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Executive Summary
In the literature reviewed, there is mixed evidence about the consequences school closure has had in different
jurisdictions with respect to academic achievement; however, most scholar articles point out damaging effects
on students (Larsen, 2020).
Puerto Rico closed 34% of its schools between 2017 and 2019, which made it the most intense school closing
studied (as far as we know). Particularly, 255 schools in the 2018-2019 school year were closed, and 183 schools
also closed in the 2017-2018 school year. 58,606 students were displaced, of which 2,616 underwent more than
one school closing. The Fiscal Oversight and Management Board for Puerto Rico recommended the closing
based on their conjectures about educational quality, and the former Secretary of Education justified said closing
as due to needed financial economies. Nevertheless, the state expenditure in schools’ operation for fiscal year
2017 through fiscal year 2020 went down to $34.5 millions, while allocations such as school maintenance went
up to $311.7 millions during the same period, partly for services to those closed schools. In this process, no
consultations were made with the communities before the closing, and the teaching personnel was not selected
based on merit but rather based on their seniority at the Department of Education (DE). 78% of the public system
students are under poverty level, but displaced students had in general a higher poverty incidence.
Drawing from the availability of data at student level, causal inference methods were used in this work. We
found that this broad consolidation had negative effects on displaced students’ academic achievement. The
results of the tests taken by mainstream students in third, fourth, fifth, sixth, seventh, eighth, and eleventh grade
in public schools were used. After matching students based on different observable characteristics such as
age, sex, poverty level and the quality of the receiving school, among others, it was found that students who
underwent a school closure had 0.035 to 0.0404 higher probability of obtaining a lower score in the META tests
than non-displaced students. Even though the average academic achievement of all students has fallen from
2017 through 2019, the students’ performance in standardized META tests went further down from one year to
the other for displaced students in comparison to non-displaced students. This negative result remained under
different specifications of the model. After two years, displaced students still showed a lower reduction than
their non-displaced counterparts in academic performance.
The reopening of some schools is recommended. The reduction in student population could allow for smaller
classes, allowing teachers to individualize their instruction, thus improving academic achievement. This would
allow to better address students’ broad functional diversity in the public system, where 17% has been diagnosed
with specific learning disabilities. The reopening would also contribute to the resilience of the public system
given the continuous occurrences of natural disasters in Puerto Rico.
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Introduction
School closure has attracted full public attention in Puerto Rico, having an impact in hundredths of school
communities. According to student data we obtained directly from the Department of Education, we found that
during the 2018-2019 school year, 255 schools were closed and during the 2017-2018 school year, 183 schools
were closed.¹ At the end of fiscal year 2017, there were 1,292 schools in the public system, thus it was a 34%
reduction from 2017 to 2019. Although there is a total lack of information about the impact the closing had on
academic achievement, 2018 central government’s fiscal plan planned to close 300 additional schools, alleging
that, “Tightening its system will give PRDE (Puerto Rico Department of Education) the flexibility and funding to
focus on improving the quality of the education provided” (p. 54).²
Did academic achievement indicators improve with school closure? This is the question this research will
be addressing.
It has been alleged that the Department of Education does not fulfill the needs of thousands of students belonging
to the special education program (Cordovés Avilés, 2017). This situation may aggravate by having relatively
large student groups hindering an individualized approach toward some of these students, contrary to what
has been recommended (Tomlinson, 2004). If the school closing allegedly attempted to preserve that relatively
high number of students, one teacher per each 25 students in elementary school and 30 from fourth grade
onward as stated in the fiscal plan (p. 56), it may actually mean the continuation or aggravation of low academic
achievement of a great number among these students. Furthermore, a rushed school closing that did not take
into consideration the country’s lack of transportation, that did not select the best personnel by following the
seniority principle (more productive teachers improve the quality of education according to O’sullivan, 2007), and
that did not consider the problems associated with integration, may exacerbate even further the low academic
achievement that was already being observed in many public schools in the country.

Background
Why the school closures?
The main reason for school closure in Puerto Rico was the alleged economies it would generate. According to
the press in Puerto Rico, on February 1st, 2018, former Secretary of Education, Julia Keleher, stated: “Everything
is limiting me with respect to the amount of schools I can have. The money is not enough. I must look for ways
to find the economies”.³
Did school closing bring economies to the budget of the Department of Education? From fiscal year 2017 to
fiscal year 2020, the state expenditure in schools’ operation went down to $34.5 millions as shown on Graph 1.
¹ http://abretuescuela.org/
² http://www.aafaf.pr.gov/assets/fiscal-plan-pr-fy2020-draft-03-10-2019.pdf
³ https://www.elnuevodia.com/noticias/locales/nota/educacioninicialaevaluacionparacerrar300escuelas-2395099/
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It represented a 2.1% reduction. However, allocations for school maintenance went up to $311.7 millions during
the same period, partly, to offer services to the closed schools and the schools affected by Hurricane Maria.
There is a proportion aspect that deserves attention. School closure seemed disproportionate according to
Hinojosa et al. (2019): from 2006 to 2017, the 5 to 19 years old population had a 31% decrease, while 43% of
schools were closed between 2006 and 2018. Both authors pointed out that 65% of the schools closing occurred
in rural areas. It is in these areas where public transportation is the least available.

Graph 1. DE State funds budget, 2017-2018
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Source: Calculations by the author based on the Consolidated Budget of the Government of Puerto Rico (2016-2020)4

There are reports that in the school closure process no consultations were made with the community before
the closing.5 However, the officialism stated in April 2018 that they were willing to have a dialogue after the
closing had already taken place.6 This is a contrast to Milwaukee where schools that were possibly closing were
announced in the month of December of each year, feedback was received from the school community and the
final decision was made in the month of March (Larsen, 2020).
4 http://www.presupuesto.pr.gov/Recomendado2019-2020/Tablas%20estadisticas%202/(6)%20PRESUPUESTO%20DEL%20FONDO%20
GENERAL%20POR%20AGENCIA%20AF%202017-2020.pdf
5 https://www.elnuevodia.com/noticias/locales/nota/padrescuestionanelimpactoquetendralasconsolidacionesdeescuelas-2415194/
6 https://www.elnuevodia.com/noticias/locales/nota/rosselloestudiaraalternativasalcierredeescuelas-2415448/
2

Literature Review
When conducting this analysis, no literature was found on scholar journals about school closure impact on
academic achievement in Puerto Rico. The only reference found about school closure impact on academic
achievement in Puerto Rico was collected in the ABRE report (2019). The same stated that:
"The consolidations and changes seem to improve the students’ profiles in many schools. That
means that outstanding students went to schools with low academic achievement, resulting in a
better student profile. In general terms, the proficiency average improved and the dispersion went
down in the entire system, although a great part of this was shown in the elementary level.” (p. 34)
In the international literature, there are various scholar articles on the relation between the school closure and
academic achievement. There are case studies in the United States where schools were closed because the
enrollment went down (Larsen, 2020) pursuant to laws like No Child Left Behind of 2001, ordering to close
chools with low performance, and because of natural disasters (Sacerdote, 2008). In other countries, the school
closure policy seems to have been applied with the same intensity that it has been applied in the United States
(Murphy and Meyers, 2007; Sprend, 2005). However, school closure in Puerto Rico could be one of the most
intense with 438 schools closed in a period of three year; a similar school closure was not found in the literature
for the jurisdictions recently studied. For example, in Michigan, 246 schools were closed between 2006 and
2009 (Brummet, 2012), representing 8.4% of the schools in the district. In West Virginia, 300 schools were closed
between 1990 and beginnings of 2000 (Bard et al., 2006).
De la Torre and Gwyne (2009) found that most students displaced due to school closure in Chicago, enrolled
in receiving schools that had on average lower academic achievement. The authors also found that students’
subject matters in Mathematics and Reading experienced a detrimental impact the year before the closing, but
a year after, they converged with the academic achievement expected for their level. Larsen (2020) showed that
in Milwaukee 33 schools closed and some displaced students converged with the expected achievement while
others did not. He noticed that consequences persisted in the long term, having an impact on the propensity to
graduate or go to college.
Rumberger and Larson (1998) found –after having controlled the previous performance and the displaced
students’ family background- that “mobility”, defined as a non-promotional transference from school, constituted
a risk that reduced the probabilities of graduation. Rumberger (2003) made a difference between strategic
transference, which is done to improve achievement, from the imposed one, which is reactive and comprised a
stigma for displaced students.
Engberg et al. (2012) and Brummet (2012) found that displaced students’ academic achievement experienced
a substantial detrimental impact unless they went to a better school. However, De la Torre and Gwynne (2009)
reported that in Chicago only 6% were able to enroll in outstanding schools and displaced students were more
prone to change schools again. Brummet (2012) also observed how various students were displaced on more
than one occasion in Michigan. Maybe, there were not many high-quality schools available, whether because of
the distance or because of the limited enrollment in those schools (Dillon, 2008). An aspect to be evaluated in
this research is if schools that were closed had a better performance than the receiving schools.
Kirshner et al. (2010) found that school closure in Jefferson, Riverside, aggravated the educational challenges
that displaced students were already facing, and that displaced students felt more disconnected from the school
community at the receiving schools.
3

Kim and Sunderman (2004) studied the relationship between displaced students and poverty in the impacted
school districts. They proposed a subsidized transportation system for the poor families impacted. This agrees
with Hinojosa and Meléndez' (2019) analysis, where they underline the limitation that distance could represent for
the displaced students, especially in rural areas in Puerto Rico.
In terms of methodology, most of the articles cited here used statistically robust models pursuing to proof causality.
For example, Larsen (2020) used the difference-in-differences method to estimate the impact of school closure
on high school students vis-à-vis students who were not displaced. Kirshner et al. (2010) specified multilevel
models of discontinued individual trajectories to explain the graduation rate, the dropout rate and the scores on
standardized tests.
De la Torre and Gwynne (2009) applied a matching model called Propensity Score Matching to compare elementary
schools of displaced students with non-displaced students, and then identify what would have occurred if they had
not closed. Afterwards, they applied a three-level hierarchical model to estimate students’ learning trajectories. A
similar identification methodology was used in this article as shown in section 4 below.

Data
The data used in this research were observations at the student level in the information system of the Department
of Education (DE). Particularly, for this study, we were able to observe the students’ performance for three years.
The dependent variable was the results of the standardized META tests (Measurement and Evaluation for the
Transformation of Academics) that mainstream students take in third, fourth, fifth, sixth, seventh, eighth, and
eleventh grade in the public system. In other words, students in full-time special education classrooms were
not included (also known as ‘self-contained classroom’); this is where students with severe conditions such as
cerebral palsy due to trauma or mental retardation are educated. Therefore, our database was reduced to 77,204
students, those who had results for the META tests.
The DE classifies the results of the META tests in an ordinal scale: pre-basic, basic, proficient and advanced.
In this article, a cardinal number will be assigned to the scale: one, two, three and four, respectively. The META
tests are divided into four areas: Mathematics, Science, Spanish and English. For this research, the assigned
cardinal numbers were averaged to the scale obtained from the subject matter in order to create an academic
achievement index per student.
25% of the students in this database were displaced (i.e., their schools were closed) either during fiscal year
2017 or 2018. In that sense, the findings obtained were conservative since the total schools closed was larger
than the one observed in the data subset that, once again, excluded students who did not have to take the META
tests (i.e., due to the grade they were in) or did not take them for other reasons (i.e., school dropouts). There
were 2,616 students identified who were affected by more than one school closing.
98.4% of students chose the category of Puerto Rican under the ethnic-racial question posed by the DE as shown
in Table 1. Given the limitation introduced by that type of question, this variable was not included as covariance
in the regression analysis.
51% of the students were females and no disproportion was observed in the subset of displaced students. On
the other hand, 16.6% of students who took the META tests had specific learning disabilities. Since this is a
factor that could have intervened with the result in standardized tests, the variable was included as a control
variable in one of the specifications of the statistical models.
4

Table 1. Descriptive Statistics of Variables of Interest

Average

Standard
Deviation

Displaced
Average

Non-Displaced
Average

Observations

Age

11�43

1�34

11�2

11�5

77,204

Displaced Proportion

0�25

0�43

Average in META 2019

2�20

0�77

2�18

2�21

77,204

Average in META 2018

2�41

0�825

2�49

2�38

77,204

Average in META 2017

2�62

0�85

2�77

2�57

77,204

Proportion of students
in 2019 with personal
score less than their
current school

0�688

0�669

Proportion of students
in 2019 with personal
score higher than
current school

0�312

0�331

Variables

77,204

Proportion of females

0�512

0�50

0�52

0�513

77,204

Proportion of
Puerto Ricans

0�984

0�124

0�983

0�985

77,204

Proportion of students
with speciﬁc learning
disabilities

0�166

0�37

0�176

0�163

77,204

Number of family
members

3�86

1�13

3�88

3�86

77,204

Proportion of students
in education regions
with low academic
performance

0�26

0�44

0�24

0�27

77,204

Proportion of poor
students

0�78

0�415

0�807

0�77

77,204

Note: The years refer to the fiscal period ending in June. Only valid observations
with all the entries available are shown.
Source: Calculated by the author based on the Department of Education (2020)
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The average student lived with 3.86 relatives in the household, and 26% of the students belonged to the education
regions of San Juan and Humacao, regions that generally obtained lower academic achievements than other
regions. These two variables will be also used in the statistical analysis.
78% of the students in the public system are under poverty level, but displaced students had in general a poverty
incidence of 0.037 percentage point higher than non-displaced students. This was an important finding since it
was highly likely that these displaced students had less probabilities to find transportation or have the resources
to support their integration into the receiving school. In fact, on Graph 1, it can be observed that the school
closure rate per 100,000 inhabitants who were minors was greater in the southern, center and western regions
in Puerto Rico, precisely the regions where the median income per household is lower.

Graph 2. School closure rate and median income per household at the county level, 2018
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Sources: Calcualted by the author based on Population Estimates and Census Survey (2018)

Another characteristic that must be outlined is that 68% of displaced students went to a school that on average
had a lower academic achievement than the one achieved by the displaced students the previous years. However,
66.9% of the non-displaced students were also enrolled in a school where the school’s academic achievement
average was less than the one obtained by the student the previous academic year. This similarity could be the
result of a decreasing trend in the academic achievement average during the 2017-2020 period. These factors
were considered in the identification method as detailed in Section 4.
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The academic achievement average of all students has fallen since 2017 all through 2019, for displaced students
as well as for non-displaced students. In the case of displaced students, the fall was worse: from 2017 to 2019,
the average score of displaced students fell 0.23 points more than for the non-displaced. In fact, the displaced
students’ fall in 2019 in academic achievement led to obtain for the first time in this database a lower average
than those who did not undergo a school closing.
Can it, then, be established that school closure caused a fall in displaced students’ academic achievement?
Since there could be other factors influencing the achievement, in the next section, the methodology will be
introduced allowing for a comparison of students with similar observable characteristics in order to be able to
conclude whether the change of school really had an impact or not on academic achievement.

Methodology
Different specifications of the Propensity Score Matching or PSM were applied in this research to prove the
presence of causality, if any. PSM is a statistical method that allows to discover if students who underwent a
school closing obtained a lower score after considering the students’ observable characteristics. In the technical
appendix the model used is described.
Three groups of estimates were performed, and within each group, three types of PSM were specified. The
dependent variable in the first two groups was whether the student experienced or not a reduction in their
average score in the META tests in 2019 in comparison to 2018. The first group was included as an element to
be taken into account in the matching of a binary variable controlling the possible impact that it may have on a
displaced student having to enroll in a school with a lower academic achievement. This variable was equal to
one if the student was in a school that the previous year had an average performance in the META tests lower
that the student’s average. Otherwise, it was equal to zero. The other control variables in this first group were
age, sex, and whether the student was under poverty levels or not. It did not include a comprehensive list of
control variables because it is not recommended for this type of analysis.
In the second group, the binary control variable added was if the schools’ average score in the META tests was
higher in 2019 compared to the one a student had in 2018. The other control variables in this second group were
age, sex and whether the student was under poverty levels or not.
In the third group, the dependent variable was whether there was a fall or not in the students’ performance in
the META tests during fiscal years 2017 through 2019, and the control variables were sex, age, the number of
member in the students’ family (to control the potential role that parents may have less time to study with each
child in a large family), if the student was under poverty levels, if the student had a specific learning disability, and
if the student belonged to an educational region with traditional low scores.
In this way, we are not looking to explain if the students did better than others in absolute terms or measure the
total academic achievement of each student, but rather we look to measure whether students did worse or not
with respect to their own performance during the previous period. In other words, this research focused on the
interannual change or difference of each student’s META tests. Thus, if every year there are external factors affecting
the average score obtained in the META tests with respect to the true academic achievement (i.e., students put
7

little effort into it), those factors will not significantly affect this research because it will be difficult to establish that
there are interannual variations in those external factors that may be reflected in the average of all the students.

Results
Table 2 shows the matching of students having similar characteristics in terms of age, sex, poverty level
and if they were in a school whose achievement average during the previous year was lower that the current
achievement of student i. After matching these students based on those characteristics, it shows that students
who underwent a school closing had a 0.035 to 0.0404 higher probability of obtaining a lower META test score
than non-displaced students. In other words, the models signaled that the closing of schools caused a reduction
in academic achievement on displaced students, even after controlling for the factor that they went to a school
where the META tests score was lower.

Table 2. Results of the PSM, 2018 to 2019
Dependent
Variable:

Model 1 (average
treatment effect on
the treated): Logit

Model 2 (average
treatment effect): Logit

Modelo 3 (average
treatment effect on
the treated): Probit

Lower scores
in META

Covariance: age, sex,
under poverty level,
average of current
school is lower than
the average of the
school attended the
previous year

Covariance: age, sex,
under poverty levels,
average of current
school is lower than
the average of the
school attended the
previous year

Covariance: age, sex,
under poverty level,
average of current
school is lower than
the average of the
school attended the
previous year

Displaced vs.
Non-displaced

0�0403***
(�0049)

0�035***
(�0025)

0�0404***
(�0049)

n

19,338

77,204

19,338

Note: The number of observations only considers the matched observations. Robust standard errors are shown
in parentheses. *** indicates that the estimate was statistically significant at 99%.
Source: Author’s calculations by the author based on the Department of Education (2020)

These results contrast with the findings by ABRE (2019). The difference arose from the fact that data used here
was at the student level, while ABRE (2019) used data at the school level. Because the displaced students had
on average a better academic achievement than non-displaced students, it was to be expected that the META
tests average scores of the receiving schools would rise after receiving the displaced students, like some sort of
analogy of the bias due to self-selection known in statistics. In other words, by using data at the student level,
it can be perceived whether there was an impact or not on the average academic achievement stemming from
school closure.
What happened to displaced students who went to receiving schools where the average academic achievement
was higher than the one in the school they attended the previous year? The answer to this question would
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contribute to what the related literature points out about the school closure effect as being positive if the
displaced student went to a school with a higher achievement (Engberg et al., 2012; Brummet, 2012).
On average displaced students performed worse than those who were not impacted by closures, even after
considering those that went to a receiving school who had an average score higher than the one obtained by the
displaced student. These results are shown in Table 3 and are largely consistent with Table 2, except that the
magnitude appears to be lowered in Table 3.

Table 3. Results of the PSM, 2018 to 2019
Dependent
Variable:

Model 1 (average
treatment effect on
the treated): Logit

Model 2 (average
treatment effect): Logit

Model 3 (average
treatment effect on the
treated): Probit

Lower scores
in META

Covariance: age, sex,
under poverty level,
average of current
school is higher than
the average of
school attended the
previous year

Covariance: age, sex,
under poverty level,
average of current
school higher than
the average of
school attended the
previous year

Covariance: age, sex,
under poverty level,
average of current
school higher than
the average of
school attended the
previous year

Displaced vs.
Non-displaced

0�038***
(�005)

0�037***
(�0025)

0�04***
(�0009)

n

19,338

77,204

19,338

Note: The number of observations only considers the matched observations. Robust standard errors are shown
in parentheses. *** indicates that the estimate was statistically significant at 99%.
Source: Author’s calculations based on the Department of Education (2020)

Did students who undergo a school closing eventually converge with the academic achievement they had two
years after that school closure? There is literature, like De la Torre and Gwynne’s (2009), that found that students’
grades from closed schools in Chicago converged with the expected learning a year after the closing. However,
Table 4 illustrates the results of the three PSM model specifications, pointing out that students displaced in
fiscal year 2017, continued with a probability between 5.5% and 6.5% of having worse results in the META tests
when compared to their counterparts who did not suffer the school closing. In other words, when students are
compared in similar terms of age, sex, poverty level, specific learning disability, number of members in the family
and educational region, it could still be observed that the school closing caused lower scores for displaced
students than for the rest of the students two years after the closure. This shows robust or invariant results with
respect to the identification of the model.
A possible explanation could be that the integration to the new school was not optimal, something that has
happened in other jurisdictions (Kirshner et al., 2010). Had there been consultations to assess what schools
really deserved to be closed as it was done in Milwaukee (Larsen, 2020), and had a process of merit been
followed when choosing the personnel that would survive the closing (not based on the principle of seniority),
maybe the integration would have been better.
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Table 4. Results of the PSM, 2017 to 2019
Dependent
Variable:

Model 1 (average
treatment effect on the
treated): Logit

Model 2 (average
treatment effect): Logit

Model 3 (average
treatment effect on the
treated): Probit

Lower scores
in META

Covariance: age, sex,
under poverty level,
specific learning
disability, number
of members in the
family, low
educational region

Covariance: age, sex,
under poverty levels,
specific learning
disability, number
of members in the
family, low
educational region

Covariance: age, sex,
under poverty level,
specific learning
disability, number
of members in the
family, low
educational region

Displace vs.
Non-displaced

0�062***
(�007)

0�065***
(�0024)

0�055***
(�007)

n

8,929

8,929

8,929

Note: The number of observations only considers the matched observations. Robust standard errors are shown
in parentheses. *** indicates that the estimate was statistically significant at 99%.
Source: Author’s calculations based on the Department of Education (2020)

Conclusion and Public Policy Recommendations
In barely three years, Puerto Rico underwent one of the most intensive school closure in the world. It was
thought that by consolidating these schools, economies could be generated while also improving academic
achievement. However, so far, that relationship has not been examined under modern statistical rigor. This
study benefited from having data at the student level during 2017-2019 to evaluate the possible association
between consolidation and academic achievement.
It was found that school closing had a negative impact on displaced students’ academic achievement. This
finding remained consistent after matching students, based on a series of observable characteristics such as
sex, age, poverty level, academic achievements of the receiving schools vs. the closed ones, number of members
in the family, students’ specific learning disability and the educational region. Even two years after the closing,
the impacted students obtained significantly lower results than their counterparts not affected by the closing.
Since the closing of schools does not appear to have fulfilled its goal to generate significant economies,
reopening some schools must be considered once again. The reduction of student population may allow for
smaller classes, allowing teachers to individualize the instruction, thus improving the academic achievement,
especially considering students’ functional diversity in the public system. Furthermore, given the continuous
natural disasters occurring in Puerto Rico, the availability of more schools may allow displaced students from a
devastated school due to a natural disaster or contagious epidemic to be served in the available facilities, or it
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may facilitate the social distancing required during a pandemic like COVID-19. To achieve this, we recommend
that the communities that believe their school should reopen, to file a school reopening application stating
the specific criteria of why it should be reopened, and for the DE to give serious consideration to the merits of
each application.
Merit should be the criteria to select the new teaching personnel in that possible school reopening and in future
school closures. The principle of seniority or the number in the slate of qualified professionals as criteria for
recruitment does not necessarily work in favor of guaranteeing students’ optimal academic achievement. In the
case of school directors, the regulations of the University of Puerto Rico could be imitated, where candidates
to become chancellors must nominate themselves, later a university community committee chooses a slate of
three among the candidates, and finally the high management chooses the chancellor out of that slate. Although
there is being incidents where that process has not been followed in the University, the redacted mechanism
would contribute to optimize the selection of leadership.
Since average scores in the standardized tests have gone down in the last three years in Puerto Rico’s public
system, the recommendation is for school curriculum to be better aligned with META tests as well as for teachers
to make the META test results a part of the course grade in order to encourage a better performance. In the
past, there has been initiatives to make it compulsory, but they have not been uniformly implemented. Some fear
this may penalize students with academic lagging who may not obtain good scores in the META test until they
can overcome their lags. However, it is most likely that the lagging will lead students to obtain lower grades at
school; hence, it will not have a new negative effect. Currently, students have little incentive to put major effort
in META tests.
Parents’ integration into the academic life is fundamental for their children’s academic achievement. Said
integration can be broadened if picking up students’ grades or going to parents and teachers’ assemblies
became a requirement for parents to participate in government programs such as the public health insurance
plan. Currently, the verification of students’ school attendance is required for the family to participate in said
health insurance plan, but parents are not required to participate in their children’s student life. This requirement
can be implemented through new legislation creating a two-hour leave for parents, so they can attend school
commitments without affecting their work stability.
This analysis may be significant for other jurisdictions considering a massive school closure. Future studies
can evaluate the possible impact a natural disaster may have on academic achievement, verifying the findings
obtained in research performed in jurisdictions such as New Orleans after Hurricane Katrina. Likewise, it could
also evaluate if a closing using the staff selection based on merit and using measures to facilitate the integration
may lead to results different from the ones in this analysis. Said approach excedes the scope of this study.
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Technical Appendix
According to Ñopo (2008), PSM exceeds the models based on lineal equations. PSM is an estimate technique
creating a set of characteristics, assuming that whether they are exogenous or not to the model, they may be
affected by the analysis of the treatment that will be taking place. This approach compares two units of study,
treated and non-treated students, assigning similar characteristics to each invididual in such a way that only the
main characteristic is different, which in our study is whether they experienced a school closure or not (Imbens,
2004; Moffitt, 2004). Particularly, the propension score p(x) can be defined as,

𝑝𝑝(𝑥𝑥) ≡ Pr{𝐷𝐷 = 1|𝑋𝑋 = 𝑥𝑥} ∀𝑥𝑥 ∈ 𝑋𝑋1, 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑌𝑌9 ⊥ 𝐷𝐷|𝑝𝑝(𝑋𝑋)

(1)

Where D is the treatment indicator (experienced school closure) received by student i, X is the set of pre-treatment
characteristics (relevant differences among students), and X ̃ is the non-treated group. We took advantage of
the fact that the set of data included socioeconomic aspects to include X in the following variables: age, sex (to
control disparities associated with gender) and a binary variable indicating whether students were under poverty
level or not. In other words, PSM is the conditional probability of the treatment given to a covariance vector.
The three types of PSM specified for each group are: 1. The median effects of the treatment average the
difference between the observed and potential results of each student, and match each subject with at least
another subject (in statistical language, it is matched with its closest ‘neighbor’); 2. The median effects of the
treatment on the the treated using the logit model, and 3. The median effects of the treatment on the treated
using the probit model. The combination of results pointing in the same direction can offer the foundations for
relatively solid conclusions.
Given the large number of observations in the database, the ties in the match will not consider that there are
treated observations that could be matched with more than one controlled observation. This allows to run the
matches without requiring a supercomputer.
According to Sekhon’s article (2008), the first step before conducting the PSM is to corroborate the balancing
properties. Thus, before and after the matching, it was verified that there was no statistical unbalance among
the two groups of interest, using the stochastic algorithm derived by Sekhon (2008). This shows that the design
of this causality model is adequate.
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