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Organization

What is the state of school infrastructure for primary and secondary education 
in Paraguay? How much is invested by the government in order to improve 
school infrastructure and how have these investments evolved over time? 
What is the legal framework for such investments and is it appropriate? Given 
budget constraints, which types of investments are likely to be most needed in 
order to help improve student learning? Finally, how well targeted to the 
schools most in need are the infrastructure investments being made today? In 
order to help inform decision making by the Ministry of Education in this 
area, the objective of this study is to provide tentative answers to those ques-
tions on the basis of administrative budget data as well as school-level data 
collected through a 2008 school infrastructure census.

The literature on education production functions suggests that better basic 
infrastructure in school is likely to have a positive impact on school attainment 
and learning. While this impact may not necessarily be very large, students 
should be able to learn in an adequate physical environment. At the same time, 
many countries including Paraguay face hard budget constraints. It is therefore 
important to assess not only how much investments are needed in schools but 
also which types of school infrastructure investments are likely to bring the most 
benefits, and in which schools new investments should be made. The purpose of 
this study is to provide a preliminary analysis of these issues using both admin-
istrative budget data and school-level data in order to help inform decision mak-
ing by the Ministry of Education.

The study consists of four chapters apart from this introduction. Chapter 2 
provides a basic diagnostic of the state of infrastructure in Paraguay’s public 
primary and secondary schools. The analysis is based on data from a 2008 
school infrastructure census. Paraguay’s school infrastructure appears to be in 
relatively poor shape and less well developed than that of other Latin American 
countries. In general, areas with higher levels of unmet basic needs as well as 
rural areas have a lower aggregate index of school infrastructure quality and 

introduction
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differences are also observed between departments. While none of these find-
ings are surprising, they help set the stage for more detailed analysis in subse-
quent chapters.

Chapter 3 provides an analysis of trends in past budget allocations to basic 
primary and secondary school infrastructure. The analysis suggests that there has 
been a sharp reduction in such allocations in recent years. In addition, the chap-
ter assesses the potential investments that would be needed in order to reduce 
the school infrastructure gaps in the country. Given that Paraguay has adopted 
standards for what schools should have as infrastructure amenities, the cost of 
fulfilling these requirements is first estimated. The resulting cost is found to be 
very high and beyond reach, given budget constraints. Alternative suggestions are 
made for prioritizing basic infrastructure investments, and the cost of these alter-
native rules is also estimated.

One of the conclusions of the chapter is that while standards have been 
adopted in Paraguay as in many other countries as to what schools should be 
equipped with, such standards are useful only to the extent that they are ambi-
tious but also somewhat realistic. In Paraguay, the requirement that all primary 
and secondary schools be equipped with (among others) direction and secre-
tarial rooms, as well as one classroom per grade, a room for recreation and 
physical education, a library, and a laboratory is too ambitious. The cost of pro-
viding these amenities would be much too high, especially in a context where 
budget allocations for school construction and equipment have been reduced. 
Rather than aiming to equip all schools with as many amenities as possible, a 
better approach—recognized in practice by the Ministry—is to allocate the most 
important amenities where they are the most needed, and to build from that.

Chapter 4 then considers the question of which amenities are most needed. 
There is some degree of consensus in the literature that better basic infrastruc-
ture in schools improves student learning. But not all infrastructure investments 
are likely to have the same impacts on student performance. On the basis of the 
estimation of an education production function, the evidence provided in chap-
ter 4 suggests that in Paraguay investments in classrooms in those schools that do 
not have enough classrooms are likely to bring larger gains than other invest-
ments. Furthermore, the largest gains tend to be observed when investing in the 
schools that are the most crowded in terms of a lack of classrooms. These results 
were obtained with limited data and may suffer from (among others) omitted 
variable bias, but they seem to be robust as well as intuitive and thus provide a 
useful guide to policy makers for allocating scarce resources.

Finally, chapter 5 looks at whether investments in classrooms are well targeted. 
This assessment of course depends on what the criteria for good targeting are. The 
idea is that since crowding in classrooms has been identified in chapter 4 as det-
rimental for student performance, it would be logical to target investments to 
provide classrooms in areas where crowding is  most severe. Using poverty mea-
surement techniques, the chapter provides a simple framework for conducting 
this type of analysis. The analysis suggests that needs are large with most of the 
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student population being in schools that do not have enough classrooms. But it 
also suggests that investments in new classroom construction do not seem to be 
targeted to the schools that need more classrooms the most. There is a difficult 
trade-off here. On the one hand, poorer areas lack many infrastructure amenities, 
and it may seem appropriate to provide more classrooms to (rural) schools that 
have few of them. But on the other hand, the available measures of crowding in 
classrooms are higher in some of the better-off (urban) areas. It does seem from 
the analysis that too many classroom investments are being made in rural areas 
that may not need classrooms as much as alternative forms of teaching to better 
serve the population (such as multigrade teaching). While more analysis would 
be needed to look at the policy implications of this trade-off, the analysis pro-
vided in chapter 5 suggests that classroom investments do not reach the areas 
where crowding in classrooms is highest, and this is a source of concern that 
merits further attention. Finally, the analysis suggests that there may also be some 
potential in using classrooms currently not in use in order to reduce the lack of 
classrooms faced by many schools.

http://dx.doi.org/10.1596/978-1-4648-0448-9
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Abstract

There is some consensus in the education literature that better basic infrastructure 
in schools improves student learning. The literature on education production 
functions suggests that a lack of basic amenities in schools inputs may affect 
student learning negatively. This study explores various questions related to basic 
school infrastructure needs, costs, and investments in Paraguay. As a start, this 
chapter provides a basic diagnostic of the state of infrastructure in public primary 
and secondary schools using data from a 2008 school census. The findings suggest 
that while some schools have the infrastructure amenities they need, many do 
not, especially in rural and poorer areas.

Introduction

A recent review of the literature on education production functions com-
pleted by Glewwe et al. (2013) suggests that the availability of basic furni-
ture (desks, tables, and chairs), electricity, school libraries, and high-quality 
walls, roofs, and floors in schools all may have positive impacts on learning. 
In the case of Paraguay, research by Otter and Villalobos Barría (2009) also 
suggests that schools with better infrastructure perform better, which is not 
too surprising.

In order to ensure proper basic infrastructure in schools, Paraguay has adopt-
ed (like many other countries) standards for its schools. In its 1999 Decree 6589 
and through Resolution 3985, the Ministry of Education and Culture (MEC) 
stipulated that all schools should have (i) a direction room; (ii) a secretarial 
room; (iii) at least one classroom (7.2 meter × 7.2 meter) per grade with proper 
ventilation and light; (iv) separate bathrooms for boys and girls; (v) a proper 
space for recreation and physical education; (vi) drinking water; and (vii) a 
library. In addition, each school should also have a laboratory for teaching phys-
ics, chemistry, and the natural sciences (Rivarola and Elías 2013). Unfortunately, 
despite such provisions, in comparison to other Latin American countries 

Basic infrastructure Diagnostic for 
Public Schools
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Paraguay remains today one of the countries with the largest school infrastruc-
ture deficits (Duarte, Gargiulo, and Moreno 2011; Murillo and Román 2011).

The objective of this study is to explore various questions related to basic 
school infrastructure needs, costs, and investments in Paraguay. At the start of the 
study, it is useful to first provide a basic diagnostic of the state of infrastructure 
in public primary and secondary schools. This is the purpose of this chapter. The 
analysis is based on data from a 2008 school infrastructure census. The findings 
suggest that while some schools have the infrastructure amenities they need, 
many do not, especially in rural and poorer areas. This information and the school 
infrastructure census dataset are used in subsequent chapters for more detailed 
work on investments costs and needs and on the targeting of new investments, 
among others.

The structure of the chapter is as follows. First, in order to provide contex-
tual information for the study, a brief diagnostic of Paraguay’s education system 
is provided by summarizing a study recently completed by Elías, Molinas, and 
Misiego (2013). Next, the data from Paraguay’s 2008 school infrastructure cen-
sus are used to assess the share of schools and the share of the student population 
in schools with various amenities or facilities, as well as the share of facilities that 
are in poor condition and the level of investments under way at the time of the 
census. The next section then provides aggregate measures of school infrastruc-
ture quality to compare various areas and departments in the country. A brief 
conclusion follows.

Brief Diagnostic of Paraguay’s Education System

In order to provide contextual information for the analysis carried in this chap-
ter and the rest of this study, it is useful to provide a brief diagnostic of 
Paraguay’s education system. Such a diagnostic was recently conducted by 
Elías, Molinas, and Misiego (2013) as part of the PREAL (Progreso Educativo del 
Programa de Promoción de la Reforma Educativa en América Latina y el Caribe) 
program. Table 2.1 provides the main conclusions of this diagnostic along nine 
areas of focus: coverage of the education system, retention in school, learning, 
equity, teacher profession, public investments in education, competencies and 
standards, monitoring and evaluation system, and finally autonomy and 
accountability. For each of those dimensions, a letter grade is provided, with the 
possible grades being Excellent; Good; Average; Insufficient; Poor. In addition, 
an assessment of changes in performance over time in each of the nine areas is 
provided with three potential notes: improvements, no change in performance, 
and deterioration.

Overall, the performance of Paraguay’s education system is relatively weak 
and while there have been improvements in recent years for coverage, retention, 
and equity, there has been no change in all other dimensions with the exception 
of public investments in education, where there has been a decline in perfor-
mance due to a reduction in public spending budgets for education as a share of 
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gross domestic product (GDP) while other countries increased their investments 
in education.

Looking at each of the nine areas of focus one by one, the system is rated as 
good in terms of its coverage, essentially because the number of students enrolled 
has increased at all levels, with nearly universal rates of enrollment in primary 
schools. However, there has been a reduction in net primary school enrollment 
rates in the last few years, and a substantial share of children aged 13 to 17 are 
not in school, resulting in a lower rate of enrollment in Paraguay than in much 
of the rest of the region at the secondary level. Retention in school is rated as 
average, but with an improvement in the number of years of schooling of the 
adult population (15 years and above) from 7.1 years in 2000 to 8.2 years in 
2010. Learning, however, is rated as insufficient on the basis of data from nation-
al assessments suggesting that more than half of students in third grade do not 
reach the expected level of proficiency in mathematics, and 40 percent do 
not reach the expected level of proficiency in Spanish. In a regional assessment 
of learning, Paraguay was in the bottom five countries. In terms of equity, there 
has been a reduction over time in the enrollment gap between urban and rural 
areas and between income groups. However, inequalities in education persist and 
are quite substantial, so that equity is rated as insufficient. Indigenous popula-
tions in particular still lag behind the national average.

Data on teachers are limited, but the available evidence suggests that the 
quality of teachers remains insufficient, with a lack of incentive for perfor-
mance as well (teacher salaries are only minimally related to performance). 
Public spending for education as a share of GDP decreased from 5.1 percent in 
1999 to 4.1 percent in 2010, at a time when other countries such as Argentina, 
Brazil, and Chile increased their investments in education (see table 2.2). 
Paraguay’s investment primary and secondary per students in 2010 was one 
fourth to one fifth the level of investment of the other Latin American coun-

Table 2.1 Summary of PREAL’s Diagnostic of Paraguay’s Education System

Area Grade Trend

Coverage Good Improvement

Retention in school Average Improvement

Learning Insufficient No change

Equity Insufficient Improvement

Teacher profession Insufficient No change

Investments Insufficient Deterioration

Competencies and standards Insufficient No change

Monitoring and evaluation system Average No change

Autonomy and accountability Average No change

Source: Elías, Molinas, and Misiego 2013.
Note: Grading system: Excellent; Good; Average; Insufficient; Very poor.

http://dx.doi.org/10.1596/978-1-4648-0448-9
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tries listed in table 2.2. Paraguay is rated as insufficient in this area, and this is 
also the only area where there has been deterioration over time. As discussed 
in detail in subsequent sections, this deterioration has also affected allocations 
to basic school infrastructure, which are now especially low and have been 
decreasing. As noted by Elías, Molinas, and Misiego (2013), when public spend-
ing may not be enough to cover teacher salaries and administrative costs, there 
is very little room available for investments.

The last three dimensions in table 2.1 relate to competencies and standards, 
monitoring and evaluation, and autonomy and accountability. The rating for 
competencies and standards is insufficient because despite efforts in that area, 
memorization still prevails in the classroom, as opposed to discovery, with little 
change over time. The other two dimensions—monitoring and evaluation, and 
autonomy and accountability—are both rated average without change over time. 
National assessment systems do exist, but are not always comparable, and while 
decentralization towards departments is on the book, it has not necessarily made 
a substantial difference, and more could be done to promote the participation of 
parent associations in school management.

State of Basic Infrastructure in Schools

A key finding from the brief diagnostic of Paraguay’s education system pre-
sented in the previous section is the fact that public spending for education 
appears to be on the low side, both in percentage of GDP and in actual amounts 
spent per child. As discussed in more details in chapter 3, it can also be shown 
that the share of public education spending allocated to school construction 
and equipment has decreased dramatically over the last decade. The resources 
available to upgrade basic school infrastructure are thus very limited, while the 
needs are large.

Table 2.2 Public Education Spending and Spending Per Student, 1999 and 2010

 Argentina Brazil Chile Paraguay

 1999 2010 1999 2010 1999 2010 1999 2010

Public education 
spending as share of 
GDP (%) 4.6 6.2 4.0 5.8 4.0 4.9 5.1 4.1

Spending per primary 
school student  
(2009 PPP $) 1,416 2,373 859 2,026 3,405 2,360 541 475

Spending per secondary 
school student  
(2009 PPP $) 1,903 3,815 779 2,063 1,593 2,404 730 695

Source: Rivarola and Elías (2013) based on UNESCO and Ministry of Education data.
Note: GDP = gross domestic product; PPP = purchasing power parity.

http://dx.doi.org/10.1596/978-1-4648-0448-9
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One of the consequences of the lack of resources allocated to basic school 
infrastructure is that many schools are not well equipped today and do not meet 
the requirements of the Ministry’s Decree 6589 and Resolution 3985 mentioned 
in the introduction to this chapter. Whether all of these requirements should be 
met is open to question, given their budgetary costs, and this will be discussed in 
the next chapter. But the fact that some schools lack basic infrastructure and 
important amenities is not in question. In this context, the objective of this sec-
tion is to provide a review of the state of basic infrastructure in public school on 
the basis of the school infrastructure census implemented in 2008 by the 
Ministry of Education and Culture.

Table 2.3 provides summary statistics on the average number of classrooms 
and students per school, on a summary index of classroom adequacy to serve a 
school’s student population, and on whether schools have a number of other 
amenities. The summary statistics are provided for the country as a whole (all 
schools), as well as separately for urban and rural areas, and for primary and 
secondary schools (if a school caters to both primary and secondary students, it 
will be included in both categories). Statistics are provided without weights, in 
which case each school counts for the same whatever its size, as well as weight-
ed by the number of students in the school, in which case the statistics provide 
the share of students that benefit from a specific infrastructure (when comput-
ing weighted statistics for primary and secondary schools, if a school covers 
both cycles, only the number of students in primary or secondary grades is used 
for the weighting, so that the statistics represent the primary and secondary 
student population).

The average size of the schools is relatively large, especially in urban areas 
where the average school has 411 students. The figure for rural schools is 99 
students. Secondary schools are larger (260 students on average) than primary 
schools (161 students). On average, schools have six classrooms in use—the 
figure is 10.6 classrooms in urban areas versus 4.7 classrooms in rural areas and 
5.9 classrooms for primary schools versus 8.2 for secondary schools.

In order to assess the extent to which enough classrooms are available for the 
student population in each school, a classroom availability index is estimated. 
Denote this index by CAIi. It represents the number of classrooms available in a 
school normalized by the number of classrooms that should be available so that 
a value of 100 means that the school has exactly the number of classrooms it 
needs, given its student population (all schools with an index value at or above 
100 are not infrastructure poor). What does the term “should” mean? If one con-
siders a benchmark baseline case in which one classroom should be available per 
set of n = 30 students in a school (other benchmarks such as n = 20, n = 25, or 
n = 35 could be considered, and this will be done in subsequent chapters), and if 
one denotes by CUi the number of classrooms actually in use in a school (this 
information is available in the 2008 school infrastructure census) and by Pi and 
Si the number of primary and secondary students, then the index CAIi is defined 
as follows:

http://dx.doi.org/10.1596/978-1-4648-0448-9
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Table 2.3 Functioning Basic School Infrastructure by Area and by Education Level

 
Schools (not weighted)

Students (schools weighted  
by number of students)

All 
schools Urban Rural Primary Secondary

All 
schools Urban Rural Primary Secondary

 Average values across schools

Students and 
classrooms per 
school

          

Number of students 167.5 411.2 99.3 160.8 260.5 n.a. n.a. n.a. n.a. n.a.

Number of classrooms 
being used 6.0 10.6 4.7 5.9 8.2 n.a. n.a. n.a. n.a. n.a.

 Share of schools or students with a characteristic or amenity (%)

Share of schools by 
classroom index

          

0.75 ≤ CAI 12.3 36.9 5.5 11.2 19.8 38.1 58.8 14.2 31.7 48.1

0.75 < CAI ≤ 1.00 12.4 23.7 9.2 11.8 18.5 19.8 22.3 16.8 19.8 19.7

1.00 < CAI ≤ 1.25 13.3 15.5 12.7 13.1 17.1 13.9 10.0 18.3 14.7 12.7

1.25 < CAI ≤ 1.50 12.4 8.8 13.4 12.7 13.2 9.6 4.4 15.6 11.1 7.2

1.50 < CAI ≤ 1.75 11.2 6.0 12.6 11.2 10.0 6.6 2.3 11.5 7.6 5.0

1.75 < CAI 38.5 9.1 46.7 39.9 21.4 12.1 2.1 23.6 15.2 7.2

Share of schools  
with functioning 
amenities

          

Toilets 61.6 95.2 52.2 59.7 76.8 84.2 98.5 67.7 80.1 90.5

Direction room 43.5 75.9 34.5 40.5 59.2 68.0 84.5 48.8 61.1 78.6

Secretarial room 12.1 36.0 5.4 8.9 20.7 33.7 53.8 10.4 23.1 49.9

Library 13.8 40.3 6.4 11.6 21.8 36.1 56.6 12.4 27.7 49.1

Laboratory 3.2 12.1 0.7 1.6 5.9 12.6 22.2 1.4 5.3 23.7

Workshop room 2.3 8.0 0.7 1.4 4.0 8.0 13.9 1.1 3.5 14.9

Multiuse room 3.8 11.1 1.8 2.8 5.7 10.4 17.3 2.4 6.1 17.1

Teachers’ room 5.7 19.2 2.0 3.7 9.9 18.2 30.4 4.0 10.2 30.5

Recreation area 3.6 11.8 1.3 2.9 5.9 12.9 22.2 2.0 8.5 19.6

Sanitation/toilets 56.4 80.0 49.8 55.1 66.8 74.2 86.3 60.3 70.2 80.4

Electricity 92.5 99.5 90.6 92.0 98.1 98.1 99.9 96.0 97.2 99.5

Piped water 43.6 67.3 37.0 41.3 53.1 57.2 65.9 47.1 53.2 63.4

Computers 23.3 48.8 16.2 20.8 34.6 43.2 58.6 25.3 36.8 53.0

Access to the Internet 4.0 14.5 1.0 3.0 6.9 13.6 23.4 2.2 9.0 20.6

Number of schools 6,608 1,445 5,163 5,192 3,520 6,608 1,445 5,163 5,192 3,520

Source: Computations from Paraguay’s 2008 school infrastructure census.
Note: n.a. = not applicable.
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Again, the value of n can be changed, and this will be done in subsequent 
chapters when discussing budgetary costs (in chapter 3) and infrastructure gaps 
(in chapter 5), but for the basic statistics provided in this chapter, a value of n = 
30 will simply be used. Apart from some reasonable norm in terms of classroom 
availability that should be based on a school’s student population, it is important 
to note that as mentioned in the introduction, Paraguay has a separate norm that 
requires in principle all schools to have at least one classroom per grade (thus 
primary schools with six grades would need in principle at least six classrooms; 
this is clearly not the case, since the average number of classrooms in all primary 
schools taken together is 5.9, with many schools having much fewer classrooms 
than the implicit norm of six classrooms). One could challenge this rule, since at 
least in small rural primary schools the cost of implementing the rule is likely to 
be much higher than relying on multigrade teaching. Therefore, rather than 
reporting the number of schools or the share of students in schools with less than 
six classrooms, for the purpose of this chapter statistics on the classroom avail-
ability index are reported.

Table 2.3 suggests that 12.3 percent of the schools have a classroom availabil-
ity index below 0.75. When weighting the schools by their student population, 
this rises to 38.1 percent, suggesting that in many schools, classrooms may be 
crowded (increasing the parameter n for the estimation would reduce these 
shares, while reducing the parameter would increase the shares). Importantly, 
using the classroom availability index, schools appear to be more crowded in 
urban than in rural areas, and in secondary than primary schools. This is in part 
because many rural schools are small, so that even if a classroom is not available 
for each grade, the index does not suggest a lack of classroom to accommodate 
the student population.

The next part of the table provides data on the share of schools with various 
basic amenities. Among all schools, 92.5 percent have electricity, 61.6 percent 
have independent toilets, and 56.4 have sanitation (which also includes toilets), 
but for all other amenities, less than half of the schools are equipped with those 
amenities. Specifically, 43.5 percent of the schools have a direction room, 43.6 
percent have piped water, 23.3 percent have computers, 13.8 percent have a 
library, 12.1 percent have a secretarial room, 5.7 percent have a teachers’ room, 
and less than 5 percent have a workshop room, a multiuse room, a recreation 
area, and access to the Internet. Amenities are more common in urban areas and 
among secondary schools as expected, and similarly the share of students in 
schools with various amenities is higher, since larger schools tend to have more 
amenities.

http://dx.doi.org/10.1596/978-1-4648-0448-9


12 Basic Infrastructure Diagnostic for Public Schools

School Infrastructure in Paraguay • http://dx.doi.org/10.1596/978-1-4648-0448-9

Table 2.4 provides information on the share of facilities in need of repairs 
(computed as a share of the facilities in good or average condition). The shares 
are computed for each school, and then the average shares for all schools are 
displayed. It appears that with the exception of classrooms and sanitation, most 
of the facilities are in relatively good condition, since in table 2.2 the average 
shares across all schools of facilities in need of repairs tend to be below 5 per-
cent. But in the case of sanitation, for an average school, the likelihood that the 
facilities are in poor condition is one fifth (20.1 percent), and the likelihood 
that a classroom will be in poor condition is above one tenth (11.1 percent for 
classrooms). Note that in those estimations, schools of different sizes are 
weighted equally. The fact that when looking at the student population the 
shares are lower suggests again that school infrastructure is better in larger 
schools.

Table 2.5 provides information on the share of facilities in construction (com-
puted as a share of the facilities in use). Not surprisingly, given the fact that 
sanitation facilities and classrooms tend to be in poorer condition, much of the 
construction under way at the time of the school infrastructure census focused 
on classrooms and sanitation facilities. For classrooms, for an average school, 
construction would increase the availability of classrooms by 3.1 percentage 
points versus the number of classrooms in use, and for sanitation, the estimate is 
2.3 percent. Of course, these are averages, and construction is concentrated in a 
relatively small number of schools. Of the 6,608 schools in the census, 592 

Table 2.4 Facilities in Need of Repairs as Share of Facilities in Good or Average Condition by Area and by 
Education Level
percent

 Schools (not weighted)
Students (schools weighted  

by number of students)

All schools Urban Rural Primary Secondary All schools Urban Rural Primary Secondary

Classrooms 11.1 3.5 13.2 11.9 7.7 6.2 2.6 10.3 7.7 3.8

Direction room 5.1 1.5 6.9 5.7 4.3 2.8 1.1 5.6 3.5 1.8

Secretarial 
room 1.2 0.8 1.7 1.4 0.9 0.6 0.5 1.2 0.9 0.4

Library 1.9 1.6 2.6 2.4 1.9 1.4 1.2 2.3 2.0 0.9

Laboratory 1.6 1.5 2.2 1.9 1.7 1.0 0.9 1.3 0.7 1.1

Workshop 
room 3.9 3.4 5.1 5.3 2.7 1.7 1.5 3.6 4.3 0.6

Multiuse room 3.1 2.7 3.6 4.5 1.3 2.0 2.0 1.7 4.3 0.7

Teachers’ room 2.4 2.0 3.4 3.1 2.1 1.7 1.7 1.9 2.9 1.0

Recreation area 1.5 0.0 4.8 1.0 1.7 0.3 0.0 3.6 0.2 0.4

Sanitation 20.1 7.4 23.6 20.9 15.7 12.0 5.7 19.3 13.9 9.1

Source: Author’s estimations from Paraguay’s 2008 school infrastructure census.
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schools have at least one classroom in construction (among those, 369 have 
exactly one additional classroom being built, while the other schools are building 
two or more classrooms), and 129 have sanitation and toilet facilities under 
construction. This priority given to classrooms and sanitation and toilets remains 
valid today, since in its 2013 micro-planning, the Ministry of Education and 
Culture identified as priorities the need to build or repair classrooms as well as 
sanitation/toilet facilities.

Overall, the conclusion from this brief diagnostic of the quality of basic school 
infrastructure in Paraguay is that many schools are missing amenities that clearly 
should be available, not only in terms of classrooms but also in terms of sanitation 
and toilets and libraries, among others. While some of the other amenities could 
be considered as optional, the share of the schools benefitting from such ameni-
ties remains low even among secondary schools.

Index of Basic School Infrastructure Quality

It is also useful to construct an aggregate index of basic school infrastructure, 
but when doing so the question of the weights to be assigned to different 
school characteristics or amenities needs to be considered. One possibility 
would be to assign equal weight to different amenities, but this is not likely to 
reflect well overall differences in infrastructure quality between schools. 
Ideally, one might want to assign weights for each infrastructure characteristics 
on the basis of the role that different amenities play in student learning, but as 

Table 2.5 Facilities in Construction as Share of Facilities Being Used by Area and by Education Level
percent

 Schools (not weighted)
Students (schools weighted  

by number of students)

All 
schools Urban Rural Primary Secondary

All 
schools Urban Rural Primary Secondary

Classrooms 3.1 2.8 3.1 3.0 3.4 2.9 2.4 3.5 3.0 2.9

Direction room 0.4 0.4 0.4 0.4 0.5 0.6 0.5 0.8 0.6 0.6

Secretarial room 0.2 0.1 0.3 0.3 0.2 0.3 0.2 1.2 0.5 0.2

Library 0.7 0.9 0.3 0.5 0.8 0.7 0.7 0.1 0.4 0.8

Laboratory 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Workshop room 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Multiuse room 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Teachers’ room 0.2 0.3 0.0 0.4 0.3 0.4 0.4 0.0 0.5 0.3

Recreation area 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Sanitation 2.3 2.9 2.2 2.1 2.6 1.8 1.2 2.5 1.8 1.8

Source: Author’s estimations from Paraguay’s 2008 school infrastructure census.
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discussed in chapter 4, it is not clear that some of the amenities actually have 
an impact on learning. The alternative used here is to let the weights be deter-
mined by the data through a factorial analysis, whereby weights are defined in 
such a way that the initial variance in the data is explained as much as possible 
by different factors. The first such factor provided by the factorial analysis then 
represents—at least in first approximation—an overall index of school infra-
structure quality. The list of variables used for the factorial analysis is provided 
in table 2.6 together with the weights assigned to each variable. Note that 
because factorial analysis aims to generate factors that account for the largest 
possible share of the variance observed in the initial variables, some variables 
may be weighted relatively low, but this does not necessarily mean that they do 
not matter. For example, probably in part because most schools have electricity, 
this variable does not factor heavily in the overall index of infrastructure qual-
ity, but this does not mean that electricity does not matter. What the index does 
provide is a measure of differences between schools in amenities, with the 
measure defined implicitly to differentiate schools.

If one denotes the index obtained from the factorial analysis by Ii, a normal-
ized index taking values between zero and 100 can also be defined by using the 
following formula:

  NI
I I

I Ii
i i

i i
=

−
−

min( )

max( ) min( )
 (2.2)

Table 2.6 Factorial Analysis of Basic School Infrastructure

Amenities Weight

Number of classrooms in use 0.215

Availability of:  

    Direction room 0.137

    Secretarial room 0.165

    Library 0.156

    Laboratory 0.126

    Workshop room 0.085

    Multiuse room 0.085

    Teachers’ room 0.139

    Recreation area 0.077

    Sanitation 0.083

    Electricity 0.040

    Piped water 0.049

    Computers 0.100

    Internet 0.095

Source: Author’s estimations from Paraguay’s 2008 school infrastructure census.
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Table 2.7 Index of Basic School Infrastructure by Department

Variable
Number of 

schools Mean index
Standard  
deviation

Minimum  
value

Maximum  
value

 All schools

Alto Paraguay 29 0.152 0.128 0.013 0.449

Alto Parana 616 0.142 0.129 0.007 1.000

Amambay 159 0.113 0.134 0.007 0.721

Boquerón 38 0.143 0.164 0.007 0.669

Caaguazu 785 0.117 0.098 0.007 0.879

Caazapa 408 0.095 0.082 0.000 0.741

Canindeyu 378 0.096 0.095 0.000 0.567

Capital 106 0.431 0.196 0.062 0.887

Central 588 0.238 0.161 0.020 0.933

Concepción 359 0.104 0.111 0.000 0.936

Cordillera 329 0.174 0.125 0.035 0.769

Guaira 341 0.122 0.121 0.007 0.888

Itapua 731 0.123 0.113 0.007 0.927

Misiones 172 0.166 0.133 0.007 0.710

Paraguari 405 0.151 0.101 0.013 0.634

Presidente Hayes 156 0.106 0.132 0.000 0.682

San Pedro 838 0.103 0.080 0.000 0.721

Neembucu 170 0.134 0.117 0.007 0.896

 Primary schools

Alto Paraguay 25 0.120 0.105 0.013 0.435

Alto Parana 571 0.134 0.120 0.007 1.000

Amambay 146 0.098 0.117 0.007 0.529

table continues next page

The advantage of the normalized index is that it facilitates the interpretation 
since a value of 100 is the best a school can achieve, while a value of zero is the 
lowest feasible rating. Table 2.7 provides measures by department of the nor-
malized index of infrastructure quality, for all schools as well as for primary and 
secondary schools and for urban and rural areas separately. For example, when 
all schools are considered, the highest mean value for the index is observed not 
surprisingly for the Capital department. In the Capital city, schools on average 
have 43 percent of the maximum value for the index. At the other extreme, 
the department where schools on average have the lowest normalized infra-
structure index is Caazapa (index value of 0.095), where schools on average 
have less than 10 percent of the amenities encountered in the best school in 
the country. Several departments (Canindeyu, San Pedro, Concepción, 
Presidente Hayes, Amambay, Caaguazu) do not fare much better, with values 
of the index below 0.120.
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Variable
Number of 

schools Mean index
Standard  
deviation

Minimum  
value

Maximum  
value

Boquerón 34 0.131 0.166 0.007 0.669

Caaguazu 699 0.107 0.083 0.007 0.616

Caazapa 355 0.086 0.071 0.007 0.741

Canindeyu 345 0.085 0.078 0.000 0.562

Capital 79 0.370 0.164 0.062 0.773

Central 524 0.226 0.147 0.020 0.867

Concepción 334 0.098 0.099 0.000 0.936

Cordillera 281 0.156 0.102 0.035 0.704

Guaira 292 0.109 0.101 0.007 0.888

Itapua 664 0.111 0.099 0.007 0.927

Misiones 154 0.147 0.109 0.007 0.629

Paraguari 371 0.140 0.086 0.013 0.634

Presidente Hayes 146 0.094 0.118 0.000 0.651

San Pedro 751 0.095 0.068 0.000 0.721

Neembucu 141 0.115 0.108 0.007 0.896

 Secondary schools

Alto Paraguay 13 0.195 0.156 0.013 0.449

Alto Parana 318 0.206 0.146 0.020 1.000

Amambay 46 0.239 0.161 0.037 0.721

Boquerón 15 0.267 0.197 0.037 0.669

Caaguazu 427 0.149 0.111 0.013 0.879

Caazapa 209 0.124 0.097 0.000 0.741

Canindeyu 206 0.130 0.108 0.007 0.567

Capital 97 0.441 0.201 0.062 0.887

Central 505 0.259 0.162 0.041 0.933

Concepción 178 0.156 0.135 0.013 0.936

Cordillera 173 0.226 0.142 0.048 0.769

Guaira 161 0.168 0.148 0.030 0.888

Itapua 293 0.188 0.136 0.035 0.927

Misiones 85 0.247 0.144 0.069 0.710

Paraguari 209 0.199 0.108 0.037 0.634

Presidente Hayes 74 0.173 0.160 0.035 0.682

San Pedro 465 0.131 0.093 0.020 0.721

Neembucu 46 0.234 0.155 0.041 0.896

Urban schools

Alto Paraguay 7 0.229 0.081 0.137 0.357

Alto Parana 194 0.246 0.163 0.042 1.000

Amambay 41 0.255 0.163 0.007 0.721

table continues next page

Table 2.7 Index of Basic School Infrastructure by Department (continued)
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Variable
Number of 

schools Mean index
Standard  
deviation

Minimum  
value

Maximum  
value

Boquerón 2 0.583 0.122 0.497 0.669

Caaguazu 115 0.230 0.158 0.013 0.879

Caazapa 31 0.232 0.154 0.062 0.741

Canindeyu 37 0.255 0.128 0.069 0.546

Capital 106 0.431 0.196 0.062 0.887

Central 429 0.263 0.172 0.021 0.933

Concepción 38 0.269 0.206 0.027 0.936

Cordillera 61 0.325 0.171 0.075 0.769

Guaira 58 0.274 0.172 0.055 0.888

Itapua 91 0.292 0.179 0.035 0.927

Misiones 39 0.313 0.158 0.071 0.710

Paraguari 52 0.306 0.143 0.078 0.634

Presidente Hayes 21 0.276 0.196 0.069 0.682

San Pedro 84 0.198 0.148 0.034 0.721

Neembucu 39 0.267 0.153 0.065 0.896

Rural schools

Alto Paraguay 22 0.127 0.132 0.013 0.449

Alto Parana 422 0.094 0.070 0.007 0.459

Amambay 118 0.063 0.075 0.007 0.423

Boquerón 36 0.119 0.128 0.007 0.569

Caaguazu 670 0.097 0.067 0.007 0.508

Caazapa 377 0.083 0.061 0.000 0.419

Canindeyu 341 0.079 0.073 0.000 0.567

Capital n.a. n.a. n.a. n.a. n.a.

Central 159 0.172 0.098 0.020 0.520

Concepción 321 0.085 0.072 0.000 0.568

Cordillera 268 0.140 0.080 0.035 0.503

Guaira 283 0.091 0.077 0.007 0.731

Itapua 640 0.099 0.073 0.007 0.615

Misiones 133 0.123 0.087 0.007 0.620

Paraguari 353 0.128 0.068 0.013 0.499

Presidente Hayes 135 0.079 0.096 0.000 0.632

San Pedro 754 0.092 0.060 0.000 0.618

Neembucu 131 0.094 0.064 0.007 0.352

Source: Author’s estimations from Paraguay’s 2008 school infrastructure census.
Note: n.a. = not applicable.

Table 2.7 Index of Basic School Infrastructure by Department (continued)
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Table 2.8 Location Correlates for the Logarithm of the Normalized Index of Basic School  
Infrastructure Quality

Variable 

Coefficient Std. Error P>|t| Coefficient Std. Error P>|t| Coefficient Std. Error P>|t|

All schools Primary schools Secondary schools

Location and 
type of school

         

Urban location 0.635 0.022 *** 0.586 0.025 *** 0.612 0.025 ***

Combined primary 
and secondary 
school 0.687 0.016 *** 0.668 0.017 *** –0.152 0.028 ***

Unmet basic 
needs          

Unmet basic 
needs— 
housing quality –0.008 0.001 *** –0.007 0.001 *** –0.009 0.001 ***

Unmet basic 
needs—access 
to education –0.012 0.002 *** –0.012 0.002 *** –0.007 0.002 **

Unmet basic 
needs— 
livelihoods –0.003 0.002 –0.003 0.002 –0.004 0.003 *

table continues next page

The index values for primary schools are as expected well below those for 
secondary schools, and the same is observed for the values in rural areas as 
compared to those observed in urban areas. Finally, in table 2.8, descriptive 
regressions for the geographical correlates of the logarithm of the normal-
ized index of school infrastructure quality are provided. The objective is 
simply to measure the marginal impact on school infrastructure associated 
with location. The explanatory variables include whether a school is located 
in urban or rural areas, whether the school combines primary and secondary 
grades, whether the school is located in areas with high levels of unmet basic 
needs, and departmental dummy variables. The indicators of unmet basic 
needs in housing, access to education, and the ability of households to make 
a livelihood were computed at the subdepartmental level with the 2002 
census. As for the departmental dummy variables, Capital is the reference 
category (the indicators of unmet basic needs were not available for Alto 
Paraguay, so the few schools in that department are not included).

The results suggest that being located in urban areas generates a gain in the 
index of basic school infrastructure of about 60 percent versus being located in 
rural areas. When a primary school is combined with a secondary school, this 
increases infrastructure quality among primary schools, while by contrast, 
when a secondary school is combined with a primary school, this reduces the 
index among secondary schools. There is a clear negative relationship between 
unmet basic needs at the subdepartmental level and lower levels of basic 
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school infrastructure, especially for the indices of unmet basic needs related to 
housing and education. In addition, after accounting for such subdepartmental 
effects, many departments still fare worse than the reference department 
Capital. While these regressions are purely descriptive, they help in assessing 
the average magnitude of the marginal average gains or losses in the normal-
ized basic infrastructure index associated with specific characteristics of the 
location of the schools.

Conclusion

The available evidence from the literature suggests that a lack of basic infrastruc-
ture amenities in schools may affect student learning negatively. Given that this 

Variable 

Coefficient Std. Error P>|t| Coefficient Std. Error P>|t| Coefficient Std. Error P>|t|

All schools Primary schools Secondary schools

Department 
(reference: 
Capital)

         

Alto Parana –0.246 0.063 *** –0.169 0.070 ** –0.227 0.068 ***

Amambay –0.449 0.091 *** –0.412 0.099 *** –0.112 0.116

Caaguazu –0.228 0.063 *** –0.159 0.070 ** –0.244 0.068 ***

Caazapa –0.329 0.070 *** –0.272 0.078 *** –0.342 0.078 ***

Canindeyu –0.362 0.074 *** –0.312 0.081 *** –0.255 0.082 **

Central –0.318 0.058 *** –0.238 0.065 *** –0.260 0.059 ***

Concepción –0.361 0.072 *** –0.295 0.078 *** –0.219 0.083 **

Cordillera 0.086 0.063 0.158 0.071 ** 0.033 0.068

Guaira –0.214 0.068 ** –0.128 0.076 * –0.273 0.077 ***

Itapua –0.104 0.065 –0.055 0.072 –0.098 0.071

Misiones –0.032 0.070 0.020 0.077 0.031 0.077

Paraguari 0.058 0.062 0.131 0.070 * 0.064 0.066

Presidente Hayes –0.216 0.112 ** –0.215 0.120 * –0.021 0.113

San Pedro –0.224 0.064 *** –0.158 0.072 ** –0.230 0.070 ***

Neembucu 0.004 0.073 0.080 0.084 –0.059 0.092

Constant 2.663 0.061 *** 2.608 0.069 *** 3.430 0.067 ***

R-squared 0.486 0.467 0.390

Number of 
observations 6,464 5,779 3,467

Source: Author’s estimations from Paraguay’s 2008 school infrastructure census.
Note: Estimation through linear regression with robust standard errors. Statistical level of significance is 1 percent for ***, 5 percent for **, 
and 10 percent for *.

Table 2.8 Location Correlates for the Logarithm of the Normalized Index of Basic School Infrastructure 
Quality (continued)
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study explores questions related to basic school infrastructure needs, costs, and 
investments in Paraguay, it makes sense to start with a basic diagnostic of the 
state of infrastructure in public primary and secondary schools. This analysis was 
based on data from a 2008 school census, and it suggests that while some schools 
have the infrastructure amenities they need, many do not, especially in rural and 
poorer areas. In addition in the case of toilets and classrooms, a substantial share 
of facilities appears to be in poor condition. Finally, new construction at the time 
of the census, while appropriately focused on classrooms and toilets, appears to 
have been limited.

Overall, Paraguay’s school infrastructure appears to be wanting, and it tends 
to be less well developed than that of other Latin American countries. In gen-
eral, areas with higher levels of unmet basic needs as well as rural areas have a 
lower aggregate index of infrastructure quality, and differences are also observed 
between departments. While none of these findings are surprising, they help set 
the stage for more detailed analysis in subsequent chapters.
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Abstract

As suggested in the basic school infrastructure diagnostic provided in chapter 2, 
basic infrastructure in Paraguay’s public schools at the primary and secondary 
levels is not as good as it should be. In this context, the objective of this chapter 
is twofold. First, trends in past budget allocations to basic school infrastructure 
are discussed, showing that there has been a sharp reduction in such allocations 
in recent years. Second, given that Paraguay has adopted standards for what 
schools should have as infrastructure amenities, the cost of fulfilling these 
requirements is estimated. Given that this cost is found to be very high and 
beyond reach, alternative suggestions are made for prioritizing basic infrastruc-
ture investments, and the cost of these alternative rules is also estimated.

Introduction

A key finding from the previous chapter is that in Paraguay (as in many other 
developing countries), basic infrastructure in public schools at the primary and 
secondary levels is not as good as it should be. The share of gross domestic prod-
uct (GDP) allocated to public spending for education in Paraguay has declined 
substantially over time. Today, public spending for education appears to be insuf-
ficient and is also well below what some other Latin American countries are 
investing, especially in terms of spending levels per student. At the same time, 
financial resources are lacking in the public budget in order to be able to rapidly 
and significantly upgrade this infrastructure. Capital investments appear to be 
especially constrained in Paraguay, and this makes it necessary to arbitrate 
between various types of valid basic infrastructure funding needs and various 
types of schools. The objective of this chapter is to provide broad background 
information on budget trends and funding needs for basic school infrastructure 
in order to inform the more detailed work in subsequent chapters on which 
types of infrastructure investments should be given priority and which schools 
should benefit from such investments in priority.

Budget Allocations and Funding Needs 
for School infrastructure

C H A P T E R  3
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Resources available for capital investments in basic school infrastructure in 
Paraguay have been limited for several reasons, as documented by Rivarola and 
Elías (2013). First, as already mentioned, overall public spending for education 
tends to be low in Paraguay in comparison to countries such as Argentina, 
Brazil, and Chile. Second, the share of public education funding allocated to 
capital investments is low. Third, only part of what is allocated to capital 
investments is earmarked for construction and equipment. And finally, only 
part of the funds allocated to construction and equipment are allocated to 
basic education (from age 6 to age 14) and upper secondary schools (educacion 
media, for children aged 15 to 17). The first contribution of this chapter is to 
provide a discussion of the various factors that lead to low levels of invest-
ments in basic school infrastructure on the basis of data on trends in such 
investment for the last dozen years.

The second contribution of this chapter is to provide estimates of funding 
needs for basic public school infrastructure. It was mentioned in chapter 2 that 
by law, schools are supposed to be equipped with a wide range of amenities. 
These standards apply to all public primary and secondary schools. Yet, it is unre-
alistic to expect that Paraguay will be able to equip all its schools with the ame-
nities identified by Ministry of Education and Culture (MEC) in Decree 6589 
and Resolution 3985. Using data from the 2008 Paraguay school infrastructure 
census, Rivarola and Elías (2013) estimated that the cost of providing the neces-
sary infrastructure would be at least US$ 1.2 billion, which is almost 50 times 
the total 2012 funding in the education budget for capital investments and 
almost 500 times the 2012 budget allocated to construction and equipment for 
schools. This estimate covers the cost of number of amenities, but in fact not all 
costs for all of the amenities required under the decree were included, so that 
the estimate is a lower bound. Of course, it does not make sense to equip a small 
rural primary public school with features such as a direction room or a full labo-
ratory, and this would never be attempted by the MEC. But if the letter of the 
law were to be followed, the order of magnitude of the costs would simply be 
staggering.

Given this reality, the second objective of this chapter is to first provide 
slightly revised estimates of the cost of following the letter of the law (including 
classroom costs, which was not done by Rivarola and Elías (2013), but is impor-
tant, given that as shown in chapter 4, classrooms are likely to be the most 
important investments to make). Next, alternative estimates of the potential cost 
of basic infrastructure investments under different rules are provided, so as to 
generate alternatives to the “all or nothing” scenario presented by Rivarola and 
Elías (2013).

The structure of the chapter is as follows. The next section discusses trends in 
budget allocations for basic school infrastructure in Paraguay. Next various esti-
mates of funding requirements to improve this infrastructure are provided. Next 
various estimates provides various estimates of funding requirements to improve 
this infrastructure. A brief conclusion follows.
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Budget Allocations for School Infrastructure

As mentioned in the previous chapter, the share of public education spending for 
education in GDP decreased from 5.2 percent in 1999 to 4.1 percent in 2010, 
while other countries have ramped up their own investments in education. As 
reported by Rivarola and Elías (2013), in the area of investments for basic school 
infrastructure (construction and equipment), the situation is worse, but this is 
actually not because of a lack of overall investments or capital expenditures. As 
shown in figure 3.1, which provides trends in public capital investments in edu-
cation in Paraguay in real terms (in 2012 Guaranies values), capital investments 
as allocated in the budget have been decreasing, but not by a large amount. If one 
abstracts from the peaks in 2000 and 2006, the trend is relatively flat. 
Furthermore, investments in construction and equipment, which constitutes a 
subset of capital investments, have increased in recent years.

The issue, as shown in figure 3.2, is that within the broad category of invest-
ments in construction and equipment, investments allocated specifically to con-
struction and equipment for basic education schools and upper secondary 
schools (educación media) have been declining over time, especially in recent 
years. Most of the funding for construction and equipment in recent years has 
been allocated to tertiary education, improvements in the offices of the Ministry 
of Education and Culture, and repairs for the Instituto Superior de Bellas Artes, 
among others. Thus, while overall investments in construction and equipment 
have increased in real terms, the extent to which basic education schools and 
upper secondary schools have benefitted from those investments has been 
decreased quite substantially, leading to important needs not being met.

Source: Administrative data from Education Ministry available in Rivarola and Elías (2013).
Note: Estimates are provided in real terms (in 2012 PYG values). C&E = construction and equipment; PYG = 
Paraguay guaraní.
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As a result, as shown in figure 3.3, the Ministry of Education and Culture 
budget shares allocated to construction and equipment for basic education 
schools and upper secondary schools have been steadily decreasing over time. 
Between 1999 and 2010, the share of the total education budget allocated to 

Source: Administrative data from Education Ministry available in Rivarola and Elías (2013).
Note: Estimates are provided in real terms (in 2012 PYG values). PYG = Paraguay guaraní.
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construction and equipment in basic education decreased from about 1 percent 
to one fifth of a percent. The corresponding budget share for construction and 
equipment for upper secondary school decreased from one fifth of a percent to 
one twenty fifth of a percent.

Decomposition of Budget Shares for Basic School Infrastructure

In order to analyse in more details the trend in budgetary allocations for basic 
school infrastructure investments, a simple multiplicative decomposition can be 
used to identify the sources of the decline over time in the share of the education 
budget allocated to investments in construction and equipment for basic and 
lower secondary education. Another measure that is also informative is the share 
of national GDP that is allocated to such investments.

Define the budget allocated to investments in construction and equipment for 
basic education as BCBE. As a share of GDP, the budget share is SCBE=BCBE/GDP. 
On the basis of data on (i) public education spending as a share of GDP, denoted 
by SE; (ii) The share of public spending on education allocated to investment 
spending SI|E; (iii) the share of investment spending allocated to construction and 
equipment SCE|I; and finally (iv) the share of the budget for construction and 
equipment allocated to basic education SBE|CE, we have the identity:

  SCBE = SE × SI|E × SCE|I × SBE|CE (3.1)

The same identity holds for upper secondary schools, with the subscript B for 
basic can be replaced by the subscript S for upper secondary education in the nota-
tion (this is done in table 3.1). If one is interested in measuring the share of the 
education budget allocated to construction and equipment for basic education, to 
be denoted by SCBE|E (these are the shares displayed in figure 3.3 for basic educa-
tion and upper secondary schools), as opposed to the share of GDP allocated for 
this purpose, the same decomposition applies simply without the first term:

  SCBE|E = SI|E × SCE|I × SBE|CE (3.2)

In equations (3.1) and (3.2), the use of the conditional symbol “|” indicates 
that each additional share is computed within the funding envelope generated by 
the previous share(s). For upper secondary school, the same applies and the share 
of GDP allocated to construction and equipment will be denoted by SCSE, with 
the same notation applying for the other shares. The potential usefulness of 
decomposition (3.1) is that it highlights four different ways through which fund-
ing for school infrastructure investments in basic education may increase or 
decrease, namely through changes in the share of GDP allocated to public educa-
tion spending, the share of public education spending to capital investments, the 
share of capital investments allocated to construction and equipment, and the 
share of the construction and equipment budget allocated to basic and secondary 
education. The same logic applies to decomposition (3.2).
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Table 3.1 Budgets and Budget Shares Allocated to Basic School Infrastructure Investments

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Budget in nominal terms              

Investment  
budget 63.3 30.4 33.8 46.4 43.9 69.6 117.5 92.5 49.6 89.2 74.8 79.5 109.6

Construction and equipment 13.1 12 6.3 8.5 9.3 13.1 19.6 8.8 4.4 41.7 18.2 43.8 60.3

C&E for basic education 10.8 8.5 5.4 7.5 6.6 9.4 12.2 7.6 3.1 9.9 8.0 4.4 9.4

C&E for secondary education 2.3 3.5 0.9 1.1 2.2 3.6 6.6 1.1 1.3 1.5 0.6 0.3 1.6

GDP deflator              

Change in GDP deflator 11.7 11.0 14.9 12.2 9.0 10.1 6.1 9.8 9.3 2.0 6.1 9.8 4.6

GDP deflator index, 2012 base 290.2 259.8 234.1 203.7 181.6 166.6 151.3 142.6 129.9 118.8 116.5 109.8 100.0

Budget in real terms, 2012 value              

Investment budget 183.7 79.0 79.1 94.5 79.7 115.9 177.8 131.9 64.4 106.0 87.1 87.3 109.6

Construction and equipment 38.0 31.2 14.7 17.3 16.9 21.8 29.7 12.5 5.7 49.6 21.2 48.1 60.3

C&E for basic education 31.3 22.1 12.6 15.3 12.0 15.7 18.5 10.8 4.0 11.8 9.3 4.8 9.4

C&E for secondary education 6.7 9.1 2.1 2.2 4.0 6.0 10.0 1.6 1.7 1.8 0.7 0.3 1.6

Shares vs. Education budget              

SI|E 5.5 2.5 2.9 3.4 2.9 4.0 5.8 4.0 1.8 2.9 2.2 2.2 2.1

SCB|I 20.7 39.5 18.6 18.3 21.2 18.8 16.7 9.5 8.9 46.7 24.3 55.1 55.0

SBE|CB 82 71 85 88 70 71 62 87 71 24 44 10 16

SSE|CB 17 29 15 12 24 27 33 13 28 4 3 1 3

SCBE|E 0.94 0.71 0.45 0.55 0.43 0.54 0.60 0.33 0.11 0.32 0.24 0.12 0.19

SCSE|E 0.19 0.29 0.08 0.07 0.15 0.20 0.32 0.05 0.04 0.05 0.02 0.01 0.04

Shares vs. national GDP              

SE 5.3 5.1 4.9 4.7 4 — — 4 — — 4.1 — 4.1a

SCBE 0.050 0.036 0.022 0.026 0.017 — — 0.013 — — 0.010 — 0.008a

SCSE 0.010 0.015 0.004 0.004 0.006 — — 0.002 — — 0.001 — 0.001a

Source: Author’s estimations from administrative data available in Rivarola and Elías (2013), except for the share of public education spending in GDP (SE), which is obtained from the UNESCO database 
and the GDP deflator obtained from the World Bank’s World Development Indicators database.
Note: C&E = construction and equipment; GDP = gross domestic product; — = not available.
a. The decomposition of construction and equipment spending as a share of GDP is provided in the table for 2012 under the assumption that the share of the public education budget in GDP in 2012 
is similar to that observed in 2010.
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The various shares are provided in table 3.1, together with the data in both 
nominal and real terms on budget allocations for investments, for construction 
and equipment within investments, and for construction and equipment for 
basic education and upper secondary schools separately. Note that presenting 
the data in real terms using Paraguay’s GDP deflator makes a substantial differ-
ence versus data in nominal terms since inflation has been very substantial over 
time.

As mentioned in the previous section, the shares of the public spending for 
education allocated to construction and equipment in basic and upper 
secondary education were both reduced fivefold between 2000 and 2012, 
from about 1 percent to one fifth of a percent in the case of basic education 
and from one fifth of a percent to one twenty fifth of a percent for upper sec-
ondary schools. The reductions are even sharper when considering the shares 
of GDP allocated to construction and equipment for basic and upper second-
ary schools. The reductions in shares take place for the most part after 2006, 
with different dates from the various reductions, although the reduction in the 
share of GDP allocated to public spending in education is observed earlier.

Importantly, not all of the changes in parameters in equation (3.1) go in the 
same direction. There was a reduction after 2004 in SE, the share of public educa-
tion spending in GDP, and there was also a reduction in SI|E, the share of public 
spending on education allocated to investment spending, especially as of 2008. 
On the other hand, the share of investment spending allocated to construction 
and equipment SCE|I, increased as of 2009. But as already mentioned, the share 
of the budget for construction and equipment allocated to basic education, 
SBE|CE, decreased sharply as of 2009, and the same was observed for and upper 
secondary education, SSE|CE.

Since the decompositions (3.1) and (3.2) are multiplicative, for small enough 
changes in shares, the proportional change over time in budget shares can be 
approximated in additive terms, as follows for decomposition (3.1) and without 
the first term for decomposition (3.2):
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This approximation is valid only for small enough changes in shares. In table 
3.1, changes in shares tend to be large, so the approximation is not always precise 
when looking at changes from year to year. But an alternative is to look at 
changes over time on the basis of annual rates of changes for the various shares. 
This is done in table 3.2 for the period 2000–12 under the assumption that the 
share of the public education budget in GDP was similar in 2012 to the value 
for 2010, the latest year of data on that share (see the note in table 3.1). Under 
that assumption, the annual rate of change in the construction and equipment 
budget for basic education as a share of GDP between 2000 and 2012 was –14.4 
percent, implying that every year, the allocated budget decreased on average by 
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that proportion versus the previous year. For upper education, the annual rate of 
decrease in the construction and equipment budget as a share of GDP was 
slightly larger, at 15.1 percent. In turn, these rates of decline can be decomposed 
in various contributions.

The reduction in public education spending as a share of GDP contributed for 
2.1 percentage points to the overall average annual decline over the period of 
14.4 percentage points. The reduction in investments as a share of education 
spending contributed another 7.6 percentage points decline. Because construc-
tion and equipment spending as a whole increased as a share of investment 
spending, this contributed to an average increase in the budget share of 8.5 per-
cent. But the decrease in spending for construction and equipment specifically 
for basic education within the overall construction and equipment envelope 
yielded another 12.7 percentage point decline on average over the period. The 
findings are broadly similar for upper secondary schools. If one is interested in 
trends in budget allocations for school construction and equipment as a share of 
public education spending, the same decomposition applies, but without the first 
term, which relates to the change in the education budget as a share of GDP.

While this decomposition is nothing but another way to present the basic 
data already available in table 3.1, it may help in assessing over time the mag-
nitude of the various effects at play in the overall decline of construction and 
equipment allocations for basic education and for upper secondary schools. 
Overall, the largest effect was that of the allocations within the budget for 
construction and equipment to the detriment of basic and upper secondary 
education.

Before concluding this section, as noted by Rivarola and Elías (2013), one 
should point out that other sources of funding for investments in basic school 
infrastructure not included in the budget may have been available from 

Table 3.2 Decomposition of Average Rates of Year-on-year Changes in Budget Shares

Basic education (%) Upper secondary (%)

(1) Annual rate of change in C&E budget for 
schools as a share of GDP –14.4 –15.1

(2) Annual rate of change in education 
spending as a share of GDP –2.1 –2.1

(3) Annual rate of change in investment share 
in public education spending –7.6 –7.6

(4) Annual rate of change in C&E budget 
share in education investments 8.5 8.5

(5) Annual rate of change in C&E budget 
share for schools in total C&E budget –12.7 –13.5

Memo: Sum of the contributions (2) through 
(5), noting that (1) ≈ (2)+(3)+(4)+(5) –14.0 –14.7

Source: Author’s estimations.
Note: the annual rate of change is the compounded year-on-year change estimated through a power function; it is not 
the cumulative change between the initial and final years divided by the number of years between the two dates.
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donors. Taking into account these data could change the overall assessment of 
the trend in allocations for school construction and equipment for the better, 
but the data available to the author are not detailed enough to conduct this 
assessment.

Funding Needs for School Infrastructure

School Amenities
The analysis now turns to assessing funding needs for basic infrastructure invest-
ments. As noted in the introduction to this chapter, the Ministry of Education 
and Culture’s Decree 6589 and Resolution 3985 stipulate that all schools should 
have a number of basic amenities. On the basis of data from the 2008 Paraguay 
school infrastructure census, Rivarola and Elías (2013) computed the cost of 
fulfilling this mandate. The cost calculations are straightforward—one simply 
needs to multiply unit costs for basic amenities (as provided in table 3.2 on the 
basis of estimates obtained for Paraguay) by the number of schools that need 
each type of amenity.

Under the baseline scenario in table 3.3, which corresponds to the estimates 
by Rivarola and Elías (2013), all schools that require an amenity are provided 
with that amenity regardless of their size and whether they are primary or 
secondary schools. The total baseline cost in table 3.2 is G/5,134 billion (this 
differs very slightly from the cost computed by Rivarola and Elías in part 
because we did not include toilets, as it is assumed here that this would be 
included in sanitation facilities, but the order of magnitude is similar). This cor-
responds to US$ 1.2 billion at current exchange rates (in August 2013, 1 
PYG = 0.00023 US$) and is equivalent to 47 times the 2012 funding in the 
education budget for capital investments as a whole, 85 times the 2012 budget 
for construction and equipment, and 468 times the combined construction and 
equipment budget allocated in 2012 to basic education and upper secondary 
schools. This estimate covers the cost of providing toilets/bathrooms, a direc-
tion room, a secretarial room, a library, a laboratory, a multiuse room, a room 
for teachers, and a sports and recreation room in all public primary and second-
ary public schools identified in the 2008 census that do not have these ameni-
ties. With a total of 6,608 public schools, this represents an average investment 
of US$ 182,000 per school.

As noted in the introduction, this estimate is actually a lower bound of the full 
cost of implementing the decree without distinctions between schools, as a num-
ber of amenities were not included in the estimation due to lack of unit cost 
estimates. For example, the cost of providing electricity and water to the schools 
that do not have these amenities was not included. In addition, the cost of pro-
viding the number of classrooms in principle required for each school and the 
cost of decongesting schools that have the minimum number of classrooms 
required but are now crowded (thereby requiring additional classrooms) were 
not included.
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Table 3.3 Estimation of the Potential Budgetary Cost of Selected Basic Amenities for Paraguay’s Schools

Amenities 

Baseline 
share of 
schools 
served 

(%) 

Baseline 
share of 
students 

served 
(%) 

Unit cost 
per 

school 
(PYG 

millions) 

All schools (no conditions on  
size or secondary school)

Median threshold and secondary school conditions for 
laboratories and multiuse rooms

Share of 
gap filled 

(%) 

Unit cost 
ratio for 
median 

vs. all 
Number 
needed

Cost (PYG 
billions)

Students 
served 

(%)

Cost per 
additional 

student 
served 

(G/1,000)

Median 
size 

threshold
Number 
needed

Cost (PYG 
billions)

Students 
served 

(%)

Cost per 
additional 

student 
served 

(G/1,000)

Costs               

Direction 
room 43.5 68.0 42.5 3,732 158.6 100.0 447.8 161 556 23.6 82.2 150.4 44.4 0.336

Secretarial 
room 12.1 33.7 42.5 5,809 246.9 100.0 336.5 317 425 18.1 53.5 82.4 29.9 0.245

Library 13.8 36.1 75.1 5,694 427.6 100.0 604.7 299.5 436 32.7 56.1 147.9 31.3 0.245

Labora-
tory 3.2 12.6 145.6 6,396 931.3 100.0 962.7 457 382 55.6 38.4 194.8 29.5 0.202

Multiuse 
room 3.8 10.4 145.6 6,355 925.3 100.0 933.1 246 1,051 153.0 57.6 292.9 52.7 0.314

Teachers’ 
room 5.7 18.2 84.9 6,229 528.8 100.0 584.1 368 806 68.4 55.3 166.7 45.4 0.285

Recreation 
area 3.6 12.9 287.0 6,372 1,828.8 100.0 1,897.1 426 428 122.8 40.4 403.6 31.6 0.213

Sanitation 56.4 74.2 30.1 2,880 86.7 100.0 303.6 129 661 19.9 88.8 123.1 56.6 0.406

Total cost               

Billions 
PYG     5,134.0     494.2     

Million 
US$     1,180.8     113.7     

Source: Author’s estimations.
Note: PYG = Paraguay guaraní.
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In this section, alternative estimates of the potential cost of school infrastruc-
ture investments are provided through restrictions on the number of schools that 
can benefit from amenities. That is, instead of providing all amenities to all school, 
rules are used to target some of the larger schools for the amenities, and the cost 
of providing the amenities is then computed under those rules. Many different 
rules or formulas could be used for targeting larger school. Just as an example of 
a potential approach, the following rule is used: each amenity is provided only to 
schools that lack the amenity and have a number of students higher than the 
median number of students among the schools that have the amenity. Presumably, 
previous allocations were made under some guidelines as to which schools should 
benefit from various amenities, with larger schools provided with more amenities. 
Using the median size of the schools that have an amenity is one way to suggest 
which schools should benefit from an amenity in priority.

A more requiring threshold would be to provide improvements, say, only to 
schools that have a student population higher than the 75th percentile of the 
schools with a given amenity. All such thresholds are clearly arbitrary, but the 
interesting question is whether a substantial reduction in the number of schools 
to be served under such rules is achieved and whether this has a large negative 
effect on the number of students served or not. Also of interest is the cost per 
additional student served under various rules. By targeting in priority larger 
schools, the cost of infrastructure improvements per student served will be lower 
in those schools. This also means that within a necessarily limited budget enve-
lope, targeting larger schools means that the number of students who will ben-
efit from improvements will be larger. The question is whether the magnitude of 
these various effects tends to be small, or large. For example, under the median 
rule just described, does the cost per student of providing amenities decrease by 
20 percent, or is it cut in half? And what is the loss in terms of the coverage of 
the student population?

In addition to the median rule used to target larger schools for each type of 
amenity, it is likely that some amenities will matter more in secondary than in 
primary schools. Laboratories and multiuse rooms come to mind, given that their 
use in primary schools is likely to be limited. For those two amenities, only sec-
ondary schools are considered as potential beneficiaries.

The results of the alternative simulation are provided in table 3.3. The first 
two columns provide information on the share of schools that have an amenity, 
and the share of students in schools with the amenity (if an amenity is rated by 
the school’s administrator as in poor condition, the school is considered as not 
having that amenity, given that repairs, or a new amenity, are likely to be 
required—this affects only a minority of school in most cases). Because larger 
schools have more amenities, the share of students benefitting from each ame-
nity is larger than the corresponding share of schools with the amenity. The third 
column provides the unit investment costs for the various amenities. The next set 
of columns provides estimates of the investment needed to provide all the ame-
nities to all schools.

http://dx.doi.org/10.1596/978-1-4648-0448-9


32 Budget Allocations and Funding Needs for School Infrastructure

School Infrastructure in Paraguay • http://dx.doi.org/10.1596/978-1-4648-0448-9

The results from the application of the median and secondary school rules for 
some amenities are provided next. Under the median rule and the additional 
requirement to provide laboratories and multiuse rooms only to secondary 
schools, the estimated cost of provision is reduced more than tenfold, from 
G/5,134.0 billions under the baseline to G/494.2 billions. The loss in coverage, 
while important, is less severe. The share of the gap-filled column indicates the 
share of the students who previously did not study in a school with an amenity, 
but now do, benefit from the amenity. This share varies by amenity from 29.5 
percent for laboratories (note that this includes many primary school students) 
to 56.6 percent for sanitation. Thus, between one third and half of the students 
remain served at less than one tenth of the cost. As expected, the unit cost per 
student of providing amenities is also much lower under the alternative scenario 
than under the baseline. The ratios of average unit costs per additional student 
served vary from 0.202 for laboratories to 0.406 for sanitation, suggesting that on 
average, unit costs per additional student served are reduced by a factor of about 
three when using the median rule together with the restriction for some ameni-
ties to be provided only to secondary schools.

Classrooms
It was mentioned earlier that the cost of providing additional classrooms to 
schools that need them was not included in the cost simulation carried by 
Rivarola and Elías (2013). Because classrooms do matter (as discussed in more 
details in chapter 4), and more so than most other amenities, it is useful to also 
provide estimates of the potential cost of providing classrooms to the schools that 
need them. The approach to do so is however slightly different, given that for 
classrooms it is not a matter of providing one or no classroom as is the case for 
the other amenities, but rather a matter of how many classrooms should be pro-
vided, which depends on a school’s number of students and number of available 
classrooms (as for other amenities, we consider as available only classrooms that 
are not in poor condition).

As was done in chapter 2, denote by yi the number of classrooms available 
in a school normalized by the number of classrooms that should be available 
so that a value of 100 means that the school has exactly the number of 
classrooms it needs, given its student population (all schools with an index 
value at or above 100 are not infrastructure poor). If one considers a bench-
mark baseline case in which one classroom should be available per set of n = 
30 students in a school (additional benchmarks of n = 25 and n = 20 will be 
considered), and if one denotes by CUi the number of classrooms in use in 
a school (this information is available in the census) and by Pi and Si the 
number of primary and secondary students, then the index CAIi is defined 
as follows:

  CU n
P S

ni

i i
=

× ×
+

=
100

20 25 30with , ,CAIi
 (3.4)

http://dx.doi.org/10.1596/978-1-4648-0448-9


Budget Allocations and Funding Needs for School Infrastructure 33

School Infrastructure in Paraguay • http://dx.doi.org/10.1596/978-1-4648-0448-9 

The value of n can be changed to assess the cost implications of different 
classroom norms, and for any given value for n, one can compute from the 2008 
school census database the number of additional classrooms that would be 
needed in order to ensure that the value of yi is above 100 for all schools (if n = 
30, if a school has 31 students and one classroom, it will require a second class-
room in the way in which the estimates provided below are computed; relaxing 
this assumption would require fewer classrooms to be built, so that the cost 
estimates provided are indicative only). Apart from this norm, a second norm in 
Paraguay is that in principle all schools should have at least one classroom per 
grade taught. This would mean that all primary schools would need at least six 
classrooms, and the same would hold for secondary schools. One could challenge 
this rule, since at least in small rural primary schools the cost of implementing 
the rule is likely to be much higher than relying on multigrade teaching, and the 
rule does not seem to be applied in practice. But as was the case for amenities, 
assessing the cost and funding needs simulations provided in this chapter under 
that theoretical rule is useful to compare this cost with more practical rules based 
on a comparison of available classrooms per students.

Table 3.4 provides the results of the various computations. When the 
requirement of having at least six classrooms per school is imposed (it is 
assumed here that all schools teach to at least six grades), the number of new 
classrooms to be built is very high, and so are the budgetary costs (the cost of 
a classroom with all required equipment is estimated at G/62,926,731 or US$ 
14,473). Without the requirement of at least six classrooms per school, the 
number of classrooms required is lower but still significant. In the baseline 

Table 3.4 Potential Budgetary Cost of New Classrooms for Paraguay’s Schools

Scenario

Average number of 
classrooms needed 

per school

Total number  
of classrooms 

needed 
Budgetary cost  
(PYG billions)

Budgetary 
cost (US$ 
millions)

With requirement to have 
one classroom per grade

    

    n = 20 4.6 30,177 1,899.4 436.9

    n = 25 3.4 22,161 1,394.5 320.7

    n = 30 (baseline) 2.7 17,526 1,102.9 253.7

Without requirement to 
have one classroom per 
grade

    

    n = 20 3.3 22,097 1,390.5 319.8

    n = 25 2.0 13.245 833.5 191.7

    n = 30 (baseline) 1.2 8,134 511.8 117.7

Source: Author’s estimations.
Note: The unit cost per classroom with all required equipment is assumed to be G/ 62,926,731 or US$ 14,473.  
PYG = Paraguay guaraní.
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scenario with n = 30 and no minimum number of classrooms per school, 8,134 
new classrooms would be required at a cost of G/511.8 billion or US$ 117.7 
million. This cost would be of the same order of magnitude as the cost for the 
other school amenities discussed in the previous section under the median rule 
and the limitations of laboratories and multiuse classrooms to secondary 
schools. It is also worth noting that in its micro-planning exercise for 2013, the 
Ministry of Education and Culture estimated that a total of 7,076 classrooms 
would have to be built, and another 6,220 repaired.

Conclusion

The first objective of this chapter was to review recent trends in budget alloca-
tions to basic school infrastructure in Paraguay. The analysis suggests that due to 
various factors, there has been a sharp reduction in these allocations in recent 
years. This reduction is likely to have contributed at least in part to the poor state 
of basic infrastructure in schools documented in chapter 2. The second objective 
of the chapter was to give an indication of potential funding needs for school 
infrastructure. While standards have been adopted in many countries as to what 
each and every school should have as a minimum, such standards will be useful 
only to the extent that they are realistic. In Paraguay, the requirement that all 
primary and secondary schools be equipped with (among others) direction and 
secretarial rooms, as well as one classroom per grade, a room for recreation and 
physical education, a library, and a laboratory, is simply overly ambitious. The cost 
of providing these amenities would be much too high, especially in a context 
where budget allocations for school construction and equipment have been sub-
stantially reduced.

Rather than aiming to equip all schools with as many amenities as possible, a 
better approach is to try to allocate amenities and classrooms where they appear 
to most needed. Illustrations of how this could be done have been provided in 
this chapter. Again, this analysis and these estimates are ad hoc, and different 
assumptions could be used in terms of the targets to be reached as well as the 
unit costs to be considered. Different budget estimates will then be associated 
with different rules for types of amenities whereby only larger schools and/or 
secondary school would be considered in need of specific amenities. Similarly, 
different assumptions about classroom needs could be used, leading to different 
cost estimates. Even the more restrictive scenarios presented in the chapter result 
in very high cost estimates in comparison to what is currently allocated for school 
construction and equipment. It is nevertheless hoped that this type of basic 
analysis helps in getting at least an order of magnitude of what investment costs 
might have to be contemplated under various allocation rules, given that provid-
ing all amenities and many classrooms to all schools is neither feasible nor cost 
efficient.
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Abstract

The education literature suggests that better basic infrastructure in schools is 
likely to contribute to improvements in student learning. However, which invest-
ments are the most likely to improve student performance in any specific country 
is often less clear. Paraguay has adopted standards that recommend that all 
schools benefit from a wide range of infrastructure investments. As discussed in 
chapter 3, this approach unfortunately is not very helpful, because the cost of 
such upgrades may rapidly become prohibitive. Finding ways to prioritize invest-
ments seems more promising. On the basis of the estimation of an education 
production function, this chapter suggests that in Paraguay, investments in class-
rooms and access to electricity are likely to bring larger gains than other invest - 
ments. Furthermore, in the case of classrooms, the largest gains are observed when 
investing in the schools that are the most crowded in terms of lack of classrooms.

Introduction

The literature on education production functions suggests that a lack of basic 
amenities and other school inputs affects student learning negatively. There has 
been a debate about the magnitude of those effects. One of the first studies in 
the field (Coleman et al. 1966) suggested that family background and peers had 
a much larger impact on achievement than school inputs. Over the last three 
decades, Hanushek (for example, 1986, 2010; see Hanushek and Woessmann 
2011) has argued that education provision is inefficient and that most school 
inputs make only at best a small difference in achievement. For example, 
Hanushek recognizes that teacher quality matters, but he suggests that teacher 
quality is often not related to pay or formal qualifications. But the view that 
somehow inputs do not matter much has been challenged. For example, in their 
meta-analyses of education studies, Card and Krueger (1992) as well as 
Greenwald, Hedges, and Laine (1996) do find that school resources tend to be 
positively associated with earnings and educational attainment, a conclusion also 
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reached in a recent review by Baker (2012). The in-depth review of education 
production functions completed by Glewwe et al. (2013) also suggests that the 
availability of basic furniture (desks, tables, and chairs), electricity, school librar-
ies, and high-quality walls, roofs, and floors all have positive impacts on learning.

While investments in school infrastructure help, identifying exactly which 
investments are most likely to improve student performance in any specific 
country is more difficult, since this depends on the country’s circumstances and 
previous investments in school infrastructure. In the absence of detailed analyses 
of what works best, some countries have adopted standards that recommend that 
all schools benefit from a wide range of infrastructure investments.

In Paraguay, the right to a free public basic education is enshrined in the 
National Constitution of 1992.The General Education Law of 1998 further 
states that the whole population should have equal access to education, and 
the article 141 of the law states that the Ministry of Education and Culture 
(MEC) must ensure that all schools meet minimum criteria in terms of infra-
structure, pedagogy, administration, and financing. In its 1999 Decree 6589 
and through Resolution 3985, MEC established standards for all schools pro-
viding basic education. According to those standards, all schools should have 
(i) a direction room; (ii) a secretarial room; (iii) at least one classroom (7.2 
meter × 7.2 meter) per grade with proper ventilation and light; (iv) separate 
bathrooms for boys and girls; (v) a proper space for recreation and physical 
education; (vi) drinking water; and (vii) a library. In addition, each school 
should also have a laboratory for physics, chemistry, and the natural sciences 
(Rivarola and Elias 2013).

While establishing such standards may reflect aspirations, it may not be that 
helpful in a country such as Paraguay. Previous studies as well as the estimations 
in chapter 2 suggest that even the most basic infrastructure is often lacking in 
Paraguay’s schools, and chapter 3 has demonstrated that budgets are insufficient 
to improve the situation without strict prioritization (Brizuela 2008; Rivarola 
and Elías 2013). In comparison to other Latin American countries, Paraguay is 
one of the countries with the largest school infrastructure deficits (Duarte, 
Gargiulo, and Moreno 2011; Murillo and Román 2011). Because so many 
schools lack most of the features identified by the MEC standards as required, 
the cost of providing these features to all the schools would simply be prohibi-
tive. Said differently, those aspirations are not realistic even in the medium term 
and therefore not really useful for selecting the priority investments that must 
be made.

In this context, the objective of this chapter is to assess which infrastructure 
inputs are likely to make the largest difference for success (passing rates) in public 
primary schools. This is done by estimating an education production function using 
data from a school census. The results suggest that in the case of Paraguay, invest-
ments in classrooms and access to electricity would probably bring larger gains than 
other investments, including those identified as required for schools in the stan-
dards of the MEC. Furthermore, in the case of classrooms, the estimations also 
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suggest that the largest gains in passing rates would likely be observed when invest-
ing in the schools that are the most crowded in terms of the lack of classrooms.

In what follows, the next section outlines the methodology and provides sum-
mary statistics for the variables of interest. The following section provides the 
regression analysis. A conclusion follows.

Methodology and Summary Statistics

This section has two objectives. The first is to very briefly show that it is unreal-
istic to expect that Paraguay will be able to equip all its schools with the ameni-
ties identified by MEC in Decree 6589 and Resolution 3985. The second is to 
present the methodology and data used to identify which infrastructure might 
lead to the largest gains in passing rates in primary schools.

Consider first the issue of the cost of providing all public schools with the 
amenities identified by MEC in its standards for public schools. These stan-
dards apply to all public primary and secondary schools. Using data from the 
2008 Paraguay school infrastructure census on which schools have which 
amenities, Rivarola and Elías (2013) estimate that the cost of providing the 
necessary infrastructure would be US$ 1.2 billion, which is equivalent to 
about 50 times the total available annual funding in the education budget for 
capital investments. This estimate covers the cost of providing toilets/
bathrooms, as well as a direction room, a secretarial room, a library, a labora-
tory, a multiuse room, a room for teachers, and a sports and recreation room, 
in all public primary and secondary public schools identified in the 
2008 census. With a total of 6,608 public schools, this represents an average 
investment of US$ 182,000 per school, which is very high. If one were to add 
the required investments in additional classrooms in order to meet the 
requirement to have at least one classroom per grade, the cost would be even 
higher. Of course, it does not make sense to equip a small rural primary public 
school with all these features, and this would never be actually implemented 
by the MEC. But if the letter of the law were to be followed, this would be 
the order of magnitude of the costs.

Clearly, priorities for infrastructure investments in public schools are needed. 
How can this be done? In the literature, identifying these priorities is typically 
done through the estimation of education production functions that relate per-
formance measures such as test scores (the dependent variable) or passing rates 
to various inputs (the independent variables). Inputs directly controlled by poli-
cy makers include school and teacher characteristics as well as curricula. Other 
inputs include the characteristics of the student’s households and peers. When 
student data are available, these education production functions can be estimated 
at the level of students. But they can also be estimated at the level of schools 
using average test scores or passing rates.

A recent review by Glewwe et al. (2013) of some of the better estimations of 
production functions suggests that the availability of basic infrastructure in 
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schools does matter for student learning. The authors review a set of 79 good 
studies, 43 of which are deemed to be of high quality. Table 4.1 provides the key 
results from the review as it relates to basic school infrastructure. In the table, the 
main figures are the number of estimates available in the studies pointing to a 
particular relationship (positive, neutral, or negative) between inputs and student 
learning. The figures in parentheses are the number of papers or studies from 
which the estimates are drawn (some papers may have different sets of estimates 
from different regressions). The evidence suggests that textbooks and similar 
materials do increase student learning, albeit to a lesser extent than is often 
believed in that few impact estimates are both positive and statistically signifi-
cant. The availability of basic furniture (desks, tables, and chairs) does seem to 
have a more systematic positive effect, but this is not the case for computers and 
other electronics. Electricity seems to play a positive role, as do school libraries 
and high-quality walls, roofs, and floors. Overall, it does appear that basic school 
infrastructure has a positive impact on learning.

Table 4.1 Impact on Test Scores of School Infrastructure and Pedagogical Supplies

 Negative Positive

 Significant Insignificant
Zero, or insignificant 

and no sign given Insignificant Significant Total studies

 79 good-quality studies

Textbooks/workbooks 4 (3) 13 (8) 7 (5) 10 (7) 26 (10) 21

Desks/tables/chairs 0 (0) 0 (0) 13 (1) 7 (5) 8 (4) 8

Computers/electronics 1 (1) 9 (5) 1 (1) 8 (3) 7 (4) 8

Electricity 0 (0) 3 (2) 0 (0) 6 (5) 6 (2) 6

School infr. index 0 (0) 1 (1) 7 (1) 1 (1) 13 (4) 6

Blackboard/flip chart 0 (0) 2 (2) 13 (1) 3 (3) 7 (3) 6

Library 1 (1) 3 (2) 7 (1) 1 (1) 10 (5) 6

Roof/wall/floor 0 (0) 1 (1) 0 (0) 3 (2) 2 (1) 4

 43 high-quality studies

Textbooks/workbooks 1 (1) 8 (4) 3 (1) 6 (4) 3 (2) 8

Desks/tables/chairs 0 (0) 0 (0) 0 (0) 4 (3) 3 (2) 4

Computers/electronics 1 (1) 9 (5) 0 (0) 8 (3) 4 (3) 6

Electricity 0 (0) 3 (2) 0 (0) 3 (2) 0 (0) 3

Blackboard/flip chart 0 (0) 2 (2) 0 (0) 2 (2) 2 (1) 3

Library 0 (0) 1 (1) 0 (0) 1 (1) 4 (2) 3

Roof/wall/floor 0 (0) 1 (1) 0 (0) 3 (2) 2 (1) 4

Source: Glewwe et al. 2013.
Note: Figures are number of estimates; figures in parentheses are number of papers/studies. Table includes all school infrastructure  
characteristics with at least two separate papers/studies.
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As noted by Glewwe et al. (2013), estimating education production functions 
is not easy because of the risks of omitted variable bias, sample selection, endog-
enous program placement, and measurement errors. When key variables are 
omitted from the regressors, the potential correlation between the omitted vari-
ables and other regressors will lead to bias in the coefficient estimates. The issue 
of sample selection relates to the fact that who goes to specific schools is no 
random, but the results of choices made by parents, and this is often not observed 
well. Endogenous program placement relates to the fact that some school char-
acteristics may themselves be the result of school performance—one possibility 
would be that better performing schools are allocated more resources by 
Ministries of Education, or inversely it could be that less well-performing schools 
receive more resources to facilitate catch up. Finally, measurement errors may 
affect both the independent and dependent variables, and they will bias coeffi-
cient estimates toward zero due to noise. The fact that when assessing the qual-
ity of the estimation of education production functions in the literature, Glewwe 
et al. (2013) reduced their sample of eligible papers from 307 to only 79 good-
quality studies and an even lower 43 high-quality studies shows how difficult it 
is to correct for these various potential sources of bias.

In this chapter, a school-level education production function is estimated for 
primary public schools. The outcome variable is the passing rate of the school. 
The independent variables are a series of infrastructure indicators, as well as other 
controls including indicators of unmet basic needs in the areas and geographic 
departmental variables. It should be emphasized that the regressions are likely to 
suffer from some of the sources of bias just discussed. Omitted variable bias is 
likely to be present, simply because some of the key inputs such as the pupil–
teacher ratio are not observed. Sample selection bias may be observed as well 
because students self-select in specific schools when they have a choice of school. 
Endogenous program placement bias is perhaps less likely to be observed, simply 
because previous research suggests that the allocation of infrastructure invest-
ments between schools seems to be ad hoc and based on requests from school 
principals without any systematic allocation mechanisms (Brizuela 2008). 
Measurement errors may be present, but probably not more so than is usual with 
the type of data used. Given the possibility of bias, results should be interpreted 
with caution, but to the extent that they are robust and reasonable, they provide 
more information than not relying on any estimation at all.

Table 4.2 provides summary statistics for the variables used in the estimation. 
Statistics are provided both for all primary schools and for the primary schools 
that do not also have a secondary school. Because the independent variables are 
measured at the level of schools, the estimations for the subsample of primary 
schools that do not also have an associated secondary school are probably more 
reliable. This is because when a primary school has an associated secondary 
school, it is not clear whether infrastructure inputs are used more at the pri-
mary or secondary level. This problem is not present for schools with primary 
grades only.
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Table 4.2 Summary Statistics for the Variables of Interest, Paraguay 2008 (Not Weighted)

 
All primary schools

Primary schools without a 
secondary school

Passing rate 0.861  0.869 

Urban area 0.195 0.087

Combined with secondary school 0.478 n.a.

Classroom availability index   

CAI < 75 0.112 0.038

75 ≤ CAI < 100 0.118 0.055

100 ≤ CAI < 125 0.131 0.090

125 ≤ CAI < 150 0.127 0.114

150 ≤ CAI < 175 0.112 0.125

175 ≤ CAI < 200 0.086 0.094

Other school investments   

Direction room 0.405 0.256

Secretarial room 0.089 0.023

Library 0.116 0.047

Laboratory 0.016 0.001

Workshop room 0.014 0.004

Multiuse room 0.028 0.017

Teachers’ room 0.037 0.009

Sanitation index 0.053 0.068

Electricity 0.920 0.862

Piped water 0.413 0.328

Computers 0.208 0.105

Internet access 0.030 0.006

Unmet basic needs   

Unmet basic needs—housing quality 38.930 40.056

Unmet basic needs—access to education 29.918 31.889

Unmet basic needs—livelihoods 16.409 17.325

Department   

Alto Parana 0.097 0.097

Amambay 0.025 0.037

Boquerón 0.006 0.007

Caaguazu 0.118 0.116

Caazapa 0.060 0.064

Canindeyu 0.058 0.056

Capital 0.013 0.003

Central 0.089 0.027

Concepcion 0.056 0.059

table continues next page

http://dx.doi.org/10.1596/978-1-4648-0448-9


Primary School Infrastructure and Student Performance 41

School Infrastructure in Paraguay • http://dx.doi.org/10.1596/978-1-4648-0448-9 

Table 4.2 shows that the average passing grade in the school is at 86.1 per-
cent for all primary schools and 86.9 percent for the primary schools without 
a secondary school (the statistics in table 4.2 are not weighted by the number 
of students in each school because the regressions are not weighted either). 
Close to one fifth of all primary schools are in urban areas, but when consider-
ing only primary schools without a secondary school, this drops to less than 10 
percent. Close to half of the primary schools have an associated secondary 
school.

The next variable in table 4.2 is a classroom availability index in the school. 
Denote as was already done in chapter 2 the index by CAIi in school i. It is 
defined as the number of classrooms available in a school normalized by the 
number of classrooms that should be available so that a value of 100 means that 
the school has exactly the number of classrooms it needs, given its student popu-
lation (for this chapter, we consider only primary schools):

  CAI
CU n

P
ni

i

i
=

× ×
=

100
30with  (4.1)

In equation (4.1), CUi is the number of classrooms in use in a school and Pi 
is the number of students in the primary school. The variable n is a normative 
threshold that represents the number of students that should be associated with 
each classroom. Given that the standard classroom in Paraguay is supposed to 
be 7.2 meter by 7.2 meter, only a limited number of students will fit comfort-
ably in any given classroom. The baseline value chosen here is n = 30, which 
means that a school with 150 students should have five classrooms. Using a 
slightly different normalization (say, n = 25) would not affect the regression 
results significantly.

 
All primary schools

Primary schools without a 
secondary school

Cordillera 0.048 0.051

Guaira 0.049 0.058

Itapua 0.112 0.142

Misiones 0.026 0.028

Paraguari 0.063 0.063

Presidente Hayes 0.025 0.027

Sanpedro 0.127 0.121

Neembucu 0.024 0.040

Source: Estimation using Paraguay 2008 school census.
Note: n.a. = not applicable.

Table 4.2 Summary Statistics for the Variables of Interest, Paraguay 2008 (Not Weighted) 
(continued)
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In table 4.2, schools have been allocated to different interval values for CAIi, 
with the first interval set at a value below 75, and then intervals for increases in 
the index of 25. The reason for using such a specification is that in the regression 
analysis, it accommodates for potential nonlinearities in the relationship between 
classroom availability and passing grades in a much better way than a quadratic 
or other straightjacket functional form would do. For example, this type of 
specification helps in identifying whether the gains from classroom construction 
are likely to be higher if classrooms are built in schools that are especially over-
crowded. It can be seen that for all primary schools combined, 11.2 percent of 
the school have a CAI below 75, followed by 11.8 of the schools with a CAI 
between 75 and 100, and so on. The reference category in the regression is a CAI 
value above 200, and the proportion of schools that have that value (48.5 per-
cent) can be obtained by subtracting from one all the other values. Note that 
when considering only primary schools without an associated secondary school, 
the CAI values tend to be higher, simply because a larger number of those 
schools are in small rural areas, where there are relatively fewer students per 
available classroom in many (but not all) cases.

The next set of variables indicate whether schools have a direction room, a 
secretarial room, a library, a laboratory, a workshop room, a multiuse room, a 
teachers’ room, proper sanitation (the sanitation index is the number of toilets 
divided by the number of students), electricity, piped water, access to comput-
ers, and finally access to the Internet. In the case of the various types of rooms 
and the toilets, the census data set identifies whether the facilities are in very 
good, good, or poor condition, and only the facilities in very good or good con-
dition (this is the large majority of the facilities) are counted. For example, if a 
school has only one teachers’ room but it is in poor condition, then the school 
is not counted has having that facility. The basic statistics show clearly that 
most of the schools do not have the various types of rooms or other amenities 
identified, which is also why it would be so expensive to provide those facilities 
to all the schools. The exception is access to electricity, which is available in 
92.0 percent of primary schools, and 86.2 of the primary schools that do not 
have an associated secondary school.

Finally, the last variables are indicators of unmet basic needs in the areas of 
housing quality, access to education, and the ability of households to make a live-
lihood. These indicators were estimated at the subdepartmental level with the 
2002 census. In addition, a set of departmental geographic dummy variables is also 
included with the excluded reference category being Capital or Presidente Hayes 
depending on the regression (indicators of unmet basic needs were not available 
for Alto Paraguay, so the few schools in that department are not included).

Regression Estimates

Table 4.3 provides the regression estimates using standard linear regressions with 
robust standard errors. Four sets of variables appear to have a statistically significant 
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Table 4.3 Correlates of Primary Public School Passing Rates, Paraguay 2008

 All primary schools
Primary schools without  

a secondary school

 Coefficient t-stat  Coefficient t-stat  

Urban area –0.004 0.004  –0.011 0.007  

Combined with  
secondary school

0.000 0.003     

Classroom availability 
index

      

CAI < 75 –0.047 0.006 *** –0.061 0.014 ***

75 ≤ CAI < 100 –0.059 0.005 *** –0.074 0.010 ***

100 ≤ CAI < 125 –0.052 0.005 *** –0.051 0.007 ***

125 ≤ CAI < 150 –0.038 0.005 *** –0.037 0.008 ***

150 ≤ CAI < 175 –0.029 0.005 *** –0.032 0.007 ***

175 ≤ CAI < 200 –0.020 0.005 *** –0.022 0.007 ***

Other school  
investments

      

Direction room –0.003 0.003  0.006 0.005  

Secretarial room 0.004 0.005  –0.009 0.011  

Library 0.000 0.004  0.000 0.008  

Laboratory 0.024 0.008 *** 0.034 0.034  

Workshop room 0.014 0.010  0.041 0.027  

Multiuse room –0.001 0.007  –0.005 0.015  

Teachers’ room 0.004 0.006  –0.009 0.017  

Sanitation 0.046 0.032  0.030 0.036  

Electricity 0.016 0.008 * 0.012 0.009  

Piped water 0.000 0.003  0.000 0.005  

Computers 0.000 0.003  0.000 0.006  

Internet access 0.006 0.007  0.035 0.017 **

Unmet basic needs       

Unmet basic needs—
housing quality 0.000 0.000  0.000 0.000  

Unmet basic needs—
access to  
education –0.001 0.000 *** –0.001 0.000 ***

Unmet basic needs—
livelihoods 0.000 0.000  0.000 0.001  

Department       

Alto Parana 0.040 0.011 *** 0.095 0.034 ***

Amambay 0.029 0.017 * 0.084 0.035 **

Caaguazu 0.036 0.011 *** 0.084 0.033 ***

Caazapa 0.013 0.013  0.067 0.033 **

table continues next page
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 All primary schools
Primary schools without  

a secondary school

 Coefficient t-stat  Coefficient t-stat  

Canindeyu 0.040 0.014 *** 0.094 0.034 ***

Capital — —  0.022 0.042  

Central 0.025 0.010 ** 0.068 0.035 *

Concepcion 0.044 0.012 *** 0.097 0.033 ***

Cordillera 0.059 0.012 *** 0.098 0.034 ***

Guaira 0.039 0.012 *** 0.087 0.033 ***

Itapua 0.021 0.012 * 0.081 0.033 **

Misiones 0.093 0.013 *** 0.147 0.034 ***

Paraguari 0.055 0.012 *** 0.105 0.033 ***

Presidente Hayes –0.031 0.019  — —  

Sanpedro 0.022 0.012 * 0.068 0.033 **

Neembucu 0.039 0.014 *** 0.084 0.034 **

Constant 0.865 0.014 *** 0.827 0.037 ***

Source: Estimation using Paraguay 2008 school census.
Note: Statistical level of significance is 1 percent for ***, 5 percent for ** and 10 percent for * . — = not available.

impact on passing rates. First, there are statistically significant differences between 
departments in passing rates, as expected. Second, subdepartmental areas with 
high indices of unmet basic needs in terms of access to education have lower pass-
ing rates. Third, depending on the sample of schools used, the availability of a 
laboratory, electricity, or Internet access has a positive impact on passing rates. But 
the most important finding which is highly consistent in the two sets of regressions 
is the fact that the classroom availability index is a key driver of passing rates. Given 
that the estimation for schools with primary grades only is probably better (as 
mentioned earlier, when a primary school has an associated secondary school, it is 
not clear whether infrastructure inputs are used more at the primary or secondary 
level), we focus on those estimates.

In comparison to schools with a CAI value over 200, schools with a CAI 
below 75 or between 75 and 100 have a passing rate respectively 6.1 and 7.4 
percentage points lower. After that, for values of the CAI between 100 and 200, 
the gains remain statistically significant but they are decreasing as the CAI 
increases. This suggests clear impact of the CAI on passing rates.

Should these results be trusted? As with any regression analysis based on 
limited data, there may be a bias in the estimates, whether this relates to 
omitted variable bias, sample selection, endogenous program placement, or 
measurement errors. But the results regarding the impact of the CAI tend to 
be fairly robust. Furthermore, it does make sense that a variable that directly 
affects students like the CAI would have more of an impact on the students 

Table 4.3 Correlates of Primary Public School Passing Rates, Paraguay 2008 (continued)
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than other variables that only indirectly benefit them, such as the availability 
of a direction room, a secretarial room, a workshop room, a multiuse room, 
or a teachers’ room.

On the other hand, some of the omitted variables might lead to overestimat-
ing the impact of the CAI variable. For example, assume that a lower pupil–
teacher ratio improves passing rates. The schools with a low pupil–teacher ratio 
are likely to have a high CAI, simply because many of those schools are small 
rural schools with few students and enough classrooms to accommodate them, 
given the attempt to have one classroom per grade in each school. To the extent 
that a lower pupil–teacher ratio is inversely correlated with the CAI, and that 
a low CAI is associated with lower passing rates, the omitted variable bias due 
to not observing pupil–teacher ratios could lead to overestimating the negative 
impact of low CAIs on passing rates.

This discussion hopefully clarifies that the estimations provided in table 4.3, 
while reasonable on face value, are not necessarily correct in that the interpreta-
tion of the effects is—as if often the case with regression analysis based on lim-
ited data—open to questions. But this is what can be done with the available 
data, and it does seem appropriate to inform policy with the (albeit limited) 
available evidence as opposed to using no evidence at all.

Conclusion

There is at least some degree of consensus in the education literature that better 
basic infrastructure in schools improves student learning. As a response, standards 
have been adopted in many countries as to what each and every school should 
have as a minimum. Such standards may be useful to promote necessary invest-
ments in schools. However, they will be useful only to the extent that they are 
realistic. In the case of Paraguay, the requirement that all primary and secondary 
schools be equipped with (among others) direction and secretarial rooms, as well 
as one classroom per grade, a room for recreation and physical education, a 
library, and a laboratory, is simply overly ambitious. The cost of providing these 
amenities would be simply too high, as discussed in chapter 3.

Rather than aiming to equip all schools with as many amenities as possible, a 
better approach is to try to assess which infrastructure investments are likely to 
have the largest impact on student performance. This has been the approach used 
in this chapter. On the basis of the estimation of an education production func-
tion, the evidence suggests that in Paraguay investments in classrooms in those 
schools that don’t have enough classrooms are likely to bring larger gains than 
other investments. Furthermore, the largest gains tend to be observed when 
investing in the schools that are the most crowded in terms of lack of classrooms. 
These results were obtained with limited data and may suffer from bias, but they 
seem to be robust as well as intuitive, and thus provide a useful guide to policy 
makers for allocating scarce resources.
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Abstract

Techniques for measuring school infrastructure gaps and the targeting perfor- 
mance of government investments do not appear to have been developed very 
much in the literature. Typically, studies only provide information on the share 
schools that lack specific amenities, whether this relates to classrooms or access 
to electricity. The objective of this chapter is to contribute to better measure-
ment of school infrastructure gaps and the targeting performance of new infra-
structure investments using techniques from the poverty literature. The illustra-
tion provided for classrooms in Paraguay suggests that needs are large, with most 
students being in schools that do not have enough classrooms. In addition, 
investments in new classroom construction made by the government do not 
seem to be targeted to the schools that need more classrooms the most. Finally, 
there may be some potential in using classrooms that are currently not in use in 
order to reduce the lack of enough classrooms faced by many schools.

Introduction

In many developing countries, the basic infrastructure of primary and secondary 
schools is poor. Too many students are crowded in small classrooms. Electricity, 
water, and sanitation may not be available. Amenities taken for granted in high-
income countries such as libraries are not available either. In order to inform 
policy, it makes sense to measure school infrastructure needs and assess the 
degree to which government investments in new school infrastructure reach 
disadvantaged schools. And yet techniques for measuring infrastructure gaps and 
the targeting performance of government investments do not appear to have 
been developed much. Typically, studies only provide information on the share 
schools that lack basic amenities. In some cases, composite indices of infrastruc-
ture gaps combining different dimensions are constructed.

Much more could be done with the available data, and providing a richer 
analysis of school infrastructure gaps does matter because school infrastructure 
gaps as well as other school inputs affect student learning. A recent review by 
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Glewwe et al. (2013) of education production functions suggests that the avail-
ability of basic furniture (desks, tables, and chairs), electricity, school libraries, and 
high-quality walls, roofs, and floors all have positive impacts on learning. For 
Paraguay, this study has suggested that among different types of infrastructure 
investments, classrooms especially have the best potential to improve student 
performance.

The objective of this chapter is to contribute to better measuring school infra-
structure gaps and the targeting performance of infrastructure investments using 
techniques from the poverty literature.1 The idea of applying poverty measure-
ment techniques to other areas is not new. These techniques have been applied 
among others to nutrition by Morris and Medina Banegas (1999), time use by 
Bardasi and Wodon (2010), carbon dioxide (CO2) emissions by Makdissi and 
Wodon (2004), and child marriage by Nguyen and Wodon (2012), to name just 
a few examples. But to-date, these poverty measurement techniques do not seem 
to have been used for assessing school infrastructure gaps and the targeting per-
formance of government investments in schools to reduce those gaps.

The specific focus in this chapter is on whether schools have enough class-
rooms to serve their student population and whether new classrooms are being 
built in the schools that need additional classrooms the most. The illustration of 
the approach is based on data from Paraguay. Previous studies on Paraguay have 
suggested that basic infrastructure is often lacking in schools and that budgets are 
insufficient to improve the situation (Brizuela 2008; Rivarola and Elías 2013). In 
comparison to other Latin American countries, Paraguay is one of the countries 
with the largest school infrastructure deficits (Duarte, Garguilo, and Moreno 
2011; Murillo and Román 2011). There also appears to be a lack of formal rules 
in Paraguay for targeting new school investments. Allocations are dependent on 
requests from school principals and a possibly ad hoc assessment of whether those 
requests are justified (Brizuela 2008), which could lead to poor targeting of vari-
ous investments in school infrastructure toward schools with the largest needs.

Using a school census implemented in Paraguay in 2008 with information on 
the number of classrooms available in each school, the schools’ student popula-
tion, and the number of additional classrooms in construction (as well as the 
classrooms not in use), this chapter provides estimates of what one might call, 
for lack of a better term, “school infrastructure poverty,” and of whether 
new infrastructure (classrooms) are built in the schools that need those 
investments the most. The next section provides the methodology and a brief 
description of the data used for the analysis. The following section presents the 
empirical results. A brief conclusion follows.

Methodology and Data

A school is given a normalized infrastructure index value of 100 if it has all the 
infrastructure features it needs. This index can be related to infrastructure needs 
as a whole. In that case, some weighting scheme between the various types of 
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infrastructure needs is needed (the weighting could be the cost of fulfilling each 
specific need). Alternatively, the index can refer only to a subset of the infrastruc-
ture needs, such as the classrooms available in a school for the illustration used 
in this chapter. Schools with an index below 100 are infrastructure poor, while 
schools with a higher index are not. Setting the “infrastructure poverty line” at 
100, poverty measurement techniques can be applied not only to measure infra-
structure gaps and identify the schools most in need but also to assess whether 
government interventions are well targeted.

Three school infrastructure poverty measures are used following standard 
practice: the headcount index, the poverty gap, and the squared poverty gap. 
In the poverty literature, the headcount index is the share of the population 
that is poor, that is, the proportion of the population whose consumption or 
income y per equivalent adult is less than the poverty line z. This would cor-
respond here to the share of schools (taking into account student population 
weights) whose infrastructure index is below 100. The poverty gap represents 
the “depth” of poverty. This is defined as the mean distance separating the 
population from the poverty line divided by the poverty line, with the non-
poor being given a distance of zero. The poverty gap is a measure of the pov-
erty deficit of the entire population, where the notion of “poverty deficit” 
captures the resources that would be needed to lift all the poor out of poverty 
through perfectly targeted cash transfers. In our case, a school with an infra-
structure index of 70 will have an infrastructure gap of 0.3 = (100–70)/100, 
three times the value of the infrastructure gap for a school with an index of 
90 (in equation 5.1., these gaps are normalized by the threshold z equal to 
100). Finally, while the poverty gap takes into account the distance separating 
the poor from the poverty line (as well as the share of the poor in the popula-
tion), the squared poverty gap takes the squared value of that distance into 
account. When using the squared poverty gap, the poverty gap is weighted by 
itself, so as to give more weight to the very poor. Said differently, the squared 
poverty gap takes into account the inequality among the poor, and this mea-
sure can also be used for infrastructure.

The headcount, infrastructure poverty gap, and squared infrastructure pov-
erty gap correspond to the first three poverty measures of the so-called 
Foster-Greer-Thorbecke (1984) class of poverty measures. Denote by yi the 
infrastructure index for school i, by z the school infrastructure poverty line 
(normalized to z = 100), by q the number of the schools lacking infrastructure 
(weighted by the student population), and by n the total number of school 
(again, weighted by the student population). The general formula for this 
class of measures depends on a parameter α, which takes a value of zero for 
the headcount, one for the infrastructure poverty gap, and two for the squared 
infrastructure poverty gap in the following expression:

  P
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It is important to use the school infrastructure poverty gap and the squared 
infrastructure poverty gap in addition to the headcount or incidence for evalua-
tion purposes. Basing the evaluation of policies on the headcount index only may 
lead to favoring policies that lift schools that are just under the infrastructure 
norm above that threshold. By contrast, basing evaluations of policies on the 
infrastructure poverty gap or squared poverty gap puts more emphasis on help-
ing schools that are further away from the infrastructure threshold and thus most 
in need.

For the illustration presented in this chapter, the variable of interest yi = CAIi 
is the number of classrooms available in a school normalized by the number of 
classrooms that should be available so that a value of 100 means that the school 
has exactly the number of classrooms it needs, given its student population (all 
schools with an index value at or above 100 are not infrastructure poor). The 
database is a school census implemented in Paraguay in 2008, which includes 
(among others) information on the number of classrooms available in each 
school, the schools’ student population (used as weight), the number of addi-
tional classrooms in construction, and the number of classrooms not in use. The 
infrastructure or more precisely classroom availability index CAIi is defined as 
before as follows:

  CAI CU n
P S
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i

i i
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× ×
+

=
100 20 25 30with , ,  (5.2)

In equation (5.2), CUi is the number of classrooms in use in a school and 
Pi and Si are the number of students in primary and secondary schools, 
respectively (some schools combine both education cycles, but most do not). 
The variable n is a normative threshold that represents the number of stu-
dents that should be associated with each classroom. Given that the standard 
classroom in Paraguay is supposed to be 7.2 meter by 7.2 meter, only a lim-
ited number of students will fit comfortably in any given classroom. Our 
baseline value is as before n = 30, which means that a school with 90 students 
should have three classrooms. If it has three classrooms, then the value of yi 
will be 100, which is at the infrastructure poverty line. If it has less than three 
classrooms, the school will be infrastructure poor. For example, if it has two 
classrooms, or two thirds percent of its needs, the value of yi will be 67. Due 
to lack of information in the database available to us on double shifts, the 
norm n = 30 may be too strict, but it may also not be ambitions enough. To 
test for the sensitivity of the results to the choice of alternative norms, we 
also use n = 20 and n = 25.

The baseline school infrastructure measures are based on the infrastructure 
index (2), but two additional indices are also estimated. First, when assessing 
the targeting performance of investments in infrastructure, we include in the 
infrastructure index not only the classrooms in use but also the classrooms 
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under construction, so that CAIi = (CUi+CCi)× n ×100/(Pi+Si) where CCi is 
the number of classrooms in construction. Second, the database also includes 
information on classrooms not in use. When looking at how using the class-
rooms not in use in a school might reduce school infrastructure poverty, we also 
include those classrooms not in use, denoted by CNUi, in the index, so that in 
that case CAIi = (CUi+CCi+CNUi)× n ×100/(Pi+Si). This gives at least some 
insights in terms of the potential impact on infrastructure poverty that using 
those classrooms would generate, even if this is probably optimistic, since when 
classrooms are not in use when a school does need classrooms, there must be a 
reason for this.

Two more caveats are in order. First, there is a requirement in Paraguay for 
all schools to have (at least) one classroom per grade. Many schools do not meet 
that requirement. But because information is not available in the database on 
the enrollment per grade, that additional condition for defining infrastructure 
poverty is not used (the ability of the schools to serve the student population 
for each specific grade is not estimated). Second, information is available in the 
database as to whether the existing classrooms are in very good, good, or poor 
condition. This information is not used here, even though one could have 
defined the school infrastructure index in such a way that classrooms in poor 
conditions are not included. This would only raise further the level of infrastruc-
ture poverty among the schools, but what is considered more immediately 
relevant is whether a classroom is used or not and not whether it is in good 
condition or not.

Beyond measures of school infrastructure poverty with and without the class-
rooms under construction (and in additional estimations with the classrooms not 
in use), measures of inequality (Gini index and general entropy inequality mea-
sures) between schools in the availability of classrooms are provided. Finally, a 
number of indicators are also provided for assessing the targeting performance of 
the classrooms being built, that is, whether classrooms are being built where they 
are needed the most. The targeting statistics are provided among schools that are 
infrastructure poor or not, and by quintile of infrastructure indices, with the bot-
tom (top) quintiles representing the 20 percent of schools with the lowest (high-
est) infrastructure index.

The targeting statistics include (1) the average investment made in the 
schools as a whole, which, given the normalization of the school infrastructure 
poverty line, can be interpreted as the share of infrastructure needs accounted 
for by new classroom construction; (2) the average investments in new class-
rooms made among beneficiary schools only; (3) the coverage, which is the 
share of the schools that benefit from new classroom construction; (4) the dis-
tribution of beneficiary schools, that is the share of schools benefiting from new 
classrooms in various groups of schools; (5) the distribution of benefits, which 
represents the share of new classrooms being built by group; (6) the relative 
incidence of new classroom construction, namely the ratio of new classrooms to 
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the existing classrooms; and finally (7) generosity, which is the mean new class-
rooms investments (normalized as a share of needs) received by all beneficiaries 
in a group as a share of the normalized existing classrooms among beneficiary 
schools in the group.

Results

Table 5.1 provides estimates of school infrastructure (in this case classroom) 
poverty in Paraguay for all primary and secondary schools combined with the 
baseline norm of 30 students per classroom (n = 30 in equation [5.2] from then 
methodological section). Currently, without the classrooms under construc-
tion, 57.9 percent of the students learn in schools that can be considered as 
being classroom or infrastructure poor in terms of the availability of classrooms 
versus the student population (FGT0 measure in table 5.1). Note that these 
statistics in schools are weighted by the schools’ student population, which is 
why the analysis is described in terms of students and not schools. When the 
schools under construction are considered, the infrastructure poverty head-
count drops to 56.4 percent, so that the classrooms under construction reduce 
the share of students studying in schools that are infrastructure poor by slight-
ly more than one percentage point. The infrastructure poverty gap is at 19.8 
percent without the classrooms in construction (FGT1 measure), which means 
that in all the schools slightly less than a fifth of the classroom needs are not 
satisfied. This drops from 19.8 percent to 18.8 percent with the classrooms in 
constructions. There is a similar decline in the squared infrastructure poverty 
index (FGT2 measure).

What is more interesting is to look at the targeting performance of classroom 
construction—are the classrooms being built where they are needed the most? 
In table 5.2, it can be seen that the average investment in classroom construc-
tion represents 2.6 percent of the overall needs of the schools. That is, assuming 
that as before an index of 100 implies that a school’s classrooms needs are 
fulfilled, the magnitude of investment in new classrooms is 2.6 for the sample 
as a whole. For those schools where classrooms are actually being built, what is 
being build represents 21.2 percent of the needs. Coverage of new classrooms 
being built is relatively low, at 12.4 percent among schools that are infrastruc-
ture poor. This implies that most of the students who study in schools without 
enough classrooms do not have classrooms being built in their schools. In addi-
tion, coverage is about the same for students in schools that are infrastructure 

Table 5.1 School Infrastructure Poverty and Inequality Measures (n=30)

FGT0 FGT1 FGT2

Baseline without classrooms under construction 0.579 0.198 0.088

With classrooms under construction 0.564 0.188 0.082

Source: Calculations based on Paraguay 2008 school census.
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poor and students in schools that are not. This suggests weak targeting. Indeed, 
while most (56.9 percent) of the schools (weighted by the number of students) 
where classrooms are being built are infrastructure poor, only slightly more 
than one fourth (27.2 percent) of the classrooms being built are actually built 
in schools (again, weighted by the number of students) that are infrastructure 
poor. Said differently, only a fourth of the classrooms being built are well tar-
geted in the sense that they reach those students who study in schools that are 
infrastructure poor.

Clearly, new classrooms, which are identified in table 5.2 through the line 
“distribution of benefits” do not appear to be built where they are needed the 
most, with three fourth of the new classrooms going to schools that are not 
infrastructure poor. This is in part because classrooms are being built in rural 
schools to fulfill a mandate that all schools should have at least one classroom 
per grade.2 Yet, this policy, while aspirational, does not seem to lead to building 
additional classrooms where they are needed the most. This in turn is detri-
mental, because as shown in previous chapters, investments in classrooms in 
schools that do not have enough classrooms bring larger gains than other types 
of infrastructure investments in Paraguay. Finally, the relative incidence of new 
classroom construction (ratio of new classrooms to existing classrooms) is 
estimated at 1.9 to 2.6 depending on the group, and generosity (mean new 
classrooms investments as a share of existing classrooms among beneficiary 
schools) is estimated at 15.0 percent to 21.5 percent depending on the groups.

A key question from a policy point of view is whether the assessment of tar-
geting performance is significantly affected when the upper bound norm for the 
number of students per classroom is increased or decreased. It was mentioned 
earlier that the estimations of school infrastructure poverty are based on 
assumptions, and especially on a norm regarding the appropriate ratio of class-
rooms to students. The estimations in tables 5.1 and 5.2 are based on the norm 
n = 30, but it is straightforward to redo the estimations for different norms, and 
this was done for n = 20 and n = 25 in tables 5.3 and 5.4. Clearly, if more schools 
are considered infrastructure poor when the norm for classroom needs is more 

Table 5.2 Analysis of the Targeting Performance of Classrooms in Construction (n=30)

All Poor Non-poor

Average investment, all 2.6 1.3 4.4

Average investment, beneficiaries 21.2 10.2 35.8

Coverage 12.4 12.5 12.2

Distribution of beneficiaries 100.0 56.9 43.1

Distribution of benefits 100.0 27.2 72.8

Relative incidence 2.4 1.9 2.6

Generosity 19.2 15.0 21.5

Source: Calculations based on Paraguay 2008 school census.
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stringent (smaller value for n), it must be that a larger share of the classrooms 
under construction will be allocated to schools that are infrastructure poor. The 
question is whether this fundamentally affects the results.

As shown in table 5.3, with n = 25, 69.5 percent of the schools (weighted 
by the student population) are now considered as infrastructure poor, and the 
infrastructure poverty gap increases to 27.1 percent. The impact of the class-
rooms under construction on the poverty measures increases slightly, at 1.3 
percentage point for the headcount. And as shown in table 5.4, the share of the 
benefits going to infrastructure-poor schools increases when the norm n is 
reduced, but note that even with a low n = 20, targeting performance remains 
very weak.

Still another way to show the results is to consider the benefit incidence 
analysis not in terms of schools that are infrastructure poor or not, but in terms 
of the quintiles of the CAI to which they belong, from the schools with the 
highest CAI to those with the lowest CAI. Note that changing the norm n does 
not change the quintile to which a school belongs—it simply shifts the CAI 
values up or down, but not the relative ranking of the schools in terms of their 
CAI. As shown in table 5.5 , 48.5 percent of the new classrooms under con-
struction go to the schools in the top quintile of the CAI—again suggesting 
very poor targeting by that measure.

Table 5.3 Sensitivity Analysis of Infrastructure Poverty Measures to the Norms Used

 n = 25 n = 25

FGT0 FGT1 FGT2 FGT0 FGT1 FGT2

Baseline without classrooms under 
construction 0.814 0.369 0.202 0.695 0.271 0.133

With classrooms under construction 0.803 0.358 0.193 0.682 0.261 0.126

Source: Calculations based on Paraguay 2008 school census.

Table 5.4 Sensitivity Analysis of Targeting Performance Indicators to the Norms Used

 n = 20 n = 25

All Poor Non-poor All Poor Non-poor

Classrooms in construction       

Average investment, all 1.8 1.1 4.3 2.2 1.3 4.2

Average investment, beneficiaries 14.2 9.1 35.2 17.7 10.0 34.6

Coverage 12.4 12.4 12.1 12.4 12.5 12.1

Distribution of beneficiaries 100.0 80.7 19.3 100.0 68.8 31.2

Distribution of benefits 100.0 52.1 47.9 100.0 39.1 60.9

Relative incidence 2.4 2.1 2.9 2.4 2.0 2.7

Generosity 19.2 16.3 23.7 19.2 16.1 22.0

Source: Calculations based on Paraguay 2008 school census.
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Table 5.5 Benefit Incidence Analysis of New Classrooms and Classrooms Not in Use

Q1 (lowest 
CAI)

Q2 (second 
quintile)

Q3 (middle  
quintile)

Q4 (fourth  
quintile)

Q5 (highest 
CAI)

Average investment, all 0.6 0.7 1.4 1.8 4.2

Average investment, beneficiaries 4.7 6.3 10.1 15.2 34.3

Coverage 13.0 10.7 13.9 12.0 12.4

Distribution of beneficiaries 20.9 17.3 22.4 19.4 20.0

Distribution of benefits 7.0 7.7 16.0 20.8 48.5

Relative incidence 2.0 1.5 2.3 2.2 2.9

Generosity 14.8 14.0 16.5 18.3 23.4

Source: Calculations based on Paraguay 2008 school census.

Conclusion

Many schools in the developing world lack basic amenities. Measuring what 
could be referred to as school infrastructure poverty is useful not only to provide 
better measures of those infrastructure gaps but also to assess whether govern-
ment investments in new school infrastructure are reaching the schools that need 
those investments the most. Using poverty measurement techniques, this chapter 
has provided a simple framework for conducting this type of analysis. The illus-
tration provided in this chapter for classrooms in Paraguay suggests that needs are 
large with most of the student population being in schools that do not have 
enough classrooms. In addition, investments in new classroom construction made 
by the government do not seem to be targeted to the schools that need more 
classrooms the most. Finally, there may be some potential in using classrooms 
that are currently not in use in order to reduce the lack of enough classrooms 
currently faced by many schools.

Notes

 1. For a general introduction to poverty measurement, see Coudouel, Hentschel, and 
Wodon (2002).

 2. In Paraguay, the right to a free public basic education is enshrined in the National 
Constitution of 1992. The General Education Law of 1998 further states that the 
whole population should have equal access to education, and the article 141 of the 
law states that the Ministry of Education and Culture (MEC) must ensure that all 
schools meet minimum criteria in terms of infrastructure, pedagogy, administration, 
and financing. In its 1999 Decree 6589 and through Resolution 3985, MEC estab-
lished standards for all schools providing basic education. According to those stan-
dards, all schools should have: (i) a direction room; (ii) a secretarial room; (iii) at least 
one classroom per grade with proper ventilation and light; (iv) separate bathrooms for 
boys and girls; (v) a proper space for recreation and physical education; (vi) drinking 
water; and (vii) a library. In addition, each school should also have a laboratory for 
physics, chemistry, and the natural sciences (Rivarola and Elias 2013). The provision 
of having at least one classroom per grade is likely to lead to the construction of class-
rooms in areas that may not need them that much.
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