical structure (Woltman et al. 2012).
Thus, in the education sector we can consider several levels (students, classes, schools
and location of schools) that interact with each other and influence school results. Most
of the literature that analyses educational production functions with PISA data uses
multilevel models at two levels (students and schools). In our case, we will include
a third level—the geolocation of the school—when we work with district information.
Fernández-Gutiérrez et al. (2020) estimate a linear hierarchical model at three levels (stu-
dent, school and region) where, unlike our study, its third level refers to the Spanish
Autonomous Communities. The multilevel model makes it possible to deal with unob-
served heterogeneity, one of the common problems in the field.

The three-level model that we use can be expressed as:

Yijk = β0 + β1X1ijk + β2X2ijk + β3PE3 + εijk, (1)

β0 = γoo + v0k + u0jk (2)

In Equation (1), Yijk is the academic performance of student i enrolled in school j in
district k. In each edition, PISA emphasizes a specific area and, in 2012, the focus was on
mathematics. As an additional check, we replicate our main analysis with reading and
science. X1ijk and X2ijk are two vectors that collect characteristics at the individual and
school level, respectively. Finally, PE3 captures the peer effect.

In Equation (2), v0k and u0jk are the respective deviation of the schools’ and the districts’
mean from the overall mean (γ00). They are assumed to be normally distributed with mean
0 and uncorrelated with εijk. Control for school and district effects should mitigate any bias
from differences that are correlated with test scores.

The chosen control variables can be considered standard in educational production
functions. Gimenez and Barrado (2020) and Gimenez et al. (2018), in the case of Costa Rica,
or Hanushek et al. (2013), which use a large sample of countries participating in PISA,
make use of a similar model. Among the individual characteristics, we include gender,
age and country of birth. The literature indicates that while boys score better than girls in
mathematics, girls outperform boys in reading. Science scores are neutral (OECD 2013b).
Age can play in favor of emotional and intellectual development and immigrant status
could affect performance due to various factors, including linguistic.

Regarding family variables, we use parental education (in years), their occupation
and the number of books at home, as proxies of the socioeconomic and cultural level. They
are correlated to a higher level of academic performance. Among the school characteristics,
we include school size (number of students enrolled at the school), school ownership,
the proportion of public funding, school location, the proportion of certified teachers, the
shortage of teacher in the respective area and the level of autonomy. All of them are factors
that influence academic performance through available resources, their possibilities of use
and the level of autonomy in their management.
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5. Empirical Results

The empirical results found are shown below. Estimates of the peer effect in the
educational production function were carried out for the three areas: mathematics (Table 2)
reading (Table 3) and science (Table 4).

Table 2. Estimates of the peer effect in the educational production function. Dependent variable: scores in mathematics.

Multilevel (Students, Schools) Multilevel (Students, Schools, Districts)

(1) (2) (3) (4)

Control ESCS by Schools Control Poverty
Index by Districts

Student and family characteristics
Gender
Male 25.242 *** 25.253 *** 25.264 *** 25.265 ***

(2.988) (2.989) (2.936) (2.936)
Age 9.633 * 9.621 * 9.666 * 9.665 *

(5.720) (5.716) (5.645) (5.645)
Country of birth
Non-native student −1.947 −1.981 −2.022 −2.029

(10.375) (10.370) (10.322) (10.322)
Books at home
11–25 books 7.791 ** 7.786 ** 7.773 ** 7.770 **

(3.615) (3.615) (3.648) (3.648)
26–100 books 12.776 *** 12.721 *** 12.812 *** 12.810 ***

(4.325) (4.323) (4.251) (4.251)
101–200 books 16.167 ** 16.129 ** 16.174 ** 16.170 **

(7.030) (7.036) (7.080) (7.081)
201–500 books 13.867 13.754 13.869 13.864

(9.613) (9.617) (9.997) (9.996)
More than 500 books 4.711 4.692 4.769 4.769

(18.066) (18.064) (18.032) (18.032)
Parents’ occupation 0.244 *** 0.242 *** 0.245 *** 0.244 ***

(0.078) (0.078) (0.079) (0.079)
Parents’ education
Primary 11.431 11.416 11.407 * 11.407 *

(8.987) (8.990) (6.345) (6.344)
Lower secondary 18.926 18.830 18.952 18.935

(13.048) (13.048) (11.719) (11.719)
Upper secondary I 21.301 ** 21.174 ** 21.250 *** 21.240 ***

(8.479) (8.477) (6.588) (6.588)
Upper secondary II 3.084 3.017 3.077 3.071

(8.215) (8.221) (6.297) (6.297)
University 17.754 ** 17.609 ** 17.704 *** 17.696 ***

(8.442) (8.442) (5.752) (5.752)
School characteristics
Number of students 0.006 0.002 0.005 0.005

(0.006) (0.005) (0.005) (0.005)
Privately operated −31.338 −74.217 *** −1.589 −2.766

(26.027) (23.728) (31.759) (31.203)
Share of government funding 0.004 0.009 0.004 0.004

(0.076) (0.074) (0.073) (0.073)
School’s community location
Town (3000–15,000) 7.419 −18.464 ** −0.874 −2.006

(9.987) (9.189) (10.018) (9.623)
Large town (15,000–100,000) 20.224 * −15.116 * 7.754 4.530

(11.580) (8.763) (10.412) (10.802)
City (100,000–1,000,000) 5.012 −25.217 * −0.733 −2.819

(16.060) (13.291) (11.243) (11.188)
Large city (>1,000,000) 24.098 −9.916 −13.280 −15.947

(32.890) (22.203) (45.390) (45.305)
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Table 2. Cont.

Multilevel (Students, Schools) Multilevel (Students, Schools, Districts)

(1) (2) (3) (4)

Control ESCS by Schools Control Poverty
Index by Districts

Share of fully certified teachers at school −9.956 −9.991 −9.952 −10.011
(8.892) (8.842) (9.121) (9.115)

Shortage of mathematics teachers
Very little 1.303 3.428 −0.863 −1.046

(13.634) (12.379) (13.809) (13.755)
To some extent −5.725 −8.350 −0.496 −0.626

(19.662) (17.492) (20.397) (20.127)
A lot −23.079 * 11.851 −19.540 −10.911

(12.223) (13.487) (15.212) (11.565)
School Autonomy 34.979 *** 22.477 *** 24.273 ** 24.155 **

(10.092) (6.558) (11.805) (11.567)
District characteristics
ESCS by schools 43.615 ***

(8.077)
Poverty index by districts −85.050 ***

(31.614)
Constant 225.577 ** 296.726 *** 225.298 ** 250.219 ***

(90.801) (92.715) (93.082) (93.920)

N 4602 4602 4602 4602

Note: The estimates with plausible values of the PISA scores are made using PV Stata module developed by Macdonald (2014). Regressions
weighted by students’ sampling probability. Robust standard errors adjusted for clustering at school and district level are in parentheses.
*** ρ < 0.01, ** ρ < 0.05, * ρ < 0.1.

Table 3. Estimates of the peer effect in the educational production function. Dependent variable: scores in reading.

Multilevel (Students, Schools) Multilevel (Students, Schools, Districts)

(1) (2) (3) (4)

Control ESCS by Schools Control Poverty Index by
Districts

Student and family characteristics
Gender
Male −24.520 *** −24.528 *** −24.493 *** −24.494 ***

(3.620) (3.625) (3.548) (3.548)
Age 0.666 0.677 0.730 0.730

(6.402) (6.394) (6.435) (6.434)
Country of birth
Non-native student −11.266 −11.186 −11.257 −11.260

(11.449) (11.409) (11.391) (11.390)
Books at home
11–25 books 4.050 4.010 4.067 4.061

(4.691) (4.690) (4.883) (4.884)
26–100 books 5.561 5.497 5.549 5.548

(4.774) (4.774) (4.736) (4.737)
101–200 books 14.630 * 14.548 * 14.620 * 14.616 *

(8.274) (8.274) (8.449) (8.450)
201–500 books 11.895 11.659 11.873 11.861

(10.263) (10.266) (10.273) (10.271)
More than 500 books 9.045 9.129 8.892 8.917

(20.216) (20.181) (20.191) (20.188)
Parents’ occupation 0.222 ** 0.220 ** 0.223 ** 0.223 **

(0.096) (0.096) (0.090) (0.090)
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Table 3. Cont.

Multilevel (Students, Schools) Multilevel (Students, Schools, Districts)

(1) (2) (3) (4)

Control ESCS by Schools Control Poverty Index by
Districts

Parents’ education
Primary 11.491 11.530 11.401 11.404

(8.516) (8.526) (8.339) (8.337)
Lower secondary −2.225 −2.721 −2.287 −2.312

(15.442) (15.440) (15.411) (15.409)
Upper secondary I 24.475 *** 24.380 *** 24.362 *** 24.351 ***

(6.443) (6.441) (6.760) (6.759)
Upper secondary II 4.221 4.123 4.175 4.165

(7.514) (7.514) (7.615) (7.615)
University 16.398 ** 16.327 ** 16.219 ** 16.212 **

(7.640) (7.636) (7.637) (7.635)
School characteristics
Number of students 0.005 0.002 0.006 0.006

(0.008) (0.006) (0.007) (0.007)
Privately operated −18.456 −60.740 *** −0.180 −1.351

(23.078) (20.753) (28.066) (27.249)
Share of government funding −0.048 −0.040 −0.031 −0.031

(0.129) (0.128) (0.129) (0.129)
School’s community location
Town (3000–15,000) 16.412 −8.781 18.670 16.732

(11.282) (8.636) (12.358) (12.035)
Large town (15,000–100,000) 21.791* −12.936 16.121 11.633

(13.030) (9.944) (11.659) (11.523)
City (100,000–1,000,000) −0.379 −30.487 ** 5.111 2.050

(18.316) (15.383) (14.514) (14.360)
Large city (>1,000,000) 12.715 −22.540 −11.578 −15.697

(35.975) (25.332) (52.068) (51.529)
Share of fully certified teachers at school −12.991 −13.026 −12.014 −12.090

(9.377) (9.332) (9.599) (9.590)
Shortage of mathematics teachers
Very little 14.656 11.520 15.820 15.262

(12.549) (12.462) (12.642) (12.559)
To some extent −12.184 −8.161 −12.415 −12.463

(23.996) (23.792) (25.539) (25.333)
A lot 14.542 12.953 22.668 23.137

(18.247) (16.293) (20.029) (19.399)
School Autonomy 31.796 *** 20.693 *** 21.651 * 21.398 **

(8.639) (7.201) (11.089) (10.809)
ESCS by schools 41.176 ***

(7.934)
District characteristics
Poverty index by districts −112.189 ***

(28.866)
Constant 422.553 *** 492.096 *** 415.268 *** 448.485 ***

(107.801) (108.919) (107.446) (107.647)

N 4602 4602 4602 4602

Note: See note in Table 2.
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Table 4. Estimates of the peer effect in the educational production function. Dependent variable: scores in science.

Multilevel (Students, Schools) Multilevel (Students, Schools, Districts)

(1) (2) (3) (4)

Control ESCS by Schools Control Poverty Index by
Districts

Student and family characteristics
Gender
Male 12.271 ** 12.281 ** 12.319 ** 12.319 **

(5.240) (5.239) (5.164) (5.164)
Age 1.641 1.672 1.614 1.614

(6.915) (6.899) (6.826) (6.826)
Country of birth
Non-native student −6.651 −6.631 −6.707 −6.724

(11.957) (11.929) (11.943) (11.941)
Books at home
11–25 books 9.909 * 9.880 * 9.941 * 9.938 *

(5.407) (5.407) (5.491) (5.491)
26–100 books 14.281 ** 14.234 ** 14.341 ** 14.342 **

(7.260) (7.262) (7.252) (7.251)
101–200 books 15.546 ** 15.490 ** 15.566 ** 15.570 **

(7.329) (7.335) (7.468) (7.468)
201–500 books 19.345 * 19.214 19.460 19.455

(11.694) (11.693) (11.949) (11.948)
More than 500 books 14.435 14.415 14.557 14.567

(17.911) (17.865) (17.820) (17.818)
Parents’ occupation 0.197 ** 0.195 ** 0.198 ** 0.198 **

(0.095) (0.095) (0.092) (0.092)
Parents’ education
Primary 1.075 1.104 1.033 1.034

(8.661) (8.666) (9.248) (9.247)
Lower secondary −2.303 −2.450 −2.232 −2.251

(13.209) (13.196) (13.281) (13.281)
Upper secondary I 11.199 11.093 11.100 11.090

(8.610) (8.595) (8.517) (8.517)
Upper secondary II −4.080 −4.141 −4.152 −4.158

(9.019) (9.003) (8.680) (8.680)
University 5.855 5.752 5.727 5.716

(10.347) (10.332) (10.573) (10.573)
School characteristics
Number of students 0.010 * 0.006 0.008 0.007

(0.006) (0.004) (0.005) (0.005)
Privately operated −25.589 −65.747 *** 0.224 −0.956

(22.862) (19.180) (24.216) (23.636)
Share of government funding −0.013 −0.006 −0.014 −0.014

(0.103) (0.102) (0.101) (0.101)
School’s community location
Town (3000–15,000) 9.367 −14.259 2.986 2.127

(13.017) (11.565) (12.382) (12.040)
Large town (15,000–100,000) 17.743 −15.136 5.501 2.477

(11.629) (9.719) (11.018) (11.094)
City (100,000–1,000,000) 15.911 −12.330 −0.081 −1.801

(16.906) (14.739) (14.080) (14.062)
Large city (>1,000,000) −6.108 −37.841 −41.704 −44.265

(34.896) (24.367) (47.887) (47.738)
Share of fully certified teachers at school −10.950 −11.163 −10.864 −10.941

(9.139) (9.085) (9.300) (9.292)
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Table 4. Cont.

Multilevel (Students, Schools) Multilevel (Students, Schools, Districts)

(1) (2) (3) (4)

Control ESCS by Schools Control Poverty Index by
Districts

Shortage of mathematics teachers
Very little 18.556 18.115 21.419 21.033

(18.936) (17.998) (15.844) (15.759)
To some extent 3.659 2.841 8.294 8.980

(17.861) (15.821) (18.154) (18.079)
A lot 35.540 15.146 41.884 34.108

(24.939) (27.953) (29.640) (31.990)
School Autonomy 36.322 *** 25.950 *** 25.539 ** 25.417 ***

(8.793) (7.125) (9.958) (9.763)
ESCS by schools 38.598 ***

(6.986)
District characteristics
Poverty index by districts −95.911 ***

(33.571)
Constant 383.413 *** 448.998 *** 385.977 *** 413.872 ***

(109.634) (111.173) (111.626) (113.982)

N 4602 4602 4602 4602

Note: See note in Table 2.

Column (1) presents the results of the model with the control variables at two levels:
students and schools. The results are consistent with previous evidence. We observe that
boys score better in mathematics and science while girls do better in reading. Immigrant
status is not significant. Age is significantly and positively correlated with mathematic
scores, but it is not significant in reading and science. The number of books at home,
parental education—except for science—and occupational status have a positive and
significant relationship with academic performance. Regarding the characteristics of the
school, the autonomy of the school is the only one that has a significant and positive
relationship with academic performance in the three areas. The lack of significance of most
school resources and characteristics is consistent with the PISA literature and has also
been found by Gimenez et al. (2018) in the case of Costa Rica. As they authors point out,
this must not be interpreted as meaning that schooling does not affect cognitive abilities.
The little variability between school inputs may condition the statistical association found
(OECD 2014b).

Column (2) of the three tables includes, in addition to the base model with the control
variables, the peer effect measured through the ESCS by schools. The level of economic,
social and cultural status is positively and significantly correlated with academic perfor-
mance in mathematics, reading and science. The increase in one standard deviation of
the peer effect, measured through the ESCS by schools, is associated with an increase of
44.05 points (43.61 × 1.01) in the academic performance in mathematics according to the
PISA scale. This is comparable to 1.07 years of schooling (41 points are equivalent to one
academic year). Furthermore, the PISA index is standardized so that the value for the
OECD mean are zero and their standard deviation one. In turn, the mean score of the
total number of students has been standardized to 500 and its standard deviation 100. It is
equivalent to say that increasing the ESCS per school by one standard deviation increases
academic performance in mathematics by 0.44 standard deviations. In reading and science,
the results are 41.58 and 38.98 points, respectively.

It should be noted that the effect of the control variables when introducing the level of
ESCS by school remains the same as in column (1) except for one. By introducing the peer ef-
fect, private schools have a negative and significant coefficient in mathematics, reading and
science. This result is consistent with a previous study that Fernández and Del Valle (2013)
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carried out for Costa Rica. According to the authors, the gap in academic performance
between private and public schools is not due so much to differences in the education pro-
vided as to socioeconomic conditions. However, the heterogeneity of results in the literature
requires further research in this line of work (Zimmer and Toma 2000; Somers et al. 2004;
Castro-Aristizabal et al. 2018).

Column (3) of the three tables shows the estimate at three levels, including districts.
The results obtained do not vary respect to estimations at two levels (students and districts)
presented to those in column (1). In column (4) we introduce the peer effect measured
through the poverty index (unsatisfied basic needs) by districts. Again, the effect of the
control variables when introducing the level of ESCS by school remains the same as in
column (3) in the three areas. Significances are kept and the size of coefficients are similar.

With respect to our variable of study, we find that studying in schools located in
districts with at least one unsatisfied basic need is negatively and significantly correlated
with academic performance in mathematics, reading and science. An increase in one stan-
dard deviation of the poverty index would be accompanied by a reduction of 85.90 points
(85.05 × 1.01) in the mathematics scores (the equivalent of 2.09 years of schooling). In
reading and science, these results are 113.31 and 96.87 points, respectively.

Finally, we apply the quantile regression technique on the distribution of scores of
the three subjects to check if these results are homogeneous throughout the distribution of
scores per student. We estimate the peer effects for the 25% of students with the best and
worst scores. Table 5 presents the estimates at two levels in the case of ESCS by schools
and at three levels when we measured it using the poverty index by districts. Studying
in schools located in districts with unsatisfied basic needs is negatively and significantly
correlated with academic achievement, in mathematics and science, in the case of 25%
of students with the worst performance. While studying in schools where peers have a
higher level of economic, social and cultural status is positively and significantly correlated
with school results, in mathematics and reading, in the case of 25% of students with
better performance.

Table 5. Estimates of the peer effect in the educational production function by quartiles. Mathematics,
reading and science.

Multilevel (Students, Schools)

Mathematics Reading Science

25% 75% 25% 75% 25% 75%

Control variables
ESCS by schools 6.602 21.772 *** 7.703 12.737 * 5.274 10.867

(6.901) (6.774) (8.011) (6.978) (7.074) (9.330)

Multilevel (students, schools and districts)

Mathematics Reading Science

25% 75% 25% 75% 25% 75%

Control variables
Poverty index by
districts −34.921 * −19.671 −4.261 −33.377 −64.084 *** −19.243

(18.686) (28.419) (31.970) (29.026) (23.417) (36.081)
*** ρ < 0.01, * ρ < 0.1.

6. Discussion

The results found in the case of the variables included in the educational produc-
tion function are consistent with those generally obtained in the empirical literature
(OECD 2013b). As expected, there is a gender gap in student achievement. In Latin
America, Suarez-Enciso et al. (2016) find that boys from third to sixth grade in Paraguay
score more in mathematics while girls do in reading. Cervini et al. (2015) point out
that the cognitive gap between boys and girls in sixteen Latin American countries re-
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mains even after controlling for socioeconomic level. Regarding school characteristics,
our model confirms the importance that school autonomy has on academic performance
(Machin and Vernoit 2011). This result should not be interpreted as a lack of relationship
between school characteristics and academic performance. Rather, it is that school charac-
teristics lose significance once family characteristics and the peer effect are controlled for
(Coleman 1968; Hanushek 1989).

We found that higher socioeconomic status per school correlates with higher aca-
demic performance. Our results are in line with the literature (Sirin 2005). In Latin
America, McEwan (2003) using data from the Chilean Ministry, finds that for each stan-
dard deviation that increased the years of maternal education, academic performance
increased 0.27 standard deviations. Using data from PISA 2006 for a set of OECD countries,
Raitano and Vona (2013) find that increasing the mean of the ESCS index by one standard
deviation increases science performance by 25 points according to the PISA scale. The meta-
analysis by Van Ewijk and Sleegers (2010) shows that, on average, academic performance
increases by 0.32 standard deviations for each standard deviation that socioeconomic status
increases. As we can see, the relationship that we detect is slightly higher than that obtained
by the rest of the literature. The differences in the sample of countries, in the variables used
to measure socioeconomic status, and the multilevel model used (which allows controlling
for unobserved heterogeneity and reducing estimation biases) affect the breadth of the size
that we have estimated.

We have not found any literature that uses a district poverty index in the manner
proposed in this study to measure the peer effect. Therefore, it is not feasible to compare
the peer effect size that we have obtained. However, we can find articles that confirm the
negative relationship that exists between the poverty index and academic performance.
Vigdor and Ludwig (2010) have found that the poverty level of the school district affects the
academic performance of students. For China, Brown and Park (2002) or Knight et al. (2010)
find that children from poorer households obtain lower test scores and are more likely
to drop out of school. Finally, Gimenez et al. (2018) measure the impact of the social
development of the district where the school is located on the performance of students in
Costa Rica. To do this, they use an index made up of four components: health, economy,
education and voter turnout. They find that students will perform better academically the
greater the social development of the school district.

The results obtained on the peer effect once the quantile regression was applied, show
that an environment with a higher socioeconomic level will be more beneficial, especially for
the more advanced students, who will be able to get more out of it. However, other authors
such as Schneeweis and Winter-Ebmer (2007) or Rangvid (2003) find that surrounding
themselves with peers with a higher socioeconomic level benefits students with lower
performance. We must bear in mind that these authors use a sample of developed countries
(Austria the first work and Denmark the second) whose characteristics of the educational
sector, levels of development and PISA results are very different from those of Costa
Rican students.

7. Conclusions, Extensions and Recommendations in Terms of Educational Policy

Peer effects have important consequences in terms of educational equity. Students
that attend the poorest schools, obtain lower educational achievements and might fall into
a poverty trap that makes poverty persistent. The objective of this study was to expose
this situation by estimating the link between peer effects and academic achievement of
the students of Costa Rica. Two novel measures of peer effects were used: (1) a measure
of schools’ average socioeconomic status and (2) a measure of unsatisfied basic needs at
district level.

Our results revealed how socioeconomic inequality contributes to the perpetuation of
social gaps from generation to generation. Socioeconomic status of families determines the
type of school that students attend and, therefore, the quality of education they receive.
The hierarchical linear model, estimated at three levels, shows the importance that the peer
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effect, measured through socioeconomic characteristics and unsatisfied basic needs, has as
a determinant of academic performance. Specifically, we find that an improvement in one
standard deviation of the socioeconomic level of the schools would be equivalent to an addi-
tional year of education, two in the case of an improvement in the index of unsatisfied basic
needs. These results are robust in mathematics, reading, and science. Low socioeconomic
status and poverty affect particularly students with the greatest learning disabilities.

From these results, it is clear that an educational policy must be comprehensive
and inclusive. That is, a policy that promotes economic equity is a policy that improves
educational equity. Policy recommendations go beyond improving traditional school
resources. In countries with high income inequality, policies should be implemented to
reduce economic and social gaps, as well as the level of poverty. Policies should pay
special attention to the population with fewer resources and cover at least their basic needs
(the right to decent housing, access to education or a greater job offer that increases their
purchasing power, among others). Increasing public spending on education to obtain
higher school performance will be insufficient if it is not accompanied by policies that aim
to improve services and infrastructure at the local level.

Conditions in the poorest districts are difficult to change in the short term, but there
are several educational policies that have been adopted in Costa Rica in recent years that
can improve the educational results of the vulnerable students. The Ministry of Educa-
tion has developed a teacher allocation policy that seeks to encourage more experienced
teachers to teach in schools situated in the most disadvantaged districts (Lentini 2019).
This constitutes a good instrument to fight poverty traps. Preventing children from leav-
ing school early, often motivated by poverty, is identified as another key instrument
(Gimenez and Geovanny 2017). We highlight the implementation of two specific programs
in Costa Rica: AVANCEMOS and PROEDUCA. The first, in charge of the Mixed Institute
of Social Assistance since 2006, grants transfers to students in situations of extreme poverty,
conditioning the transfers to the permanence or reintegration of the student in the sec-
ondary education system. The second, launched in 2011 and funded by the Ministry of
Education and the European Union, seeks to reduce student dropout in secondary educa-
tion through different actions to support students, teachers, principals and the educational
community in general.

All these policies must be seen as an investment to spur social well-being. Given that
education contributes decisively to economic growth (Hanushek 2013), through positive
externalities in technology adoption (Gimenez 2006; Barcenilla et al. 2019), innovation
(López-Pueyo et al. 2018) and entrepreneurship (Van der Sluis et al. 2008), the investments
made will be fully recovered in the future.

Although this article focuses on Costa Rica, the applied methodology can be extended
to the analysis of other countries. Specifically, there are two lines of future research that
emerge from this article. First, the scarce literature on peer effects in the region, as well
as the great economic inequality among the population, encourages further research on
the peer effect measured through unsatisfied basic needs. A second extension of this
work could be to carry out a multi-country study. This is the first study on peer effects in
Latin America that proposes to use PISA as a data source, which will allow comparisons
with other studies that benefit from the analytical potential of PISA. Furthermore, our
methodology is suitable for comparison between developed and developing regions, by
incorporating an index common to the more than the 70 countries participating in PISA.
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Appendix A

Table A1. List of variables, description and sources.

Variable Definition Source Year

Student and family
characteristics
Gender Gender of student. PISA 2012
Age Age of student. PISA 2012
Country of birth Native student or non-native student. PISA 2012
Books at home Number of books available at home. PISA 2012

Parents’ occupation

Index based on the highest occupational status of parents, which
corresponds to the highest ISEI score of either parent or to the only
available parent’s ISEI score. Higher scores indicate higher levels of
occupational status.

PISA 2012

Parents’ education Highest parental education expressed as years of schooling. PISA 2012
School characteristics 2012

Number of students Index of school size contains the total enrolment at school based on
the enrolment data provided by the school principal. PISA 2012

Privately operated School privately operated. PISA 2012
Share of government funding Share of government funding PISA 2012

School’s community location

Refers to the community in which the school is located, such as a
village, hamlet or rural area (fewer than 3000 people), a small town
(3000 to about 15,000 people), a town (15,000 to about 100,000 people),
a city (100,000 to about 1,000,000 people), close to the center of a city
with over 1,000,000 people or elsewhere in a city with over 1,000,000
people.

PISA 2012

Proportion of fully certified
teachers. Proportion of fully certified teachers. PISA 2012

Shortage of mathematics
teachers

Variable built from the question “Shortage of mathematics teachers”.
The question used a four-pint scale distinguish the answer categories:
“Not at all”, “Very little”, “To some extent” and “A lot”.

PISA 2012

Shortage of reading teachers
Variable built from the question “Shortage of reading teachers”. The
question used a four-point scale distinguish the answer categories:
“Not at all”, “Very little”, “To some extent” and “A lot”.

PISA 2012

Shortage of science teachers
Variable built from the question “Shortage of sicence teachers”. The
question used a four-point scale distinguish the answer categories:
“Not at all”, “Very little”, “To some extent” and “A lot”.

PISA 2012

School Autonomy Index of school responsibility for resource allocation. Higher scores
indicate higher levels of school autonomy. PISA 2012

Economic Social Cultural
Status (ESCS)

Index of economic, social and cultural status consisting of three
sub-components, the highest parental occupation, the highest
parental education expressed as years of schooling and the index of
home possessions. Higher scores indicate higher levels of economic
social cultural status.

District characteristics

Poverty index (unsatisfied
basic needs)

Percentage of households having at least one unsatisfied basic need
(in shelter, hygiene, education or consumption). Higher scores
indicate higher levels of poverty.

NGI and NISC 2011

Note: NGI is National Geographic Institute and NISC is National Institute of Statistics and Censuses.

https://www.oecd.org/pisa/data/
https://www.oecd.org/pisa/data/
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Table A2. Summary statistics.

Variable Mean Sd Min Max
PISA scores (Average plausible values)
Mathematics 405.974 62.794 195.21 694.742
Reading 440.636 66.57 196.378 660.552
Science 429.095 63.073 189.239 674.599
Student and family characteristics
Gender
Female 0.540 (Base Category)
Male 0.465 0.499 0 1
Age 15.767 0.281 15.33 16.25
Country of birth
Costa Rica 0.967 (Base Category)
Non-native student 0.033 0.179 0 1
Books at home
0–10 books 0.445 (Base Category)
11–25 books 0.258 0.438 0 1
26–100 books 0.205 0.404 0 1
101–200 books 0.061 0.239 0 1
201–500 books 0.020 0.141 0 1
More than 500 books 0.011 0.103 0 1
Parents’ occupation 42.655 23.53 11.01 88.96
Parents’ education
None 0.038 (Base Category)
Primary 0.181 0.385 0 1
Lower secondary 0.011 0.104 0 1
Upper secondary I 0.252 0.434 0 1
Upper secondary II 0.116 0.321 0 1
University 0.401 0.490 0 1
School characteristics
Number of students 855.91 614.925 26 4813
School ownership
Publicly operated 0.850 (Base Category)
Privately operated 0.141 0.348 0 1
Share of government funding 77.631 31.283 0 100
School’s community location
Village or rural area (<3000) 0.233 (Base Category)
Town (3000–15,000) 0.265 0.441 0 1
Large town (15,000–100,000) 0.366 0.482 0 1
City (100,000–1,000,000) 0.113 0.317 0 1
Large city (>1,000,000) 0.022 0.147 0 1
Share of fully certified teachers at school 0.804 0.221 0 1
Shortage of mathematics teachers
Not at all 0.635 (Base Category) 0 1
Very little 0.273 0.446 0 1
To some extent 0.067 0.250 0 1
A lot 0.006 0.079 0 1
Shortage of reading teachers
Not at all 0.651 (Base Category) 0 1
Very little 0.260 0.439 0 1
To some extent 0.065 0.247 0 1
A lot 0.024 0.154 0 1
Shortage of science teachers
Not at all 0.647 (Base Category) 0 1
Very little 0.217 0.412 0 1
To some extent 0.125 0.331 0 1
A lot 0.011 0.105 0 1
School Autonomy −0.666 0.836 −2.187 1.604
Economic Social Cultural Status level
District characteristics −0.970 0.740 −2.775 1.065
Poverty index (unsatisfied basic needs) 0.251 0.124 0.080 0.753
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