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ABSTRACT

In this paper, I examine the effect of the road concessions program on education
in Colombia. In the early stages of concession, I find an increase in average
reading and math scores in schools located less than a kilometer from roads built
or modified. In the final stages of construction, I find an increase in average
reading and math scores mainly in schools located more than 2,500 meters from
the road. The fraction of students who participate in the labor force decreases
while the fraction of students completing some level of higher education increases,
which leads to an accumulation of human capital. I find evidence of positive
effects on the accumulation of human capital. Finally, I show evidence of positive
heterogeneous effects that affect public schools more than private schools.
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1 Introduction

In Colombia, approximately 50% of schools are located more than 1 kilometer away from a
paved road that allows vehicular land traffic 24 hours a day, 365 days a year. 24% of schools
are even located at more than 5 kilometers away from a passable and paved road every day of
the year.

In this study, I present evidence that the road infrastructure development under
a concession agreement (modifications or constructions of a road) had an impact
on education. In this study, I contribute to the literature evidence of the development in
education generated by the road infrastructure in Colombia.

Previous studies have focused their efforts at estimate the effect of road infrastructure
development on macroeconomic variables (Emran and Shilpi, 2012 ; H. Hanson, 2005 ; Head
and Mayer, 2011; Sanchis-Guarner, 2012; Gibbons and Machin, 2005; Faber, 2014; Datta,
2012; Burgess and Donaldson, 2014 ; Atack and Margo, 2011; Asher and Novosad, 2020
) , consequently, worth evaluating the impact of road infrastructure development under a
concession agreement on Colombian education.

In Colombia, the roads have had as their main purpose the improvement of the
connection between commercial and economically important cities. Road concessions in
Colombia emerged in 1994 with the concession of the road Bogota-Villavicencio, with the
purpose of supplying the lack of state resources for investment in the national road network.

The Colombian educational system is made up of initial education, preschool education,
basic education (five grades primary and four grades secondary), secondary education (two
grades and culminates with a bachelor’s degree), and higher education. In this study, I focused
first on the academic performance of students from schools located near a road under a
concession agreement. Second, I examine the accumulation of human capital, explained by the
participation of students in the labor force that support the participation of students in higher
education.

The difference-in-differences specification with dynamic treatment time (Dynamic DiD)
is used in this study to estimate the causal effect of roads on education ( Howard White, 2014).
In this approach, the variation is determined by the distance between schools and roads under
a concession agreement, which in the short term should be exogenous. In this estimate the
treated schools (treated group) are those schools that are located near a road under a
concession agreement, which has more than 10% progress in its construction by 2019. The
untreated schools (control group) are those schools that are close to the plan of a road under
a concession agreement that by 2019 has not reached at least 10% progress in construction.
The coefficients with which I estimate the effect are discussed later in the empirical strategy
chapter 5.

New literature on dynamic difference-in-difference estimators suggests that the Two
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ways fixed effects estimator (TWFE) at heterogeneous treatment times is biased. According
to Goodman-Bacon, 2021 the TWFE estimator not only calculates the average treatment
effect on the treated (ATT) but also two additional sources of bias. The first source of bias is
known as: “Variance-Weighted Average Treatment Effect on Treated” (VWATT).
The second bias term proposed by Goodman-Bacon, 2021is known as “variance-weighted
common trends” (VWCT) which generalizes common trends to a time-varying environment.

Organization of the paper: The remainder of this article is organized as follows. Section
2 provides a literature review on how a road impact on education. Section 3 presents the
institutional context that relates to political regulations, roads and concession agreements,
and education in Colombia. I discuss the conceptual framework including the mechanism
by which a road can affect education in Section 4. The data I have used in this study are
described in Section 5. Section 6 presents the empirical strategy that allows estimating the
causal inference. I discuss the results in section 7 and finally in section 8 I conclude. The tests,
as well as additional results, are reported in the Appendix.

2 Literature Review

The benefits of the extension of road networks have been discussed and documented in different
literature focused on growth, inclusion, and sustainability in a developing country context.
Some empirical exercises, has point to the fact that the roads infrastructure improvements
and developments have had effects over economic variables in different observation levels.

Berg Claudia N, 2015 disclose different empirical approaches made to estimate the effect
of roads on different outputs (transportation cost, access to transport service, etc.). In the
report ( Berg Claudia N, 2015 ) they show different strategies, such as the use of the presence
or absence of a road in a geographic unit to estimate the effect of a road on development
factors (Faber, 2014; Datta, 2012; Burgess and Donaldson, 2014 ; Atack and Margo, 2011).

Other commonly used strategies are based on using the time to the closest carts as
a source of variation (Faber, 2014; Emran and Hou, 2013 ;Ghani et al., 2015 ). Studies
that normally focus on evaluating the economic effect on the production and productivity
of a region, inclusiveness, and even sustainability, have led to the use of more sophisticated
variations as indices of market access, or instrumental variables on the lowest path cost where
a road should be crossed (Emran and Shilpi, 2012 , H. Hanson, 2005 , Head and Mayer, 2011,
Sanchis-Guarner, 2012, Gibbons and Machin, 2005 ).

The World Banck (Evans and Popova, 2016) analyzed stuides about useful interventions
for better student performance, interventions that provide information about school quality,
or even basic infrastructure (such as desks) to achieve the greatest improvements in student
learning. This implies that if parents know about improvements in the infrastructure of schools
or near them, they will have a perception that they are more suitable conditions to study, and
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therefore they will have greater preference for their children to study in those schools.
Donaldson, 2018, evidence the importance in long-term of railroad infrastructure, he

found in a general equilibrium trade model of railroads infrastructure that, decreased trade
costs and interregional price gaps, increased interregional and international trade and increased
real income levels. Conclusions of Donaldson in long-term are studied by Quintero and
Sinisterra, WP2022 for short-term who measures road improvement and construction as a
function of production and inequality in Colombia from 1993 to 2012. I focused this exercise
on the effects of road infrastructure improvements under a concession treatment on educational
outcomes at the scale of schools.

Fernald, 1999, in his research aims to answer the question of how changes in roads
affect the relative performance of the productivity of industries in the US from 1953 to 1989,
Finding that the affects over the productivity are mainly reflected in the intensive automotive
production. Along with that, Fernández et al., 2020 shows how transportation infrastructure
promoted long-term employment opportunities and broke the labor bond between parents
and children. These previous investigations open a door understand the role of labor force
participation of students from treated schools. Which is analyzed in the results of this article.

This paper contributes to a literature evidence of effect of roads on educations outcomes.
Differing from Adukia et al., 2020 who examines the educational effects of 115,000 new roads
built, finding that children stay in school longer and perform better on standardized tests. I
evaluated the heterogeneity between public and private schools and show the effects over labor
participation and accumulation of human capital in the same analysis.

In shot-term, I do not find evidence that schools located at more than two kilometers
from the road under a concession agreeme in Colombia are impacted by the construcction.
In the same sense, Yasar Avsar, 2004 found an effect of noise on indicators of education in
schools located less than 1.45 km from the road.

3 Context and Background

The political constitution of Colombia provides us with an institutional context. The article
67 establishes that: “Education is a right of the person and a public service that has a social
function; with it, access to knowledge, science, technique, and the other goods and values of
culture...” (own translation of the political constitution of Colombia, Article 67)

The constitutional court of Colombia under judgment T-743/13, admits that: “... the
right to education has four structural and interrelated components...” Such components are as
follows: Availability, Accessibility, Adaptability, and Acceptability. The availability
component alludes to the satisfaction of the educational demand; the accessibility dimension
protects the individual right to enter the education system in conditions of equality, in the
adaptability component, the system must adapt to the needs of its students, valuing the social
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and cultural context in which they operate, in favor of avoiding school desertion, the acceptabil-
ity searches for the guarantee of educational quality. Altogether, these four components can be
improved thanks to the investment in road infrastructure. Road modifications or constructions
attempt to address all of these components (Availability, Accessibility, Adaptability, and
Acceptability).

The road concession system it’s a strategy that works with private investment resources.
The national roads institute (guarantor of road development and maintenance in the country)
establishes a contract with the applicant firm, giving them for a limited amount of time
the construction, rehabilitation, or maintenance of a road, giving them in return the money
recollected in that period by the vehicle tolls. At the end of the agreed period, the concession
road returns to the state. At the moment which I write this article, the concessions have been
carried out in stages called: First, second, third, fourth, and fifth-generation Muñoz Prieto,
2002. In this article, I take as treatment the construction or improvement of roads of the
3G concession, that had as purpose, in the words of the council of state, the development of
road corridors that would connect the main centers of consumption with the main centers of
production and these with the ports.

The stages of construction of a concession road, are separated into: 1. Planning, 2.
Designs, 3. Design and programming, 4. Construction, 5. Operation and reversal. The
planning stage is carried out by the “Instituto Nacional de Vias(INVIAS)”, the national
infrastructure institute, and the ministry of transportation and corresponds to the study and
design of the road, which includes budget and validity of the item, route, affectation among
others. The second stage (Design and programming) covers the execution of the contract
until the moment in which the construction begins. The third stage (Construction) covers
the start of works until the date on which the entity receives the works and the necessary
equipment for the road to enter service. The fourth and last stage(Operation) covers from
the moment in which INVIAS receives the works until the date when the road returns to the
nation. According to Nestor Sanchez1:

"...The Design and programming stage contemplates periods of about one year for 3G and 4G
routes and about 1 and six months for 5G routes. It also points out that although in all cases
the construction stage differs times can be between 3 to 5 years and for operation stages, the

estimated time is 29 years..." Sanchez, 2022

In other words, the 6.5 years before the start of operation of the road, turn out to
be the years in which the first deliveries are made, the first contracted sections come into

1CEO of BTS Concesiones, Concession in charge of the Briceño - Tunja - Sogamoso section, with a
contract of 206 km, of which 21.13 km of Double lane contracted, 147.56 km the Second lane contracted,
and 181, 60 km Rehabilitation contracted and former manager of the Alto Magdalena concession
(Honda - Puerto Salgar - Girardot)
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operation. This implies that even though the road is delivered, early deliveries result in 6
years before phase four regarding the operation of the road. This anticipation makes it of
great value to evaluate the effect of the track in different periods, such as at the time of the
delivery date of the track, the date on which the track has reached 10% progress, and the date
in which the act of beginning construction of the road was signed.

In Colombia public schools can not select their teachers due to the fact that teachers
obtain their positions through merit contests, private schools can select their teachers and
teachers can select the school where they want to work., which implies that by seeing improve-
ments in the infrastructure a teacher with better qualities could select a school and this could
impact in the school achievements. These heterogeneities between private and public schools
are studied in order of evaluating the different effects on education.

The merit contest to enter the state educational service is the process through which,
the evaluation of aptitudes, experience, basic skills, interpersonal relationships, and personality
conditions of the applicants to occupy the teacher position, their inclusion in the list of eligible
is determined and their location its set, in order to guarantee the permanent availability for
vacancies that arise at any level, position or area of knowledge within the state education
sector ( Ministry of Education, Artículo 8° del Decreto 1278 de 2002 ).

3.1 Mechanisms

The mechanism by which I explain the effect that road infrastructure has on education is
based on the judgment T-743/13 and on a production function of the schools, in which, the
schools produce academic achievements. The academic achievements are measured by the
academic performance of their students, for these achievements to be met schools have certain
inputs, for this particular study, I incorporate three main inputs referring to attributes of the
student’s families, attributes of the teachers, and factors of the environment near the school.

This implies that improvements in environmental attributes, lead to improvement in
the academic scores of the students that were affected by the construction or the improvement
of the road, this occurs thanks to the fact that the improvement of the road infrastructure
brings improvements in the mobility time of students to school, optimizes the time allocated
to studying allowing to improve school production (see 2.1).
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Figure 2.1: Summary of the mechanism through which road construction under a
concession agreement affects educational performance and Human Capital acumulation.

4 Data

The information that this study requires is the address of the schools that participate in
the SABER 11 exam from 2006 to 2019, the results of the standardized test of SABER 11
schools from 2006 to 2019, the road construction plan in achievement at the time of signing
the initiation act, The results of students who studied near a road in concession and who
completed a university study.

4.1 Schools

I developed a custom script which uses the google maps API to locate the geographical position
of approximately 21000 school addresses. For this paper i used approximately 11780 schools
correspond to secondary schools (see Figure 4.1).

4.2 Roads

In this study, 987 schools were implicated within a radius of 1000 meters from the road which
represent the focus of this research. Of the 987 schools 250 were private schools and 737 where
public schools. On average, over the 393 municipalities considered, everyone has 5.5 schools.
The Proportion of students who participated in labor force in private schools was 12.9% while
10.4% was the percentage presented in public schools. The Proportion of bachelor students
who finished some university study from private institution was 2.3% while 1.4% was the
percentage of students finished some university study in public schools.

I use the georeferenced map of roads under concession for construction or improvement
in Colombia to create radial buffers 2 de 1 Km a 4.5 Km. The radial buffers allow me to

2A buffer is a zone that is drawn around any point, line, or polygon that encompasses all of the
area within a specified distance of the feature
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Figure 4.1: Roads under concession and schools georeferenced. Purple points ilustrate
the Georeferenced schools and the red lines ilustrate the roads under concession at
considerated tim.

cluster the schools according to the distance in which they are located. Such that schools far
from the roads are best to verify the robustness of the results. Schools that are more than two
kilometers away from the road do not affect the construction of a new road.

The time periods required for a road construction is in average 13 years. In average
the time require for reaching the 10% advance is 7.25 years and 2 years more for reaching the
50% of advance of the road. The concession length had an average of 191 km. The shortest
concession length was 31km. The largest concession length was 491 km. In average there are 3
tolls by every road built.

4.3 Academic performance

The State exam for Secondary Education, Saber 11, is made up of five tests: Reading Literacy,
Mathematics, Social and Citizenship, Natural Sciences and English. The Saber 11 exam can
be taken by students who are finishing the eleventh grade and who have obtained a bachelor’s
degree or have passed the baccalaureate validation exam. Ordinarily the exam consists of
5 tests: Mathematics: 50 questions. Critical reading: 41 questions. Social and citizen: 50
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questions. Natural sciences: 58 questions. English: 55 questions. Due to the contingency
generated by the COVID19 pandemic, the number of questions for the virtual exam that was
presented in 2020 and 2021 was different from the ordinary volume of questions.

To avoid measurement problems given by outliers in the results of the Saber 11 exam.
I take the 50th percentile by a school, which is normalized with the national result, obtaining
the normalized result of the mean for the math and reading literacy tests. since 2006 untill
2019. Descriptive statistics of the data collected for this study are shown in the appendix A.1.

The Average of all schools located within a radius of 1000 meters from the road in
math standardized score was 0.428, The Average in reading literacy standardized score was
0.486 The average math score in private schools were 0.466 while in public institutions were
0.417 The average reading literacu score between private schools were 0.521 while in public
schools were 0.476 (See table 1).

A relationship between roads and results of the Saber 11 exam is presented in the
figure 4.2, which, on the left, presents the standardized result of the mathematics test, and
on the right the standardized results of the Saber 11 exams of reading comprehension. This
spatial correlation details that in the departments where there are more roads, better results
are observed in both standardized tests.

Table 1: Descriptive statistics of schools within a radius of 1000 meters from the road

Schools within a radius of 1000 meters from the road
Treated schools Control Schools

mean median sd mean median sd
Students with university studies * 0.148 0.071 0.192 0.127 0.058 0.165
Students in labor force + 0.101 0.012 0.162 0.142 0.042 0.197
Reading literacy Score 0.491 0.480 0.057 0.484 0.478 0.051
Mathematics score 0.433 0.410 0.082 0.425 0.405 0.074
Number of schools 510 485
Number of observations 6565 5981

*Fraction of students who finished a university study. +Fraction of students who participate
in labor force. Over a population of schools within a radius of 1000 meters from the road, this
table shows that there is balance (acording to the mean and standard desviation) between
treated and control schools, before the treatment, in mathematics scores, reading literacy
scores, the fraction of students who participates in labor force and the fraction of students with
university studies. In addition it also shows similarities between the median of these variables
over the two groups evaluated. The last two rows expouse balance between the sample size in
those two groups.
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Figure 4.2: The spatial relationship between tests Saber11 road coverage at a departmental

scale. The red line indicates the road network, and the polygons in the gray-to-blue scale show

the scale of results in the saber 11 test.

5 Empirical Strategy

The difference-in-differences specification with dynamic treatment time (Dynamic DiD) is
used in this article to estimate the causal effect of roads on education. In this approach, the
variation is determined by the construction of the road and by the distance between schools
and the roads under concession. In the short term, this variation must be exogenous.

In this article I estimated the effect of roads on education using the estimators proposed
by Sun and Abraham, 2021. To obtain a robust estimate, I compare the results with the
estimators of TWFE and the estimators proposed by Callaway and Sant’Anna, 2021.

Furthermore, Sun and Abraham, 2021 and Callaway and Sant’Anna, 2021 do not
assume parallel trends in relation to the outcome of those who are not treated, instead, they
propose assumptions of parallel trends in the outcome of those who are not treated over time.
As a Dynamic DiD, the present model must satisfy the next three assumptions ( Sun and
Abraham, 2021 assumptions).

Assumption 1. Parallel Trends in Baseline Outcomes: Never-treated schools are likely
to be different, even before the treatment period, from the treated schools, and because of this,
the evolution of baseline outcomes could not share the same evolution of treatment outcomes.
To comply with this assumption, the design of this evaluation is based on comparing schools
where a road was built, compared to schools in which the road was planned but by 2019 the
construction had not started. In this study, the treatment is allocated as an exogenous decision
of the schools, and schools are not considered by policy makers.
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Assumption 2. No Anticipatory Behavior Prior to Treatment: it refers there is not any
treatment effect in the pre-treatment period. Roads are planned to link economically relevant
cities or municipalities between them. The position and performance of the schools relative to
the road are clearly exogenous to the road plan (i.e The trace of the road is not based on the
qualities of the school).

Assumption 3 Treatment Effect Homogeneity: it refers to Treatment effects need to
be the same across cohorts in every relative period for homogeneity to hold, whereas, for
heterogeneity to occur, treatment effects only need to differ across cohorts in one relative
period (Sun and Abraham, 2021). That is why to avoid the non-fulfillment of the assumption
due to concession contract characteristics or local decisions that change contract characteristics
due to political effect or contract terms, I exclude roads under concession in the 1G, 2G, and
5G programs, as well as roads built by INVIAS. Therefore, I compare educational outcomes in
schools before and after road construction, loosely controlling for time-varying regional shocks
and static differences between schools receiving roads in different years.

The roads under a concession agreement are national projects, the general purpose
of the road under a concession agreement is to join two economically important points, the
intermediate points are exogenous to the decisions of the road intervention. In a road concession
contract, the pre-construction stage defines, according to the mining-geological characteristics
of the areas to be intervened, the moment in which the intervention of a section of the road
begins. The schools located close to a road do not define the moment in which the school is
intervened. Since

I include fixed effects by schools for unobserved school-specific factors that may have
influenced the timing of road construction, time fixed effects for policies, and state-specific
shocks that vary by time in the dynamic DiD model of TWFE estimators and the Sun and
Abraham, 2021 estimations. Cluster at school level is included in the three estimates to be
made to control the variance of internal errors for each school.(See Subsection 5.1 ).

In this article, one of the greatest difficulties in estimating the causal effect of the roads
on education is based on the fact that the effect on education are present throughout all the
concession stages of construction. The Dynamic DiD model contemplates a discrete treatment
time, which for this article is a challenge since the roads represent a treatment that occurs
from the beginning of the construction until the final stage of the construction.

The equation 1 shows the general estimation of TWFE, where Y refers to the outcome
of the individual i in the period t, T refers to the treatment period, S refers to the period t

before treatment and M refers to the period t after treatment. That is why it is necessary to
evaluate the effect at different stages of road construction progress.

Yi,t =

T−1∑
φ=−S

µφ ·Di,φ +

M∑
φ=T+1

µφ ·Di,φ + σt + σiεi,t (1)
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Table 2: Statistics of the progress times of the roads under a concession
agreement

Advance 1 (10%) Advance 2 (50%) Advance 3 (100%)
max 23 23 25
min 2 2 6
mean 5,5 7 12
median 4 5 13

Note: Advance 1. Years from the signature of the concession until
reaching a ten percent of the plan. Advance 2. Years from the signature of
the concession until reaching a fifty percent of the plan. Advance 3. Years
from the signature of the concession until reaching a hundred percent of the
plan. This table present in rows the maximum, the minimum, the mean
and the median of the years involved in advances described above.

The anticipation assumption of Sun et. al. and Callaway et. al. refers that the
performance of schools does not depend on their future treatments (i.e. schools do not get be
treated based in their academic achievements). The table 2 shows the distribution of years that
a concession takes from the moment the agreement is signed until, according to its different
stages, it reaches one hundred percent advanced.

5.1 Effect of the road concessions program on education out-
comes.

In contrast with other kinds of interventions, the roads do not appear instantly. They are
involved in a building process, on average Colombian roads buildings long for 7.5 years, though
these processes have stages that are measured here as their percentage of completeness (see
figure 5). In this context would be problematic with parallel trends assumption if we compare
the outcomes before and after the construction. What we observe in this case is that we have a
time of treatment since the construction began until the road is finished, that is why Callaway
and Sant’Anna, 2021 estimation don’t work in this case. Nevertheless, Sun and Abraham, 2021
estimation could work, because its flexibility with parallel trends but it ought to be evaluated.

what I propose for solving this estimation problem is to measure the impacts of the
roads in education at three specific percentages of completeness (10%, 50% and 100%) . Given
that, my concept of treated school is defined as a function of these percentage, that is, I
compared the nearest schools when the road is 10% completed and non-treated schools (0%
completed), and so on with the other percentages mentioned above. I found various levels of
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treatment, even when the road its not finished.

Figure 5: The temporary relationship between after and before the treatment, it represents

that the treatment time is not inmediate, but imply differents satges of completeness.

To estimate the causal effect of road construction on education, in this article I assess
the effect given each construction advance time (see table 2). In this way, I assess the effect
that each stage of road construction has on education. I define three treatment reference
periods, which cover from the beginning of the concession until the delivery of the construction
of the road. As Nestor Sanchez Sanchez, 2022 commented, there are anticipated deliveries and
stipulated dates in the concession contract. The three treatment times are:

• The year in which the Work Initiation Act was signed,

• The year in which the roads have reached 10% of execution,

• The year in which the road have reached 100% of the plan. 3

In order to estimate the dispersion of the effect of road construction on education
I studied the effect on schools located at different distances from the road (between 1,000
and 4,000 meters away, See Figure 5.1 ). Schools located far from the roads do not have the
same guarantees as schools near the roads in terms of adaptability, accessibility, availability,

3EXECUTIVE REPORT HIGHWAY C-14 of contract 377 of 2002 https://www.contratos.gov.co/
consultas/detalleProceso.do?numConstancia=16-1-156465, ( CARRETERO EXECUTIVE REPORT
C-14) where it is observed that more than 50% of the plan of the work was delivered 5 years before
the final delivery
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and acceptability as ordered by the constitutional court. The study of the dispersion of the
effect verifies the causal effect. When schools close to a road under concession (less than a
kilometer) are affected, but this effect disappears as the distance to the road is greater then
this effect should be exclusive of the construction of the road else the effect is not exclusive of
the construction of the road.

Wheater there is a causal effect of the construction of the roads in any of its stages
on education, this effect will dissipate as the distance from the school to the road under
construction increases. In this article, I demonstrate the causal effect with the estimator of
Sun et. to the. on the following subgroups(See Figure 5.1):

• Subgroup 1. Schools located between 1000 meters and 1500 meters from the road,

• Subgroup 2. Schools located between 1500 meters and 2000 meters from the road,

• Subgroup 3. Schools located between 2000 meters and 2500 meters from the road,

• Subgroup 4. Schools located between 2500 meters and 3000 meters from the road,

• Subgroup 5. Schools located between 3000 meters and 3500 meters from the road,
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Figure 5.1: Location of schools treated (green vignettes) and control schools (red vignettes)
due to the construction of roads. Ways are denoted in three radius, the smallest radius being
the buffer corresponding to one space kilometer from the way, the second radius corresponding
to two space kilometers, and the third radius corresponding to ten space kilometers from the
way.

To avoid measurement errors due to concession contract characteristics, for instance,
local decisions that change contract characteristics due to political effect or contract terms.
I exclude roads under concession in the 1G, 2G, and 5G programs, as well as roads built
by INVIAS. Therefore, I compare educational outcomes in schools before and after road
construction, loosely controlling for time-varying regional shocks and static differences between
schools receiving roads in different years.

In the dynamic difference-in-differences (DiD) method, the DiD approach removes biases
in post-intervention comparisons between the treatment and control groups by incorporating
pre-existing differences in the groups before treatment, which could be the result of permanent
differences between the treated and control groups.

To carry out this exercise, I assume that schools in the treatment and control groups
have parallel trends in education outcomes. Schools in Colombia have a positive trend in their
school results. I assume that the treatment assignment is not determined by the educational
outcome (The main objective of the roads is to connect cities of economic and commercial
importance. The intermediate location of the school is therefore exogenous to the outcome).
Since not all interventions do not take place in the same period, I use dynamic DiD that allows
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unifying the treatment period.
I define the period relative to the treatment is denoted in t = −1 because the reporting

periods of the work were delivered after the saber 11 exams date (Equation 3). I include school
fixed effects γc for unobserved schooll-specific factors that may have influenced the timing of
road construction and time fixed effects σt for state-specific policies and shocks that vary by
time.

τ̂ = ¯Scorebeforeroad − ¯Scoreafterroad (2)

Scorec,t,j =
−2∑

φ=−S

µφ ·Dc,φ +
M∑
φ=0

µφ ·Dc,φ + σt ++γc + εc,t (3)

Scorec,t,j refers to the potential outcome, specifically is the normalized standard-
deviation of the score obtained by the median behavior of the school c in the subject j, in
time t. The effect of road construction on education is captured by µφ. The effect of the
road reference the period t− 1, considering that the effect of the construction of new roads is
estimated with the bandwidth from −S to M . Dc,φ represent a group of dummie variables that
indicate the distance of each period from the treatment period, that is, the period according
to the stage in which the road was build.

In this paper I consider other results linked to education. In order to understand
the mechanism, I include the results of the effect of the roads construction over teachers
training, I show evidence of the effects on human capital accumulation through the
students enrolling in higher studies, I evaluate the effects on students participation in
public and private schools and, lastly, I evaluate the students partiticpation in labor
force .

6 Results

I am interested in understanding the effect of road concessions across the all-road stage
construction on education. I divide the analysis into two parts. First, I examine the effects on
math scores and reading literacy scores. Next, I study impacts on human capital accumulation,
student labor force participation, and student participation in private and public schools.

Studies carried out allow establishing the size of the effect on education in interventions.
Kraft, 2020 establishes a median impact on education at 0.1 standard deviations (SD). Evans
and Yuan, 2022 establishes in a more recent study that impacts on learning (mathematics or
reading), the median effect size is 0.10 SD (same to Kraft ), with the 25th percentile of 0.01,
the 75th percentile of 0.23, and a big effect at 90th percentile is around 0.45 SD.
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6.1 Impact of Roads on average results of exam in mathematics
and reading literacy

In this section, I show evidence of the effect of road concessions on math and reading literacy
scores based on the SABER 11 standardized test. To demonstrate the effect, I use TWFE
estimations, and Sun and Abraham, 2021 estimations. The Callaway and Sant’Anna, 2021
estimation is used as a robustness check for the estimation model. I evaluated the dissipation
of the effect of roads on education with the estimators of Sun et. al. These results intend to
demonstrate that the effect on education is exclusively due to the construction of a road for
all periods of construction.

6.1.1 Impact of Roads on average results of exam Saber 11 in mathematics

The construction of a road under concession benefits students who study in schools less than
a kilometer from the road (see Figure 6.1). When the road construction has reached 10%
progress, schools located in an area of less than one kilometer from the road have a maximum
effect is observed of 0.22 SD (eight years later). According to the reference time, the year in
which the construction of the road has reached 50%, a maximum effect of 0.12 SD is observed
(three years later). When the construction of the road is finished, no significant effects are
observed on the standardized math scores (see table A.2.1 ).

Public schools have had a significant and positive effect from the second period after the
time relative to treatment, however, private schools do not have any effect. Reading literacy
score of affected public schools by the first stage of intervention (10% of advancement) reach
an increase of 0.47 SD and 0.32 SD when the road has been finished (100% of advancement),
private schools affected when the road has reached the 10% of advancement reached 0.24
SD but dose not any effect after the road has been finished. In mathematics scores, public
schools affected by the first stage of construction reach 0.48SD and 0.49 SD when the road
construction has finished. (see Figure A.3.1).

I studied the dissipation of the effect of road construction on math scores. In the final
stages of construction, I find an increase in the average math scores only in schools located
more than 2,500 meters from the road. For the first stage of construction, I find an increase in
the average math in schools located less than 1,500 meters from the road under construction.
Figure A.3.2 shows the dissipation of the effect, at different distances from the road and in
different stages of construction.
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(a) 10 % advance of construction (b) 50 % advance of construction

(c) 100 % advance of construction

Figure 6.1: Impact of Roads on average results of exam in mathematics literacy of the last year of
secondary education. The treatment time 6.1a is the year in which the construction of the road has
reached a ten percent advance the construction, 6.1b is the year in which the construction of the road
has reached a fifty percent advance the construction. 6.1c is the year in which the construction of the
road has finished.

6.1.2 Impact of Roads on average results of exam Saber 11 in reading
literacy score

The results on the reading literacy score test are consistent with the results in mathematics
based on the advance of construction of 10%, 50% and 100% as treatment time. Schools located
in an area of less than one kilometer from the road increase the score in the reading literacy
test by 0.25 SD (by Sun and Abraham, 2021 when the road has reached 10% advancement),
according to the treatment time related with the year in which the road construction reached
50% the score in reading literacy increase in 0.11 SD. There is no evidence of any effect on the
score in the Reading literacy test after the year the road has finished (see Figure 6.2 and table
A.2.2).

The main effects are on public schools. Public schools increased their average score
to 0.45 SD against 0.25 SD in private schools when the road construction reached 10% of
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(a) 10 % advance of construction (b) 50 % advance of construction

(c) 100 % advance of construction

Figure 6.2: Impact of Roads on average results of exam in reading literacy of the last year of
secondary education. The treatment time 6.3a is the year in which the construction of the road has
reached a ten percent advance the construction. The treatment time 6.3b is the year in which the
construction of the road has reached a fifty percent advance the construction. The treatment time 6.3c
is the year in which the construction of the road has finished.

advance. Taking as reference the treatment time of the year when the road reached 50% of
advance, the score in reading literacy in public schools increased by 0.19 SD and in private
schools increased by 0.16 SD. When the road is finished just public schools are affected in
0.324 SD, in private schools there is no evidence of any effect (see Figure A.3.3 ).

In the Figure A.3.4 I find evidence roads under concession agreament have an impact
on reading literacy scores according to the distance in which schools are located from the
road. The main effect on schools less one kilometer from the road is given in the first stages
of construction. For the last stages of the road construction, the effect expands to schools
located more than 2 kilometers away from the road.
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6.2 Impact of Roads on human capital accumulation

Human capital accumulation depends on participation in the labor force. If the construction
of a road close to a school c generates incentives for students to participate in the labor force,
then the fraction of time dedicated to human capital decreasesAcemoglu, 2010, Chapter 10.
In this section, I initially show the participation of students in the labor force and then I
evaluate the participation of students from the school c who have completed a degree from the
university.

The Ben-Porath model proposed in Acemoglu 2010 Acemoglu, 2010, individuals have
innate abilities from the moment of their birth (i.e h(0) > 0 where h refers to human capital).
A person in his life spends a fraction studying s(t), which implies that the remaining time he
spent time on activities such as working (S(t) = 1− s(t) where s(t) ∈ [0, 1]∀t ≥ 0 ). A simple
version of the human capital accumulation equation takes the form:

ḣ(t) = ϕ(s(t), h(t))− δhh(t) (4)

Where δhh(t) captures the depreciation of human capital (h(t)). The solution proposed
in Acemoglu 2010 Acemoglu, 2010 the Ben-Porath model implies that the accumulation of
human capital will be greater if the fraction of study (s(t)) is high and the rate of depreciation
of human capital is low.

The table A.2.3 show the efect of roads on the fraction of students that participated in
the labor force. The fraction of students in labor force decreases according to the first stages
of road construction (10% advance) by -0.32 SD, when the road construction reaches 50%
the participation of students in the labor force decreases by -0.23 SD. Evaluating the year in
which the pathway ends, there is no evidence of effects on the decrease in the labor force. (see
Figure 6.3 ).

I evaluated the effect of the road concession on the labor force participation in public
and private schools. The labor force has a decreasing trend in public schools and I did not find
any effect on private schools (see Figure A.3.5). I found evidence of effect of labor participation
just at less than two kilometers of distance from the road to the location of the schools (see
Figure A.3).
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(a) 10 % advance of construction (b) 50 % advance of construction

(c) 100 % advance of construction

Figure 6.3: Impact of Roads on average results on the fraction of students who participate in
labor force in the last year of secondary education. The treatment time 6.3a is the year in which the
construction of the road has reached a ten percent advance the construction. The treatment time 6.3b
is the year in which the construction of the road has reached a fifty percent advance the construction.
The treatment time 6.3c is the year in which the construction of the road has finished.

I found that the fracion of students who participate in university studies increase in a
0.14 SD by the effect of first stage of construction (Sun and Abraham estiamtion) A.2. The
lack of current information and the eventuality of COVID-19 does not allow calculating the
effect in more future periods. Since these situations changed the dynamics of study from the
year 2020 and 2022.

7 Conclusions

I quantify the effect of road intervention under a concession contract on education in Colombia.
The evaluation of education was carried out in relation to the results in standardized tests
of mathematics and language. Evaluated the effect on participation in the labor force and
on the fraction of students who complete a university degree. Finally, I evaluate the existing
heterogeneities between public and private schools.
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The main results from the dynamic difference-in-differences estimation (Sun and
Abraham, 2021) show that schools near a road that has been intervened under a concession
agreatment increase the average result in mathematics and reading literacy of students in the
last year of secondary school.

The effect of the intervention of a road under a concession contract is a shock wave
effect. In the first stages of intervention, schools closest to the road are the ones affected, as
the time of intervention progresses, the effect reaches schools more than one kilometer from
the road and stops affecting schools less than one kilometer from the road. kilometer.

In the final stages of intervention, I find an increase of 0.34 SD in the average math
scores and 0.44 in reading literacy at schools located more than 2,500 meters from the road.
For the first stage of construction, I find an increase in the average math of 0.22 SD and 0.25
at schools located less than 1,500 meters from the road under construction.

I found evidence that intervention of road on school increase the fraction of students
who complete a university degree increases of 25% (i.e. After the intervention, 25 of every 100
students of a school who claimed to work, no longer do). In the same way, schools increased
in 13% the fraction of students with a university degree.

Finally, I find evidence that public schools are seen to achieve greater benefits than
public schools.
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A Appendix

A.1 Descriptive Statistics

Average results by school
Buffer distance from the road 1 Km 2 Km 10 Km

Panel All data
Score Math 0.451 (0.118) 0.455 (0.132) 0.474 (0.119)
Score Reading literacy 0.498 (0.087) 0.438 (0.087) 0.472 (0.101)
N 144 217 890

Panel Treated schools
Score Math 0.402 (0.063) 0.407 (0.065) 0.441 (0.067)
Score Reading literacy 0.432 (0.057) 0.438 (0.065) 0.472 (0.067)
N 99 66 292

Panel Control schools
Score Math 0.435 (0.07) 0.44 (0.069) 0.424 (0.07)
Score Reading literacy 0.458 (0.055) 0.461 (0.053) 0.449 (0.061)
N 45 151 598

The table indicates the mean and in parenthesis the standar desviation of
the indicator. It presents for all the panel data, treated schools and control
schools the average results in maths and reading scores and the size of the
sample where the sample vary by the distance between the roads and the
schools as it is shown in the columns.
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A.2 Table results

The results of the mathematics score for all the different stages of construction are found in
table A.2.1, these estimation are based on Sun and Abraham, 2021 estimation.

Table A.2.1. Mathematics score for all the different stages of construction.
Dependent Variable: score in mathematics
Model by level of construction : 10 % advance 50 % advance 100 % advance

Variables
year = -8 -0.0149 0.0173 -0.0844

(0.2195) (0.0804) (0.0676)
year = -7 0.2077 0.0208 -0.0026

(0.1964) (0.0699) (0.0734)
year = -6 -0.2923∗∗∗ -0.0347 0.0872

(0.1077) (0.0587) (0.0760)
year = -5 -0.0940 0.0280 -0.0266

(0.0818) (0.0583) (0.0747)
year = -4 -0.0654 0.0510 0.0550

(0.0796) (0.0532) (0.0624)
year = -3 -0.0328 0.1018∗∗ 0.0997

(0.0691) (0.0494) (0.0640)
year = -2 -0.0873∗ 0.1275∗∗∗ 0.0562

(0.0520) (0.0484) (0.0658)
year = 0 0.0039 0.0319 0.0926

(0.0518) (0.0455) (0.0616)
year = 1 0.0830 0.0869∗ 0.0878

(0.0549) (0.0494) (0.0619)
year = 2 0.0967∗ 0.1465∗∗∗ 0.1478

(0.0568) (0.0537) (0.0993)
year = 3 0.0200 0.1227∗∗ 0.1142

(0.0605) (0.0548) (0.0915)
year = 4 0.0018 0.0667

(0.0642) (0.0744)
year = 5 0.0695 -0.2395

(0.0607) (0.1893)
year = 6 0.0843 -0.2568

(0.0674) (0.1723)
year = 7 0.1164∗ -0.0735

(0.0671) (0.1711)
year = 8 0.2204∗∗

(0.0958)

Fixed-effects
id_name Yes Yes Yes
year Yes Yes Yes

Fit statistics
Observations 5,882 5,882 5,843
R2 0.73786 0.73699 0.73070
Within R2 0.01476 0.01370 0.00849

Clustered (id_name) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

The table indicates the mean estimation effect and in parenthesis the standar desviation on mathematic scores.
The columns clasify the results by the percetanje of completeness. The rows clasify the results acording to the
year relative to the intervention. The last rows present the fit statistics.
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The results of the Reading literacy score for all the different stages of construction are
found in table A.2.2, these estimation are based on Sun and Abraham, 2021 estimation.

Table A.2.2 Reading literacy score for all the different stages of construction

Dependent Variable: Reading literacy
Model by level of construction : 10 % advance 50 % advance 100 % advance

Variables
year = -8 -0.3852∗∗ -0.0521 -0.0552

(0.1915) (0.0651) (0.0608)
year = -7 0.2824∗∗∗ -0.0701 -0.1408∗∗

(0.1017) (0.0594) (0.0635)
year = -6 -0.0934 -0.0622 0.0795

(0.0919) (0.0596) (0.0693)
year = -5 0.0283 -0.0131 0.0293

(0.0702) (0.0571) (0.0630)
year = -4 -0.0446 0.0176 0.0857

(0.0714) (0.0523) (0.0590)
year = -3 -0.0094 0.1078∗∗ 0.0621

(0.0666) (0.0540) (0.0558)
year = -2 -0.0173 0.0580 0.1121∗

(0.0568) (0.0465) (0.0584)
year = 0 0.0381 0.0459 0.1219∗∗

(0.0562) (0.0453) (0.0551)
year = 1 0.1691∗∗∗ 0.1074∗∗ 0.0841

(0.0611) (0.0452) (0.0526)
year = 2 0.1027∗ 0.1474∗∗∗ 0.0630

(0.0587) (0.0506) (0.0735)
year = 3 0.0888 0.1097∗∗ -0.0247

(0.0610) (0.0519) (0.0718)
year = 4 0.0917 0.0335

(0.0666) (0.0718)
year = 5 0.1497∗∗ -0.1309

(0.0615) (0.1534)
year = 6 0.1640∗∗ -0.1449

(0.0666) (0.1471)
year = 7 0.1752∗∗∗ -0.0966

(0.0643) (0.1423)
year = 8 0.2455∗∗

(0.0982)

Fixed-effects
id_name Yes Yes Yes
year Yes Yes Yes

Fit statistics
Observations 5,882 5,882 5,843
R2 0.74701 0.74888 0.74911
Within R2 0.01748 0.01502 0.00854

Clustered (id_name) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

The table indicates the mean estimation effect and in parenthesis the standar desviation on reading scores. The
columns clasify the results by the percetanje of completeness. The rows clasify the results acording to the year
relative to the intervention. The last rows present the fit statistics.
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The results of the Reading literacy score for all the different stages of construction are
found in table A.2.3, these estimates are based on Sun and Abraham, 2021 estimation.

Table A.2.3 Fraction of students who participate in labor force for all the different stages of
construction

Dependent Variable: Fraction of students who participate in labor force
Model by level of construction : 10 % advance 50 % advance 100 % advance

Variables
year = -8 0.3341∗ 0.0429 0.1899∗

(0.1894) (0.0866) (0.0966)
year = -7 0.1566 0.3807∗∗∗ -0.0574

(0.3387) (0.0985) (0.0787)
year = -6 0.0765 0.0685 0.0028

(0.1561) (0.0815) (0.0843)
year = -5 -0.0458 0.0578 0.1307

(0.1150) (0.0788) (0.0986)
year = -4 0.0415 0.0709 0.0286

(0.0910) (0.0756) (0.0820)
year = -3 0.2354∗∗∗ 0.0228 0.0773

(0.0819) (0.0653) (0.0846)
year = -2 0.0879 -0.0199 0.0933

(0.0945) (0.0528) (0.0941)
year = 0 -0.0100 0.0872 -0.0015

(0.0670) (0.0661) (0.0812)
year = 1 -0.0506 0.0482 -0.1120

(0.0687) (0.0779) (0.0829)
year = 2 -0.0279 -0.1970∗∗∗ -0.0700

(0.0790) (0.0759) (0.1469)
year = 3 -0.0699 -0.2323∗∗∗ 0.0070

(0.0825) (0.0784) (0.1439)
year = 4 0.0377 0.0151

(0.0947) (0.1105)
year = 5 -0.0143 0.1681

(0.0922) (0.2386)
year = 6 -0.3295∗∗∗ -0.3180

(0.0876) (0.2464)
year = 7 -0.2900∗∗∗ 0.1621

(0.0868) (0.2181)
year = 8 -0.2143∗∗

(0.1088)

Fixed-effects
id_name Yes Yes Yes
year Yes Yes Yes

Fit statistics
Observations 5,882 5,882 5,843
R2 0.47454 0.47006 0.46806
Within R2 0.03010 0.02145 0.00789

Clustered (id_name) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

The table indicates the mean estimation effect and in parenthesis the standar desviation on labor force. The
columns clasify the results by the percetanje of completeness. The rows clasify the results acording to the year

relative to the intervention. The last rows present the fit statistics.
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Table A.2.4 Fraction of students that finished some university level for all the different stages
of construction

Dependent Variable: Fraction of students that finished some university level
Model by level of construction : 10 % advance 50 % advance

Variables
year = -3 0.0016 -0.1275

(0.0499) (0.1112)
year = -2 0.0525 0.0038

(0.0521) (0.1437)
year = 0 0.0946∗ -0.2892

(0.0523) (0.1876)
year = 1 0.1415∗∗∗ 0.1260

(0.0534) (0.1359)
year = 2 0.1342∗∗

(0.0633)

Fixed-effects
id_name Yes Yes
year Yes Yes

Fit statistics
Observations 3,101 3,101
R2 0.67737 0.66500
Within R2 0.00350 0.00206

Clustered (id_name) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

The table indicates the mean estimation effect and in parenthesis the standar desviation on the fraction of
students that finished some univeristy level. The columns clasify the results by the percetanje of completeness.
The rows clasify the results acording to the year relative to the intervention. The last rows present the fit
statistics.
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A.3 Otros resultados

(a) 10 % advance of construction

(b) 50 % advance of construction

(c) 100 % advance of construction

Figure A.3.1: Estimation of heterogeneities (Sun and Abraham, 2021 estimator) in mathematics
results according to the nature of the school
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(a) 10 % advance of construction

(b) 50 % advance of construction

(c) 100 % advance of construction

Figure A.3.2: Impact of road construction on math score by distance of school from road in
Math Result
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(a) 10 % advance of construction

(b) 50 % advance of construction

(c) 100 % advance of construction

Figure A.3.3: Heterogeneities in reading literacy score of students by nature of the school
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(a) 10 % advance of construction

(b) 50 % advance of construction

(c) 100 % advance of construction

Figure A.3.4: Impact of road construction on reading literacy score by distance of school
from road
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(a) 10 % advance of construction

(b) 50 % advance of construction

Figure A.3.5: Heterogeneities of fraction of students in labor force by nature of the school
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(a) 10 % advance of construction

(b) 50 % advance of construction

(c) 100 % advance of construction

Figure 14: Impact of road construction on school share of labor force participation by distance
of school from road. 36
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