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1. Introduction

In light of the present knowledge-based economy and the remarkable expansion of
the service sector in developed societies, accumulation of human capital has become
a central policy goal for governments and policymakers as a means to enhance
labour productivity and economic growth. The OECD (2010), in its report The High
Cost of Low Educational Performance, has shown that relatively small improvements
to labour force skills can largely impact the future wellbeing of a nation, through
substantial gross domestic product gains. These findings are only a small part of the
large body of evidence contributing to the overwhelming consensus on the positive
impact of education on societies, which has led governments to devote huge

amounts of resources towards improving the educational standards of their citizens.

While school facilities are among the most popular spending categories for
education policymakers, the degree to which improving school infrastructure and
learning spaces is effectively meeting the goals of these knowledge-seeking societies
is still a matter under research. The present study contributes to this discussion by
trying to answer the question of whether the quality of learning environments —
which includes the structural quality of school buildings, the design of learning
spaces and their technological equipment - are important factors for educational

achievement and, if this is the case, estimating the magnitude of this impact.

It is difficult to get credible estimates of the effects of spending on school facilities,
as exogenous variation in the quality of school facilities is rare. Investment in these
facilities is typically endogenous as schools are free to choose how much to invest in
their infrastructure, and they often do so according to the needs of their students.
This implies that a comparison of schools that have improved their facilities with
schools that did not might be biased by unobserved differences between these two
groups of schools. In this study | am able to overcome this challenge by exploiting
the variation in spending on school facilities coming from changes in a specific

program in Portugal.

In 2007, the Portuguese government created a school modernization program,
aimed at renovating most of the secondary school network in the country. While this

program failed to reach its goal of covering most of the schools in the country, it was
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still able to intervene in a significant number of buildings, whilst also leaving a good
number schools without intervention. Using a difference-in-differences and fixed
effects approach, | am able to isolate the contribution of the program to the
evolution of student grades in exams of math, Portuguese, biology, geology, physics,
chemistry and others, by comparing outcomes between treated and control schools.
Moreover, the existence of a group of schools that was scheduled to participate in
the program but, due to a slowdown of the program following the economic and
financial turmoil of the last years, ended up not being intervened, allowed for the
creation of a more comparable control group, and thus a more accurate impact

estimation.

The results of this research point to a negative impact of the program on student
grades during the phase of the program in which renovation works are occurring in
the schools. This reduction in student performance is especially significant for the
science and engineering (S&E) related courses: math, biology, geology, physics and
chemistry. In the years shortly after the renovation works have ended, student
grades in modernized schools continue to be negatively affected. While further
research at a later date is needed to assess the real causes of this negative impact,

this research will equate some possible explanations.

2. Literature Review

There is a large body of research investigating the link between the quality of
learning environments and student achievement. Most of this research is very
diverse in regards to the aspects of the “learning environment” which are

considered.

A first body of literature is related to additional expenditure in schools, through
funding schemes in which some schools obtain more resources than others to invest
in their learning spaces as they see fit. These studies find mixed results of the impact
of extra resources for schools on student outcomes (see Guryan, 2000; Papke, 2005;
Card and Payne, 2002; Chay et al., 2002; Leuven et al., 2007). Other strands of
literature focus on the impact of additional investment in information and

communication technology (ICT), by assigning computers and other equipment to a
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few selected schools and comparing their outcomes with control schools, usually
finding no effect of increase ICT spending (see Angrist and Lavy, 2002; Goolsbee and
Guryan, 2006; Leuven et al., 2007; Machin et al., 2007). Finally, another body of
research focuses on the impacts that investing in school facilities has for the outer
community, by looking at its relationship with housing prices in the school’s

surrounding areas (Cellini et al., 2010).

While all these branches of research might be of indirect interest to the present
paper, none of them directly answers this paper’s research question: how does,
specifically, improving the structural, environmental and design quality of school
buildings contribute to student outcomes? The “effective school” literature focuses
on this specific research question, and while most of it is not as accredited as the

research cited above, it has produced some interesting findings.

Most of the “effective schools” literature carried out in the United States is of
guantitative nature. In Europe, qualitative studies derived from the social science
methodology are the norm (Fisher 2001). Most of the quantitative research points to
a five to eight percent increase in academic achievement for students in better
condition facilities. For example, Plumley (1978) has found poorer results in
assessments of basic skills for students of non-modernized school buildings in the
state of Georgia, United States. Bowers and Burkett (1987) found a similar impact on
student outcomes as well as a better record for students in modernized schools in
the areas of health, attendance, and discipline. Thomas (1962), Chan (1979),
McGuffey and Brown (1978) and Frazier (1993) have all concluded there is a positive
causal relationship between a better built environment and student outcomes.
Gerritsen (2014) has found a positive impact of improving infrastructure for science
and engineering related courses in student enrolment in these areas. While new
students of lower ability were attracted to these courses, student outcomes did not
decrease as a result, suggesting that the improved infrastructure might have had a

positive contribution to student achievement.

Some studies have focused on more specific factors that contribute to the quality of
school buildings. These building conditions can be divided into two categories: the
structural conditions, which may include, among others, the floor and ceiling

materials, the heating, lighting and noise conditions; and the cosmetic conditions,
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which include for example the painting of walls, the furniture, or the landscaping.
Research work by Tanner and Jago (1999), Cohen et al (1986), Earthman (1998),
Sinofsky and Knirck (1981), and Buckley et al (2004) have linked higher student
performance with improved conditions of air movement and ventilation, thermal
comfort, classroom lighting, natural daylight and acoustics. By contributing to the
aesthetic and psychological character of learning spaces, these factors were found to

increase student efficiency, work output, performance and the attention span.

A much more recent area of research explores the impact of the design and
flexibility of learning spaces in supporting individual learning, formal and informal
learning as well as collaborative and project work (see Shor, 1996 and DEYTA, 1993).
Another also emerging body of research focuses on the theory that opening the
school to the outer community, by providing of wider community services and
activities in schools, has a positive impact on student achievement, attendance and
behaviour. As the school becomes regarded as a site of resources and support for
the community, parents engagement with the school increases, leading to higher
parental support for students and more timely responses from the school to broader

family and student needs (Wilkin et al, 2002).

3. The Portuguese Case

Construction of public secondary schools in Portugal began in the late 19" century,
with 23% of the total number of schools still open today being built from this date
until the 1960s. Of the remainder 77%, some 46% of the schools were built during
the 1980s (Parque Escolar, n.d.a). As a result, in the early 2000s, the 511 schools that
constituted the public secondary school system in Portugal comprised a
heterogeneous network, both in terms of school typological/morphological

conditions and their architectural and building quality.

Considerable efforts were made over the last four decades in terms of creating
school infrastructures, but these focused mainly on expanding the school network,
and thus not providing for “the parallel development of a constant and consistent
practice in terms of conservation and maintenance of the existing buildings or their

functional adaptation to reflect new developments in curricula and new educational
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and training practices” (Parque Escolar, n.d.b). This had led to diverse signs of
physical, environmental and functional degradation in schools, despite their high
level of physical robustness, and to a mismatch with educational needs of the

modern era.

With the purpose of reversing this process of deterioration of the learning
conditions, the Portuguese Ministry of Education created the Secondary School
Modernisation Program (SSMP). This program aimed at achieving an effective
renovation of most public secondary schools, adapting them to the new educational
and environmental paradigms and guaranteeing the existence of a management
model that can effectively meet, with cost control, normal demands in terms of
conservation and upkeep (Parque Escolar, n.d.b). Specifically, the program included
the correction of existing construction/building problems, changes in hygrothermics,
acoustics, air quality, safety and accessibility, adapting teaching and non-teaching
spaces, modernising the respective equipment and providing schools with the spaces
needed for their use by the wider local community during after-school periods.
Despite this diverse set of interventions, the primary focus was put on renewing the
physical infrastructure of schools, as indicated by the fact that 86% of all the
investment done with the program was channelled to construction works on school

buildings (Parque Escolar, n.d.c).

For all the planning, management, development and execution of the school
modernisation programme, Parque Escolar, a corporation governed by public law
and funded by the government, was created in 2006. At the beginning of its activity
in March 2007, Parque Escolar’s objectives included the intervention in 332 schools
by 2015 (Parque Escolar, n.d.d). The program was to be implemented in five phases:
a trial phase (phase 0) with only four schools, which started in 2007, followed by
interventions in a much larger number of schools to start in 2009 (phase 1), an
extension of the program still in 2009 with more schools being intervened (phase 2),
another extension to start in 2010 (phase 3) and a final extension to start at a further
date (phase 4). On average, each school was to receive 15 million euros worth of

investment (Parque Escolar, 2011).

Given the economic and financial turmoil that affected the economic environment

internationally, and its consequences to the Portuguese public finances, the goals of
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the SSMP, then already underway, were re-evaluated during the second semester of
2011 to include a smaller number of schools and a reduction of the total investment.
As a result, some of the schools scheduled to be intervened in phase 3 that were
awaiting the beginning of construction saw their modernization processes
suspended, and the initial procedures for the launching of phase 4 were not initiated
(Parque Escolar, n.d.e). The last publicly available figures point to a total investment
realized up until 2011 rounding the 2.405 million euros, as stated in the external

audit of the Inspectorate General of Finances (Inspecc¢do Geral das Financgas, 2011).

By request of the Portuguese Ministry of Education, in 2009 the program was subject
to qualitative evaluation by the OECD’s Centre for Effective Learning Environments,
which has described the program as having created “significant achievements”

through the “radically improved” quality of the buildings (OECD, 2009).

4. Data

4.1. The outcome variable: Academic Achievement

Information on the evolution of the academic achievement of all Portuguese
students, the variable of interest in this research, was gathered from the Portuguese

Ministry of Education database, in the form of exam grades (DGE, n.d.a; DGE, n.d.b).

Every year, students of all secondary schools in Portugal (public and private) are
required undergo nationwide exams for a set of courses (that vary according to each
student’s academic track/area of specialization), in order to be eligible to get their
diploma and apply for higher education institutions. These exams are the same for
all schools and are conducted simultaneously (at a certain date and time at the end
of the academic year - usually in June), allowing for an unbiased comparison of
results. Student-level data on the grades in each of these exams, which are given on
a scale of 0 to 200, for all schools in the country (intervened by the SSMP and
otherwise) from 1998 to 2015 were compiled, totalling more than five million
grades. Specifically, for each school in each year, grades of the following exams were
computed: math, portuguese language, biology with geology (simply referred to as
“biology” from this point onwards) and physics with chemistry (simply referred to as

“physics” from this point onwards). Another set of grades that was gathered
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included grades in the exams of geography, economics, drawing, descriptive
geometry and history. This last set of grades will be grouped together and be
referred to as Rest, as it refers to the rest of the exams that are not going to be
evaluated on a stand-alone basis. The number of exam grades collected by course

and year is summarized in table 1.

In order to create the final dataset, an average grade for each school, in each exam,
in each year, was computed. As a result, each individual observation in the dataset
will look like, for example, schoolN99math, if referring to the average grade of
school N, at year 1999 for the math exam. Table 2 summarizes the observations
contained in the final dataset. A total of 48.105 observations were obtained. These
average grades are used as a proxy for the educational achievement of each school —

the dependent variable.

4.2. The treatment variable: intervention under the SSMP

For each school, having received treatment means being selected for and
undergoing physical renovation and modernization of their buildings under the SSMP
program. To determine which schools did so, a complete list of all secondary schools
(intervened by SSMP or otherwise) was compiled, totalling 644 schools, from which
511 are public schools and 133 are private schools. Data on which schools were
selected and effectively intervened under the SSMP were compiled from Parque

Escolar’s websit (Parque Escolar, n.d.f).

Of the 644 schools that constitute the Portuguese secondary school network, Parque
Escolar's objectives at the beginning of its activity in March of 2007 included the
intervention in 332 of the public schools by 2015. However, only 294 ended up being
selected for the programme. The program was to be executed in five sequential
phases. Four secondary schools were selected for the trial phase (phase 0), 25 were
selected for phase 1, 73 were selected for phase 2, 104 for phase 3 and 88 for phase
4. Due to several delays in the building process and the slowdown of the plan in
2011, in virtue of the economic and financial situation of the country, by August
2015 only 142 schools had already been intervened while other 25 were under

intervention. This was a result of the suspension of 35 out of the 104 schools that
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constituted phase 3, and of all 88 schools of phase 4. The remaining four schools that
were selected for the SSMP are schools for which data on their status was not
publicly available, hence they will be eliminated from the sample. A summary of

these data is presented below, in table 3.

Table 3: Sample of schools by status of intervention under the SSMP

Selected Schools

Program Schools Intervened Schools  Schools
Phase Finished*  U/C* ** No data on-hold*  Selected
0 4 0 0 0 4
1 25 0 0 0 25
2 68 1 4 0 73
3 45 24 0 35 104
4 0 0 0 88 88
TOTAL 142 25 4 123 294
Not-Selected Schools
TOTAL 350

TOTAL 644

* (As of August 2015); ** Under Construction

As a result of the developments in the program, it is possible to distinguish three
different groups of schools. The first group, referred to as intervened schools from
this point onwards, is comprised of the schools that have already undergone the
renewal process under the SSMP, regardless of whether they have already reopened
their upgraded facilities to the normal academic functioning or they are still under
construction. This is the treatment group. The second group, which will be referred
to as on-hold schools from now on, is comprised of all the schools that were selected
to be intervened by the SSMP but, for whichever reason, ended up not being
intervened as of now. The third and final group, referred to as not-selected schools
from now on, is comprised of all the schools that were neither intervened by the
SSMP nor selected to be intervened. This last group includes some public schools as
well as all private secondary schools in the country, which were not a target of this
public program. These last two groups, together, form the control group in this

research.
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4.3. Time Periods

In order to analyse the evolution of academic outcomes in the transition from the
period before the SSMP’s intervention to the period after the SSMP’S intervention,
these time periods have to be defined. However, despite the main focus of this
research work being the before and after differences in academic achievement
created by the SSMP, the period during which the schools are being subject to
construction works may also be interesting to look at. Several schools that have gone
through the SSMP have reported a significant worsening of the learning environment
during the years in which construction was occurring. In fact, besides the frequent
complaints about the overly high levels of noise and functional nuisance created by
the construction works (“Ainda ha 90 escolas”, 2010), in most cases all students
were displaced from their usual classrooms and relocated to prefabricated steel
containers (modular classrooms), sometimes for several years, with lower acoustic,
technological and environmental standards than their old schools (Inacio, 2014). In
some cases, the temporary dismantling of the existing natural sciences’ laboratories
for future upgrading left teachers temporarily unable to conduct all the experimental
work required for preparing students for the exams of S&E courses (Prof. A. Costa,
personal communication, June 14, 2015). Because all these drawbacks may have had
a negative impact on exam grades, especially in the Biology and Physics exams, a
before-construction versus during-construction comparison may also shed some light

into the impact of programs like the SSMP in the period of construction.

Therefore, for each school, three time periods were defined, using data directly
supplied by Parque Escolar on the starting and ending dates of construction of each
of the intervened schools: the period before, which refers to the years prior to the
SSMP’s intervention; the period during, which refers to the years during which
construction and renovation works carried out by the SSMP were taking place; an
the period after, which refers to the years after the construction and renovation
works carried out by the SSMP are finished and the modernized school re-opens to

its normal academic functioning.

The difficulty in defining the during and after periods is that there isn’t a fixed
year/time period in which all schools started and completed their modernization

processes — each school started and ended their modernizations process at different
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dates. In absence of a fixed time frame for all schools, a dummy variable after was
created, and it equals one for all observations that occurred after the end of the
construction works for the SSMP. For example, if construction in school N occurred
between 2008 and 2010, the variable after would take the value of one for the
observation schoolN2011math, since the math exam conducted in 2011 in school N
was done after the construction works have ended. Following the same reasoning, it
will take the value of zero, for example, for observations schooIN2009portuguese or
schoolN2007physics. Similarly, a dummy variable during was created, which equals
one for all observations that took place during the construction period of the SSMP.
This variable will enable to capture changes in exam grades caused by the

construction process.

In order to explore the connection between the SSMP’s intervention in schools and
the exam grades, the time periods in which construction took place need to be
aligned with the years in which exams took place. This is not a very straightforward

matter and requires some methodological choices.

Since exams are conducted in June, we cannot expect to see relevant changes in the
grades of an exam of 2010 for a school that went through the SSMP and re-opened
after the exam, for example, in October 2010. Despite re-opening in 2010, it makes
no sense that, for this school, the variable after takes the value of one in 2010. Even
if a school re-opened before the exam of June, if it did so only a few months before
(lets say it re-opened in April), it is not plausible that the grades in June will already
reflect the effects of the improved infrastructure, as students have only benefited
from them for the short period of two months, out of the nine months that
constituted that academic year. Hence, it becomes pointless to have the variable
after take the value of one in 2010 for all schools that reopened in 2010, even if they
re-opened before the exam of that year. Instead, what is likely to be reflected in the
exam of June of 2010 is the impact of the construction works that have been going
on in the months up to the re-opening, thus the variable during is the one that must

take the value of one in 2010.

As such, in the models of this paper the rule will be that the variable after will take
the value of one in a certain year if the school’s reopening date occurred at least six

months before the exam of June of that year. For example, after will take the value
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of one in 2010 for all schools that reopened before January of 2010, and during will

take the value of one for all schools that opened after that date.

The same methodology applied to draw the line between the variables after and
during applies when separating the variable during from the period before. If a
school begins construction in May 2008 this may not impact the exam preparation of
students too much for it to be visible in the exam grades one month later. Hence,
the variable during will take the value of one only when schools started construction
more than six months before the exam of June. Thus, for this school, the variable
during will only take the value of one later in 2009, while in 2008 it's the before
variable that will take the value of one. Later in the sensitivity analysis, this rule of

the six months will be relaxed to allow for different time delays.

Table 4 summarizes the sample of observations when these time periods are taken

into account.

Table 4: Sample of observations by status of intervention under the SSMP and time period

Treated Schools

Av. Grades
Before During After TOTAL
Intervened 10334 1682 2039 14 055
Control Schools
Av. Grades
Before During After TOTAL
Not Selected 24010 0 0 24010
On-hold 10 040 0 0 10 040

TOTAL 48 105

4.4. Socioeconomic Data

In most studies that evaluate the impact of investments in schools on student
outcomes, variation in the quality of school facilities is endogenous as schools are
free to choose how much to invest in their infrastructure, and they often do so
according to their students’ needs. This implies that a comparison of schools that
have improved their facilities with schools that did not might be biased by

unobserved differences between these schools.
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The most common source of bias is the socioeconomic levels of the students,
defined as the social standing or class of individuals or groups, that derives from a
combination of education, income and occupation attributes. As demonstrated by an
extensive body of research, children from communities and households of a lower
socioeconomic status (SES) develop academic skills more slowly compared to
children from higher SES groups (Morgan, Farkas, Hillemeier, & Maczuga, 2009).
Therefore, the confounding effect of socioeconomic status on the impact of
modernized school buildings can be a twofold. On the one hand, schools with
students from a lower SES have a higher need for improving learning environments,
thus they might invest more in school infrastructure than schools with students of
higher socioeconomic backgrounds. On the other hand, schools with students of a
lower SES are usually located in regions that are relatively more underdeveloped
than regions with students of a higher SES. If this has repercussions on the amount
of investment each government is able to spend on their public schools, then one
would expect schools of wealthier regions (which also have students of higher SES)
to receive more investment (Aikens and Barbarin, 2008). Depending on which effect
prevails, a simple comparison of schools which have improved their infrastructure
with those which have not might either underestimate or overestimate the real

impact of such policy in student grades.

One good identification strategy in these cases is to control for the socioeconomic
levels of each school in each year, in the econometric models. However, a yearly
record of these data in the Portuguese case is not made available by the Ministry of
Education, which has only made public the data for the academic year of 2012/2013
in its Dados de Contexto das Unidades Orgdnicas report (DGE, n.d.c). Therefore, this
identification strategy is not pursued in the present research (others will be).
However, the data collected from this report will still be useful for some analyses

performed later on.

The first socioeconomic indicators collected from the Ministry’s report were the
average educational attainment of the fathers of all students in a school, measured
as the number of years of education received, and the average educational
attainment of the mothers of all students in a school. These were compiled to

provide a picture of the average parental educational levels in each school.
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Household income is proxied by data collected on the percentage of students that,
for belonging to underprivileged households, receive social support in the form of
grants from the state to be used to finance their education. These grants have two
main ranks — rank A refers to a larger grant that is given to students belonging to
households whose gross earnings are below 2.934,54 euros/year, and rank B refers
to a smaller grant that is given to students belonging to households with gross
earnings between 2.934,54 euros/year and 5.869,08 euros/year (Seguranca Social,
n.d.) (the figures refer to the year of 2015, but these thresholds are subject to
changes from year to year). Data for the percentage of students in each school who

receives each of the two grants was compiled from the above-mentioned source.

Another variable that is likely to be correlated with the socioeconomic levels of the
students in each school is the percentage of students that is enrolled in a regular
track of secondary education. In the Portuguese secondary school system there are
two main tracks that students can choose for their studies - a regular track, which is
more scientifically-focused, and prepares students for proceeding to higher
education studies in the future, and a technical track, with a more practical focus,
tailored for students with lower previous academic performance who do not wish to
proceed their studies at university level. Students who are not in regular tracks are
more likely to come from poorer and less educated households, and therefore data
for this indicator is collected in the Ministry of Education’s report. Data on the rates
of completion of secondary studies was also gathered from the same source, as non-

completion and retention rates are correlated with the socioeconomic status.

5. Experimental Design

The aim of the present research is to assess the impact of the improvement in the
physical and technological conditions of the Portuguese secondary schools involved
in the SSMP, by evaluating the subsequent changes in educational outcomes of
students belonging to intervened schools, relative to the outcomes of not-intervened

schools (which includes not-selected and on-hold schools).
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5.1 Threats to validity

In order to estimate the causal effect of the SSMP on academic outcomes of
students, a simple comparison of academic outcomes between intervened (treated)
and not-intervened (control) schools is insufficient. Two main threats to the validity

of the results may arise.

First, we could potentially be running into selection problems. In concrete, if treated
schools are fundamentally different from control schools in aspects that are
correlated both with academic outcomes and selection to the program, the
estimated impact of the program could be biased by these unobserved differences.
For example, if treated schools happen to have higher levels of physical
deterioration prior to the program, and this was part of the criteria for which they
were chosen to be intervened, then we will be underestimating the impact of the
SSMP. The same holds if treated schools happen to differ from control schools in

their socioeconomic status.

Second, time-specific variation may be affecting the dependent variable. For
example, if exams happen to be easier in the years following the implementation of
the SSMP, leading to higher average grades, we may incorrectly interpret that the

SSMP increased the academic preparation of students.

In what is concerning the first threat to validity, the threat of selection bias, it is
worth it pointing out that no concrete criteria was used when selecting the schools
to be intervened under the SSMP. In fact, the possibility of intervention under the
SSMP program was given to all public schools in the country, regardless of their
buildings’ structural problems, socioeconomic contexts or locations, leaving the
decision of signing up for the modernization process completely to the discretion of
each school’s management board. While this consideration may mitigate some of
the risk of selection bias, it would be a failure of judgement to assume that selection
to the SSMP was completely random. In fact, while the Ministry of education
surveyed all schools to assess their willingness to participate in the program, these
invitations came particularly sooner, and with a special focus, to older schools (with
over 50 years of existence) and to schools located in less developed regions, as
defined by the European Union’s cohesion policy (specifically the Norte, Centro and

Alentejo regions), as interventions in these regions were eligible for EU funding
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(Parque Escolar, n.d.b). And even if we discard the Ministry’s different approaches to
different types of schools, it is only intuitive to think that schools showing larger
signs of physical and functional degradation, as well as schools with higher levels of
underprivileged students, were more likely to accept the Ministry’s invitation to be

part of the SSMP.

As a result, it is possible that these fundamental differences between treated and
control schools have repercussions in academic achievement. In order to test this,
for every year before the beginning of the implementation of the SSMP (2007), the
average grades in each year, in each exam, for the pool of schools that was
intervened under the SSMP are plotted in figure 1 (dark line), against the average
grades of the schools that were not intervened (grey line). Also, an average for each
group of schools on a number of socioeconomic indicators is computed and
presented in table 5: the average education of fathers, the average education of
mothers, the percentage of students receiving a grant of rank A and rank B, the
percentage of students in regular tracks of secondary education and the percentage
of students concluding their high school studies are shown below. As already
mentioned, these data are from the academic year of 2012/2013. However, since
the socioeconomic indicators of students are very closely correlated with the
geographical location of schools, which does not change over time, these figures can
be assumed to represent the socioeconomic situation of the schools in all the years

of analysis.

From the data presented in the figures it is possible to make some interesting conclusions.
The schools that were intervened under the SSMP seemed to be in better condition,
academically and socioeconomically, than schools that were not intervened by the SSMP,
before the start of the program. Starting with figure 1, it is clear that, in almost all years
since 1998 and until the beginning of the SSMP in 2007, average grades in all of the
evaluated exams were higher for schools that ended up being modernized, relative to
schools that were not, the only exception being the Portuguese exams of 1998 and 2000, in
which the average grade for control schools slightly surpassed that of treated schools. Table
5 also shows the advantage of treated schools over control schools. Treated schools have a
lower percentage of their student populations receiving financial support from the state,

either through rank A or rank B, and they have higher levels of parental education, both in
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Figure 1: Pre-trends in average grades for selected and not-selected schools
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the case of fathers and mothers. The percentage of students in regular tracks of
secondary education is also higher for treated schools. However, a slightly higher

percentage of students in control schools concluded their high school studies.

Regardless of the reasons behind the differences between treated and control
schools, the fact that these differences exist proves that the first threat to validity is

a real threat to a consistent estimation of the impact of the SSMP. Since schools that
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Table 5: Socioeconomic indicators in selected and not-selected schools

Treated Control

Schools 167 473

% students in regular 72.32 71,93
tracks

% students social

support (rank A) 13,46 17,3

% students social

support (rank B) 14,33 17,72
Averag.e Father's 9,61 8,45

Education

Averag.e Mother's 10,24 9.22

Education

% Concluding 61,85 62,02

Secondary

ended up being treated by the SSMP had both higher academic achievement and
socioeconomic standards than the rest of the school prior to the intervention, unless
these differences are accounted for the impact of the program is likely to be

overestimated.

As for the second threat to validity, it is clear from figure 1 that there is significant
variation from year to year in the average grades for all exams, and that this
variation does not follow a specific time pattern or trend. While it is true that part of
this variation could be attributed to different average academic skills of each cohort,
there is no reason to believe that students from one cohort should be so significantly
different from their preceding or succeeding cohorts in academic skills, so as to
cause such variation in average grades. Assuming (plausibly) that the quality of
education (i.e. quality of teachers, quality of teaching methods etc.) remains rather
constant from year to year, the only possible explanation for this variation in average
grades should be that exams differ in their difficulty from one year to the other. The
starkest example of this situation occurred in 2008 with the math exam, when there
was a larger-than-usual increase in the students’ performance at the exam (not
visible in figure 1) which was not due to an increase in that year’s students academic
skills relative to the previous year’s cohort of students, but to a much easier-than-

usual exam in that year, as reported by many students and media outlets across the
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country (“Provas de Matematica”, 2008). Concluding, the threat of time-specific

variation is a real threat to a consistent estimation of the impact of the SSMP.

5.2 Identification Strategy

Given the above-described threats, what is worthy of analysis is thus how evolutions
in academic outcomes, and not their absolute values, compare between treated and
control schools. As such, a difference-in-differences approach (DD-model) and a

fixed-effects approach (FE-model) are taken in the present research.

5.2.1 Difference-in Differences Model

The purpose of the DD-model is to first look at the difference of outcomes pre and
post treatment, for both treatment and control schools separately — the first
differences - and then take the difference between those evolutions — the second
difference. By performing the first difference, the confounding features of each
group of schools, namely the schools’ level of physical degradation and the schools’
socioeconomic contexts, are being netted out. By performing the second difference,

the time-specific variation that could be affecting the outcome is being netted out.

In table 6, the setup of the DD-model is presented, and the main outcome of interest
is the last cell, (D-C)-(B-A), where B and D stand for the outcomes after (or during)

the period of intervention for control and treated schools, respectively.

Table 6: Difference-in-Differences model

Cont.rol Group: Treatment Group: Av. Grade
Not-intervened Intervened Differences
Schools Schools
Before A C C-A
After/During B D D-B
Change in Av. Grades B-A D-C (b-C)-(B-A)

In order to compare treated with control schools in the appropriate time periods, in
the DD model, one needs to determine the periods in which control schools would

have been intervened, had they been chosen for the SSMP. This counterfactual is
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obviously impossible to observe and thus another methodological choice has to be
made. For all control schools, the dates delimiting the time periods during and after
were defined resorting to the average dates of beginning and ending of the
modernization process for treated schools, and then using the 6-month rule as
explained in section 4.3. For the treated schools, the average beginning date of the
modernization process is June of 2009, and the average ending date of the
modernization process and reopening of the school is February of 2012. Thus, from
the above-described methodology comes that, for all control schools, the period
during is defined as beginning in 2010 and ending in 2012 and, consequently, the
period after was defined as beginning in 2013 and ending in 2014 — the last year of
available data. Possible implications to the overall quality of the results coming from

this methodological choice are discussed in the Results section.

This transformation resulted in a different sample from that of table 4, in which
control schools now have observations for the time periods during and after. This

sample is summarized in table 7.

Table 7: Sample of observations for the DD model, showing observations by status of

intervention under the SSMP and time period

Treated Schools

Av. Grades
Before During After TOTAL
Intervened 10 334 1682 2039 14 055

Control Schools

Av. Grades
Before During After TOTAL
Not Selected 16 267 4542 3201 24 010
On-hold 7 029 1800 1211 10 040

TOTAL 48 105

The regression for the DD-model will then be:

Gradejir =  Bo+ [iProgrami: + [z2Duringic + [3Afteri: + PsProgram;*Duringi +
BsProgram;.*Afteri: + €;;
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Gradejie represents, for each exam j, the average grade obtained by school i in year t.

Program;; is a dummy variable equal to one for schools that were intervened under the SSMP
and equal to zero otherwise.

Duringi is a dummy variable equal to one if a certain grade corresponds to an exam taken in
a year during which modernization works were still under way in the respective
school.

After;; is a dummy variable equal to one if a certain grade corresponds to an exam taken in

a year after the modernization works have been completed in the respective school.

i represents the school.
t represents the year.
it represents the error term.

In conclusion, in the difference-in-differences model, the impact of the SSMP post-
modernization will be captured by B4, and Bs will capture the effect of the SSMP

during the modernization phase.

5.2.1.1 Common-trend assumption

The main the identifying assumption in the DD-model is that, without the program,
average grades in treated schools would have followed the same trend as that
experienced by average grades of control schools after the program was
implemented. This is what is usually referred to as the common trend assumption
and it is crucial to ensure that time trends that could be affecting the outcome

variable are effectively being netted out.

The plausibility of this assumption can be checked by comparing the pre-trend in
average grades between treated and untreated schools — the development of grades

prior to the kick-off of the SSMP in 2007 — as done in figure 1.

In all exams, academic outcomes on treated and control schools follow a similar
pattern: a increase (decrease) in average grades, in a certain year, in treated schools,
is always accompanied by an increase (decrease) in average grades in control
schools, suggesting that the common trend assumption holds for these data, and
that the difference-in-difference model can be used to consistently estimate the

impact of the SSMP. This was an expected outcome since all time-related factors
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that affect the outcome variable do, in fact, affect all schools in the same way. For
example, the level of difficulty of the nationwide exams in a certain year affected all
schools without exception, as did the government’s 2010 policies of increasing
classroom sizes, reducing the number of classrooms and extending the mandatory

education to 12 years (Capucho, 2012; Paula, 2013).

5.2.2. Fixed Effects Model

As an alternative to the DD approach, a new model will be created with fixed-effect
regressors for each school, so as to capture all the confounding school-level variation
in grades. Since socioeconomic indicators are assumed to be time-invariant, they are
not included in the model. A control variable for the year is included to isolate the
time-specific variation in average grades (due to exams being more/less difficult in a

certain year). The sample of observations for this model is, thus, that of table 4.

The regression for the FE-model will then be:

Gradejir = ®;+ a; Programi*Duringi + az Programi*Afterie + Y.221500 8, T+ &4

Gradejie represents, for each exam j, the average grade obtained by school i in year t.
D; is the unobserved individual effect.
Program;; is a dummy variable equal to one for schools that were intervened under the SSMP

and equal to zero otherwise.
T: represents the year in which the exam took place.

is a dummy variable equal to one if a certain grade corresponds to an exam taken in
Duringi a year during which modernization works were still under way in the respective
school.

is a dummy variable equal to one if a certain grade corresponds to an exam taken in

Afteri a year after the modernization works have been completed in the respective school.
6, is the coefficient on the dummy variable T,

T; is a dummy variable equal to one for year t, and zero otherwise

i represents the school.

t represents the year.

it represents the error term.
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oy will capture the effect of the SSMP during the period of intervention, and o, will

capture the effect of the SSMP after the period of intervention.

6. Results

Before discussing the results of the models, it is worth pointing out that the
estimated impact of the program in the period during is expected to be negative
since the construction works are likely to create a harmful environment for learning,
and the estimated impact of the program in the period after is expected to be
positive because the modernized school infrastructure is expected to create a

favourable environment for learning.

To gain a better understanding of the differences between treated and control
schools, table 8 presents the summary statistics of the DD model for the average

grades in each group of schools, and for each of the defined time periods.

In the period before, all exams except Portuguese have statistically significant
differences in average grades between treated and control schools at a 1% level,
reflecting the socioeconomic advantage of treated schools. In the period during,
biology, math and physics have statistically significant differences in average grades
between treated and control schools, at a 1%, 5% and 10% level, respectively, as
indicated by the t tests. In the period after, Portuguese and rest have statistically
significant differences in average grades between treated and control schools, at a
1% and 10% level, respectively. No inference can, however, be made from these
results because these still reflect the confounding selection and time-specific

variation effects that the DD model is expected to eliminate.

However, a simple across-group difference of the within-group differences in
average grades between periods, as done in the last column of table 8, suggests that
the expected negative impact of the program in the period during is visible for all the
exams. As for the expected positive effect of the program in the period after, it is

only visible for the Rest group, since in all the other courses the effect is negative.
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Table 8: Summary Statistics of the DD model

Difference Diff i

Treated Control P Treated Control I;ciff:‘n
Schools 167 473
Observations 14 063 33899

Math
Av. Grade Before 77,24 73,94 *xx
Av. Grade During 85,48 89,46 ok 8,24 15,52 -7,28
Av. Grade After 79,64 79,81 2,4 5,87 -3,47
Portuguese
Av. Grade Before 105,84 105,86
Av. Grade During 94,97 95,93 -10,87  -9,93 -0,94
Av. Grade After 94,51 98,18 ok x -11,33 -7,68 -3,65
Biology
Av. Grade Before 96,99 94,41 *xx
Av. Grade During 93,8 97,43 *xx -3,19 3,02 -6,21
Av. Grade After 91,08 89,64 -5,91 -4,77 -1,14
Physics
Av. Grade Before 88,67 85,21 *xx
Av. Grade During 85,01 87,1 * -3,66 1,89 -5,55
Av. Grade After 80,26 80,57 -8,41 -4,64 -3,77
Rest
Av. Grade Before 100,88 99,66 *xx
Av. Grade During 96,03 96,05 -4,85 -3,61 -1,24
Av. Grade After 98,04 96,25 * -2,84 -3,41 0,57
Socioeconomic Indicators

Rank A 13,46 17,30
Rank B 14,33 17,72
Father Educ 9,61 8,45
Mother Educ 10,24 9,22
Regular Track 72,32 71,93
Concluding 61,85 62,02

Table 9 presents the summary statistics of the FE model for the average grades in
each group of schools. The difference in average grades between treated and control
schools for the biology, physics and rest exams are statistically significant at a 1%
level, while math is only significant at a 10% level. The difference in average grades
between treated and control schools for the Portuguese exam does not seem to be
statistically significant. Again, no inference can be made from these results because
these still reflect the confounding selection and time-specific effects that the FE

model is expected to eliminate.
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Table 9: Summary Statistics of the FE model

Treated Control Diff.
Schools 167 473
Observations 14 063 33899
Av. Grade Math 78,57 77,56 1,01 *
Av. Grade Portuguese 102,9 103,04 -0,14
Av. Grade Biology 95,75 94,35 1,40 *xx
Av. Grade Physics 87,01 84,95 2,06 k¥
Av. Grade Rest 99,88 98,55 1,33 *xx

Socioeconomic Indicators

Rank A 13,46 17,30
Rank B 14,33 17,72
Father Educ 9,61 8,45
Mother Educ 10,24 9,22
Regular Track 72,32 71,93
Concluding 61,85 62,02

Below, the estimation results for both the FE and the DD model are discussed. The
outcome variable — the average exam scores in each school — was standardized to
have a mean of zero and a standard deviation of one. This procedure is common in
the educational policy literature as it allows for an easier interpretation of the
results: each estimated value for the standardized variable indicates its difference
from the mean of the original variable, in number of standard deviations (of the
original variable). The use of this strategy in this paper also allows for comparisons of
the magnitude of the estimates with other papers on education policy that have
followed the same standardization approach, some of the most widely cited being
Duflo (2000) and Krueger (1999). It also enables to put some perspective on the size
of the estimated effects. Cohen (1998) defined a standardized effect of 0.2 standard

III

deviations as a “small” effect, a standardized effect of 0.5 standard deviations as a
“medium” effect and a standardized effect of 0.8 standard deviations as a “large”

effect.
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6.1 Difference-in-Differences Model

The estimation results of the DD-model are presented in table 10. The coefficient of
the interaction between the variables program and during — in the model specified
as progdur - is expected to be negative, and the coefficient of the interaction
between the variable program and after — in the model specified as progaft - is

expected to be positive.

Table 10: Main DD estimates of the effect of the program on student performance

Math Portuguese Biology Physics Rest
(1) (2) (3) (4) (5)
141 %%* -.002 .159%** .190*** 071%**
Program
(.026) (.025) (.026) (.026) (.026)
664*** -.693*** 187*** 104%** -.208***
During ’ ’ ’ ’ )
(.031) (.030) (.031) (.031) (.032)
After ’ ’ ’ ’ ’
(.036) (.035) (.036) (.036) (.037)
-.312%** -.065 -.383%** -.305%** -.072
progdur
(.065) (.063) .066 (.066) (.066)
-.149%* -.254%** -.071 -.207*** .033
progaft
(.064) (.062) (.065) (.065) (.065)
Observations 9661 9709 9587 9607 9541
R-squared .051 .096 .020 .018 .011

The results in table 10 suggest different conclusions for the science and engineering
(S&E) related exams of math, biology and physics than for those exams that are not
science-related (the Portuguese exam and the five exams that constitute the Rest
average grade). For the first group of exams, progdur is, as expected, negative and
statistically significant at a 1% level. The magnitude of this impact is estimated to
range between -0,305 standard deviations in the case of the physics exam and -
0,383 standard deviations in the case of biology, thus representing “small” size
effects as defined by Cohen (1998). For the second group of exams, estimates are

also negative but not statistically significant.

In what is concerning progaft, the estimates obtained for all exams except rest are
negative, contrary to what was expected, but only statistically significant at a 1%

confidence level for the case of Portuguese and physics, and at a 5% level for math.
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These estimated effects range between -0,149 standard deviations in the case of

IH

math and -0,254 standard deviations in the case of Portuguese, again “small” effects.

These results should be interpreted having in mind that the difference-in-differences
model was constructed upon two methodological choices. The first choice was the
definition of the time period during as beginning in a certain year only if construction
in the school started at least six months prior to the exam of that year, and of the
time period gafter as beginning in a certain year only if the construction in the school
has ended at least six months prior to the exam of that year. This has the potential
for decreasing the overall quality of the results if the effects of the construction
works, in the case of the period during, and the effects of the improved
infrastructure, in the case of the period after, take longer/less time than six months
to create a measurable change in the exam grades. However, this drawback is
addressed in the Sensitivity Analysis section of this paper, in which the time periods
during and after are defined using both longer and shorter time delays. The second
methodological choice concerns the definition of the time periods during and after
for control schools resorting to the average beginning and ending dates of the
modernization processes in treated schools. This is the best approximation possible
but it is still arbitrary as one cannot tell when these schools would have been
intervened had they been chosen for the SSMP, since this outcome is not
observable. Thus, despite the fact that the underlying problem of defining time
periods for control schools cannot be addressed in a better way, the methodological
choice used in doing so can still be unsuited for the data and it cannot be challenged
in the sensitivity analysis. That is why the fixed-effects model is likely to render more

accurate results than the difference-in-differences model.

6.2 Fixed Effects Model

The estimation results of the FE-model are presented in table 11. Again, the
coefficient of the interaction between the variables program and during is expected
to be negative, and the coefficient of the interaction between the variable program

and after is expected to be positive.
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Table 11: Main FE estimates of the effect of the program on student performance

Math Portuguese Biology Physics Rest
(1) (2) (3) (4) (5)
-.198*** =131 %** - 145%** - 139 ** -.086*
progdur
(.030) (.042) (.037) (.036) (.046)
- 283*** - 235%** - 231*** - 249%** -112%**
progaft
(.030) (.042) (.036) (.036) (.046)
Observations 9661 9709 9587 9607 9541
R-squared .646 .204 415 .376 171

The results in table 11 suggest that, for all exams, the estimates for progdur are
negative, as expected. Estimates are statistically significant at a 1% level for all
exams except Rest, whose estimate is only significant at a 10% level. Estimates for
S&E exams are more negative than for Portuguese and Rest. The estimates range
from -0,086 standard deviations in the case of Rest and -0,198 standard deviations in

I’I

the case of math, thus “small” effects in all cases.

The estimates for progaft are negative for all exams, contrary to the expected, and
statistically significant at a 1% confidence level for all exams except rest, which is
only significant at a 5% level. Estimates range from -0,112 standard deviations in the

III

case of rest to 0,283 standard deviations in the case of math, again, “small” effects.

7. Sensitivity Analysis

The use of a more accurate FE model already allows to test the robustness of the less
accurate DD estimates. However, in order to test the robustness of the results of

section 6 even further, two other sensitivity analyses are performed.

First, the definition of the time periods during and after are changed, to
accommodate a shorter delay and a longer delay in obtaining measurable effects on
exam grades coming from the school status (before construction, during
construction or after construction). In this way, instead of the 6 months of delay that
were defined in section 4.3 as the minimum amount of time needed for a change in
the construction status of a school to produce measurable changes in grades of the
following exam, | allow for a shorter period of 3 months of delay and a longer period

of 9 months of delay. Since the academic year starts in September and ends in June,

J. F. Lima Erasmus School of Economics 32



a 12-month delay would produce almost the same results as a 9 months delay, since
the additional three months would fall in the summer months, in which schools are
not functioning and thus not producing an impact on the preparation of students for

the exams. Thus, a 12-month delay analysis will not be included.

Second, to test the robustness of the results even further, two new samples were
created, to which the regressions specified in section 5.2 are applied. In the first new
sample, observations from private schools were excluded. These schools were all
included in the control group since the program was directed at public schools only.
The rationale behind their exclusion from the sample is that there is no information
on whether some of these schools have gone through their own privately-financed
modernization processes (outside the scope of the SSMP), which is likely that some
of them have. If this is the case, by including private schools in the sample we are
incorrectly including the effect of these modernizations in the overall effect of the
SSMP, and thus we can be underestimating the impact of the SSMP in section 6.
Therefore, the estimates obtained from this new sample will be more accurate. In
the second new sample, the not-selected schools (schools that were never selected
to be part of the SMMP) are excluded from the sample, leaving only on-hold schools
in the control group. These on-hold schools are schools that were selected to be
intervened by the SSMP but ended up not being intervened due to financial
constraints. If there are unobserved differences in socioeconomic and structural
characteristics between treated and control schools, leaving in the control group
only schools that were supposed to receive treatment can more effectively eliminate
these differences and make treatment and control groups more comparable, in this
way further reducing the risk of selection bias. For this reason, the use of this sample

will produce the most reliable estimates.

7.1 Difference-in-Differences Estimates

Table 13 of the appendix presents the same results of the DD model described in
table 10, together with the results obtained from the use of the 3-month and 9-
month definitions of the time variables during and after. Table 14 of the appendix
presents the same estimates but for the new sample in which private schools were

excluded, thus improving the quality of the control group. Table 15 of the appendix
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presents the same estimates but for the sample in which only on-hold schools were
included in the control group, and in this way further improving the quality of the

control group.

For progdur, no significant changes were registered in the estimates of all the exams
across all the specifications used. The estimates for math, biology and physics
remain negative and statistically significant at a 1% level regardless of the sample
used or the definition of time periods used. The estimates for a 9-month definition
of time period are always more negative, some of which even pointing to a
“medium” size negative effect. The estimates for the Portuguese exam, which
become statistically significant at a 5% level in the initial sample (table 13) when
using a 3 and 9-month definition for time periods, loose all significance when using
the two preferred samples (tables 14 and 15), regardless of the definition of the time
periods used. The estimates for rest are always not statistically significant, regardless

of the samples and definitions of time periods used.

For progaft, the definition of time period and the sample used causes estimates to
change substantially in size, sign and significance. In the initial sample, the estimates
for math, Portuguese and physics loose all significance when a 9-month definition
for time periods is used (table 13). When excluding public schools from the sample
(table 14), a set of changes occur in the estimates: the estimates for math become
significant only at a 10% level, the estimate for biology with a 9 month definition of
time periods becomes statistically significant at a 5% level, the estimates for physics
loose all their significance and the estimates for Rest, which are positive, gain
statistical significance at a 10% and 5% level, depending on the definition of time
periods used. When using only on-hold schools in the control group, the preferred
sample (table 15), the estimates for math, biology and physics are only statistically
significant using a 9-month definition of time periods and are positive. Estimates for
rest are positive and statistically significant at a 10% or 5% level depending on the
definition of time periods used and the estimates for Portuguese loose all statistical
significance. In all cases, the statistically significant effects estimated are of a “small”

size, as defined by Cohen (1988).
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7.2 Fixed-Effects Estimates

The FE model provides more reliable estimates than the DD model, for the reasons
described in section 6.1. Table 16 of the appendix presents the same results of the
FE model described in table 11, together with the results obtained from the use of
the 3-month and 9-month definitions of the time variables during and after. Table 17
of the appendix presents the same estimates but for the new sample in which
private schools were excluded, thus improving the quality of the control group. Table
18 of the appendix presents the same estimates but for the sample in which only on-
hold schools were included in the control group, in this way increasing the quality of

the control group even further.

The estimates for progdur vary across specifications in size and significance. Despite
the fact that, in the main sample (table 16), the different definitions of time periods
did not alter significantly the estimates obtained, when private schools are excluded
from the sample (table 17) the estimates for Portuguese and Rest loose all their
significance, and the estimates for math, biology and physics seem to decrease in
size (become less negative). When only on-hold schools are included in the control
group, the preferred sample (table 18), the estimates for physics also loose their
statistical significance except for the 9-month estimate which is statistically
significant at a 10% level. The 6-month estimate for biology also becomes significant

I”

only at a 10% level. In all cases, the estimated effects are of a “small” size, as defined

by Cohen (1988).

In the case of progaft, the different definitions of time periods also did not alter
significantly the estimates obtained in the main sample (table 16). When excluding
public schools from the sample (table 17), only the estimates for Rest seem to
change by loosing their statistical significance (only the 3-month estimate is
significant at a 10% level). When using only on-hold schools in the control group, the
preferred sample (table 18), the estimates for Portuguese and physics become less
statistically significant and smaller (less negative). Again, all estimated effects are of

a “small” size as defined by Cohen (1988).
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8. Discussion

Overall, the results seem to point to two main findings. First, the SSMP seems to
have caused a small to medium size decrease in academic performance of students
during the period in which constructions works were occurring (here defined as the
period during) and this impact was especially significant in the case of S&E exams:
math, biology and physics. This is finding is consistent with the literature and with
the facts on the ground, since schools have seen their S&E-specific infrastructure
(such as labs) demolished and not rebuilt for some years. The size of this impact
ranges between -0,126 and -0,563 standard deviations in the several DD estimates
obtained for the different exams and between -0,053 and -0,214 in the more reliable
FE estimates. Second, although some DD estimates point to a possible positive
impact of the SSMP in academic performance of students in the period after
construction works have ceased, the more credible FE estimates suggest that the
program actually continues to negatively affect student outcomes in all exams (these
impacts are, again, especially strong and statistically significant for S&E exams). In
most cases, this fall in academic performance is even stronger than the one occurred
in the period during. These results are contrary to the predictions made, as the aim

of the policy was to increase educational standards of students.

It is quite counterintuitive that a program such as the SSMP, which aimed at
improving the physical conditions of schools, ended up having a negative impact on
student outcomes. One possible explanation is that the changes operated in schools
by the SSMP were not the most adequate ones and, as a result, they have decreased
the quality of the learning environments to levels that were even lower than those
prior to the SSMP. In fact, a number of different complaints from the schools which
have participated in the SSMP were subject of nationwide media attention: from
schools that re-opened without all the facilities that were projected to be built to
non-functioning air conditioning systems, many examples of unsatisfied school
directors, staff and students became public (Aratjo, 2011). While some of these
complaints may be factual and reasonable, it is hard to believe that their negative
effect outweighs all the positive transformations that the SSMP has made possible,
especially when the OECD itself evaluated the program as having created “significant

achievements” through the “radically improved” quality of the buildings.
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Another, perhaps more plausible, explanation for such results stems from the fact
that education is a continuous and cumulative learning process and, thus, if a certain
student does an exam in a modernized school at the end of her high school
education, her performance can still be lower that that of students in non-
modernized schools if her school was under construction in the first years of her high
school education. In other words, if a student happens to experience both the during
and the after periods during her high school years, the negative impact on her
outcomes created in the during period can create a disadvantage that still has
repercussions on her later outcomes, even when the school is already modernized

and has re-opened to its normal functioning.

It is fairly easy to test whether these cross-year negative spillovers actually took
place. High school education in Portugal is comprised in three years of education
(10th to 12" grade). The Portuguese and Math exams are conducted at the end of
the third year, while all the other exams are conducted at the end of the second
year. Thus, it is easy to divide all observations in the sample belonging to the period
after in two different groups: first, the average grades in years in which students that
made the exam had a full 3 years of high school education in a modernized school
(and thus were never affected by the construction works); second, the average
grades in years in which the students that made the exam had at least one year (but

no more of two) of their studies in a school that was under construction.

Table 12 shows the evolution of average grades in the period after of these two
groups between 2012 and 2014, since these are the only years in which there are

enough observations to make comparisons possible.

As table 12 shows, it is not for all cases that, in each year, students who spent all
three years of their high school education in a modernized school do better than
those who have spent at least one year in a school under construction. This is only
the case math in 2012 and 2014 and for biology, physics and rest in 2013 and 2014.
Thus the negative year-to-year spillover argument does not by itself explain all the
negative effects of the SSMP. However one should note that these differences do
not take into account possible disparities in socioeconomic status of the schools in
each group and that they are only statistically significant in three circumstances:

math in 2012 and 2014 (positive) and Portuguese in 2012 (negative). This is maybe
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due to the relatively low amount of observations that one is able to collect for each

of the two groups given that the program is still very recent and there are not many

schools already in the period after the construction. Therefore, no clear conclusions

should be taken from this exercise until we have enough data to make comparisons

of the two groups credible — that means, we will have to wait a few more years to

see more schools completing their modernization and to have more cohorts studying

in modernized schools for their entire three years of high school.

Table 12: Evolution of average grades in the period after intervention

Av. Standardized Grades

2012 2013 2014
Exams of students who Obs. Av. p  Obs. Av. p Obs. Av. p
spentall 3 years in a 18 025 52 0,01 31 0,06
modernized school
1 .
Math Spent at least 1 year in a 77 011 64 0,11 95 0,27
school under construction
Diff 0,36 ** -0,13 0,22 *
Spentall 3 yearsin a 18 -0,88 52 1,20 31 -0,01
modernized school
Spent at least 1 yearin a
Portuguese . 77 -0,51 64 -0,98 95 0,12
school under construction
Diff -0,37 ** -0,22 -0,13
spent all 3 years in a 52 062 95  -0,93 116 0,23
modernized school
. 1 i
Biology ~ -Pentatleastlyearina 43 045 21 -1,07 10 0,09
school under construction
Diff -0,16 0,14 0,14
spent all 3 years in a 52 0,79 95  -0,40 116 -0,19
modernized school
. 1 i
Physics Spent at least 1 year |n‘a 43 0,69 21 0,56 10 0,45
school under construction
Diff -0,10 0,16 0,26
spent all 3 years in a 52 013 95  -0,15 116 0,01
modernized school
Rest Spent at least 1 year |n‘a 43 0,17 27 0,19 10 0,17
school under construction
Diff -0,04 0,03 0,18
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9. Conclusion

This study exploits the variation in spending on school infrastructure coming from
the SSMP — a secondary school modernization program conducted in Portugal — in
order to estimate the impact of the modernization of school buildings on student
achievement. Using a difference-in-differences and fixed effects approach, the
impact of this program in the evolution of student grades in a set of exams was

estimated, by comparing outcomes between treated and control schools.

The results of this research point to a small to medium-size negative impact of the
program on student grades during the phase of the program in which renovation
works are occurring in the schools. This result is in line with the experiences of
several intervened schools which have reported a significant worsening of the
learning environment during this period, due to overly high levels of noise and air
pollution and the displacement of students less-equipped modular classrooms. The
reduction in student performance is especially significant in the S&E related courses
of math, biology, geology, physics and chemistry, as S&E-specific infrastructure such
as science labs are frequently demolished, and the new prefabricated classrooms do
not offer the necessary conditions for a satisfactory preparation for the exams of
these courses. These were also the courses for which the estimates proved to be

more robust to all the models and specifications applied in the sensitivity analysis.

The more credible FE estimates also point to a small, but statistically significant,
negative impact of the program in the years shortly after the renovation works took
place and the modernized schools re-opened to their normal academic functioning.
Again, the estimates for the S&E exams are the most statistically significant and
robust to the all the models and specifications applied in the sensitivity analysis.
These results are contrary to the positive impact of the modernized schools in
students’ outcomes predicted by the OECD’s evaluation of the SSMP, as well as the

large bulk of the literature on this topic.

More research at a further date is needed to make sense of these results. As the
program is very recent, and there are only a few schools that have completed their
modernization process, data on academic outcomes for more years will tell whether

negative year-to-year spillovers are the cause of the negative estimates. If this
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proves to be the case, it is reasonable to say that the program created a
disadvantage only for those students who started their studies in a school that was
experiencing construction works but did their exams after these works were
finished. In contrast, all the students who go through their full high-school years in a
modernized school will see their academic outcomes increase as a result of the

SSMP.

If, on the contrary, negative year-to-year spillovers are ruled out, more years of data
on academic outcomes will also tell whether what appears to be the negative impact
of the program after its completion is a short-term or a long-term one. If it is short-
lived, it could be that there is period of adaptation of the students and school-staff
to the new infrastructure that creates a temporary fall in grades, but ends up turning
into a long-term period of enhanced academic outcomes. If, on the contrary, the
negative trend persists, the only reasonable explanation is that the changes in
schools operated by the SSMP were not adequate and were in fact very harmful, as
they have decreased the quality of the learning environment to levels that are even

worse than those prior to the SSMP.
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