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Abstract

The new millennium brought with it a new challenge. Students reaching higher education
were not only greater in number, they were also less prepared than their predecessors. This
caused a sharp deterioration in the quality of the entire higher education system, which in
turn affected enrollment and graduation rates. Colombia faced this challenge with severely
scarce economic resources, but the Ministry of Education designed a plan to keep students
in higher education and eventually increased the overall enrollment rate from 20% in 2002
to over 40% in 2010. One of the tools used to implement this plan was the System for the
Prevention and Analysis of School Dropouts in Higher Education (SPADIES). This software
dashboard facilitates the collection, analysis, and visualization of student data. This paper
provides evidence that SPADIES was vital to achieving higher educational attainment outcomes
across the country. Using a differences-in-differences approach, I find that SPADIES reduced the
probability of dropping out by 1.2% (impact of 4.35%), increased the probability of graduating
by 0.6% (impact of 1.3%), and increased the probably of graduating on-time by 0.6% (impact
of 1.9%). I also find that the number of transitions (i.e. student status changes from absent or
dropout to enrolled) decreased 3.4% (impact of 48.4%), and the average duration of a student’s

gap in enrollment decreased 0.2 semesters (impact of 14.4%).



1 Introduction

The dropout phenomenon is one of the most costly and difficult problems in higher education. The
costs associated with not obtaining the degree - wasted resources (structural and financial)- the loss
of efficiency in connecting graduates with the labor market, and the opportunity cost to dropouts -
throws a stark spotlight on the need to reduce the dropout rate. Between 2000 and 2010, Colombia
faced the "Crowding cohort"lﬂ phenomenon when the children of the "boomers" started to enter
higher education, and this massive influx of less prepared students lead to a deterioration in the
quality of higher education institutions in Colombia (Herrera-Prada), 2013; [Ferreyra et al., [2017)) .

The population that reached higher education between 2000 and 2010 was bigger than before
because of demographic growth and the success of a policy to increase the secondary enrollment and
graduation rate. However, the structure of the higher education system was not prepared and was
essentially the same as it had been two decades ago |Orozco Silva et al.| (2006]); |Orozco Silval (2010).
These new students had high levels of both academic and economic vulnerabilities. On one hand,
these students faced academic vulnerabilities because the success of the policy that increased the
enrollment rate in mid-90s was based on promoting all the students to the next grade level without
any academic restrictions. On the other hand, the economic vulnerabilities stem from the fact that
the children of the baby boomers were facing the opposite financial terms than their parents. In
the 1970s, when the baby boomers were enrolling higher education, Colombia had an economic
boom from the coffee sector. But in the early 2000s, when their children started to arrive to higher
education, Colombia was suffering from the worst economic depression it had ever experienced (pre-
COVID) and from a failed peace process dealing with the oldest guerrilla group on the continent,
which created profound social-political turmoil (Lucio and Serrano, 1992; Bound and Turner, 2006},
Herrera-Pradal |2013)) and directed the use of scarce resources to military action.

Between 2002 and 2006, the Ministry of Education (MEN) designed a plan to improve educa-
tional outcomes in higher education and, specifically, to increase the enrollment rate by providing
these cohorts with additional financial and academic support. The primary strategy to respond to
the increase in demand was to use available resources from the public sector (mainly infrastruc-

ture), while at the same time creating a highly coordinated information system to track students

InCrowding cohort" is a phenomenon when there is increased demand for fixed or reducing resources. This term
was used for the first time in Bound and Turner| (2006).
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and improve the overall efficiency of the system(Orozco Silva, 2010). This is how the System for the
Prevention and Analysis of School Dropout in Higher Education (SPADIES) was born. SPADIES
was novel in its approach; it provided “real time” information about the enrollment, academic per-
formance, quality of peers, dropout rates, and graduation rates to authorities in higher education
institutions (HEIs), MEN, and the general public. MEN promoted the use of SPADIES to help each
HEI predict which students were at risk of dropping out, get their students’ complete academic pro-
file, and target those students with different types of assistance to reduce the dropout rate. HEIs
used three types of assistance: (1) academic assistance (e.g., tutoring or remedial classes), (2) fi-
nancial assistance (i.e.. scholarships), and (3) all other assistance, which ranged from food vouchers
and transportation to mental health services(Ministerio de Educacion Nacional, 2008, 2009} 2010).

This paper uses SPADIES data from 1998-2017 and tracks the college life paths of 4.4 million
students to evaluate the impact of SPADIES on educational and system efficiency outcomes. Using
a differences-in-differences approach where the treated are those students enrolled in an HEI with
SPADIES installed, I find that SPADIES not only reduced the probability of dropping out by 1.2%
(impact of 4.35%), but also increased both the probability of getting the degree by 0.6% (impact of
1.3%) and of getting it on-time by 0.6% (impact of 1.9%). I also find that the number of transitions
(student status changes from absent or dropout to enrolled) decreased 3.4% (impact of 48.4%), and
the average duration of a gap in enrollment decreased 0.2 semesters (impact of 14.4%). While I do
not find any effect of academic assistance on educational outcomes, I do find that public financial
aid is particularly useful in reducing the dropout rate, and private financial aid and the “other”
assistance category help reduce the probability of having a transition (stopping studying for some
period and then returning to continue). I find SPADIES was most effective in reducing the dropout
rate for low-income students. SPADIES increased the graduation rate, especially in certified HEIs,
and the on-time graduation rate in Bachelor programs. Finally, results suggest that certified HEIs
with SPADIES were better able to bring students back from absent status; and, the non-certified
HEIs with SPADIES were better able to bring back students from the dropout status.

The following section presents a review of the literature. Section 3 details the SPADIES program
design and the context in which it was created. Section 4 describes the dataset and variables. Section
5 presents the model specification. Section 6 discusses the results. Finally, Section 7 presents the

conclusions and policy implications.



2 Literature Review

In this section, I review the literature that provides a foundation for the chapter. First, I will
discuss the literature of the demand and supply sides for higher education, their implications on
quality, and the dropout analysis evolution. Next, I will present some specific papers related to the
Colombian context.

In 1999, the World Bank created the program "Education for All," in which one of the main
relevant objectives was monitoring more closely the educational indicators access, enrollment, and
quality. The idea was to implement some of the lessons learned from improvements in developed
countries’ Higher Education Systems in developing regions like Latin America and encourage the
governments to track the results and indicators.

The evolutionary globalization conditions have identified that formal education and, more specif-
ically, higher education plays a transversal role in the development and growth of human capital.
This function consists of providing individuals with the capacities and skills to enter into productive
sectors and boost social mobility (Becker, 1962). Given the importance of human capital formation,
complex dynamics are presented from the demand and supply conditions that end up in an unbal-
anced market due to barriers of access, low enrollment rates, excess of demand and/or supply, and
low quality (Epple et al., 2006). The discrepancy between supply and demand can be attributed to
several reasons, including the lack of public resources due to an unexpected increase in applicants
(Bound et al., 2009). Then, the growth of the demand raises problems such as resource allocation
and efficiency, attrition, late graduation or a lag in studies, and a decrease in the quality of the
education (Bound and Turner}, 2006)). Subsequently, institutional factors that may influence the in-
dividual’s decision to enroll or continue or not continue in a HEI, such as the quality of the peers or
the education received, and supports or services offered by the institution, are incorporated as a part
of cost-benefit analysis (Tinto, 1975} [1982; Bank et al [1990; |[MacLeod and Urquiola, 2015)). The
theoretical basis of the discussion around attrition is commonly classified into two strands: the first
one is the student’s integration or adaptation to the education system model (Tintol [1975] [1982)),
and the second one explains attrition as a set of conditions linked to the individuals’ socioeconomic
factors, such as family conditions or academic performance during school (Bean, |1980, 1985]).

Economists have tried to integrate these two models with cost-benefit analysis and with the



interaction of variables containing social, economic, individual, family, and institutional factors
(Cabrera et al., |1993). The analyses have not disregarded students’ academic performance, or the
level of education of their parents (Porto and Di Gresia, [2004); the individual characteristics of
the student such as their gender or marital status, or their poor academic performance at the
beginning of their academic life (Stratton et al., 2008); or their experiences after enrolling in higher
education (St. John et al., [2016)). The wide variety of studies also take into account how students’
lives changed when they were accepted into the system, how their new social role changed, and
how their interaction with their peers -and especially with their professors- lowered a student’s
likelihood of dropping out of school (Bank et al., 1990; Cabrera et al., [1996; |Portes and Salas| [2007;
Herrera-Prada, 2020)). However, the enrollment, the dropout and graduation rates, and the quality
of education depend on how students were sorted among HEIs; two main models developed by
Epple et al., 2006/ and [MacLeod and Urquiola, 2015| illuminate how this process happened. But
for this development, the information flow among agents was instrumental. Information provision,
data access, and data mining have been at the center of the agenda to improve both education
systems and their educational outcomes, especially in primary and secondary schools- over the past
25 years |Campbell and Levin (2009); |Asif et al.| (2017); Allende et al.| (2019); Kerr et al.| (2020]);
Unesco, (2020).

In Colombia, the first studies on attrition were developed in a very few HEI. For example,
Universidad Nacional de Colombia; (2007) study the lag, graduation rate, and dropout rate in the
most important public university. The authors demonstrate the relevance of including contextual
variables in the analysis. In general, they find that being a woman (especially 18 years old or
younger) constitutes a significant characteristic that positively impacts the probability of obtaining
a degree from any program. Financial aid or student loan programs decrease the dropout rate.
In this sense, it is important to stress that studies agree on the importance of including in the
public policy "Affirmative Action" programs, such as special admission mechanisms and alternative
admission through pre-university courses. These programs aim at improving students’ chances of
staying in higher education and, as a consequence, improving access conditions and social equity
(Sanchez et al. [2002). At the University of Antioquia, (Castano et al., 2006|) conducted a study
on the students of the School of Engineering and the School of Economics in the second cohort

of 1996. Using a duration model, including context variables, they found that being male, single,



and over 18 years old entails a greater risk of dropping out. They also found that living with their
parents, having a better academic performance, not working, having parents with a high level of
education, and being female decrease the risk of dropping out. The studies implemented in public
universities have initiated and addressed the State’s concern about the way resources are being used
in the educational system; since they understand the dropout phenomenon as a waste of economic
resources, human capital (professors and staff), and infrastructure (Cardenas| 1996; Cortes et al.,
2011; Facundo-Diaz, 2009)). Finally, at a national level, ICFES| (2002)found that household financial
conditions were the primary determinant for becoming a dropout student. However, Ministerio
de Educacion Nacional (2008) showed that the dropout rate’s main reasons were academic skills
(measured in the secondary exit test score -ICFES test-), the mismatch in the career choice and
skills, academic performance, and gender. Finally, [Herrera-Pradal (2013|) showed a decrease in the
graduation rate even though the dropout rate decreased in the whole country, explained by both

the "Crowding cohort" and the simultaneous increase in the time needed to graduate.

3 Context and Program Design

In this section, I present some facts and statistics about the Colombian context and the history

behind the creation of SPADIES.

3.1 Context

In the last 50 years, Colombia has experienced dramatic demographic changes, including massive
migration from rural to urban areas that brought both cheap labor and young people hoping for
opportunities of social mobility to the city. The new generations were eager to progress in a country
that was not prepared to provide them with adequate educational resources(Lucio and Serrano),
1992). In the mid-1990s, the lack of capacity in high schools was evident, but the government pre-
ferred enrollment to quality and allowed students to advance through primary and secondary school
without any academic restrictions. The promotion of students without restriction was successful,
as coverage and completion rates in secondary schools increased, but the skills and quality of edu-
cation significantly decreased (Herrera-Pradal, 2013)). The economic crisis of the late 1990s delayed

the inevitable: few Colombians made it to higher education, and those who did were likely to drop



out early in their studies. Colombia started to analyze the phenomenon in the early 2000s and
found that the main problem was the economic situation in students’ households (ICFES| [2002).
At that time, the nation’s gross college enrollment rate was 20 percent, one of the lowest in the
region(Ministerio de Educacion Nacional, 2010).

In the middle of a very tough scenario, MEN created a plan to respond to the increasingly low
qualified demand and the scarcity of resources. The plan was named "Educational Revolution".
Amagzing results came quickly as the enrollment rate jumped from 20% in 2002 to over 40% by the
end of 2010 and then again to over 45% by 2016 (Orozco Silva et al., |2006; Ministerio de Educacion
Nacional, 2010, 2017). The process was mainly backed by HEIs in the public sector since the
enrollment rate of private HEIs was basically zero or negative in the first half of the 2000s. For the
first time since 1974, the public sector got more students than the private sector(Orozco Silva et
al., 2006} (Orozco Silva, [2010). However, the phenomenon was even more exceptional if the growth
in the enrollment rate is analyzed. The pace of this growth was lower than the annual average
of the last 70 years (8.74%) (Orozco Silva et al., [2006). Then, the question that arises is: how
did this happen? The answer has two components: a steady growth rate of just over 6% per year
during the first decade and a simultaneous reduction in the number of students leaving their schools.
Basically, what seems to have happened in previous periods was a higher rate of enrollment but also
a higher rate of dropouts. So, the solution was to reduce the dropout rate. To do so, MEN created
SPADIES, thereby providing “real time” information about the enrollment, academic performance,
quality of peers, dropout rates and graduation rates, and a list of students at risk of dropping out
with their complete profile to be targeted in the correct aid they need, to authorities in the higher
education institutions (HEIs), MEN, and some of the main characteristics of the system and HEIs

performance indicators to the public.

3.2 Program Design

SPADIES is an information system conceived by MEN at the end of 2004. MEN commissioned the
Universidad de los Andes to create a software tool that would collect information on all students
enrolled in higher education and that would allow visualizations, statistical analysis, and the creation
of lists of students at risk of dropping out. One module of the system was public and allowed

students, authorities, and the general public to make visualizations and analyses comparing the



performance of HEIs or studying departmental or national aggregates.

When the first data were obtained, MEN’s concern was focused on understanding the factors
that determine dropout. Consequently, MEN and Universidad de Los Andes used the novel database
to estimate Duration Models and also conducted a focal group analysis across the country. The
results of these two analyses were later implemented in the software.

Once the database had enough information per HEI for the estimation of the models and the
temporal analyses of the cohorts allowed finding consistent behavior patterns among the students
who became dropouts, MEN and the Universidad de Los Andes visited each HEI to install the
software, explain the results, and train the staff on the software. The visits lasted between 4 and
6 hours. The participation of the President in the visit was optional, but the participation of the
academic vice-president, the head of the planning department, and the chief of the systems office
was mandatory. In the first part of the visit, the results of the national and institutional estimates
were presented. The second part consisted of the installation of the software in at least one of
the offices of the directors required during the visit. After the installation, the final part of the
meeting consisted of teaching HEI personnel how to use the tool to identify the population at risk
of dropping out. Because SPADIES has information at the individual level, each HEI could visually
analyze its population and generate a name list of students in different risk levels. The objective
was to use this list to target the different assistance types to avoid dropout in students who were

still enrolled. The assistance programs were sorted into three groups:

1. Financial aid (grants, scholarships, or any financial support that was not a financial instrument

like loans or credits).
2. Academic aid (free tutorials or remedial courses).

3. "Other type of aid" (any other free aid given to the student different from those reported as

financial or academic aid, such as mental health support, coaching, career selection, etc.)

At the national level and according to |Ministerio de Educacion Nacional (2008), the most vulnerable
population used to be males with low household income and low academic skills, mainly in Associate
programs or math-related programs.

Finally, between 12 and 18 months after installation, MEN and the Universidad de Los Andes

made one follow-up visit ("Accompaniment") to check the new outcomes and the correct use of the



application. In 2011, all institutions had the software installed, and all of them had their follow-ups
by the end of 2013. The Universidad de Los Andes was the consultant selected by MEN for the terms
2004-2011 and 2014-2017. Universidad EAFIT was in charge of the system between 2011 and 2013.
After 2011, consultants only made follow-up visits, provided support to MEN and HEIs, improved
the software, and developed research using the data for MEN. The consultants were required to
have a team of people dedicated to answering doubts and analyzing the information from each
institution. All the institutions had to have two delegates with permanent contact with MEN or
the consultant on a monthly basis.

Starting in 2008, MEN organized several contests on strategies to reduce dropout using SPADIES
as a mechanism to measure the dropout rate and to assign the prizes. Another important event
to remark is that the collection of information at the individual level since 1998 was a historical
milestone for many institutions—many of which were introduced to the digital world by SPADIES. By
the end of 2005, few institutions had electronic records; the Ministry’s information systems triggered
an arduous migration process from paper to digital records. By 2017, about 60% of institutions
were able to report their full data starting in 1998. SPADIES’ installation and training were not
randomly assigned because of the stark difference in the digital gap and quality of information of
each HEIL. Five rounds (2005-06, 2006-07, 2007, 2008-09, and 2010-11) were necessary to complete
the collection of each of the HEIs” information and add it into the system (The list of HEIs in each
round are shown in Figure 1). Each round corresponded to a new group of HEIs having their digital
records in shape in order to trigger the process mentioned above. However, there is no difference in
the assignation by the sex of the student, or the sector, quality, or region of the HEIs (Figure 2).
The fact that some HEIs are biased toward high score and high income students pursuing bachelors
degrees is evident; it is due these students’ that HEIs were more biased to be enrolled in the first
round because of their data quality. A time description of the composition of the HEIs (parallel
trends in covariates) by quality, location, sector, and level can be found in the online appendix.

Also in 2008, MEN required that HEIs include the official dropout rate measured by SPADIES
in the requirements for the quality certificate of programs. At the same time, a web portal was
created for MEN’s website so that the public could access to the main statistics aggregated per
HEIs or the full higher education system as, including characteristics of the population, dropout

rates, and graduation rates.
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4 Data and Variables

In this section, I describe the SPADIES database and its characteristics. In the second part, I
explain the variables that SPADIES uses, the program’s definitions, and the new variables I created
and included. In the final part of this section, I explain the final database used in the empirical

analysis.

4.1 SPADIES Database

The SPADIES database is consists of the merger of three sources: MEN’s National Information
System for Higher Education (SNIES) database, the Colombian Institute for the Promotion of
Higher Education (ICFES) database, and the HEIs semestral report.

The SNIES data is time-invariant and includes all the characteristics of the HEIs and their
programs. The ICFES data is time-invariant as it is collected during the Saber 11 exam at the end
of secondary school. The HEIs’ report updates the information about its students every semester.

SPADIES uses the life history approach to collect its data. It means that SPADIES only tracks
students who began college in 1998H1 or later. This paper uses SPADIES data from 1998 until

2017, about 8 million students. The dataset is an unbalanced panel per individual semester.

4.2 Variables

This subsection explains the variables that SPADIES has, how they are measured, and the new

variables I created.

4.2.1 SPADIES Time-Invariant Variables

All the ICFES’ variables collected during the Saber 11 exam include the Saber 11 exam score,
gender, year of birth, number of siblings, the position among siblings if they live in their own home
when presented the exam, household income, and the parents’ education level. The exam result is
an essential requirement to enroll in higher education, so all the students who enrolled in higher
education have a score; all the other questions are optional for the students. This information is
used for the students’ characterization and the empirical analysis in this paper. SPADIES uses a

standardized version of the Saber 11 test score. As the ICFES used a different score range over
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time in the Saber 11 test score, MEN required SPADIES’ developers to standardized the score by
assigning each student their percentile on the Saber 11 exam in the period the student took the
exam. The variable contains values from 1 to 100 depending on the student’s percentile. However,
I also created an additional dummy that takes the value of 1 if a student has a high score (above
66) and 0 otherwise. The MEN considers a high score when the value is over 90.

Gender is reported by the ICFES database and by the Freshmen report; SPADIES uses the data
from the ICFES, but in the case of missing values, it completes it with the data from the Freshmen
report. If both reports have no-data on gender, SPADIES runs an algorithm with a dictionary of
names to assign it.

The year of birth is also reported in the ICFES database and the Freshmen’s report. SPADIES
uses the data from the ICFES database and, in the case of missing values, completes it with the
Freshmen report’s data. In case that there are missing values in both databases, SPADIES looks
for the year in the identification number; if it is not found, the variable will be a missing value.

I use the number of siblings and the position among siblings as they appear in the SPADIES
database. I have created a new set of dummy variables that take the value of 1 if the student’s family
lives in their own house, the mother has a college degree or higher, and the household income is
above 3 minimum monthly wages, and 0 otherwise. SPADIES uses the data from the characteristics
of the HEIs and their programs reported by SNIES. The HEIs characteristics include the sector
(public or private), the category (Universities or Community Colleges), and their location. The
program’s characteristics include the level (bachelor or associate) and the field of knowledge.

Finally, SPADIES has a variable that qualifies the quality of the data reported per HEI. The
grade depends on the number of semesters reported and the details of the data reported per semester.
The grade could be A, B, or C; the highest grade is A. I created a dummy that takes the value of

1 in the HEI is qualified with A in the report as the cut of the database in 2017.

4.2.2 SPADIES Time-Variant Variables

SPADIES received three main reports per semester from each HEIL: Freshmen, Graduates, and
Enrolled. Each HEI also provides the students’ id, their academic performance, information about
financial or academic aid received, and the fields of study.

SPADIES looks for the students reported as Freshmen in the Enrolled report during every

12



semester until they are reported as Graduates; if the student is not found in the Enrolled report or
Graduated report, their status changes.
After multiple meetings between presidents of HEIs, government authorities, and other scholars,

the following statuses and definitions were agreed upon:

1. Graduated: SPADIES defines this status as a person who finished the coursework and earned

a degree from a higher education program. I divided this category into two groups:
(a) Graduated on time (those who graduated within one year of the expected time of grad-
uation).
(b) Graduated late (those who graduated more than 1 year after their expected time of

graduation).

Graduated late and Graduated on time encompass all individuals that graduated from higher
education. The expected graduation year was estimated as five years for professional programs

and three years for associate programs. So, Graduated = Graduated on time+Graduated late.

2. Dropout: SPADIES defined dropout as a student that has not been reported in the system

or Graduated after 2 or more consecutive semesters as of 2017.
3. Absent students are those who missed only one semester and are not reported as Graduated.
4. Active is any student taking classes as of 2017.

5. The student’s cohort is the year and semester (YYYY-SS) in which the student enrolled as

a freshman.
6. Freshmen students are those enrolled in their first semester in an HEI-program.

7. The time in the system is the account of semesters that a student is reported as enrolled; it
is not the number of semesters since the start of its cohort (e.g., the student could have been
absent one semester). SPADIES records a timestamp per semester in each student’s record

when it can find the student in the semestral enrollment report.

Therefore, every semester, the student’s time in the system, academic performance, and the report

of aid received are updated. The Status is assigned at the moment of the cut of the database; in the

13



case of this document, it is 2017. However, I created three new variables to measure the transitions.
I compare the time since they first enrolled in the college and the numbers of semesters reported
in SPADIES. If there is a difference, it means that they left the school, so if their current status is

graduated or active, it means that they have a transition. There are two types of transition:

1. Transition from absent, means that in a period “T” the student was “Absent” and in “T+1”
he became “Active” or “Graduated”. The dummy variable following these transitions takes the

value of 1 in “T+1” and 0 otherwise.

2. Transition from dropout, means that in a period “I” the student was a “Dropout” and in
“T>=3" he became “Active” or “Graduated”. The dummy variable following these transitions

takes the value of 1 when the transition ends and 0 otherwise.

Finally, I created the variable time gap of transition that counts the amount of periods during
each transition; in the case of transitions from “Absent”; it is always 1, but for the transitions from

dropout, it is always bigger than 2.

4.3 Final Data

SPADIES merges the time-invariant information from the ICFES database and the SNIES with
the reported data of Freshmen, Enrolled, and Graduates every semester. As in the definition of
Freshmen students, the individual is defined by a student who is enrolled in a program in an
HEI. Because SPADIES uses the life history approach, and I want to have periods with students
in all stages of their program (from freshmen to seniors), I only use data for students reported as
"Active" since 2002. Remember that to be an "Active" in 2002 means that the student was reported
as "Freshmen" in any year before (and including) 2002, and they should appear in the report of
Enrollment in 2002. After this change, the final dataset has information for 6.4 million students.

I created a dummy that identified the time when the student was enrolled in an HEI that had
SPADIES installed. As a participant in the Universidad de Los Andes’ team, I kept the record on
when each institution received the visit from MEN and Universidad de Los Andes (described in the
previous section); I use the semester of this visit as the start of the "treatment" of SPADIES on an

HEL
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I included the unemployment rate estimated by the National Department of Statistics (DANE)
by HEI’s department and year.

The final database is an unbalanced panel individual-program-HEI and time, including the
students’ gender, year of birth, number of siblings, the position among siblings, a dummy if their
family owns a home when they presented the Saber 11 exam, a dummy that takes the value of
1 if their mother has an University degree or higher and it is 0 otherwise, a dummy that takes
the value of 1 if their household’s income is higher than 3 minimum monthly wages and it is 0
otherwise, a dummy that takes the value of 1 if the program they are attending conducts to a
bachelor level degree and it is 0 otherwise, a set of dummies that take the value of 1 depending
on the area of knowledge of the program they are attending, a dummy that takes the value of 1 if
their institution is public and it is 0 otherwise, a dummy that takes the value of 1 if their HEI is
certified and it is 0 otherwise, a dummy that takes the value of 1 if their HEI is a main campus
and it is 0 otherwise, a dummy that takes the value of 1 if the data from their HEI is A and it
is 0 otherwise, a set of dummies that take the value of 1 depending on the HEI’s region (Bogota,
Valle del Cauca, Antioquia, and Atlantico), a set of dummies that take the value of 1 depending
on the round of implementation their HEI was included in the program, a dummy that takes the
value of 1 if the period of Enrollment is later than the starting time of the program in their HEI,
the unemployment rate by their HEI’s department and the year they were enrolled, the status in
the system, the transition from absent, the transition from dropout, the time gap of transition, a
dummy that takes the value of 1 if the student is a dropout student and 0 otherwise, a dummy that
takes the value of 1 if the student is graduated and 0 otherwise, and a variable that accounts the

number of transitions that a student had during their program.
[Table 1 about here.]

[Table 2 about here.|

5 Model specification

To measure the impact of SPADIES in different outcomes, I use the following equation:

Eq:1 Yit = Bo +ySPADIESy + BX i + €it
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where y;; is a dummy that, depending on the model, measures the dropout rate, graduation
rate, and transitions rate. In the case of Time gap, y;; is a continuous variable. The variable of
interest is SPADIES;; , and it takes the value of one (1) if the individual is enrolled in a HEI in
a period ¢t when SPADIES was already installed and zero (0) otherwise. The vector of controls X
includes time variant variables including academic performance, if the student received any type of
assistance (financial, academic o “other type”), the time that the student has been enrolled in the
HEI, and the departamental unemployment rate. This vector also includes time invariant variables
as a dummy for females, the year of birth, the number of siblings, the position among siblings, a
dummy if their family owns a home when they presented the Saber 11 exam, a dummy if their
mother has an University degree or higher, a dummy 1 if their household’s income is higher than 3
minimum monthly wages, a dummy if the program they are attending conducts to a bachelor level
degree, a set of dummies depending on the area of knowledge of the program they are attending, a
dummy if their HEI is public, a dummy if their HEI is certified , a dummy if their HEI is a main
campus, a dummy if the data from their HEI is graded as A by the MEN, and a set of dummies
depending on the HEI's region. «,.(; comprends the fixed effects by HEL

Finally, for the graph analysis, I use the same model presented in the Equation 1, but restricting
the sample to the individuals that belong to the groups of the time invariant dummies. Therefore,
I present the results of the variable of interest SPADIES;; for the sub-samples (in example: for

males and for females).

6 Results

The results section contains two parts: The first part presents a table with the general results of
the impact of SPADIES including the controls of the different types of assistance. The second part
shows the results for the coefficient of SPADIES from Equation 1 by different samples of student
characteristics in charts per output.

The main results (Table 4) show that SPADIES had a significant impact in all the analyzed
variables; in addition, the signs, including the controls, are the expected ones. SPADIES reduced
the dropout rate by 1.2 percent, which means an impact of 4.3 percent; increased the graduation

rate by 0.6 percent, an impact of 1.3 percent; and increased the on-time graduation rate by 0.6
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percent, an impact of 1.9 percent. The transitions collapsed due to SPADIES. The probability
of having a transition dropped 3.4%, an impact of 48 percent, while absentee transitions dropped
1.3%, an impact of 35 percent. However, the most significant drop was in transitions from dropout,
which declined 2.1% with an impact of 63 percent. The latter implies that HEIs retained more
students thanks to SPADIES and that the HEIs attracted students who were dropouts back to
school. Finally, the time gap for each transition decreased by 0.18 semesters, an impact of 14
percent.

On the other hand, as expected, the greater the number of semesters completed, the lower
the dropout rate, the higher the on-time graduation, and the greater the probability of having
transitions. The greater the ratio of failed classes on the total of classes took in a semester, the
greater the probability of dropping out and the lower the probability of graduating or on-time
graduation. Finally, the Transitions increase if the ratio of missed classes increases.

Regarding the types of assistance provided to students during their time in school, I find that
academic assistance had no impact. However, financial aid from HEIs and the other type of aid
reduced the transitions and the transitions’ time gap. However, public financial aid shows fascinating
results. They are highly significant, and their impact is similar to the results of SPADIES, only
except by the SPADIES result in the dropout rate.

Analyzing the impacts according to the students’ characteristics or their schools, SPADIES had
better results regarding the vulnerable population’s dropout rate (the main focus on the training)
-Figure 4-. SPADIES reduced the dropout rate, mainly for males with low household income and
low academic skills. The household income is the only variable with a statistical difference between
counterparts (i.e., High income, low income). Although the dropout rate has historically been
lower in public institutions, and these institutions received the largest number of people after the
expansion of the system at the beginning of the century, and thanks to SPADIES, they reduced
the dropout rate more than HEIs from the private sector. There is no significant difference in
the impacts according to the institutions’ quality, the program’s level, or the area of knowledge.
However, SPADIES was much more effective in HEIs outside of Bogota. In the case of the dropout
rate, all the variables are statistically different from zero. The most robust and most significant
effects in terms of dropout occurred in rounds 3 and 4.

As with the dropout rate results, the population that benefited the most in terms of graduation
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from SPADIES (Figure 5) was males with a low-income level. SPADIES had better results in
increasing the graduation rate for high-income individuals and high-quality HEIs (the only statistical
difference between the characteristics) in Bachelor programs and STEM programs. There is no
significant difference between the regions or the sector of the institution. Unlike the results in
dropout, the graduation rate results are not significantly different from zero in all cases. On the
other hand, on-time graduation (Figure 6) increased, mainly in low-income males in certified HEIs,
Bachelor programs, and STEM programs. SPADIES does not seem to impact on-time graduation for
Associate programs. HEIs from rounds 1 and 3 were the most effective in increasing the graduation
rate and on-time graduation thanks to SPADIES.

Transitions decreased mainly in institutions outside of Bogota; public, non-certified HEIs; and
in all rounds except round 5 -perhaps without much time in the database to evidence improvement-
(Figure 7). This last result is particularly relevant, as transitions from dropout at non-certified
institutions were reduced significantly more than at certified institutions. Interestingly, the results
indicate that high-qulity institutions avoided students becoming dropouts by bringing them back
from the absent status (Figure 8). At the same time, non-certified HEIs recovered them from the
dropout status (Figure 9). Finally, thanks to SPADIES, the gap time during transitions decreased
mainly in the non-certified HEIs in Associate programs (consistent with what I found in Figure
9) and in people with low academic skills outside of Bogot4d. Round 4 was the most effective in

reducing the number of transitions and its time gap. (Figure 10).

[Table 3 about here.]

7 Conclusions

The new millennium brought with it an interesting challenge - the children of the "boomers" ar-
rived to higher education. These new students were less prepared and had lower skills than their
predecessors, increasing the risk that they become dropouts(Ferreyra et al., |2017).

Colombia developed a strategy that would use dynamic system tools to respond to the challenge;
they called this strategy the "Educational Revolution" (Orozco Silval, 2010)). One of MEN’s tools
was SPADIES, a software application to collect higher education students’ data with a user-friendly

interface that would help institutions target at-risk students for anti-dropout assistance(Ministerio
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de Educacion Nacional, 2008). In fact, the requirement to participate in this “revolution” mod-
ernized the protocols and records from the HEIs that, when used with SPADIES’s tools, provided
information to the different agents in this market: authorities in MEN and HEIs, students, and
the public(Ministerio de Educacion Nacional, 2010). All the agents were able to know “real time”
statistics of the most important outcomes for the higher education system.

The flow of information was crucial; not only were HEIs receiving training about how to operate
the dashboard, but they were also informed about strategies and protocols that other HEIs were
using successfully to reduce the dropout rate. The HEIs were able to compare themselves to their
peers in the main outcomes. Students were aware of what was happening as the dropout rates were
more promoted in media, and these rates were also used in the promotion of the programs and the
HEIs. The students were also the main target of a variety of developed and targeted programs using
SPADIES. Thus, no matter the equilibrium model used the maximization of income or quality from
Epple et al| (2006) or the effect of the peers from |MacLeod and Urquiolal (2015]), the information
provided by SPADIES impacted the outcomes rates in my analysis.

On the one hand, in |Epple et al.| (2006))—where a set of HEIs maximize quality and other profits,
and the students attend them depending on their skills and financial capabilities—the students choose
where to study depending on the institution’s quality, the cost of the tuition, and the admission
policies. HEIs with high quality will have more selection, where selection can be by prices, admission
policies, or both. Reputation matters, so for high-quality HEIs, SPADIES will impact the selectivity;
HEIs will accept only those students with a lower risk of becoming a dropout student. For the
low-quality HEIs, SPADIES information becomes a benchmark for promotion to capturing more
students. Finally, students will attend HEIs where their chances of getting the degree are high
enough for their risk of becoming dropouts and the prices they paid.

On the other hand, the peer’s effect from MacLeod and Urquiolal (2015) triggered the competition
among HEIs, so they were more selective, increased the number of programs to provide aid to
students in risk, targeted their resources better, and traced their students better. One impressive
result is the reduction of transitions, and it is no-doubt due to the competition among HEIs peers.
Students also responded that they migrated to similar HEIs, where their peers had more efficient
programs to reduce dropout rates or increase graduation rates. The competition helped to reduce

the requirements to graduate, particularly in low-quality institutions, but the data I have do not
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allow me to track those students. Future research exploring the migration between HEIs would be
a substantial contribution to the literature. Analyzing how the increase in selection recomposed
the population within the institutions and how it affected students’ future income is an interesting
topic to address for future research.

My research shows that SPADIES not only resulted in higher student retention, but also higher
rates of on-time graduation and graduation overall. SPADIES achieved its primary purpose of
reducing the dropout rate for all types of students, and in particular for the population most at-risk
of dropping out - males with low household income and low academic skills (see Figure 4).

SPADIES reduced the probability of becoming a dropout student by 1.2%, increased the proba-
bility of graduation by 0.6%, and graduation on-time by 0.6%. A massive improvement in transitions
supports these relevant results. SPADIES reduced the transitions by 3.4%, where the major im-
provement was the reduction of the transitions from dropouts (2.1%) and the time students were
absent in 0.2 semesters (which means an impact of 14.4 percent). The transitions decreased mainly
in public non-certified HEIs outside of Bogota (Figure 7). However, results suggest that certified
HEI bring back students from the absent status, while the non-certified HEIs recovered them from
the dropout status. SPADIES reduced the gap time during transitions in the non-certified HEIs
for Associate programs (Figure 9) and in students with low academic skills from outside Bogotéa
(Figure 10).

Interestingly, I find that academic assistance did not demonstrate impact on any of the outcomes,
while private financial aid and the “other type of assistance” did result in a reduction in transitions
and in the duration of the transition time gap (see Table 4).

Finally, I find that SPADIES improved the higher education system’s efficiency because it helped
decongest a bulging student population. SPADIES helped more students to graduate and to do so
on-time. As a result, the quality of the system improved. By reducing the time it takes students to
graduate, SPADIES was gradually reducing the burden of overpopulation on HEIs, which helped
institutions better serve their students and serve more students. SPADIES served as a bridge to
bring information to students and HEIs about their students to mitigate the vulnerabilities of the
new population that were arriving into the system.

SPADIES was instrumental in breaking down the musical chairs game that was the higher edu-

cation system in Colombia. By providing information to agents in the market, SPADIES improved
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the system’s efficiency by changing the future of many students who would have otherwise dropped

out.
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Table 1: Students description

Variable Obs. Mean Standard
Deviation

Female 6,411,602  .506 5]
Year of birth 5,641,802 1988 7.96
Secondary test score 6,411,602 61.5 28.5
No. of siblings 4,201,498  2.05 1.49
Position among siblings 4,194,907 1.61 1.12
Live in their own home 4,194,907 .791 406
Mother with University degree or higher 6,411,602 .175 .38
Household with high income 6,411,602 .384 486
Bachelor level 6,411,602 .66 A74
Agriculture and Related 6,411,602 .018 131
Art, Architecture and Related 6,411,602  .039 193
Education 6,411,602  .087 282
Health Related 6,411,602 .07 255
Social Sciences 6,411,602 .176 381
Business, Economics and Related 6,411,602 .298 457
Theology 6,411,602 0 .003
Engineering 6,411,602  .289 453
Natural Sciences and Maths 6,411,602 .02 14

Source: ICFES-HEIs. STEM=Engineering+Natual Sciences and Math. Field of studies variables
from HEISs’ report.
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Table 2: Higher Education System data description

Variable Obs. Mean Standard
Deviation
Public institution 6,411,602  .421 494
High-quality certified institution 6,411,602  .289 453
Main campus 6,411,602  .654 476
Good data report 6,411,602 .959 .199
Institution located in Bogota 6,411,602 419 493
Institution located in Valle del Cauca 6,411,602  .067 .25
Institution located in Antioquia 6,411,602 .139 .346
Institution located in Atlantico 6,411,602  .058 235
HEI from 1 round of implementation including sub-locations 6,411,602 .261 439
HEI from 2 round of implementation including sub-locations 6,411,602 .181 .385
HEI from 3 round of implementation including sub-locations 6,411,602 .229 42
HEI from 4 round of implementation including sub-locations 6,411,602 .323 468
HEI from 5 round of implementation including sub-locations 6,411,602 .006 .076
Unemployment rate by department year 6,411,602 10.9 2.66

Notes: A good data report was an index that the MEN and Universidad de Los Andes created
to track the development of the indicators in the HEIs. The measure was done by grades A, B,
or C. SPADIES’ installation was performed when HEI reached "A" grade; the last wave included
the remaining HEIs. The grade corresponds to an evaluation of the full data submission (the
report for first-year students, enrolled, and graduated students since 1998). A low grade means
that the HEI reported a short run frame (e.g., since 2007) or did not report at least one of the
tables required (first-year students, enrolled, or graduates). The Unemployment rate from DANE

(National statistical office).
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