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RESUMEN

Se emplea una estrategia empirica de diferencias en diferencias con emparejamiento para de-
terminar el impacto del terremoto ecuatoriano de 2016 sobre el desempeiio de los estudiantes
graduados de secundaria pertenecientes a la region costa. Escuelas con caracteristicas sociode-
mograficas similares se vincularon a través de pareamiento por puntaje de propension para
garantizar el supuesto de tendencias paralelas requerido dentro de este contexto. Después del
shock, el efecto se distingue por afio y difiere segin la fuente de financiamiento de las escue-
las. Los puntajes estandarizados del examen de egreso de la escuela secundaria implementado a
nivel nacional (Ser Bachiller), fueron utilizados para cuantificar el efecto sobre el desempefio de
los estudiantes, asi como el ausentismo registrado. Debido a la redistribucion de estudiantes en
las escuelas, su rendimiento empeor6 en escuelas privadas y mixtas después del terremoto, sin
embargo, los estudiantes de las escuelas publicas, mejoraron levemente sus puntajes promedio.
El nivel de educacién de los padres es un determinante clave en la composiciéon demogréfica de
las escuelas después del terremoto. El absentismo sigue siendo insignificante, mientras que los
puntajes estandarizados se reducen significativamente en escuelas privadas y mixtas después de
2016. Este estudio proporciona evidencia de los efectos negativos potencialmente heterogéneos
sobre los desastres naturales en la acumulacion de capital humano.

Palabras clave: terremoto, examen Ser Bachiller, puntaje del examen, escuelas publicas, es-
cuelas privadas, escuelas fiscomisionales, absentismo, puntajes del examen



ABSTRACT

A matching difference-in-differences empirical strategy is used to asses the impact of the 2016
Ecuadorian earthquake on high school graduate student performance within the coastal region.
Schools with similar socio-demographic characteristics were linked through Propensity Score
Matching in order to guarantee the parallel trend assumption required in this setting. After
the shock, the effect is distinguished per year and differs according to the schools’ funding
source. The standardized scores of the nationwide implemented high-school exit exam (Ser
Bachiller) were used to quantify the effect on student performance as well as registered absen-
teeism. Due to educational sorting, student performance worsened in private and mixed schools
after the earthquake, nevertheless, students from public schools slightly improved their average
scores. Parental level of education is a key determinant in school demographic composition
post-earthquake. Absenteeism remains insignificant, while the standardized scores get signifi-
cantly reduced in private and mixed schools after 2016. This study provides further evidence of
potential heterogeneous negative effects of natural disasters on human capital accumulation.

Key words: earthquake, SB exam, exam scores, school performance, public schools, private
schools, mixed schools, absenteeism, exam scores
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1 Introduction

Natural disasters do not only provoke short-run economic crashes, but also generate
long-lasting effects on poverty reduction, urban safety, prosocial behavior, infrastructure devel-
opment, and educational attainments (Benson & Clay, 2003). There is no doubt that unforeseen
natural disasters cause permanent consequences in cognitive development and human stress
levels (Human Factors and Ergonomics Society, 2012). However, the mechanisms and changes
behind those negative shocks remain uncertain because they diverge depending on the type of
natural shock and people’s level of exposition. For instance, there is an ongoing discussion
about the magnitude of negative vs. positive social outcomes after an earthquake (Fergusson et

al., 2014; Filipski et al., 2019; Ripoll Gallardo, 2018).

In April 161 of 2016, an unexpected shock temporarily changed the lifestyle of thousands
of Ecuadorian students. An earthquake with a severe Mercalli intensity of VIII and a Moment
magnitude scale of 7,8 hit the country. Its epicenter was approximately 17 miles (27 km) from
Pedernales and Muisne, towns belonging to Manabi and Esmeraldas provinces, respectively.
The seism not only affected the Ecuadorian coast in a strong way, but also it was felt in the
Andean region. More than 10.000 people were injured, and hundreds perished. As this natural
disaster severely damaged infrastructure and the provision of public goods and services in the
region, it is natural to question the extent by which this earthquake affected schooling outcomes

of students directly exposed to such negative shock.

The most common response taken into action by governments is reallocation, hence public
policies and resource distribution play a key role during the seism’s aftermath. Understanding
the different effects produced by an earthquake is essential for developing countries due to the
universal and unexpected hazard vulnerability. Accidents can occur globally at any moment;
education can eventually be interrupted. Therefore, it is important to acknowledge the intensity

of an earthquake as a major factor when determining differences in youth development across
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the distinct geographical areas impacted by it. As a result, the research outcomes and conclu-
sions do not only result useful for Ecuadorian authorities, but also for risk and education policy

makers in terms of public policy design and prevention.

This research project focuses on identifying the causal effect of an exogenous natural dis-
aster in education through the educational test scores of the Ecuadorian national standardized
exam “Ser Bachiller” from 2014 to 2019. The key heterogeneity factors include global and per
subject exam performance and absenteeism. This study implements a matching difference-in-
differences (DID) approach to measure the effect of an earthquake’s exposure (a natural exper-
iment) on schooling outcomes. The students’ sample comes from a combined repeated cross-
sectional data that was obtained from 1) Ecuador’s National Institute of Educational Evaluation
(test scores and socio-economic mandatory survey) and 2) the National Geophysical Institute

(reports of the earthquake’s intensity per canton).

The quasi-experimental DID design was chosen because of its approach for obtaining the
causal effect of an exogenous intervention (the earthquake) within a population (senior high
school students), that includes treated schools that were the most affected by the earthquake vs.
control schools that were not affected. In this study, omitted variables changing over time and
the preexisting differences within the coastal schools before the 2016 earthquake represent an
empirical challenge. Both features may violate the parallel trend assumption required for the

DID estimator methodology and omitted variables may generate selection bias on the results.

To overcome the empirical challenge aforementioned, treated and control units are also
linked through Propensity Score Matching. The PSM technique constructs a more reliable
counterfactual (through a Probit model) using information gathered at cantonal level from the
2010 Ecuadorian National Census including school identifiers per canton. The matching aligns
most of the parallel trends of public schools, eliminates omitted variables fixed in time, and
reduces the bias due to cofounding variables. Still, some differences remain within the trends

of private and mixed schools.
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Regardless of the challenge previously described, the results show evidence of educational
sorting in public, private, and mixed schools after the seism. There are no significant effects
on the average exam scores and absenteeism rates in schools under the coastal regime at an
aggregate level. Differentiating schools per funding source helps to unmask heterogeneous
effects otherwise not evident. Students from non-public schools (private and mixed funded
schools) significantly worsened their global average performance 2 deciles relative to students
enrolled in public schools after the shock. Private school students significantly performed worse
in Mathematics, Language and Natural Sciences, while mixed school students performed poorly
in Natural and Social Sciences. Absenteeism of the SB Exam increased during the year of
the earthquake, although there are no significant differences in this outcome between public,

private, and mixed schools.

The mechanisms behind these results suggest sorting interpreted as positive selection to-
wards public schools of students coming from families with higher socio-economic status after
2016. When classifying schools per funding source, the causal effect of the seism on exam

scores 18 revealed.

The scheme of this paper unfolds as follows. Section 2 accounts relevant research about
the impact of natural disasters among different educational contexts. Section 3 describes the
Ecuadorian earthquake of 2016, the country’s educational system, and the consequences of the
shock on coastal education. Section 4 reports the sources of information, final data, sample
selection, and summary statistics. Section 5 explains the empirical strategy in depth. Section 6
discusses the main results of the model and its specifications. Section 7 analyzes the possible

transmission mechanisms. Last, section 8 concludes.
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2 Related Literature

This research fits in the literature that studies the effects of natural disasters on academic
performance. If there is an exogenous, unexpected event that impacts the economy, this reflects
on education, school dropouts, academic scores, and collective well-being. Several contribu-
tions suggest that exposure to natural disasters influences human capital formation (Baez et al.,
2011; Cuaresma, 2010; McDermott, 2012; Paudel & Ryu, 2018). Not only governments, but
also international organizations like the Asian Development Bank and the World Bank (2005)
have studied post-disaster effects for education policy making (Andrabi et al., 2020). Therefore,
authorities require this information, especially in developing countries with modest probabili-

ties of recovery from a natural catastrophe, to reduce the impact of natural disasters.

For this purpose, it is relevant to acknowledge the different effects between primary vs.
secondary education after unavoidable causalities. Regarding primary schooling outcomes, pre-
vious research has documented a negative link between natural disasters and academic scores
(Gibbs et al., 2019; Kousky, 2016). Children’s test scores certainly get worse after an earth-
quake; this is shown with a DID model (Sulistyaningrum, 2017). Between 6 and 12 years old,
social, cognitive, and in-class behaviour is found to be negatively associated after shocks like
floods, explosions, and hurricanes (Conteh, 2015; Imberman et al., 2012; Smilde-van den Doel
et al., 2006). Primary education is an important group which is left with long-term effects and

it is not analyzed in this study.

Secondary education is as important as primary education. After graduating from high
school, students may choose to integrate into the labor force of a society or continue their ed-
ucation in a tertiary level. Educational attainment on secondary schooling can be negatively
influenced by extreme climate change and natural disasters worldwide, in a significant way
(for evidence on this, see Espinoza et al., 2015; Hermida, 2011; Kim, 2010; Onigbinde, 2018;

and Santos, 2010). For example, school closings may be unexpected and during winter season
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exam performance may be marginally reduced (Marcotte, 2007; Marcotte & Hemelt, 2008).
Like the first results presented in this paper, Beaglehole et al. (2017) could not detect evi-
dence of school disengagement and lower academic grades after the Canterbury earthquakes.
This does not occur in higher education, where Di Prieto estimated a DID that shows that the
L’ Aquila earthquake altered factors as academic continuity, university access and house avail-
ability at L’ Aquila University, the shock reduced the probability of on-time graduation by 6,6%

on average (2018).

Inside the Ecuadorian context, Rosales-Rueda studied prenatal exposure to the “El Nifio”
phenomenon between 1997-1998 on children’s cognition, health, and capital formation, also
through a DID estimation (2018). Focusing on the repercussion of the 2016 Ecuadorian earth-
quake there is a qualitative analysis which covers basic to secondary schooling, proving in-
creased absenteeism of teachers and students (Medina, 2019). Accordingly, the study that most
closely relates in spirit with recent research on the impact of the 2016 Ecuadorian earthquake on
school attendance is Arias (2019). He points out that school enrollment dropped the following
academic year after the shock using a DID and a Tobit model approach. Nevertheless, his study
does not address changes in school cognitive achievement measured through an standardized
exam and does not acknowledge the potential heterogeneity effects across different types of

schools.

Definitely, there is no concluding evidence around the globe which determines that earth-
quakes have a significant negative effect on educational results because of national and world-
wide heterogeneity present among educational systems. This study demonstrates that in de-
veloping countries (i.e. Ecuador), natural shocks impact schools gradually depending on their
type of funding. Relative to other studies in which the effect of natural disasters is slightly
negative and non-significant, during the earthquake of April 16™ it is confirmed that it did not
affect students in the same way because of their different socio-economic backgrounds. This
research shows that the global effect in Ecuadorian schools is masked by certain socioeco-

nomic mechanisms which stroke schools heterogeneously through self-selection (sorting); it
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congested public schools after the seism and improved their average scores relative to private
and mixed schools as observed in the data. The evidence presented in this paper shows that
government intervention after a natural disaster is key in education and should be formulated
and implemented differently across all schools. In addition, the results are relevant because
investment in education is key for Ecuador’s future growth, development, and student access to

equal opportunities.

3 Background Information

One of Ecuador’s most destructive catastrophes occurred in 2016 and its devastating im-
pact in several areas of the coastal region is visible even to this day. Education, health, and living
standards are some of the institutional pillars that were affected by the earthquake which oc-
curred on Saturday, April 16™ at 18:58:34 local time, lasting 42 seconds. The magnitude of the
event was of 7,8 (Mw — moment magnitude scale) and its epicenter was detected at Manabi and
Esmeraldas provinces. Ecuador is a country located in South America and its educational sys-
tem differs among its geographical regions: Sierra, Coast, Amazon, and Galapagos archipelago.
The educational system handles 2 working calendars: coastal (beginning in April and ending
in January) and Sierra-Amazonia (from September to July), this research focuses on schools

operating during the coastal working schedule as it was the most affected by the earthquake.

3.1 The Ecuadorian Educational System

Education in Ecuador is managed and regulated by the Ministry of Education and schools
can be public, municipal, private, religious, secular, or bilingual; all are classified in accordance
to their funding sources. Ecuador’s program of compulsory education lasts 13 years. Students

complete their secondary education at 17-18 years old. The progressive school system culmi-
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nates with the obtention of a certificate or degree. Every educational entity has a school year
with a calendar, a curriculum, and educational fees defined by the Ministry of Education in ac-
cordance with the National Plan of Education which offers initial, basic, and secondary levels.

The supply of educational services is regulated and administrated by the government.

Schools can be managed by public authorities (fiscal, municipal, police, or military), sec-
ular, and religious congregations, or by private non-profit organizations. Private education aver-
age tuition ranges from $10 to $2000 per month depending on compliance with the educational
quality standards according to the Organic Law of Intercultural Education (LOEI, Art. 118,
2017). Mixed, municipal, police and military schools charge their fees from $8 to $300 depend-
ing on the approval of the National Educational Authority through the Ministry of Education as

stated by the LOEI (Ministerio de Educacion, s./f.).

This study analyzes the impact of the 2016 earthquake on high-school exit exam scores.
The “Examen Nacional Ser Bachiller” (SB hereafter), is a national standardized exam adminis-
tered by the INEVAL (National Institute of Educational Evaluation), established by the govern-
ment from 2014 to January 2020. Until January of 2020, the SB exam assessed proficiency in
cognitive skills on four academic subjects that a high-school senior needs to master in order to

obtain a high-school diploma.

The exam was also required for people seeking to enroll in tertiary education programs. In
2020, the “Examen Nacional Ser Bachiller” approximately determined a third part of the final
high school grade needed for receiving a diploma, while, previous to 2016, it only determined

one tenth of the final grade. Indeed, its relevance grew from 10% in 2014 to 30% through time.
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3.2 Impact of the Earthquake on the Coastal Educational System

The 2016 earthquake mostly impacted in the towns of Pedernales, Muisne, Portoviejo,
San Vicente, Jama, and Manta located at Manabi and Esmeraldas provinces within the coastal
region. From April 16™ to May 9" schools under the coastal calendar were closed, implying
that the instruction of roughly 120.000 pupils was interrupted. Three weeks after the catastrophe
only 75,5% of schools in the most affected zones still were operating (Arcos, 2016). The
remaining 24,5% were severely damaged and they could not resume their activities. More than
650 people died and over 17.000 people were injured. A foreshock of 4,8 Mw occurred 11
minutes before the earthquake, followed by more than fifty aftershocks in a day and more than

3.000 during the next week (El Comercio, 2016).

In 2015, Manabi and Esmeraldas were among the six provinces with more schools, 3.239
in the first one and 1.264, respectively. The average years of schooling in Esmeraldas were 9,58
and 8,66 in Manabi in 2014. After the earthquake, six out of twenty-four provinces were de-
clared in emergency (Esmeraldas, Manabi, Los Rios, Santa Elena, Guayas, and Santo Domingo
de los Tséchilas). An executive decree ordered that every public institution (mainly Armed
Forces, National Police, and Decentralized Autonomous Governments) of the most affected
provinces, “should coordinate and take action to avoid and prevent any safety risk and im-
prove the adverse conditions generated due to the disaster” (Secretaria de Gestion de Riesgos,
2016). Around 55.000 students returned to schools after a month of the seism and approxi-
mately 88.000 children were affected by the destruction of 119 schools and the severe damage
of 325 establishments (CNN Espafiol, 2017). As a result, the impact of the earthquake in edu-
cation might have been reflected on the SB exam scores taken by students from January 2017

onwards.
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4 Data Overview

To identify the causal effect of the 2016 earthquake on students’ high school exit exam,
the test scores must be available at the student level and the seism’s data must be accessible
before and after the exogenous shock. The SB exam data is available from 2014 to 2019 exam
years from the INEVAL (National Institute for Educational Evaluation) which is the government

agency in charge to design and implement the test nationwide.

In addition of global test results, the INEVAL database contains scores per academic sub-
ject, as well as students’ socio-demographic information. Before taking the exam, students
must complete the “Survey of Associated Factors” which tracks socio-demoghraphic informa-
tion at the household and student levels, such as parental education, ethnicity, gender, classroom
environment, culture, employment status, religion, etc. The survey has 100 questions that are
answered online; its purpose is to know the determinants that may influence on students’ exam
scores (INEVAL, 2018). The shock and its effects can be observed on the years following the
earthquake, after January of 2017, and the 5-year data allows us to standardize the exam results
and adopt a matching difference-in-differences approach to identify the impact of the seismic

event on the high-school exit test scores.

The second dataset was compiled by the British Red Cross from Ecuador’s “Instituto Na-
cional Geofisico — EPN” (National Geophysical Institute of Ecuador), which is the institution in
charge of measuring the intensity of Ecuador’s seismic and volcanic activity. It mainly presents
data regarding to the earthquake’s intensity per canton containing values in moment magni-
tude scale (beginning at 0 and ending in 10 Mw points, approximately). Then, these values
these were classified into a dichotomic variable that in equivalence with the moment magnitude

scale, takes the value of “0” for less than 6,9 and “1” for more than 7 Mw.
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4.1 Sources of Information and Sample Selection

The sample is a combined repeated cross-section from two sources. The Ser Bachiller
2014-2019 dataset that comes from the Instituto Nacional de Educacion Educativa (INEVAL,
2020). It is a micro-level data downloadable from the INEVAL website with 1.344.415 students
who took the exam between 2014 and 2019 at the end of their 13™ year of education. The SB
national standardized exam was taken online or on paper (cellphones and calculators were pro-
hibited) and it evaluated 4 main subjects (Mathematics, Social Sciences, Language and Natural

Sciences).

The first two exam years the “Ser Bachiller Exam” was administered (2014-2015 and
2015-2016) it included 129 questions and it represented 10% of the final graduation grade.
During the next three academic cohorts, the exam included the field of abstract reasoning, the
questions increased to 155 and it represented 30% of the final graduation grade. The exam was
taken at student’s individual level and in this research, it is used to determine the earthquake’s

impact on student performance under the coastal education regime.

Until 2016, the students received a single test score of the Ser Bachiller. This graduation
exam was graded in a scale from 400 to 1000 points (minimum 700 required for approval), and
it was a requisite for a higher public education application and acceptance. To validate this
exam as 10% of the final grade, the exam score was converted on a scale from 4 to 10. During
the next three exam years included in this dataset, the students received two differentiated test
scores that came from the Ser Bachiller national standardized exam: the first one was a partial
note needed for a postulation to the public higher education and graded in a scale from 400 to
1000 points (minimum 700 required for approval), and the second was its conversion to the final
graduation exam score from 4 to 10 with a ponderation of 30% of every student’s final grades

(INEVAL, 2020, p.7). In this study, the exam scores are standardized.
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The duration of the exam was 150 minutes and disabled students were given 210 minutes.
Every student enrolled in an Ecuadorian school had to take the SB exam a month before their
graduation, ending high school. Students under the coastal regime took it in January and the
exam scores were posted in February through an online platform. During the academic years
covered, the number of thematic groups and evaluated topics changed in each subject. Even
though the exam was modified after the second academic year, the difference-in-differences
estimator eliminates these changes because the central specification of this study, exploits vari-
ation across time and cantons in earthquake exposure. Thus, any nationwide change in the exam

can be accounted by the inclusion of fixed effects per exam year.

It is important to mention more deeply the topics evaluated inside the main five fields.
Abstract reasoning refers to the student’s capacity to structure and organize thoughts logically.
The subjects evaluated in Mathematics were algebra, functions, geometry, measurement, statis-
tics, and probability. In Language and Literature, the questions focused on Spanish language
and culture, oral communication, lecture, writing, and common literature. For Natural Sci-
ences, the areas of human body, health, chemistry language and action, force and movement,
energy conservation and transfer, earth and the universe, living things evolution, cellular and
molecular biology, and animal and vegetable biology were evaluated. On Social Sciences, the
global knowledge focused on the origins and primary cultures of humanity, the medium and
modern ages, miscegenation and liberation, work and society, citizenship and rights, modern
democracy, democracy and the construction of a pluricultural state, the state and its organiza-
tion, argumentation, and construction of the logical oral and written speech, the individual, and
the community (Cofre et al., 2020, p.9). The SB exam was calculated by counting the number of
correct answers, then this number was divided by 80, the result of this division was multiplied

by 600 and sum 400 points that the INEVAL assigns automatically (Educar Plus, s./f.).

To evidence the impact of the earthquake on the SB exam scores, the first dataset was com-
bined with the earthquake damage and the severity index, publicly reported by the British Red

Cross Maps Team on April 18th, 2016. It was a census collected by Ecuador’s National Risk
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and Emergency Management Service (Servicio Nacional de Gestion de Riesgos y Emergencias,
2016) through the National Geophysical Institute in real time of the event. The National Geo-
physical Institute objectively measured the seism’s intensity using peak ground vertical acceler-
ation, known as PVA which presents an earthquake’s ground shaking scale (Seismic Resilience,
s./f). It includes 1.040.829 observations and the data matches with the exam scores at 71,42%
of all national schools during the studied period. Four cantons are not included in the severity

index: Las Golondrinas, Manga Del Cura, El Piedrero, and La Concordia.

Regarding our sample selection the dataset focuses on the students educated under the
coastal calendar attending to schools in the Coastal region for three reasons. First, schools
located in both the Sierra and Amazonia regions were unaffected. Second, the academic calen-
dars differ among regions. Nonetheless, this method differentiates the effect between students
attending school within the most affected coastal provinces (above 7 Mw) in comparison to stu-
dents of the coastal provinces less affected (below 7 Mw). Third, in the Sierra region, the exam
scores are on average superior relative to the coastal region. While the Sierra students obtained
an average of 700 points over 1000, the Coast students got an average of 600 points over 1000
from 2012 to 2016 (El Universo, 2017). Thus, the differences among regions and cantons are

not due to the seism, but to socio-demographic factors and cultural differences.

The unit of observation is a student-exam year combination. Independently from the
school’s type of funding, every student took the exam as a requisite for graduation and as an
option to enroll at a public university. It may be useful to consider that the unit of observation
refers to students within schools that 1) operate under the coastal school calendar from 2014
to 2019, 2) are located at the cantons of the coastal region, and 3) were linked based on their
canton and student socio-demographic background. The final repeated cross-section dataset

contains 1.336.270 observations from the earthquake and the SB test scores.
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4.2 Common Trends

The main challenge of constructing the DID model is that the cantons or zones where
the earthquake had a higher impact of more than 7 Mw are not completely comparable with
the cantons where it was not strongly felt, and these differences persist even before the seism.
To overcome this issue, a Propensity Score Matching (PSM) is run with socio-demographic
variables obtained from the 2010 Ecuadorian Census to match schools per canton in control and

treatment zones that are relatively similar before the shock.

The PSM was obtained through a Probit regression that classifies the treated and non-
treated schools in accordance with the socio-demographic characteristics of the schools during
the first two years of the repeated cross-section. As a result, the Probit uses PSM to choose
treated and non-treated schools weighted by their socio-demographic characteristics. The data
includes school identifiers that result in a matched sample and it is complied with the original
database, obtaining: 1) a non-restricted sample 1720 schools and 2) a restricted and matched
sample with 156 schools. The PSM generates average results by year, treatment, and funding
conditions. Even though the resemblance is not entirely satisfactory due to the PSM assumption
that the treatment assignment must be based on observable characteristics, it is easier to perform
an analysis using schools that satisfy the common parallel trend assumption. Thus, the schools
may not seem comparable at a global level but the differentiation between public, private, and

mixed funding lets a comparison within groups.

In Annex A, figures 1 to 20 in panel (a) show the trends of the variables of interest for
public (71,78%), private (20,48%) and mixed schools (7,74%) classified by their funding source
without the Propensity Score Matching. On the contrary, panel (b) of the same figures shows the
matched sample through the Propensity Score Matching of the variables of interest for the three
types of school. These variables include the main SB global exam score, scores per evaluated

subject, the students’ decile performance, average number of absent students and the percentage
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of absent students.

Regardless that the graphs shown on column (b) do not show a perfectly matching com-
mon trend in every selected variable, the PSM allows us to implement the difference-in-differen-
ces empirical strategy. For instance, the estimator will show the effect of the earthquake on the

SB Exam scores in order to explore the mechanisms behind these results.

4.3 Summary Statistics

Tables 1 to 4 present the summary statistics for the unmatched sample and the (PSM)
matched sample used to estimate the model’s results. The tables are split between outcome
variables (Tables 1 and 3) and control variables (Tables 2 and 4). Every table details the mean,

standard deviation, and the maximum and minimum values for the variables of interest.

In tables 1 and 2 it is shown that the unmatched sample includes a total of 663.105 ob-
servations vs the PSM matched sample with 51.468 observations. Furthermore, tables 3 and
4 are important in order to differentiate the observations prior the earthquake “Before” versus
post-earthquake “After”. The Before group shows a larger composition for the standardized
SB Exam Scores, performance, absence and control variables (e.g. number of female students,
schools’ economic attributes, parents’ education, students’ interpersonal performance) relative
to the After group. Under the matched sample, the treatment group shows that, on average, the
standardized SB Exam Scores are higher, more deviated, and with a shorter range of values after

the seism. On the contrary, absenteeism increases after the shock in comparison to the Before

group.

Regarding school and students’ characteristics, in the PSM sample of interest, fourteen
variables that make the results more comparable between the Before and After groups are listed.

Post-earthquake there are less students belonging to ethnic minorities, whereas a female in-
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crease of students is noted. Most of the conditions of the school facilities were not affected
except for the internet availability which worsened and some interpersonal abilities also im-

proved.

The PSM sample and the inclusion of the control variables presented in tables 2 and 4 in-
tend to reduce the gap between the control and treatment groups through fixed effects in the DID
empirical strategy. The main concern of this study is the contrast between schools’ institutional
conditions prior to the earthquake. However, the model states three specifications controlling
the differences through the PSM sample with the purpose of identifying the earthquake’s effect

in the SB Exam scores, ranked performance and rate of absenteeism.

S Empirical Strategy

This research focuses on measuring the impact of the 2016 earthquake on the SB exam
results of students in the coastal region, before and after the seism. For this purpose, the chosen
empirical strategy is a matching difference-in-differences (DID) model which overcomes the
concern for omitted variables. “It is popular in empirical economics, to estimate the effects of
certain policy interventions and policy changes that do not affect everybody at the same time
and in the same way” (Lechner, 2010). The data meets almost all the requirements of the model
because the exam was taken pre and post-intervention (a repeated cross-sectional data followed
through 5 years at individual exam scores level). Both differentiations and the PSM eliminate
most of the bias generated between the control group and the treatment group as well as time
or trend divergence. The causal effect of the treatment group will be obtained with adequate

controls.

The main identification assumption of the DID model is that in absence of the natural

disaster shock, in this case, the earthquake, trends on outcomes for treated and control units
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would have exhibit a parallel evolution throughout the period of study. Each regression is run

for the eight variables of interest mentioned previously.

The baseline matching difference-in-differences model specification implemented is:
Yiser = B(Treatede; - After) + 8+ 0 + (As-t) + Xif ¥+ Eisers (1)

in which Yjs. stands for the SB global and per subject standardized Exam scores or absenteeism
rates for i student of school s located at coastal canton ¢ during exam year ¢. & and o are
fixed effects by school and exam year, respectively. Treated.; is a dummy variable that takes
the value of zero for schools in the control group and the value of 1 for schools in the treatment
group (10 particular cantons and several schools where the earthquake was about 7 Mw or
more). After; is a dummy 1 if the school year is “2016-2017” onwards and zero otherwise.
The interaction term (Treated,; x After;) is included to estimate the variation of the SB Exam
scores and absenteeism that causally occurs due to the earthquake’s impact since the 2016-2017
school year, it is the average treatment effects on the treated group (ATT). XitT indicates a set
of control variables at school and student level so there is no multicollinearity and & is the

standard error term at student level.

To account for the dynamic evolution of the effect, an alternative specification is:

Yiser = i Bi(Treated, - (Year =1t)) + 8 + 0 + (As 1) + X1 v+ €iser, )

73
The purpose of this equation is to prove that the differences between control and treatment
groups before the earthquake are not significantly different from zero in the first two exam years.
B; estimates the effect of the earthquake in four different exam years, relative to the academic
cohort 2016-2017, where ¢ stands for 2014-2019 exam years. Nevertheless, this assumption
is non-significant after the shock and so, a third specification is formulated; an heterogeneity

analysis to explore the differences of the effect between public, private, and mixed schools.
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The following specification accounts for heterogeneous treatment effects per type of school:

Yisce = Bo(Treated.-After,) + Bi(Treated, - After; - Types) 3
+ 8+ 0 + (Ag 1) + XF 7+ €iger.

Equation (3) includes the dummy variable Type, that takes the value of 1 when schools
are private or mixed, respectively (51.468 observations in total). Schools are classified by their
funding source and the reference group is public schools. f; measures the differences of the
impact of the seism on the student’s exam scores by comparing private and mixed schools with

public schools.

6 Results

Tables 5 and 6 present all results on the eight outcomes of interest using the DID with the
PSM for all three specifications. A set of time variant student attributes is included for a more
precise estimation of the earthquake’s impact on the test scores and absenteeism. On average,
public schools were not affected (they performed better than private and mixed schools) and
had a positive and non-significant impact probably due to mechanisms of positive selection
post seism, this will be tested in the next section. At an aggregate level, most of the results
of the studied variables are positive and non-significant, but when desegregating schools per
funding source, in specification (3) it is noted that the earthquake had a negative and significant

effect for private and mixed schools.

Private schools were the most negatively affected on the global SB Exam scores (5% sig-
nificance), likely because their student composition was altered. In Natural Sciences, negative
and significant effects are found for private and mixed schools. Mixed schools performed worse
in Social Sciences (10% significance). Regarding general rankings, students from private and

mixed schools obtained approximately 2 deciles on average less relative to students from public
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schools. There are no relevant results for absenteeism and the percentage of absent students.

6.1 The Effect of the 2016 Earthquake on the SB Global Exam Scores and

Absenteeism

In this section, the standardized exam average (1), performance decile (2), number of
absent students (3), and the percentage of absence (4) of the SB Exam are explored via the
three specifications alluded in Table 5. Again, the first specification shows a positive and non-
significant effect after the seism in (1), (2), and (4). There is a slightly and non-significant
decrease in the number of absent students (3). Succeeding the earthquake, the percentage of

absent students dropped and had a non-significant effect shown in column (4).

Accordingly, specification (2) differences the effects per academic year and also, shows
the same positive and non-significant results two years after in columns (1) and (2), meanwhile
two years before the earthquake presents a negative and non-significant effect in (1) and (2).
Following the year of the natural disaster, students improve their average standardized SB Exam
score in more than 2,30 deciles relative to the year of the earthquake. Specification (2) also
reports non-significant effects for the variables displayed in columns (3) and (4). The exam
years before and after 2016-2017, the number of absent students per school and the percentage
of absence of students taking the SB Exam was less than in 2016-2017. During this scholar

period, the percentage of absenteeism reached its highest with a negative non-significant effect.

However, specification (3) includes more interesting outcomes for public, private, and
mixed schools, taking public schools as reference group. The earthquake has negative and
statistically significant effects on average standardized scores and performance decile of the
exam taken at private and mixed schools. Students from private schools averaged 0,824 SD less

than public schools students (5% significance). Private and mixed schools performed worse on
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the SB exam obtaining on average 2,43 deciles (5% statistical significance) and 2,85 deciles
(10% statistical significance) less than public schools, respectively. The impact of the shock
was very high in terms of magnitude, approximately, 2 points less on average over a 10 point

test.

Notably, the results of specification (3) in absenteeism are also positive and non-significant
after the exogenous event, this indicates certain desertion mechanisms, yet not a remarkable
difference among schools. Private and public schools decreased their percentage of attending
students taking the SB Exam after 2016-2017, on the contrary, mixed schools increased the
number of attending regular students in comparison with students from public schools. Column
(4) shows a higher and non-significant increase of absenteeism for public and mixed schools.
All schools approximately had the same volume of absenteeism, apparently the differences
between their results are indistinguishable from zero. The SB exam performance decile and
average SD coefficients report variation in a significant magnitude, still there are no important

differences in the exam’s percentage of absenteeism and number of absent students.

6.2 The Effect of the 2016 Earthquake on the SB Exam Scores per Subject

Scores per subject were also standardized. Columns (5), (6), (7) and (8), of Table 6 show
results per subject including: Mathematics (5), Language (6), Natural Sciences (7), and Social
Sciences (8). The first specification demonstrates that at a global level, the earthquake had a
positive but imprecise impact on the standardized test scores per subject. Actually, after the
shock, Natural Sciences and Mathematics standardized scores of the SB Exam were the most

improved for all of the students under the coastal education regime.

In specification (2), the conclusion is similar to the one of the previous specification.
Analyzing the effect per year, relative to the year of the earthquake, shows again, a positive

and non-significant impact during the aftermath. Mathematics is the subject with the greatest
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standardized score increase one year after the event and Language gets the higher raise a year
succeeding that. In contrast, some parallel trends are violated two years before the seism,
Natural Sciences standardized scores were worse with a significance of 10% and approximately

0,220 SD less than in 2016-2017. Thus, the third specification must be studied more thoroughly.

For the last specification, the goal is to measure how heterogeneous is the change of the
SB standardized scores between public, private, and mixed schools after the earthquake year.
The baseline group is compared with private and mixed schools. The results suggest that the
earthquake had a significant and negative impact on average in private schools for Mathemat-
ics (5% significance) with 0,711 SD, Language (5% significance) with 0,564 SD and Natural
Sciences (1% significance) 0,877 SD less than what students from public schools obtained.
Meanwhile, for mixed schools the shock had a negative and significant impact on average of
Natural Sciences (5% significance) 0,912 SD and Social Sciences (10% significance) 0,872 SD
less relative to public school students. Mixed schools were not affected in (1) an (2) likely

because they are the smallest group of schools in the sample.

Although, public schools still present a positive and non-significant increase on all four
evaluated subjects, this does not necessarily suggest that these schools improved their teaching
practices or other determinants of student’s performance. If the performance of public school
students had improved, the coefficients would be significant. They increased their scores due to
a global student recomposition which brought students from private and mixed schools into the

public school system.

7 Potential Mechanisms

After discussing the main results, it is important to analyze the transmission mechanisms

that may have mediated the heterogeneous effects aforementioned. At a global level, the earth-
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quake had no significant impact on the SB Exam scores, but when schools are classified based
on their type of funding (public, private, or mixed schools), non public schools were relatively
harmed by the seism. Why private and mixed schools performed worse on the SB Exam relative
to public schools? Are there any predetermined characteristics at student level that have a pos-
itive or negative association with school performance? In order to answer these questions, the
next step is to measure the correlation of key predetermined socio-demographic factors at the
student level that influence test scores. Statistical differences in these attributes across different

types of schools, may indicate the presence of educational sorting.

Furthermore, specification (3) is restated to test positive selection. The variables of inter-
est are the following dummies: students belonging to an ethnic minority group (1 for students
identified with ethnic minorities and O if not), students’ gender (1 if the student is female and 0
for male students), and students’ mother highest level of education (1 if the mother has reached
third-level or more education and O for the opposite). These regressions focus on the differences
in student composition per school to quantify the changes in test scores that depend on student

socio-demographic background.

Table 7 presents the results for this section. There is a broad field of literature that studies
the impact of ethnic diversity on student school performance and achievement. Vast research
shows that an increase of ethnic diversity in schools leads to better performance (shown by
Braster & Dronkers, 2015; Dronkers & van der Velden, 2013; Maestri, 2016), while (Angrist
& Lang, 2004; Hanushek, Kain, & Rivkin, 2009), suggest the contrary and find no remarkable
differences. In this context, column (1) shows that the percentage of students belonging to ethnic
minorities fell in public schools, while it increased in private and mixed schools. Although the
effects are non-significant for the three types of schools, there is evidence of an increase in the
number of ethnic minority students in private and mixed schools, both performing worse in the
evaluated subjects relative to public schools. Although this feature is not significant, the signs
of the coefficients align with the hypothesis that an increase in ethnic diversity, leads to inferior

performance.
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In column (2) of table 7 women’s participation is the second determinant taken into ac-
count as a potential mechanism. The gender gap is a relevant factor when analyzing student
achievement. Studies reveal that boys perform better in STEM, while girls perform higher in
reading and language (to name a few, Bacharach, Baumeister & Furr, 2003; Cobb-Clark &
Moschion, 2017; Tsai, Smith & Hauser, 2018; Han, 2016; Glenn E., & Swanson A., 2010). Al-
though in recent years, mainly in developed countries, there is evidence that the gap is closing
slowly (Autor et al., 2019; Cabeza-Garcia, Del Brio & Oscanoa-Victorio, 2018). After the SB
Exam, there were less female students in public schools and this difference is non-significant.
On the contrary, in private and mixed schools, women’s SB Exam participation increased in
1% and 10.6%, respectively. The effect on mixed schools has a 10% level of significance after
the earthquake. These results clearly suggest the existence of gender gaps in some evaluated

components of the SB test present in Ecuadorian mixed schools.

In particular, column (3) shows the key determinant that may thrive the relationship be-
tween the SB exam scores and the 2016 earthquake. There is an increase of students in public
schools with mothers that have accomplished third-level education with a statistical significance
of 10%. However, private schools report a 9% average decrease of students with highly edu-
cated families after the earthquake at a 5% level of significance. In mixed schools, this kind of
students decreased in 3.8%, the effect remains insignificant. The evidence proves the theory of
schools’ recomposition after the earthquake. Students from private and mixed schools probably
transferred to the public education system (this shows a positive coefficient). More educated
parents had their income reduced, private and mixed schools were greatly affected, or the in-
vestment towards public schools increased, resulting in positive selection into public schools
and negative selection into mixed and private schools. Therefore, sorting after the seism con-
firms, well-known theories of advantages of additive parental education (Pit-ten Cate & Glock,

2018; Sheppard & Monden, 2018).

Overall, the evidence proves that public schools performed better due to the students’ edu-

cational sorting after the natural shock. Students were enrolled from private and mixed schools



31

into public education with socioeconomic factors such as their mother’s level of education,
gender and ethnic minority self-identification as key determinants of such group recomposi-
tion. These predetermined characteristics affected the students’ SB Exam performance after the
earthquake. Therefore, the aggregate effect remains unclear, despite when it is examined ac-
cording to the type of school. In this case, the effects are differentiated and the main mechanism

by which this occurred is self-selection towards different schools.

8 Concluding Remarks

This research project studied the effect of the 2016 Ecuadorian earthquake on student per-
formance using proficiency measures in numeracy and literacy from the national high school
exit exam “Ser Bachiller”. The study exploits repeated cross-sectional data from students under
the coastal education regime and combines it with the seism’s records from Ecuador’s National
Geophysical Institute. A matching difference-in-differences is the empirical strategy imple-
mented which determines the effect of the exogenous shock on the exam scores. By the use
of a combined propensity score matching algorithm with a classical difference in difference
approach, the empirical design is valid as parallel trends on outcomes are shared between both

affected and unaffected schools.

The findings of this research imply that the earthquake led to a drop in scores heteroge-
neously across schools with different funding schemes. While students from private and mixed
schools were negatively impacted by the shock, those from public schools performed marginally
better. On average, graduate students of private and mixed schools obtained 2 deciles in perfor-
mance less relative to students within the public education system after the seism. A potential
explanation suggests student sorting from private and mixed schools towards a congested public
system during and after the natural disaster. To confirm this transmission channel, the SB scores

variation is analyzed considering student background such as parental level of education. Since
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there are no significant effects in schools at a global overview, the impact is evidenced when the

estimation is performed, classifying schools according to their type of funding.

Undoubtedly, the major contribution of this study is to show that the earthquake’s im-
pact in coastal schools affected public, private, and mixed schools differently and this occurred
through an self-selection mechanism. There is a clear effect of the seism when decompos-
ing schools per funding source. Nevertheless, the data does not perfectly fit under the parallel
trend assumption and omitted variables may bias the estimations. For further confirmation, a
Synthetic Control Method is suggested to build a control group that surely matches the treated

group during the pre-treatment period to corroborate these findings.
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10 Annex A: Figures
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Figure 2: Students’ SB Exam Performance Decile of Public Schools 2014-2019
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Figure 3: SB Exam Average Number of Absent Students of Public Schools 2014-2019
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Figure 4: SB Exam Percentage of Absent Students of Public Schools 2014-2019

Figure 5: SB Exam Mathematics Scores of Public Schools 2014-2019
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Figure 6: SB Exam Language Scores of Public Schools 2014-2019
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Figure 7: SB Exam Natural Sciences Scores of Public Schools 2014-2019
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Figure 8: SB Exam Social Sciences Scores of Public Schools 2014-2019
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Figure 9: SB Exam Global Scores of Private Schools 2014-2019
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Figure 10: Students’ SB Exam Performance Decile of Private Schools 2014-2019
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Figure 11: SB Exam Average Number of Absent Students of Private Schools 2014-2019
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Figure 12: SB Exam Percentage of Absent Students of Private Schools 2014-2019
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Figure 13: SB Exam Mathematics Scores of Private Schools 2014-2019
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Figure 14: SB Exam Language Scores of Private Schools 2014-2019
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Figure 15: SB Exam Natural Sciences Scores of Private Schools 2014-2019
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Figure 16: SB Exam Social Sciences Scores of Private Schools 2014-2019
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Figure 17: SB Exam Global Scores of Mixed Schools 2014-2019
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Figure 18: Students’ SB Exam Performance Decile of Mixed Schools 2014-2019
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Figure 19: SB Exam Average Number of Absent Students of Mixed Schools 2014-2019
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Figure 20: SB Exam Percentage of Absent Students of Mixed Schools 2014-2019
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Figure 21: SB Exam Mathematics Scores of Mixed Schools 2014-2019
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Figure 22: SB Exam Language Scores of Mixed Schools 2014-2019
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Figure 23: SB Exam Natural Sciences Scores of Mixed Schools 2014-2019
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Figure 24: SB Exam Social Sciences Scores of Mixed Schools 2014-2019
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11 Annex B: Tables

Table 1: Summary Statistics of Outcomes
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Unmatched Sample Matched Sample

Qutcomes Mean Std. Dev. Min Max Mean Std. Dev. Min Max
SB Global Exam 201266498 09851602 -4.364957 3.088182 | -0.1914606 1.034703 -4.110741 3.088182
Average Scores
Mathematics Scores | -0.1213183 09821585  -5.0625  2.804308 | -0.1496264 1017642 -5.0625  2.804308
Language Scores 00414754 1014208 -6.936484 2334071 | -0.116416 1.073488 -6.936484 2334071
Natural Sciences Scores | -0.1231448 09632344 -73991 2707589 | -0.1816128 1.000271 -6.369675 2.707589
Social Sciences Scores | -0.1353438  1.013566  -7.665333  2.529353 | -0.1735704 1.083059 -6.231511 2.529353
SB Exam Performance | -0\ 3006 287,094 | 1000 | 4420559 2982933 1 1000
Percentile
SB Exam Performance | 5 |\ se7 5 859975 | 10 492438 2.965261 | 10
Decile
SB Exam Number 96273 26.03701 0 475 | 5900929 1644053 0 156
of Absent Students
SB Exam Percentage |+ 514155 5996292 0 08 | 3315118 6426938 0 50.54945
of Absent Students
Observations 663,105 51,468




Table 2: Summary Statistics of Controls
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Unmatched Sample Matched Sample

Controls Mean Std. Dev. Min Max Mean Std. Dev. Min Max
8B Global Exam 14.83574 1542994 0 100 | 22.01658 17.86306 0 100
Average Scores
% of Female Students | s, o667 1 1610233 0 100 | 51.26023 13.00971 0 100
per School*Exam Year
% of Mother’s Level
of Education 12.85302  13.5087 0 100 | 11.74647 14.59168 0 75
per School*Exam Year
% of Schools Without
Water Taps 15.99497 16.98069 0 100 | 31.67908 21.24038 0 100
per School*Exam Year
% of Schools Without
Sewage 34.98888 24.02978 0 100 | 54.88544 23.77378 0 100
per School*Exam Year
% of Schools With No
Electricity 1.550493 2.042196 0 56.25 | 2.394192  3.17402 0 40
per Schools*Exam Year
% of Schools With No
Washing Machines 33.87818 17.10692 0 100 | 37.96791 15.53775 0 100
per Schools*Exam Year
% of Internet per

. 52.7412  23.59426 0 100 | 35.75165 22.61113 0 100
School*Exam Year
% of Class Friends 87.13321 11.6188 14.28572 100 | 88.40869 11.30458 14.28572 100
per School*Exam Year
% of Making Friends 77.85275 9.134146 0 100 | 80.24246 10.05601 30 100
per School*Exam Year
% of Motivated Students | o 34517 7 498887 7142858 100 | 91.94961 6329783 7.142858 100
per School*Exam Year
% of Child Labour 2 9.674082 8.500781 0 100 | 1221581 9.887111 0 100
per School*Exam Year
% of Child Labour 3 26.64754  16.98664 0 100 | 29.48826 16.62096 0 100
per School*Exam Year
% of One Child 13.47551 15.79974 0 100 | 12.38322 13.80265 0 83.33333
per School*Exam Year
Observations 663,105 51,468
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Table 5: Results of SB Exam Average Scores, Performance Results and Absence

1) (2) 3) )
SB Exam SB Exam SB Exam
SB Exam Number of Percentage of
Performance
Average Decile Absent Absent
Students Students
Variables z_inev_mod  pesql0_mod n_absent pct_absent
A) Specification #1
Treated_ci*AfterEarthquake 0.225 0.597 -0.068 1.153
(0.200) (0.572) (15.665) (3.858)
Observations 51,468 51,468 51,468 51,468
R-squared 0.413 0.407 0.544 0.715
B) Specification #2
Treated_ci*After 2014/2015 -0.173 -0.470 0.180 -1.203
(0.145) (0.432) (3.787) (1.555)
Treated_ci*After 2015/2016 -0.203 -0.540 -0.512 -1.636
(0.150) (0.437) (10.043) (2.510)
Treated ci*After_2017/2018 0.062 0.230 -1.162 -1.448
(0.124) (0.365) (3.973) (1.481)
Treated _ci*After 2018/2019 0.090 0.266 -0.223 -0.988
(0.140) (0.420) (3.739) (1.384)
Observations 50,630 50,630 50,630 50,630
R-squared 0.333 0.323 0.354 0.487
C) Specification #3
Treated*After 0.336 0.958 3.002 1.155
(0.294) (0.840) (22.294) (5.392)
Treated*After*Private_s -0.824%* -2.438%* 3.886 3.866
(0.338) (0.936) (22.603) (5.959)
Treated*After*Mixed s -0.929 -2.853%* -3.576 0.159
(0.560) (1.522) (22.293) (5.540)
Observations 51,468 51,468 51,468 51,468
R-squared 0.422 0.416 0.558 0.729

Robust standard errors in parentheses ***p<0.01, **p<0.05, *p<0.1




Table 6: Results of SB Exam Scores Per Subject
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) (6) (7) 8
Mathematics Language Natural Sciences Social Sciences
Scores Scores Scores Scores
Variables z_imat - mod  z_ilyl_mod z_icn_mod z_ies_mod
A) Specification #1
Treated_ci*AfterEarthquake 0.182 0.125 0.240 0.155
(0.169) (0.158) (0.175) (0.208)
Observations 51,468 51,468 51,468 51,468
R-squared 0.354 0.312 0.306 0.285
B) Specification #2
Treated _ci*After_2014/2015 -0.096 -0.110 -0.214%* -0.138
(0.119) (0.143) (0.116) (0.145)
Treated ci*After_2015/2016 -0.143 -0.126 -0.225* -0.143
(0.114) (0.137) (0.127) (0.158)
Treated ci*After_2017/2018 0.143 0.071 0.013 0.005
(0.095) (0.137) (0.116) (0.106)
Treated ci*After_2018/2019 0.117 0.120 0.042 0.056
(0.120) (0.138) (0.123) (0.127)
Observations 50,360 50,360 50,360 50,360
R-squared 0.280 0.251 0.237 0.219
C) Specification #3
Treated*After 0.259 0.236 0.342 0.245
(0.234) (0.230) (0.241) (0.309)
Treated*After*Private_s -0.711%* -0.564** -0.877%%* -0.582
(0.303) (0.255) (0.311) (0.373)
Treated*After*Mixed_s -0.391 -0.877 -0.912%* -0.872%
(0.735) (0.570) (0.391) (0.434)
Observations 51,468 51,468 51,468 51,468
R-squared 0.363 0.319 0.313 0.288

Robust standard errors in parentheses ***p<0.01, **p<0.05, *p<0.1
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Table 7: Potential Mechanisms
(1) (2) 3)
Ethnic Mother’s
.. Female
Minority Students Level of
Students Education
Variables min_ethnic stu_female edmother_3levplu
Mechanisms - Specification #3
Treated*After -0.061 -0.012 0.026*
(0.043) (0.030) (0.013)
Treated*After*Private_s 0.095 0.012 -0.099%**
(0.082) (0.058) (0.045)
Treated*After*Mixed_s 0.039 0.106%* -0.038
(0.206) (0.061) (0.047)
Observations 50,508 51,468 50,645
R-squared 0.148 0.062 0.201

Robust standard errors in parentheses ***p<0.01, **p<0.05, *p<0.1




