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Abstract

This paper explores the relationship between public libraries and school achievement. Medellin
counts on a system of public libraries. However, public library parks are part of a separate system.
The library parks are understood as cultural centers for social development that seek to encourage
the meeting of citizens and to develop educational activities that involve the digital culture. The
project began in 2004 and was consolidated until 2011 with the introduction of 9 different library
parks. Using an approach of differences-in-differences and matching techniques, we explore the
effect of the library parks in Medellin on school performance. We found a significant effect on the
performance of the language test in the students treated, especially in the long-term specification.
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1. Introduction
The implementation of libraries in the different “Comunas™* of Medellin can have a potentially
positive effect on the quality of education due to an increase in the proximity and availability of
resources for students. Additionally, reading development is of great use for cognitive processes,
so these programs create an incentive for the students to develop the ability to increase
comprehension and retention. In turn, these factors can positively impact both the academic
performance of students in the short term and their potential long-term job market outcomes.

Medellin counts on a System of public Libraries, and a separate system of public library
parks are detached. In turn, this system of public libraries is part of the Library Network of Medellin
and its Metropolitan Area. The library parks are understood as Cultural Centers for social
development that seek to encourage social interaction and to develop educational activities that
involve digital culture (Empresa de Desarrollo Urbano). In this context, these libraries seek to
improve the quality of life of individuals and improve their education. The project began in 2004
and was consolidated until 2011, with the introduction of 9 different library parks. However, little
is known formally about the impacts of these parks on the quality of education. Thus, the project
seeks to study the impact of library parks on the quality of education in Medellin. More specifically,
through the use of econometric techniques, the project aims to answer the question: What would be
the results of the Saber 11 tests in the regions affected by the library parks in Medellin if the library
parks had not been implemented? Additionally, the project examines whether there is any kind of
heterogeneity in effects. Since the implementation of library parks has not been random, it is
necessary to implement quasi-experimental techniques to reduce the effect of selection in the
estimation.

Libraries play an important role in the cognitive development of the students who use them.
However, much of the analysis of the impact of libraries worldwide has been concentrated on the

use of libraries by the number of users, number of books, etc., leaving aside the impacts they may

1 Comunas is the name that districts receive in Medellin
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have on the quality of education (Celano and Neuman, 2001). This project seeks to analyze the
impact of the implementation of Library Parks on the educational performance of students who are
in the vicinity of the parks and who have a high probability of attending them. According to the
Empresa de Desarrollo Urbano, “Library Parks are Cultural Centers for social development that
promote citizen meeting, educational and recreational activities, collective construction, approach
to new challenges in digital culture. And they are also spaces for the provision of cultural services
that allow the cultural creation and the strengthening of existing neighborhood organizations. This
project promotes neighborhood, zonal and city improvement. It transforms mentalities and becomes
an engine of change for communities. For its quality, beauty and contribution to the development,
the Library Parks will become urban and architectural references. The Library Parks are generators
of opportunities for children, youth and adults, inclusive places that dignifies its citizens.” (Empresa
de Desarrollo Urbano).

Given these conditions it is expected that Library Parks will have different effects on
society; one of the most important effects is to improve the conditions and capacities of those
individuals who are in the area of influence. This should be reflected in higher levels of academic
performance, given that there is scientific evidence that children and adolescents require high
exposure to a wide range of activities and high-quality books in different subjects, categories and
perspectives to increase their levels of understanding and reasoning. Additionally, there is evidence
of an increase in the academic performance of students who are confronted with diverse and
multicultural literature so that children can identify themselves (Neuman, 2000).

Thus, the main objective of this study is to analyze whether the implementation of Library
Parks in Medellin has influenced the school performance of the students potentially affected by
them, due to the area of influence in which they are developed. A priori, it is possible to hypothesize
that the greater the student access to these Parks, the greater the possibility that the students use
them and the greater the direct effects on the academic performance. It is also important to mention

that there are multiplicative effects (spillover effects) on the neighborhood or the commune and



society as a whole. Finally, it is possible to examine whether there are any heterogeneous effects

that allow for the identification of the robustness of this type of interventions

2. Library Parks
Library parks are part of the system of public libraries in Medellin and the network of libraries in
the metropolitan area. These library parks are the most representative project of the development
plan: “Medellin la mas educada”. This plan was implemented in the period 2004-2007 by the
administration of Mayor Sergio Fajardo, a period in which five library parks were constructed.
During the period of 2008-2011, Mayor Alonso Salazar Jaramillo continued the program and was
responsible for strengthening the network of libraries with the construction of four more parks.
The library parks were intended as comprehensive centers of cultural and social
development, by means of which they provide educational, cultural and recreational opportunities
to the population. With the implementation of this project it was intended that the community would
perceive that the library parks are more than just places to store books, aside from promoting equity
and citizen participation, because the public libraries are spaces enabling inclusion since the
egalitarian offer of technological. The Impact of Public Libraries on School Achievement: The Case
of Medellin computer, cultural and social services and the access to knowledge (Cuadros-
Rodriguez, Valencia, & Valencia-Arias, 2013). However, there are no studies that relate the impact
of these libraries on the school performance of the people who benefit from them, so this work can
be taken as a starting point for evaluations of this type of facilities that go more beyond qualitative
assessments.
The company of urban development of Medellin defines the library parks as cultural centers of
social development that encourage the meeting of citizens, educational and fun activities, the
formation of groups and the approach to new challenges of digital culture. The majority of the parks
are located in the peripheral areas of the city, which are characterized as being low income areas

with high levels of violence. However, the parks are situated in close proximity to various modes



of public transport which enables easy access, an aspect which positively influences the probability

of use of the library. (Japzon & Gong, 2005) The library parks have an approximate extension of

15,000 m2 and are comprised of the following spaces:

Centers of regional business development: they are aimed at the development and
consolidation of entrepreneurship projects.

Reading rooms: they are aimed at children and adults. The rooms are adapted to different
lifecycles.

Virtual navigation room: classrooms with computers that feature free connection to the
internet.

Auditorium: a space equipped for the performance of concerts, musical presentations, plays
and other artistic works.

Mi Barrio room: a room allocated to the customs and traditions of the neighborhood.

Toy library: a space for children between the ages of 0 to 10 years. Activities which impact
your imagination and motor function are carried out.

Exhibition room: a room intended for artistic expression.

Services: cafeteria, stationer’s, commercial premises among others.

3. Where do we stand? A Brief Review of the Existing Literature

The investment of public resources with the objective of increasing human capital or reducing levels

of poverty are topics that have interested both economists and policymakers in recent decades

(Rawlings & Rubio, 2003). Multiple studies have approached this issue from different perspectives,

including different forms of intervention, different target populations and varied techniques to face

the methodological challenges presented when it is necessary to evaluate these types of policies

(Lee, 2009; Carneiro, Heckman, & Vytlacil, 2010; Attanasio, Guarin, Medina, & Meghir, 2015;

Horowitz & Manski, 2013).



One of the most interesting lines of research is related to the returns generated by investment
in education. Some work has focused on showing how government programs can help improve the
educational performance of children and young people through conditional cash transfers or through
investment in infrastructure, which may include building educational institutions or improving of
existing facilities. This pair of policies is consistent with what Thapa, Cohen, Guffey, & Higgins-
D’alessandro (2013) propose in their analysis of the school environment, in which student
motivation and adequate facilities are determinants of good school performance.

Angrist, Bettinger and Kremer (2006), for example, concentrated on studying the long-term
effect of the PACES program in Colombia. This program was responsible for subsidizing secondary
education for low income young people. Program subsidies were made permanently conditional on
good school 3 Canavire et al. performance during the year. The researchers applied parametric and
non-parametric methods to correct for possible biases due to self-selection. They concluded that the
treatment group had higher graduation rates, better school performance, and higher scores on state
tests than the control group.

On the other hand, Kremer, Miguel, & Thornton (2009) evaluated a policy of merit
scholarships for girls in Kenya that rewarded girls who achieved good academic tests by giving
them cash and paying their school fees. This policy was successful, as it increased the grades in the
examinations of the girls who were eligible for the scholarship. The main characteristic of this work
was the positive externality generated by this intervention in the male students, who also had
considerable increases in their school exams despite the fact that they could not participate in the
scholarships.

Analyzing investment in infrastructure and its relationship with school results provides
evidence in favor of this type of policy. Belskaya, Posso, & Peter (2014) evaluated the expansion
of higher education in Russia through the increase of campuses and university graduates
concentrating mainly on the marginal individual, who is directly affected by campus expansion. To

evaluate the impact of the policy, they used the marginal treatment effect method in both versions,



parametric and semi-parametric. According to the researchers, university expansion attracts
individuals with lower returns to college. They found that individuals in small cities and places that
previously did not have a university campus are the ones that receive the most benefits from this
policy.

Paxson & Schady (2002) focused on evaluating the impact of investment in education,
specifically on infrastructure that FONCODES carried out in Peru, answering two main questions:
Who benefited from this investment, and did the investment improve educational outcomes? The
research showed that spending on school infrastructure improved the attendance rate of the youngest
children because of the good policy, which focused on serving the poorest households and districts
in Peru.

On the other hand, Duflo (2001) contributed to the literature related to the question of
whether investment in infrastructure increases human capital and reduces poverty. Her work
evaluated the impact on education and wages of the construction of 61,000 primary schools in
Indonesia. The goal of the government’s policy was to increase the percentage of children between
the ages of 7 and 12 enrolled in schools. This research concluded that the construction of primary
schools generated increases in educational achievements in Indonesia, as it encouraged an even
higher percentage of the population to complete their primary education, which at the same time
implies percentage increases in the wages of the beneficiaries by the government program.

As was previously discussed, infrastructure investment positively impacts enrollment rates
and school performance, and it even has longer-term effects that are represented by increases in
wages. However, these works focused on a particular type of infrastructure, such as schools and
university campuses, while this research focuses on another kind of infrastructure, such as public
libraries. It is necessary to know what other investigations related to this structure have found.

Public Libraries have been designed as a space where individuals can meet and interact with
each other. It is also a place to obtain information, learn and teach. (Francis, Lance, & Lietzau,

2010; Gong, Japzon, & Chen, 2008). However, the literature review has shown two possible ways



of analyzing the impact of the public libraries on society. On one side, there exist articles that study
the probability of usage of public libraries from a spatial perspective, including social, economic,
academic and cultural factors. The second is through the relationship between school libraries
(public and private) and academic outcomes. There are some traditional variables that influence the
probability of using a public library; some of those are location, level of education, income, and
race. Libraries with a closer influence area and better accessibility increase their probability of
usage. For example, Koontz (1992) highlights the location of libraries as a long-term determinant
of their use; she suggests that the decision of where the library should be located must be based on
the geographic range of the library’s market area and the characteristics of the local inhabitants.

The Impact of Public Libraries on School Achievement: The Case of Medellin On the other
hand, Japzon & Gong (2005) recognized the importance of these traditional variables, but they also
added another two variables with spatial and social components that could help to explain the use
of public libraries in the neighborhoods of New York City. First, they applied a bivariate correlation
method with an expected result of a positive correlation between individuals with the following
characteristics: high levels of education, being White or Asian, being a middle-class individual and
the use of public libraries. In addition to this, Japzon & Gong made a multivariate regression and
found a causal relation between the use of public libraries and traditional variables, confirming the
behavior shown in the previous correlation method. With respect to the new variables that represent
the spatial and social components, this research proved that the use of public libraries could be
higher in territories with better spatial accessibility, stronger social connections and cultural and
racial diversity.

Almost all of the studies and researchers consider that school libraries have a positive impact
on the skills of students and their scholastic achievement. According to Chan (2008), this trend
began with a series of studies by Lance, Welborn and Hamilton-Pennell in Colorado, where they
showed that libraries with adequate staff and equipment were the second-best predictor of academic

performance. This study was replicated in Pennsylvania and Alaska with similar results.



Nevertheless, Chan warned about the low impact of libraries on school achievement, attributed
mainly due to the lack of communication and coordination between teachers and library staff. In
the same line, Haycock (2011) supported the idea that school libraries positively impact scholastic
achievement, although he was focused on the possible higher scores on standardized tests of the
students that attend schools that had more resources assigned to their school libraries. Haycock
established through a correlation method that library usage has a positive impact on the skills of the
students, as his work concluded that schools with libraries that are well-stocked, well-equipped and
have adequate staff produce students with better scores on standardized tests.

Moreover, Bhatt (2010) used an IV approach to investigate the impact of library use on the
amount of time spent reading, homework completion rates, average grades, behavior problems at
school and grade repetition. The main reason to use IV regression was that OLS estimates were
biases toward zero, because the students that enjoy reading the most were less likely to use a library.
She found that living close to a library increases the probability of using it. Furthermore, library use
positively impacts student performance through an increase in homework completion rates, reduces
misbehavior, increases the amount of time an individual dedicates to reading, and decreases the

time spent watching television.

4. Methods
The implementation of libraries in the different communes can have a potential positive effect on
the quality of education due to the increase in the availability and proximity of resources for
students. Additionally, the development of reading is of great use in developing cognitive processes,
so libraries create an incentive for the students to increase comprehension and retention. In turn,
these factors can positively impact both the academic performance of students in the short term and
their potential long-term job market outcomes.

Medellin counts on a System of Public Libraries, which is separate from the public library

parks. In turn, this system of public libraries is part of the Library Network of Medellin and its



Metropolitan Area. The library parks are understood as Cultural Centers for social development that
seek to encourage the civic interaction and to develop educational activities dealing with digital
culture (Empresa de Desarrollo Urbano). In this context, these libraries seek to improve the quality
of life of individuals and improve their education. The project started in 2004 and was consolidated
until the introduction of 9 different library parks in 2011. However, little is known formally about
the impacts of these parks on the quality of education. Thus, this project seeks to study the impact
of library parks on the quality of education in Medellin. More specifically, using econometric
techniques, the project aims to answer the Canavire et al. question: What would be the results of
the Saber 11 tests in the regions affected by the library parks in Medellin if the library parks had
not been implemented? Additionally, this project examines whether there is any kind of
heterogeneity in effects. Since the implementation of library parks has not been random, it is
necessary to implement quasi-experimental techniques to reduce the effect of selection in the
estimation. For this reason, we will use parametric and non-parametric estimates based on an
estimator of differences in spatial differences, such as those developed in Canavire, Duque and
Urrego (2016) and Chagas (2014).

Libraries play an important role in the cognitive development of the students who use them.
However, much of the analysis of the impact of libraries worldwide has been concentrated on the
use of libraries by the number of users, number of books, etc., leaving aside the impacts they may
have on the quality of education (Celano and Neuman, 2001). This project seeks to analyze the
impact of the implementation of library parks on the educational performance of students who are
in the vicinity of the parks and who have a high probability of attending them.

According to the Empresa de Desarrollo Urbano, “Library parks are Cultural Centers for
social development that promote citizen meeting, educational and recreational activities, collective
construction, approach to new challenges in digital culture. And they are also spaces for the
provision of cultural services that allow the cultural creation and the strengthening of existing

neighborhood organizations. This project promotes neighborhood, zonal and city improvement. It



transforms mentalities and becomes an engine of change for communities. For its quality, beauty
and contribution to the development, the library parks will become urban and architectural
references. The library parks are generators of opportunities for children, youth and adults, inclusive
places that dignifies its citizens.” (Empresa de Desarrollo Urbano).

Given these conditions it is expected that library parks will have different effects on society.
One of the most important effects is to improve the conditions and capacities of those individuals
who are under its influence. This should be reflected in higher levels of academic performance
given that there is scientific evidence that children and adolescents require high exposure to a wide
range of activities and high quality books in different subjects, categories and perspectives to
increase their levels of understanding and reasoning. Additionally, there is evidence of an increase
in the academic performance of students who are confronted with diverse and multicultural
literature so that children can identify themselves (Neuman, 2000).

Thus, the main objective of this study is to analyze if the implementation of library parks in
Medellin has had an effect on the school performance of the students in the surrounding areas. A
priori, it is possible to hypothesize that the greater the access to these parks, the greater the
possibility that the students use them and the higher their academic performance. It is also important
to mention that there are multiplicative effects (spillover effects) on the neighborhood or the
commune and society as a whole. Finally, it is possible to examine whether there are any
heterogeneous effects that allow the identification of the robustness of this type of interventions.

To estimate the effect of library parks on students’ academic performance, we designed an
evaluation model that considers the spatial distributions of students, the geographical location of
the library parks and the location of the schools they serve the students. Initially, we started with a
difference-in-differences approach that allows us to establish the effect of libraries on students’
school performance, conditional on factors, such as distance to school, migration parameters, and

parental education.
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The differences-in-differences approach, due to Ashenfelter and Card (1985), has become
very popular and is the basis for our study. In this context, the results for the two groups of two time
periods are observed. One of the groups contains students who have been exposed to the existence
of libraries in a nearby territory in the second period, but not in the first period. The second group
consists of students 6 The Impact of Public Libraries on School Achievement: The Case of Medellin
who are not exposed to libraries during any of the periods. For the case that concerns us, we will
use neighborhoods that allow us to make the estimation of the model and to contrast the robustness

at the individual level. In general, the difference-in-differences estimator is presented as follows:

yb, = Bo + B1dB + Sod2 + 6,d2 * dB + 11 @

where Y is the result of the tests, d2 is a dummy variable for a period after the implementation of
the libraries and dB captures the effects of possible differences between the groups. Additionally,
the interaction of d2 and dB captures the desired effect. We will use robust estimators to control for
heteroscedasticity.

Although the difference-in-differences estimator is adequate, we believe that there is a
possibility of spatial correlation. Following the approach of Chagas et al. (2014), a spatial model of
differences in differences can be estimated to quantify the effect of treatment in the treated area
(area affected by libraries), as well as the effect on neighboring untreated areas. This model divides
the common treatment coefficient into the direct treatment effect and the spatial side effects of the
untreated units.

We define the result associated with treated and untreated units prior to treatment. It is
important to note that spatial models consider that there is a relationship between geographical

units, enabling the spread of a particular effect:

-Uf)t,o = BX + 154 (2)
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(3)

b _ b
Yit,1 = Yit,0

where ybit;0 is the pretreatment outcome variable for the untreated units and ybit;1 is the result
before treatment of the treated units; X represents the set of independent variables. Then, assuming
the existence of a spatial impact on the untreated units caused by the treatment, it must depend on
the proximity of each unit to the treated units. This proximity is measured and defined using a
contiguity matrix, W. For the matrix W, different definitions can be used. Therefore, the outcome

for each group after treatment will be as follows:

Yiro = BX +wipdiy + puiy (4)

Yit1 = Yizo T @ (5)

The parameter _ represents the direct impact of the treatment in the treated areas, while represents
the spatial impact of the treatment. The treatment variable is denoted as dit, and wi represents the
column i of the contiguity matrix W. Then, defining an indicator, Dit, which takes O for the untreated

and 1 for the treated, we have the following:

Yit = (1 = D)yiro + Diryit (6)

After this set of definitions, we can calculate the corresponding effects we are looking for, the
treatment effects on the mean and the average treatment effect on untreated units (spatial effect of

treatment).

a b a b (7)
ATE = Ehf?'t,l — Yip1] — Ehfif,[l - .U?'t,o] =«
ATENT = Ely;; o — yl o] = wipdis (8)
In matrix structure, we have:
Y=AWY +3X +(a+ T Wp)D+U (9)
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where Y is the result variable of the analyses, D identifies the dummy variable of treatment, 1 is the
identity matrix, and U is the error vector. Then, using particular strategies of spatial econometrics,
the necessary parameters can be estimated. This model is just one particular case of the general
spatial model proposed in Elhorst (2014). The advantage of this strategy is that we can measure the
indirect impact of the treatment and then calculate the total impact, which we expect should be

much higher than the impact calculated without the spatial component analysis.

5. Data
The main source of data for this study was provided by ICFES. This database contains the
socioeconomic information of the students of the city of Medellin that presented the tests of the
state Saber 11. This test is directed to the students in the last year of High School. Information is
available from 2006 to 2014. However, in this research we are interested in specifically analyzing
some years that allow us to find short and long-term effects. For this we will take the years 2009,
2010 and 2013 as reference years. The most important data contained in this database is the result
that the student obtained in the different branches of knowledge on the test, which are Mathematics,
language, social sciences, philosophy, biology, physics, chemistry and English. The academic
performance information in the test is accompanied by a characterization of the students. The
database contains information such as age, socioeconomic status, household size, number of
siblings, occupation and education of the parents. It also contains features of the home such as
internet access, computers, and television, among other appliances. Finally, the database presents
information about the school, such as the study day, type of institution, and other relevant
characteristics of the educational establishment.

Table 2 present the summary statistics of our dataset. In this table, it is possible to identify
the characteristics of the students who took the test Saber 11. The data show that on average, the
students who took the test are 18 years old, live in urban areas and their socioeconomic stratum is

between level two and level three. Parents of these students, on average, have a professional
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education level and work as independent professionals, while mothers work as workers and their
level of education is on average technical. The average household of a student who takes the test
has a wage that is between two and three legal minimum salaries and has a computer, but not all
computers have an internet connection. On the other hand, the average student attends in the
morning or evening a public school of academic and technical character located in an urban area.
These characteristics are similar for all reference years showing only small variations in some cases.
For example, for the year 2013, the level of education of parents differs from the average behavior
mentioned above, since the average parents go from having a professional level of education to
having a high school education. In the same way, the average parents in 2013 are characterized as
workers but are characterized as independent workers in other years.

In addition, to completing the information of the people who took the test, coordinates were
generated that allowed us to locate the students’ homes, educational institutions attended and park
libraries. For each student, we calculated the distance between their home and the educational
institution they attended at the time of the test, the distance between the student’s home and the
nearest Library Park, and the distance between the nearest Park library and educational institution.
According to Table 3 the different measures of distance have a similar behavior for all reference
years, on average the distance between a home and the school is 13 km, while the distance between
the school and the nearest library is 12 km; finally, the shortest distance is the one between homes
and libraries; on average a home is 1.3 km from the nearest library. These results reinforce the
decision to take as a unit of measurement the individuals and their homes through the Coordinates
to know the location of their home. As mentioned at the beginning of this article, being exposed to

this type of structures can improve the skills of the students.
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Table 1
Saber 11 Average score test by topic and year

Year 2006 Year 2009 Year 2010 Year 2013
Variable Obs Mean Std. Dev. Obs Mean Std. Dev. Obs Mean Std. Dev. Obs Mean Std. Dev.

Language 24,670 49.44132  6.935455 27,109 46.85855  6.678676 30,355 51.11759  10.21235 26,795 48.46438  T7.975968
Mathematics 24,670 46.01445 8.73295 27,109 44.44924  9.831213 30,355 49.89941 10.43567 26,795 45.33682  10.78135
Social science 24,670 4599042  8.177727 27,109 45.20994  8.881729 30,35 50.40109  10.40337 26,795  44.9663 8.377853

Philosophy 24,670 47.82988  7.845662 27,109 41.38722  7.990526 30,355 49.67155  10.16298 26,795 40.49804 = 9.604928
Biology 24,670 47.07625  7.499611 27,109 45.66867  6.516779 30,355 49.89881 10.17166 26,795 45.10435  7.759346
Chemistry 24,670 44.87879  5.749865 27,109 44.82478  6.725775 30,355 48.63513  10.26798 26,795 44.63754  8.942339
physics 24,670  45.4568 7.513835 27,109 43.46385  7.546302 30,355 48.61098  10.30586 26,795 43.77309 = 11.21244
English 24,670 44.21779 10.28478 27,109 45.42879  11.08764 30,35 50.26948  12.25206 26,795 45.71644  12.21116

or D

or D

o v
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Table 2

Summary statistics of the covariates

2006 2009 2010 2013

Variable Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Father education level 10.60226 6.493786  19.01335 25.39343 19.21231 26.10397 5.015425 2.878807
Mather education level 11.75882 8.114972  14.91622 17.25386 14.35067 16.54227 5.001498 2.514565
father occupation 20.50353 4.889057  20.50338 3.710909 20.68397 3.5908818 8.643018 3.223217
Mather occupation 21.02821 3.076114  20.97466 2.702027 21.06982 2.663029 0.147922 2.886398
Internet 0.8031161 0.3979257 0.4551592 0.4979944  0.4898955 0.4999061 0.7163447 0.45078
Computer 2.592645 1.024268  1.777696 1.473973 1.837899 1.461335 0.8135295 0.4969372
Age 18.00927 4.52524 18.08158 4.578051 18.53977 5.347984 17.84568 4.570468
School location 2.968808 0.1813757 2.959328 0.2086301  2.962017 0.2025664 2.944209 0.2575252
School character 1.542643 0.9024458 1.495334 0.8033596  1.488618 0.8918011 1.500877 0.9045003
School day 2.910012 1.450191  3.020805 1.442932 3.017328 1.402317 2.960403 1.431043
School type 1.6233R89 0.4845459  1.631377 0.4824403  1.609982 0.4877621 1.62911 0.4830521
Socioeconomic status 1.367139  2.568047 1.08458 2.487467 1.070986 2.262849 0.8260021

2.97067
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Table 3
Average distances

2006 2009 2010 2013
Variable Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
School-Library  15.99688 242478 13.55501 290.3568 8.387 208.7739 12.65567 273.6039
House-Library  1.401241  0.8498126 1.372697 0.8699943 1.391179 0.851872 1.390578 0.836929
13.95036 273.8814

House-School  17.24255 243.1098  14.86932 290.6483 9.812222 209.0016

17



6. Results

To evaluate the impact of libraries on school results, it is pertinent to consider that library parks
opened in different years. Between the years 2006 and 2008, 5 libraries entered operation, while the
remaining four began work between the years 2011 and 2013. For this reason, the estimates for the
Saber 11 tests are divided into groups and show the progressive effect of the library parks on the

results.

Y, =00+ B =15+ Bo xt; + Xi 83 + (10)

The variable Ti takes the value of 0 if the individual belongs to the control group and takes the value
of 1 if it belongs to the treatment group. On the other hand, ti is a variable indicating the period in
which the test was performed, where t = 0 refers to the base year and t = 1 refers to the final year
used for the comparison. Finally, Xi is a set of covariates that contains characteristics of the student
and the school that can influence the result of the test Saber 11, which is the dependent variable Yii.

Table 4 presents the results of the estimates for the first set of libraries, that is, those that
opened between 2007 and 2008. The table presents the coefficients associated with the variable that
measures the effect of the intervention and its level of significance. As seen in the table, two periods
of time in 2009and 2010 were analyzed to show the differences that may exist when the library has
been operating in a territory for a longer time. As expected, most of the effects found in 2009 were
not significant except for the math test, where for the 200 and 300-meter specifications, it was found
that being treated increased the math score by 1.2 and 0.9 points.

On the other hand, in Table 4, when the specification is made for the year 2010, the math,
language and English scores have a positive and statistically significant effect. It is important to
note that now there are more types of tests that are positively impacted. This result could be related
to some of the purposes of the library parks, in particular encouraging reading and writing, skills
that may be on this type of test. Until now, significant and positive effects have been found in the

short term, with the tests of language, mathematics and English being the ones that have been most
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impacted by the proximity of students to the park libraries. As mentioned at the beginning of this
article, one of the main objectives of the construction of the library parks was that these places were
perceived by the community as places where they could meet and do cultural, social, pedagogical
and academic activities, such as those that help improve the skills necessary to do reading
comprehension exercises.

When we move on to the long-term analysis, it is important to mention that another library
has been included in the analysis, which implies a larger treatment group. Additionally, those that
were already treated by the proximity to the libraries already built have had more time exposed to
the treatment, so it is expected that in this longer time horizon, more evidence in favor of an impact
greater will be found than that found in the short-term situation. When modifying the restriction of
the opening year of the libraries and included in the analysis those that opened in 2011 the results
suffer variation. Table 5 shows how the coefficient that measures the effect of the intervention is
statistically significant for the Language test in all possible distance specifications that condition on
the formation of the control and treatment groups. As seen, in the long term the effect of the library
parks is concentrated on the scores in language, which is the only statistically significant difference
among all the subtopics that made up the test. In contrast to what occurred in the short term, where
the difference between the scores of the individuals who belonged to the group of treaties and
control was between 0.8 and 1.2 units, in the long term this difference increased between 3 and 5
points depending on the reference distance.

The fact that the results are statistically significant for the language test is not only striking
but also coherent with the objectives of the library parks, since these places have as main objectives
the use of free time and the meeting of citizens as mentioned by the urban development company
of Medellin. The urban development company of Medellin defines the library parks as cultural
centers of social development that encourage the meeting of citizens, educational and fun activities,
the formation of groups and the approach to new challenges of digital culture through multiple

spaces that libraries have, such as reading rooms.
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Table 4
Effect of Libraries Parks on Saber 11 test. Libraries build in 2007 and 2008

2009 2010
Language Mathematics Social science Philosophy Language Mathematics Social science Philosophy

200 mts 0.174 -0.003 0.4 -0.144 1.006 1.157 0.114 0.075
p-value 0.7322 0.9971 0.556 0.8325 0.1323 0.0744 0.8731 0.9144
300 mts 0.201 1.265 0.289 -0.09 1.109 0.835 0.641 0.761
p-value 0.5158 0.0061 0.4752 0.8124 0.006 0.0362 0.1126 0.0629
400 mts 0.39 0.977 0.599 0.546 0.998 0.631 1.264 0.886
p-value 0.0651 0.0021 0.0334 0.0296 0.0006 0.03 0 0.0031
Biology Chemistry physics English Biology Chemistry physics English
200 mts 0.445 0.066 0.45 0.439 0.496 0.188 -0.561 -0.295
p-value 0.4103 0.9007 0.3574 0.5482 0.501 0.7752 0.4123 0.674
300 mts -0.164 0.369 0.634 0.786 0.493 0.48 0.26 1.295
p-value 0.59 0.2367 0.0472 0.0804 0.2546 0.2591 0.5282 0.0037
400 mts 0.268 0.376 0.753 1.187 0.905 0.632 0.896 1.446
p-value 0.2023 0.0781 0.001 0.0005 0.0026 0.0335 0.0029 0
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Table 5
Effect of Libraries Parks on Saber 11 test. Libraries build 2007-2011

2013
Language Mathematics Social science Philosophy

200 mts 5.931 2.866 0.623 -0.781
p-value 0.0557 0.202 0.7898 0.6984
300 mts 5.055 0.39 -0.101 1.84

p-value 0.0105 0.8617 0.9527 0.2539
400 mts 3.406 -2.002 -2.02 -0.91

p-value 0.0095 0.1811 0.1599 0.6165

Biology Chemistry physics English

200 mts 0.35 -0.669 1.206 -2.122
p-value 0.8495 0.6681 0.5081 0.3397
300 mts -0.032 -0.232 -1.408 1.395
p-value 0.9831 0.8344 0.5799 0.6663
400 mts -0.552 0.745 -0.325 -0.281
p-value 0.7237 0.6031 0.8497 0.8784

7. Robustness: Placebo Test and Matching.

To identify the impact of the library parks of the city of Medellin on school
performance, this article implements a placebo test. So far, the positive effect of the library
parks on the Saber 11 tests for the language test under the long-term specification has been
shown. The objective of implementing this test is to show that the satisfactory results that
have been found are not given by patterns of increases in the scores of the language test across
the city of Medellin.

To generate the placebo test, we must create a false treatment group. For this we will
extend the distance that defines the treatment to 600 meters, 900 meters and 1.2 km. This
means that the groups to be compared are groups that in the previous specifications belonged
to the control group. What should we expect? If the library parks really have a significant
effect on the language section of the Saber 11 Tests, we should not find an impact under this
new specification. Put the opposite way, if we find a significant impact, that means increases
in language test scores come from sources other than the library parks. According to the

results shown in Table 6, there is no evidence of significant differences in the scores in the
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Spanish subject between the new control and treatment groups, thus reinforcing the results
obtained previously where it was found that being at a distance from the libraries parks had a
significant and positive effect on school performance in language. In addition to the placebo
test, matching methods were used to compare between individuals who have similar
characteristics and have presented the test in 2013, since this was the period in which the

most significant results were obtained.

Table 6
Placebo test

Language
600 mts 900 mts 1200 mts

Coeflicient  0.9777105 0.6426371  0.1069384
p-value 0.327 0.375 0.876

The Matching strategy consisted in estimating the likelihood of belonging to the
control group or the treatment group controlling for characteristics of the student, their home
and their school. That is, we wanted to find individuals who were very similar in their
characteristics to compare their average score in the language test, where the main difference
was that one of them belonged to the treatment group and the other to the control group.
According to Table 7, there is a significant difference between the language scores of those
students who belong to the treatment group and those who belong to the control group. As
the specification of the treatment depends on the distance from the Library Park, the
difference in the scores decreases, confirming the behavior shown in the estimates presented

above.

Table 7
Radius Matching with the maximum common support and calipers

Language
200 mts 300 mts 400 mts

Difference  9.22313596  5.48614861 3.11828992
p-value 0.00782199  0.0098662  0.0408644
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8. Discussion.

The main objective of this study was to analyze whether the implementation of library parks
in Medellin has influenced the school performance of the students potentially affected by
them, due to their proximity to the library. A priori, it was possible to hypothesize that the
greater the access to these parks, the greater the possibility that the students use them and the
greater the direct effects on academic performance.

In this study, we showed that the library parks of Medellin, places that were thought
of as cultural centers of social development, that encourage the meeting of citizens, provide
educational and fun activities, form groups, and approach the new challenges of culture
through digital media, have a positive impact on school performance as measured by state
tests Saber 11. There are statistically significant differences between students who are closer

to the library and those who are further away, specifically for language tests.
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