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Abstract

In this article, we provide evidence that girls underperform boys with similar characteristics 
on the Colombian high school exit examination. Using the quantile regression technique, 
we find a significant gender gap favoring boys, which widens along the distribution. The 
Juhn-Murphy-Pierce decomposition shows that personal, family, and school characteristics 
explain a small part of the gap whereas differences in returns play an important role. In ad-
dition, we show that the observed gap differs significantly by administrative regions, sug-
gesting that specific characteristics of each region could be influencing girls’ performance.
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¿Una brecha que se amplía? Un análisis de la brecha de género 
en las pruebas de salida del colegio en Colombia

Resumen

En este artículo proveemos información sobre el menor desempeño de las niñas comparado 
con niños de similares características en las pruebas de salida del bachillerato colombianas, 
que son requeridas para el acceso a la Universidad. Usando la técnica de regresión cuantílica 
se encuentra que hay una brecha significativa a favor de los niños, que se incrementa a lo 
largo de la distribución. La descomposición de Juhn-Murphy-Pierce, muestra que las carac-
terísticas personales, familiares y escolares explican una porción pequeña de las brechas, 
mientras que diferencias en los retornos juegan un papel importante. Adicionalmente, se 
muestra que la brecha observada difiere significativamente de acuerdo con la región; sugirien-
do que características específicas de cada región como por ejemplo diferencias en la cultura 
relacionadas con el rol de la mujer- pueden estar influenciando el desempeño de las niñas.

Palabras clave: brecha de género, exámenes estandarizados, descomposición Juhn-Murphy-
Pierce.
Clasificación jel: A14, A21, C21

Uma brechaque se amplia? Uma ánalise da brechade gênero  
nas provas do ensino médio na Colômbia

Resumo

Neste artigo provemos informação sobre o menor desempenho das meninas comparado 
com os meninos de similares característica nas provas colombianas de saída do ensino se-
cundário, que são requeridas para o acesso à Universidade. Usando a técnica de regressão 
quantílica encontra-se que há uma brecha significativa a favor dos meninos, que se incre-
menta ao longo da distribuição. A decomposição de Juhn-Murphy-Pierce, mostra que as 
características pessoais, familiares e escolares explicam uma porção pequena das brechas, 
enquanto que diferenças nos retornos jogam um papel importante. Adicionalmente, se 
mostra que a brecha observada difere significativamente de acordo à região; sugerindo 
que características específicas de cada região como por exemplo diferenças na cultura re-
lacionadas com o rol da mulher podem estar influenciando o desempenho das meninas.

Palavras-chave: brecha de gênero, exames de saída, decomposição Juhn-Murphy-Pierce
Classificação jel: A14, A21, C21

Introduction

In 2005, and in keeping with the United Nations Millennium Goals, Colombia 
determined to eliminate gender inequality at every level of instruction by 
December 2015 (pnud, 2005). Colombia has achieved this objective for educa-
tional coverage in primary and secondary school (Delgado, 2014), but whether 
this goal has been achieved in terms of girls’ versus boys’ performance in the 
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eleventh grade (i.e., before university-level education) remains in question. 
Thus, the equality of access to opportunities for higher education in Colom-
bia also remains in question.

Gender inequalities in academic performance have important conse-
quences for women´s careers and their role in society. When women lack 
skills and knowledge in math and reading, they have lesser opportunities to 
attend college in areas such as science, technology, engineering, and math 
(stem). Thus, women are likely to have fewer opportunities in the future 
and earn lower incomes when compared to men with similar characteristics 
(Schrøter & Nielsen, 2013). The under-representation of women in stem fields 
is in turn correlated with shortfalls in innovation, creativity, and competi-
tiveness in business, limitations on their empowerment and leadership, lim-
ited access to positions of power, and reductions in the possibility of higher 
returns (Schrøter & Nielsen, 2013; Castillo et al., 2014; Morales & Sifontes, 
2014). Moreover, lower educational achievement of girls for reasons other 
than personal capacity can, in general, cause negative cycles because girls 
perform worse in societies that are less egalitarian in terms of gender (Baker 
& Jones, 1993; Guiso et al., 2008; Monte et al., 2008; Gonzales & De la Rica, 
2012). This inequality may also lead to economic losses to modern societies 
(Pollitzer & Schrauder, 2015).

Colombia is perceived to have high gender inequality compared to other 
developed and developing countries. According to the Global Gender Gap 
Index 2014, Colombia scored 53rd among the 144 countries analyzed. Moreover, 
despite the evident gender gap on the labor market and in salaries (Hoyos 
et al., 1994; Abadía & De la Rica, 2011), little attention has been paid to the 
disparities that precede these inequalities, such as the educational gap. This 
research hopes to contribute to the understanding of the observed and ad-
justed academic gender gap – where the observed gap refers to the calcula-
tion of girls’ scores minus boys’ scores, while the adjusted gap also considers 
this difference, but is controlled for individual, family, school, and regional 
factors. Using the database of the Saber 11 exams, this research aims to ad-
dress the following questions: How does the observed and adjusted gender 
gap change along the score distribution? In what Colombian regions is the 
observed gap greatest? What proportion of the adjusted gap is explained by 
differences in students’ personal, family and school characteristics?

The rest of this paper is organized as follows: Section 2 reviews the relevant 
literature for the development of this research document. Section 3 describes 
the Saber 11 database. Section 4 presents the descriptive statistics. Section 5 
describes the methodologies used to measure and decompose the gap, and 
section 6 presents the results. Section 7 is a conclusion.
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1. Literature Review

The literature regarding the existence of gender-based gaps in school perfor-
mance, their causes, and their relation to the well-being of societies is diverse. 
There are two main schools of thought that explain why girls tend to obtain 
lower scores than boys in math and higher scores than boys in reading. One 
school of thought suggests that the difference in performance between gen-
ders is rooted in biology. Works such as those by Lawton and Hatcher (2005), 
Temple and Cornish (1993), (2002), Halpern (2004), Kucian et al. (2005), and 
Gallagher and Kaufman (2005), for example, suggest that these differences 
exist because males and females differ in terms of their visual-spatial abili-
ties, cognitive patterns, and brain functioning. These theories do not fully 
explain gender differences, however, and they do not account for the absence 
of gender gaps in some countries and cultures.

The second school of thought has been developed mainly within sociol-
ogy and economics. This literature theorizes that gender gaps stem from dif-
ferences in students’ social or cultural characteristics. Authors such as Baker 
and Jones (1993), Riegle-Crumb (2005), Guiso et al. (2008), Hyde and Mertz 
(2009), Fryer and Levitt (2004), and Gonzáles et al. (2012) claim that the per-
formance of girls versus boys on school tests predicts better opportunities 
for women in more egalitarian societies. In less egalitarian societies, girls do 
not find it useful to put effort into achieving success in some areas of study 
because they do not expect to be able to participate in related work or public 
activities. These findings suggest that contextual factors in addition to biologi-
cal aspects contribute significantly to the reasons for academic gender gaps.

Because geographical regions are subject to different cultural factors, es-
timating the academic gender gap in different countries has received special 
attention in the literature. Guiso et al. (2008) reported that the gender gap 
on the math portion of the Program for International Student Assessment 
(pisa) testing instrument does not show up in countries with greater gender 
equality as measured by women´s emancipation, rates of activity, and po-
litical empowerment. Also using pisa data, Gonzáles et al. (2012) found that 
differences in the cultural and social rules among different regions of Spain 
are crucial determinants of gender-based test differences in test results. They 
found that girls perform better in math and reading in those regions where 
gender equality is encouraged, thus suggesting that cultural aspects are at 
least correlated with girls’ performance.

Similarly, the work of Dickerson et al. (2015) suggests that sociodemo-
graphic aspects of different geographical areas can affect the gender gap in 
school performance. The authors studied 19 countries in Africa and determined 
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that boys scored higher in math on standardized tests to a significantly vari-
able extent in different regions. The gender gap was greater in regions with 
a higher proportion of women with low education, higher fertility rates, 
and larger populations of practicing Muslims. The adjusted gap decreased 
significantly when taking these characteristics into account. They concluded 
that regional differences are more predictive of gender gaps than other char-
acteristics such as parents’ education or other variables such as school type.

Some studies have focused on math tests to examine the size of the gap 
in relation to test score distributions. The results are mixed for the lower tail 
of the distribution but consistent for the upper tail of the distribution. The 
observed gap in math is greater in the upper tail of the distribution than in 
the average range (Hedges & Nowell, 1995; Guimares & Sampaio, 2008). In 
addition, other studies (Xie & Shauman, 2003; Penner & Paret, 2008; Ellison 
& Swanson, 2010) have found that, at least in the United States, there is a 
notable underrepresentation of girls in higher distribution percentiles, and 
girls with exceptional performance tend to attend elite schools.

In Colombia, two studies have assessed the gender gap in academic 
performance. Icfes (2013) performed a descriptive analysis of the average 
observed gap on national tests (Saber 3, 5, 9, and 11) and international tests 
(Trends in International Mathematics and Science Study, hereafter timss and 
pisa), and found that some motivational, cognitive, attitudinal, and school 
factors could be correlated to performance. In tests for all the different grades, 
girls consistently exhibit a disadvantage relative to boys in math, and in high 
school the difference is greater. Abadía (2017) estimated the academic gender 
gap of Colombian students using the PISA test, finding that the gap favored 
boys in math and girls in reading after adjusting for personal, family, and 
school characteristics. However, these two papers provide only estimates for 
the mean of the distribution.

This paper augments the literature in several aspects. First, we contribute 
to the search for new and better methods to estimate the academic gender 
gap across the score distribution in a Latin American context. Second, unlike 
previous efforts to measure the relationship between the academic gender 
gap and its determinants, we quantify the gap using the Juhn, Murphy, and 
Pierce method to decompose the gap along the score distribution and de-
termine the extent to which it is explained by personal, family, and school 
characteristics. Third, we use reliable data from almost the entire population 
of high school students in 2014, all of whom took the same exam on the same 
day. This provides reliable and generalizable estimates. Finally, this is the first 
study in Colombia to measure the academic gender gap using the state exit 
exam (Saber 11) and to perform a regional analysis.
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2. Data

The Saber 11 test is a mandatory instrument designed to measure students’ 
competencies in five subject areas. It is administered two months before stu-
dents graduate from high school and it is used as a selection mechanism for 
higher education admissions and scholarships. We used cross-sectional data 
from the Saber test administered in 2014 by the Colombian Institute for the 
Promotion of Higher Education (Icfes). In addition to the scores, the database 
contains information about the socioeconomic characteristics of all students 
and their family, school, and regional characteristics. Unlike other tests such 
as pisa and timms, Saber 11 is administrated to the entire population of high 
school students. It contains regional information and is arguably more valued 
by students than the other tests, given its importance for gaining access to 
higher education. Other important studies such as Angrist et al. (2004), have 
also used data from the Colombian exit exam in their research.

The Saber 11 test covers five areas: math, critical reading, social studies, 
natural sciences, and English as a foreign language. A global score is calcu-
lated on the basis of the individual test scores, although foreign language is 
given lesser weight. The scores for each of the five areas follow a scale from 0 
to 100, with an average of 50 and a standard deviation of 10. The global score 
ranges from 0 to 500, with an average of 250 and a standard deviation of 50.

The original dataset comprises information on approximately 541,874 
students. In order to analyze a more homogeneous sample, however, 35,581 
students were excluded, comprising those under the age of 14 and those over 
the age of 21 Additionally, 923 other students with particular characteristics 
(usually related to issues of impairment), were excluded, as were 1,285 stu-
dents who did not report any information for the variables of interest. The final 
sample was restricted to 504,085 students (93 % of the original observations), 
unevenly distributed within the 32 regions and Bogotá, the national capital.

This research used four scores as dependent variables in estimating the 
gap: the global score and the scores in math, sciences, and critical reading. 
The global score was used because it is the main criterion used by universi-
ties and other organizations for access to degree programs and scholarships 
such as Ser Pilo Paga, which granted scholarships to 10,000 students in 2014. 
Students with global scores over 310 were selected. Math, sciences, and criti-
cal reading were used because they are typically the areas of interest in the 
literature and are thought to represent the important skills students must 
have in order to succeed in various professional careers.
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3. Descriptive Statistics

Table S1 presents the descriptive statistics of all variables used in estimating 
the gap, taken together and separated by gender. Column 1 shows that the 
mean of the global score was 252, and the standard deviation was 42, whereas 
the means of the math, science, and reading scores were approximately 50.6, 
and standard deviations were approximately 10. The average of the scores 
was slightly above the Icfes’ standardized parameters (250 points for the 
global score and 50 points for the areas) because the scores of the people left 
out of the sample were slightly lower than the rest.

Colombian students in the eleventh grade generally live in unfavorable 
socioeconomic conditions and are concentrated in certain regions of the 
country.1 Column 1 of table S1 shows that most students have few economic 
resources (41 % and 35 % belong to social strata 1 and 2, respectively),2 their 
parents have limited educational achievement (53 % of parents and 50 % of 
mothers completed elementary school or less), they study in public schools 
(75 %), and go to morning school (53 %) or all-day school (20 %). In addition, 
most students live in urban areas (80 %) in regions such as Cundinamarca 
(24 %), Antioquia (13 %), Valle del Cauca (7.5 %) and Atlántico (5.3 %).

Approximately half the students’ mothers do not work outside the home 
(52 %), whereas almost all the fathers have an occupation outside the home 
(96 %). The average age of the students is 16.8 years, and only 2 % report hav-
ing repeated a school year. Moreover, the test takers were disproportionately 
female (54.5 %; 274,685 girls versus 229,400 boys). This disproportion will be 
significant as we further analyze the proportion of girls versus boys in the 
upper tail of the distribution.

Table S1. Descriptive Statistics by Gender

Variables

Total
SD

Boys
SD

Girls
SD Difference

Average Average Average

(1) (2) (3) (4) (5) (6) (7)

Gender .545 .498

Global score 252.6 42.43 255.8 44.51 250 40.43 5.8000 ***

Math 50.59 9.831 51.8 10.33 49.5 9.26 2.2400 ***

1	 This sample includes a total of 32 regions plus the capital, Bogotá. 

2	 A socio-economic stratification system in Colombia classifies urban housing into 
different strata based on its economic characteristics. The system classifies urban areas on 
a scale from 1 to 6, with 1 being assigned to areas where the poorest people live and 6 to 
areas where the wealthiest people live.

Continue
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Variables

Total
SD

Boys
SD

Girls
SD Difference

Average Average Average

(1) (2) (3) (4) (5) (6) (7)

Reading 50.57 9.804 50.2 9.99 50.8 9.63 -.6400 ***

Science 50.57 9.913 51.82 10.29 49.53 9.462 2.2900 ***

Age 16.85 1.103 16.9 1.12 16.7 1.07 .1900 ***

Repetition .0196 .139 .023 .15 .017 .13 .0061 ***

Father education

None .232 .422 .219 .41 .244 .43 -.0250 ***

Primary .304 .460 .304 .46 .305 .46 -.0010

High school .268 .443 .276 .45 .261 .44 .0150 ***

Technical .0560 .230 .055 .23 .057 .23 -.0014 ***

Superior .0992 .299 .106 .31 .094 .29 .0123 ***

Unknown .0403 .197 .0401 .196 .0405 .197 -.0004 ***

Mother education

None .180 .384 .168 .37 .190 .39 -.0220 ***

Primary .322 .467 .315 .46 .328 .47 -.0130 ***

High school .309 .462 .322 .47 .297 .46 .0250 ***

Technical .0736 .261 .070 .26 .077 .27 -.0069 ***

Superior .101 .301 .108 .31 .095 .29 .0129 ***

Unknown .0142 .118 .0164 .127 .0124 .111 .0040 ***

Father occupation

Entrepreneur .0195 .138 .022 .15 .017 .13 .0053 ***

Small entrepreneur .0218 .146 .023 .15 .021 .14 .0028 ***

Employee manager .0191 .137 .021 .14 .018 .13 .0027 ***

Managerial employee .0103 .101 .011 .11 .010 .10 .0015 ***

Technical professional 
employee

.0773 .267 .081 .27 .074 .26 .0065 ***

Administrative assis-
tant employee

.0204 .141 .020 .14 .020 .14 .0000

Worker/operator .230 .421 .230 .42 .230 .42 .0000

Independent .0267 .161 .028 .16 .026 .16 .0016 ***

Works on his own .374 .484 .372 .48 .376 .48 -.0040 ***

Stays at home .00955 .0972 .009 .10 .010 .10 -.0001

Retired .0307 .172 .032 .18 .030 .17 .0026 ***

Other .161 .367 .151 .36 .169 .38 -.0180 ***

Continue
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Variables

Total
SD

Boys
SD

Girls
SD Difference

Average Average Average

(1) (2) (3) (4) (5) (6) (7)

Mother Occupation

Entrepreneur .00882 .0935 .010 .10 .008 .09 .0016 ***

Small entrepreneur .0197 .139 .021 .14 .019 .14 .0016 ***

Employee manager .00980 .0985 .011 .10 .009 .09 .0017 ***

Managerial employee .0122 .110 .013 .11 .012 .11 .0013 ***

Technical professional 
employee

.0625 .242 .065 .25 .061 .24 .0037

Administrative assis-
tant employee

.0485 .215 .048 .22 .049 .22 -.0002 *

Worker/operator .0735 .261 .074 .26 .073 .26 .0012

Independent .0248 .155 .025 .16 .025 .16 .0001

Works on her own .119 .324 .120 .33 .119 .32 .0010

Stays at home .524 .499 .523 .50 .525 .50 -.0020 **

Retired .00918 .0954 .010 .10 .009 .09 .0007 ***

Other .0876 .283 .082 .28 .092 .29 -.0097 ***

Zone

Urban zone .806 .395 .806 .40 .806 .40 .0000 **

Stratum

1 .414 .493 .390 .48 .420 .49 -.0300 ***

2 .351 .477 .350 .47 .340 .47 .0100 ***

3 .182 .386 .190 .39 .170 .38 .0200 ***

4 .0374 .190 .030 .19 .030 .18 .0000 ***

5 .0109 .104 .011 .10 .010 .99 .0010 ***

6 .00424 .0650 .005 .06 .003 .06 .0015 ***

School

Public .754 .431 .737 .44 .769 .42 -.0320 ***

Morning .536 .499 .205 .40 .203 .40 .0020 ***

School day

Afternoon .168 .373 .532 .50 .540 .50 -.0080 ***

Night .0499 .218 .055 .23 .046 .21 .0092 ***

Full day .204 .403 .044 .20 .042 .20 .0017 **

Saturday .0428 .202 .165 .37 .170 .38 -.0050 ***

SD=standard deviation.

***, ** and * represent statistical significance at the 99, 95 and 90 % levels, respectively.
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Columns 3 and 5 of table S1 show the statistics for the variables, classified 
by gender. The three scores report differences between boys and girls (column 
7). For the math, science, and global scores, the average observed gap favors 
boys by 2.2, 2.3, and 5.8 points, respectively (equivalent to .22, .23 and .12 of 
a standard deviation). In reading, the gap favors girls, but only by .64 points 
(.064 standard deviation). All differences are statistically significant (column 7).

The gender-based differences in most family, school, and regional vari-
ables are subtle yet significant. In general, however, more girls than boys are 
exposed to more variables that are unfavorable to academic performance. 
In particular, a higher proportion of girls (3 %) report being in the lowest 
socioeconomic stratum (1), whereas a higher proportion of boys than girls 
report belonging to the rest of the strata. On average, a higher percentage of 
girls have fathers and mothers with zero years of education (24.4 % and 19 %, 
respectively) compared to boys (21.9 % and 16.8 %), and a lower percentage 
of girls have fathers and mothers with higher education (9.4 % and 9.5 %, 
respectively) compared to boys (10.6 % and 10.8 %). Likewise, girls have a 
higher probability of being enrolled in public schools, where performances 
tend to be lower, than in private schools, where performances tend to be 
higher. Regarding the regional distribution, the proportions between girls 
and boys are relatively close to the average.
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Figure 1. The gender gap in math, science, and reading scores by region
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The observed gaps for different regions are heterogeneous, and the magni-
tude of the gap varies by region. In Arauca, for example, the gaps in math and 
science are -3.2 and -3.8 points, respectively, whereas in San Andrés, they are 
only -.5 and -1.1. Likewise, the gap in reading tends towards zero in Arauca 
but is 3 in San Andrés. The correlation between the observed gaps in math 
and reading by region is approximately .88. This means that regions with 
greater math gaps disfavoring girls have smaller disparities favoring girls 
in reading, and vice versa. The correlation and interpretation of the relation 
between science and reading is also equivalent. These results are consistent 
with the literature (Guiso et al., 2008).

Figure 2 shows the gap in global scores for the 32 regions and Bogotá. 
Among them, 22 regions exhibit negative and statistically significant gaps. 
Arauca, Quindío, Caldas, Meta, and Bogotá have the largest observed gaps 
disfavoring girls in math and science, and the smallest gaps or no difference 
at all in favor of girls in reading. The heterogeneity of the gap among regions 
with similar distributions of boys and girls permits the hypothesis that so-
cial, cultural, and/or regional aspects may be related to girls’ performance. 
Nonetheless, this revealing correlation must be further analyzed in additional 
studies to support the hypothesis.
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Figure 2. The gender gap in terms of global score by region
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Figure 3 shows the kernels of the distributions for the global, math, sci-
ence, and reading scores of boys and girls. The score distribution for girls is 
lower than that for boys at the middle and upper parts of the distribution of 
global, science, and math scores, suggesting that the gender score gap widens 
as these scores increase. We performed a Wald test and found that these gaps 
were significantly different from zero in all cases.

Additionally, the girl-to-boy ratio along the distribution is uneven. Table 
S2 reports the boy-to-girl ratios for each quantile of the distribution. The pro-
portion for the complete sample is 1.2 (274,685 girls versus 229,400 boys). If 
boys and girls were equally distributed among the scores, this proportion 
could be expected to replicate in all quantiles of the distribution. However, 
girls are underrepresented in the upper tail of the math, science, and global 
score distributions. In quantile 95, the proportions are .75, .60 and .63, respec-
tively. In other words, the number of girls eligible for admission to highly 
ranked universities or for government scholarships is disproportionately 
lower than the number of eligible boys, even though there are more girls in 
the educational system.
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Continue figure 3
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Figure 3. Kernel distributions by score

Table S2. Proportion of Girls/Boys in Each Quantile of the Distributions

Quantile Global Score Math Science Reading

20 1.276 1.497 1.522 1.021

40 1.395 1.434 1.413 1.219

60 1.312 1.286 1.278 1.261

80 1.163 1.077 1.074 1.268

90 .908 .795 .793 1.246

95 .749 .600 .629 1.212

4. Methodology

We calculate the adjusted gender gap in school performance (the gap between 
girls and boys is similar in terms of observed characteristics) at the mean and 
by quantiles using ordinary least squares (ols) and quantile regression (QR). 
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Both methodologies are supported based on the Education Production Function 
proposed by Hanushek (1979), where the inputs are student attributes, family 
characteristics, and school resources, and the output is student performance.

Equation 1 represents the function to be estimated by OLS.

β β β β β ε= + + + + +ι ι ιY G P F Si i0 1 2 3 4 (1)

where Yi is the student score (global score, math, science, or reading); 

+ +ι ι ιP F S  are vectors of the personal, family, and school characteristics for 
each student; G is a dummy that equals 1 if the student i is a girl and 0 if the 
student is a boy; and εi corresponds to an error term that gathers random 
disturbances. Thus, the main parameter of interest for this research is ß1. If 
is negative ß1, there is a gap that disadvantages girls.

 Moreover, QR (Koenker & Basset, 1978) allows for estimating the impact 
of gender on scores at different points of the conditional distribution. The 
model to be estimated may be represented as follows:

Yi = βGqGi + βPq Pι + βFq Fι + βSqSı + µqi , and

β β β β= + + +Q Y G P F S G P F S( | , , , )q i i Fq i Pq Fq Sqı ı ı ı ı ı
 

(2)

where q is a number between zero and one and Q Y G P F S( | , , , )q i i ı ı ı  is the 
quantile of the conditional score to the set of regressors of the student . The 
quantile estimator β̂q  is minimized in the following target function:

∑ ∑β β β β β β β( ) ( )= − + + + − − + +
≥ ≥β β

Q q Y P F S q Y P F S| | 1 | |q i
i y x

N

i Pq i Fq i Sq i
i y x

N

i Pq i Fq i Sq
: :i i i i

' '
(3)

In this manner, if q = .90, for example, the function gives greater impor-
tance to the prediction of observations y < x' ß than to the observations .

Additionally, the Juhn et al. (1993) methodology is used to decompose the 
observed gender gap in school performance, applicable to differences in the 
distribution of observable characteristics (quantities effect), the distribution 
of returns of the described characteristics (price effect) and changes in the dis-
tribution of the residuals (quantities and price effects of unobservable skills).

The distribution of scores may be expressed as follows:
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β θ( )= + −Y X F Xˆ |i
G G

i
G G

i
G

i
G1 (4)

where G = m,f indicates boys and girls, respectively; Xi a vector of ob-
served characteristics; and the last term of the equation (4), ε θ( )= −F X|i

G G
i
G

i
G1

, is the inverse of the accumulated residual function, which is composed of 
two parts: the quantile of an individual i in the residuals distribution of θi

G  
and the residuals distribution function, Fi.

The difference in the scores of boys and girls in a determined quantile 
( )−Y Ym f  may be decomposed as follows:
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where equations (5), (6), and (7) represent the differences in the distribu-
tion of observable characteristics (quantities effect), the differences in the dis-
tribution of the returns of those characteristics (price effect), and the changes 
in the residual distribution (residuals effect), respectively.

These methodologies are expected to capture the magnitude of the gender 
gap and its relationship with different student characteristics. The measure-
ments may be far from causal, because variables that bias the coefficients in 
some way may be omitted. Nevertheless, this methodology can help us iden-
tify how much of the gap could be a response to important aspects such as 
parents’ education, socioeconomic strata, or meeting time at school, and how 
much of the gap is not related to those aspects. This helps us identify aspects 
that could be driving the gap. This bias might be counteracted with the use 
of a longitudinal database, but none was available at the time of this study.

5. Results

Adjusted gender gap

The results of the estimate of the adjusted gender gap in relation to test scores 
are presented in table S3. The first column shows the estimated gap in the 
mean (ols estimate), whereas the rest of the columns in each table show the 
estimated gap in quantiles 20, 40, 60, 80, and 95 (quantile regression).
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The dependent variable is the score (global, math, science, and reading), 
and the variable of interest is the coefficient of the gender dummy. In addition, 
all estimates include the following as controls: i. personal variables such as 
gender, age, age squared, and a dummy that indicates if the student has taken 
the test more than once; ii. family variables such as parents’ education level 
and occupation, socioeconomic stratum, and region; and iii. school variables 
such as hours of school attendance, where the school is located, and whether 
the school is public or private.

The results of the estimate reveal that girls’ math, and science, and global 
scores are lower than those of boys with similar observable characteristics. 
Moreover, we confirm that girls obtain higher scores in reading, but the dif-
ferences are small.

Figure 4 illustrates the behavior of the adjusted gap along the score dis-
tributions.3

Global Score

0

-1
5.

00
-1

0.
00

-5
.0

0
0.

00

...
...

...
...

2 4 6 8 9
............

Math

0

-4
.0

0
-3

.0
0

-2
.0

0
-1

.0
0

...
...

...
...

............
2 4 6 8 9

3	 The Wald test allows for a rejection of the null hypothesis, which means that the 
estimated coefficients of the gender dummy are statistically different at a significance level 
of 99 % in each estimate. 

Continue figure 4
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Figure 4. The adjusted gender score gap along the score distributions

The first panel of table S3 shows the estimated gap in the global score. 
Gender-based differentials are negative and statistically significant on av-
erage in the five analyzed quantiles. This result indicates that girls do not 
perform as well as boys with similar characteristics along the distribution. 
On average, the magnitude of the gap reaches -6.25 points (.15 of a standard 
deviation) to the detriment of girls, which is slightly higher than the average 
observed gap of -5.8 points (.14 of a standard deviation).

This gap increases steadily along the global score distribution, emphasiz-
ing the gender differential on the upper tail of the distribution. At the low end 
of the distribution (in the lowest 20 % of scores), the gap has a magnitude of 
-2.7 points (.05 of a standard deviation), whereas the gender difference is al-
most -13 points (.26 of a standard deviation) among the highest 5 % of scores.

The results regarding the estimated gap in math and science are similar 
to those of the global score, although of smaller magnitude. In the case of 
math, the gender dummy is negative and statistically significant. On aver-
age, the difference is approximately -2.4 points (.23 of a standard deviation) 
to the detriment of girls. However, the gap increases as the scores increase. 
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In quantile 20, the gender difference in the math score is -1.6 points (.16 of a 
standard deviation), and it increases to a -4 point difference (.4 of a standard 
deviation) in quantile 95 (Figure 4).

In science, the average adjusted score gap is -2.4 points (.24 standard 
deviation) to the detriment of girls, and it increases with higher scores. The 
first quantile analyzed exhibits a gap of -1.7 points (.17 of a standard devia-
tion), and the last quantile reaches a gap of -3.7 (.37 of a standard deviation).

Finally, the last panel of table S3 shows the estimated gender gap in the 
reading score. The results confirm that girls have a slight advantage in read-
ing. The gender dummy is positive and statistically significant along the score 
distribution, except for quantile 95, where girls scored approximately .6 of 
a point (.06 of a standard deviation) higher than boys. The gap is smaller at 
the lower end of the distribution than at the higher end. In quantile 20, the 
difference is .9 points (.09 of a standard deviation), and it steadily decreases 
and becomes negative (-.127 points and .013 of a standard deviation) when 
comparing the students who obtained the highest 5 % of scores.4 The gender 
gap in reading throughout the score distribution is the only one that favors 
girls in almost the entire distribution.

Table S3. The Adjusted Gender Score Gap: OLS and Quantile Regression

Variables (1) (2) (3) (4) (5) (6)

Quantiles

OLS 20 40 60 80 95

Global Score

Gender
-6.250*** -2.686*** -4.904*** -7.145*** -9.719*** -12.800***

(.100) (.123) (.122) (.128) (.151) (.228)

Constant
445.994*** 393.792*** 453.447*** 497.673*** 548.394*** 621.616***

(8.999) (10.518) (10.684) (11.377) (13.523) (20.975)

R-squared/Pseudo 
R-squared

.332 .150 .174 .193 .213 .239

Math

Gender
-2.356*** -1.562*** -1.972*** -2.389*** -3.010*** -4.013***

(.024) (.031) (.029) (.029) (.035) (.058)

4	 As a robustness check of our result, we conducted similar analyses using 2009 and 
2012 Saber 11 cohorts. Even though for years before 2014, the Saber 11 database had a dif-
ferent structure, the estimates of the gap and control variables hold. Results are available 
upon request. 

Continue
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Variables (1) (2) (3) (4) (5) (6)

Constant
97.806*** 73.930*** 91.036*** 106.105*** 126.387*** 166.033***

(2.208) (2.880) (2.613) (2.573) (3.111) (4.536)

R-squared/Pseudo 
R-squared

.256 .102 .119 .137 .165 .211

 Science

Gender
-2.413*** -1.686*** -2.138*** -2.555*** -3.105*** -3.707***

(.024) (.034) (.029) (.030) (.035) (.051)

Constant
106.789*** 90.177*** 103.604*** 120.145*** 134.848*** 146.837***

(2.206) (2.971) (2.605) (2.704) (3.069) (4.542)

R-squared/Pseudo 
R-squared

.266 .122 .138 .156 .178 .217

Reading

Gender
.565*** .907*** .652*** .454*** .263*** -.127**

(.024) (.032) (.030) (.029) (.035) (.054)

Constant
72.421*** 63.309*** 71.102*** 75.468*** 78.907*** 99.318***

(2.208) (2.768) (2.661) (2.709) (3.221) (4.893)

R-squared/Pseudo 
R-squared

.265 .136 .146 .152 .152 .153

Standard errors are quoted in parenthesis. Observations: 504,085. ***, ** and * represent statistical significance 
at the 99, 95 and 90 % levels, respectively.

Individual, family and school controls are included. Thirty two variables for each region are included. Base 
groups: uneducated father, uneducated mother, father works on his own, stay-at-home mother, morning 
school, stratum 1, rural zone, public school and Bogotá, D.C.

The results obtained are consistent with the findings of previous studies 
around the world researching international standardized tests such as pisa 
and timss, which conclude that boys outperform girls in math and science, 
but underperform them in reading (Guiso et al., 2008; Marks, 2008; Gonzales 
& De la Rica, 2012; Dickerson et al., 2015).

JMP decomposition

The previous section confirmed the existence of consistently gendered score 
gaps, even when controlling for observable attributes of students. However, 
we are still unable to identify how these observable factors contribute to 
explaining the differences in girls’ and boys’ academic performance. Thus, 
we use jmp decomposition to quantify the extent to which observable and 
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non-observable factors contribute to explaining gender gaps (table S4) and 
to determine the extent to which personal, family, and school characteristics 
explain the quantities effect (table S5).

Table S4 shows that the average gap in the global score is approximately 
-5.8 points (.12 of a standard deviation). The component “Quantity Effect” is 
negative, although small. Thus, it can be said that if girls had same set of ob-
servable characteristics as boys, the gap would be slightly higher in all quantiles 
except for some upper ones (quantiles 90 and 95), where boys are advantaged. 
Observed personal and school characteristics favor girls, but family factors 
counteract most of the effect. The impact of personal characteristics on scores 
is similar through the quantiles whereas school factors favor girls except in 
the highest quantiles. The greatest part of the gap is explained by differences 
in the returns of observed characteristics (price effect), which favor boys. The 
magnitude of these differences increases with the scores. When girls had the 
same returns as boys, the gap was lower; it would disappear on average and 
would be reduced by half in the highest quantile. Moreover, the differences 
in residuals (the component of non-observable variables) play almost no role 
in the explanation of the gap on average. They do, however, explain almost 
50 % of the gap on the right tail of the score distribution.

The results of jmp decomposition in the math and science scores are similar 
to those of the global score. The observed gap favors boys on average and in 
all quantiles, except in quantile 5 for math. Observable personal and school 
factors favor girls, but family factors do not. The set of family characteristics 
almost fully counteracts the effect of observable personal and school factors 
at the mean. In addition, family characteristics have a greater magnitude com-
pared to other factors at the high point of the distribution. Again, the greatest 
part of the gap is explained by boys’ higher returns for the observable char-
acteristics (price effect), increasing at the right end of the distribution. In the 
95th quantile, this component explains 63 % and 60 % of the gap in math and 
science, respectively. That is, the production function of education is more 
pronounced for male students than for female students, especially those with 
higher scores. Likewise, differences in the non-observables (residuals effect) 
are positively correlated with the gap observed in higher scores.

Finally, the results of the jmp estimate for reading differ from those ob-
served in the other areas. As mentioned above, the gendered gap in reading 
scores favors girls, but it is small (on average .675 points, .068 of a standard 
deviation), and the advantage for girls only appears at the lowest scores. On 
average, differences in observable personal and school factors and in the 
returns of the whole set of characteristics favor girls, whereas residuals do 
not greatly help to explain the gender gap. However, the effects are mixed 
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throughout the score distribution. On the lower tail of the distribution, re-
turns and residuals favor girls but observable characteristics do not. On the 
right tail of the distribution, on the other hand, the effect of returns is stronger 
and still favors girls, but the effect of residuals is opposite to that observed 
at lower scores, reversing the gap and favoring boys.

6. Discussion and Conclusions

There are significant gender differences in school performance in Colombia. 
Boys score better on standardized global, math, and science tests, as do girls 
on reading tests. Using information derived from the national test known as 
Saber 11, the results of this study reveal that after adjusting for observable 
personal, family, and school characteristics, there are persistent academic 
gaps between boys and girls. There is a statistically significant gap that favors 
boys’ global, math, and science scores, which is accentuated among students 
with higher scores. Girls score slightly higher than boys in reading, but the 
difference is reduced along the distribution and actually favors boys in the 
uppermost quantile. The widening of the gaps along the distribution and 
the underrepresentation of girls among outstanding scores aggravate girls’ 
unfavorable performance compared to boys.

A performance analysis by gender among regions finds that gaps differ 
significantly among the different regions of Colombia. Girls have lower global 
scores in every region analyzed, and Arauca, Quindío, Caldas, Meta, and Bo-
gotá are the 5 regions with the largest gaps. Likewise, in regions where girls 
have less advantages in reading compared with boys, girls also have greater 
disadvantages in math and science. This evidence favors the arguments that 
highlight social, cultural, and regional determinants over biological factors 
in determining gender differences in performance (Guiso et al., 2008).

We also find that a small part of the gap is explained by the differences 
in personal, family, and school characteristics. Using jmp methodology, we 
rule out observable factors that are determinants of overall performance as 
determinants of the gender gap. To a great extent, the gap is attributed to 
unobserved factors, which become more significant on the upper tail of the 
distribution. This finding suggests that broader factors such as attitudes (Tin-
klin, 2003), academic environment (Zimmerman, 2003), and differences in the 
roles played by men and women in Colombian society could contribute to 
explaining some part of the gap. Future research might explore this hypothesis.

Due to the non-experimental nature of the study, it is not possible to infer 
causal relationships between the determinants of the gap. That being said, we 
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believe that our study presents solid evidence of the existence of an achieve-
ment gap between boys and girls, that based on the current literature, repre-
sents a problem with undesirable consequences for society. This is especially 
so because the underperformance of girls contributes to the perpetuation of 
social inequality. The lower academic performance of girls as measured by 
the national test Saber 11 and in subjects such as science and math predicts 
that a significant number of girls will continue having restricted access to 
higher education, and particularly to STEM careers.

Girls’ underperformance reduces their access to available opportunities 
for higher education. For example, women were underrepresented in the 
national scholarship program Ser Pilo Paga, which in 2015 awarded 10,141 
students with access to higher education. Although 54 % of students tak-
ing the qualifying exam were female, only 43 % of females were eligible for 
the scholarship. By way of a counterfactual exercise, if there had not been a 
gender gap, around 4,000 more females would have been eligible for Ser Pilo 
Paga scholarships.

Moreover, in 2015 almost the same percentage of women and men en-
rolled in their first semester of higher education (49.6 % female). However, 
only 32 % of female students enrolled in STEM programs. These programs 
demand a higher Saber 11 score in areas such as math and science, where 
females underperform males. Correspondingly, the underrepresentation of 
women in STEM activities implies a continued waste of available intellectual 
resources and a lost opportunity for society (Pollitzer & Schrauder, 2015).

This study highlights the need to identify effective policies to promote the 
performance of girls, particularly in math and science, which may incremen-
tally increase the representation of women among scientists and engineers, 
thus boosting research and innovation and therefore economic growth (oecd, 
2011). Particularly, awareness campaigns can be conducted to lessen gender 
stereotypes in homes and schools (such as “math is just for boys” or “boys 
should think about engineering and girls about the kitchen”), by promoting 
talks that involve female role models in important positions in society and in 
stem fields. Combating sexism and gender stereotyping would help motivate 
girls work harder and improve their academic results. Laws and policies to 
eliminate sexism from the classroom were passed several years ago in some 
developed countries such as the u.s.a. and Canada (Coulter, 1996; Ramsey, 
1998), but this topic is rarely discussed in Colombia and some other Latin 
American countries.

Independent of the specific strategies that are embraced to address these 
issues, this research suggests that any steps taken to address the academic 
gender gap must be adjusted to the context in which girls live, and must go 
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beyond the typical reinforcement in the areas in which girls are disadvan-
taged. Given the size of the gaps found along the distribution and in the 
regions, interventions must be differentiated according to the sociocultural 
characteristics of the regions in which girls grow up, and to low, medium, 
and high student performance. In other words, a strategy for average girls 
in a particular region cannot be expected to work for high-performing girls 
in other regions, or even in the same region. Likewise, given the high corre-
lations between math, science, and reading, specific reinforcement in math 
will most likely help improve the results in areas not directly targeted, such 
as reading or science. Improved practices along these lines can provide girls 
with greater access to the best opportunities for higher education and hope-
fully help us move toward a more equitable society.
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