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Abstract

This study is concerned with the location of primary public schools The public sysem should have
capacity to satisfy dl the demand, dthough students may choose between public or private schoolsif
they can afford the corresponding costs. A number of factors, such as questionable education
quality, limited capacity, poor location and socid preferences, secure a participation of about 30% to
the private school sysem. The purpose of this study is both the evauation of the exiging public
school network and a relocation proposa. The result of the former was the identification of areas
with shortage and excess in school offer. The latter suggests school relocation using capactated and
uncapacitated modds. ArcView, a software of the GIS family, was employed, alowing the efficient
handling of large problems and improving the presentation and evduaion of the findings This
methodology was applied to the primary public school network in the area of Vitoria, a state capita
located in the southeast region of Brazil with about 300,000 inhabitants. Findly, the practica use of
this study and its importance for planning purposes are discussed.
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1. INTRODUCTION

The fast and dramatic changes societies around the world have been experiencing aong the
past century have imposed a multidimensond role to the educational system. Schools have been
attributed, among other functions, that of supporting technologica changesand preparing the society

for competition in aworldwide scale.

Most countries — if not dl — currently considered to be in a developing stage have been
subjected to acolonid ruling system and have attained their independence not sufficiently long ago to
enjoy the bendfits brought by metropolitan development and to overcome prejudices. Colonid
exploitation, often associated to davery, has left an unjust socid Structure which makes such
countries face a much broader spectrum of chalenges in order to meet modern development

standards and to reach a satisfactory position in the UN’ s Human Development Index.

In Brazil, the focus of the present study, high birth rates and the explosive urbanizing process
observed from the 1950 s through the 1980's have amplified the socid problems. In addition, many
young children are forced to work before receiving proper education. These handicapped conditions
accentuate the existing developmert gap in reaion to leading countries. On the other hand, the
society, broadly spesking, is certainly aware that heavy investments in public educetion are the
fundamentd basis for development and for the improvement of socid indicators. As aresult of this
growing concern with education, sgnificant progress can be noticed in the reduction of the illiterate
population, the increase in the number of years spent in school and the larger number of university
students, among other indicators However, serious problems of educational sub-standards remain
not only in broad rurd areas but dso in the less modernized parts of the country as well as in the
periphery of metropolitan aress.

Regarding the public school system, one of the consequences of this population explosion
observed in the main urban centers of the country was a mismatch between supply and demand.
Another consequence was the severe location problem that resulted from the generadly anarchic
dynamics of population expansion. Forced by circumstances and opportunities, dums and favelas
have quickly developed totaly out of city control. The public school network was found to be
inadequate and with poor spatia distribution with many areas devoid of schools. Presently, given the
sgnificant reduction in birth rates and the exhaustion of the interna migration process, combined with



the ongoing urbanization of dum aress, the god of optimizing the school network is garting to be
technicdly meaningful.

This work is organized as follows. Section 2 eviews the specific literature on school
location. Section 3 outlines the proposed methodology, which involves two fairly independent stages:
the evaluation of the present location Stuation and the relocation proposal. This section dso briefly
reviews exact and heuristic methods for p-median modds as applied to uncapacitated and
capacitated problems. Section 4 describes the gpplication of the proposed methodology to the
capital city of Vitoria, located in the southeast region of Brazil with a population of 300,000
inhabitants. Section 5 presents the conclusions, outlines the importance of this study and discusses
the receptivity of local education authorities to the suggestions presented.

2. LITERATURE REVIEW

For diverse purposes, school location studies are regularly carried out in many countries for
both urban and rurd areas. For countries facing strong reduction in birth rates, the problem is to
choose the schools to be closed. Other countries face the opposite problem of high birth rates
associated with population mobility and want to evauate and eventudly improve the qudity of the
education system as well asthe location of the school network. In fact, the Sruggle for modernization
in developing societies requires the expansion of the education system to previoudy disregarded
sectors of society such as the rura population.

Molinero (1988) has examined the locaion of primay and secondary schools in
Southampton origindly placed in the center of attraction, or catchment, aress. Reduction in birth
rates lead to the problem of closing schools. However, such reduction was notuniform across socid
classes. The author has pointed out the conflicting views of the education adminigtration which
focuses on costs and the community, concerned with the qualty of the services. Tewari and Jena
(1987) have considered thelocation of high schoolsin rurd India. They have proposed the use of the
p-median model and the sdection of locations that would maximize the population covered within a
maximum service digance of 8 km. Pizzolato and Silva (1997) have examined some portions of the
metropolitan area of Rio de Janeiro, where throughout the past 50 years nearly five million people
have disorderly settled down, and have aso modeled the problem as a p-median model.



Antunes (1994) has studied the center-west region of Portugd and gpplied mathematical
methods. Viegas (1987) has used a network-flow agorithm to sdect the most economica Sitesto
congtruct or expand schools in order to kegp the maximum access distance to a school a a
predetermined value, the reduction of such vaue requiring more facilities and more cods. Tewari
(1992) has examined the access to services and facilities in rura aress of India and the study
contrasts the use of operations research modes with rura development concepts proposed by
USAID in the late 1970's. Armstrong et a (1990) have devel oped a system for providing decison
support to people in charge of meking location decisons. Related studies can dso be found in
Rahman and Snith (1991), Stock (1983), ReVelle and Swain (1970), Banerji and Fisher (1974),
Fisher and Rushton (1975), and Beguin et d (1989).

3. BASIC METHODOLOGY

The first step in a school location study requires a map of the region and information on the
population, usudly distributed as a non-uniform continuum and thus unfit for modding. The naturd
discretization of the population is provided by the census tracts, which are smal geographic units
defined by the Census Bureau. Based on these units, demographic dements are periodicaly
collected indluding age didtribution, family educaion standards, income levels, etc. For the study
discussed here al of the required digitd information including maps and census tract boundarieswas
a hand.

The second step of the study requires the determination of distances between centroids or
points near the geographical center of each census tract. These centroidsare assumed to concentrate
al pupils living in the corresponding census tract. Such assumption is considered reasonable since
census tracts are amd| and their population tends to be smply scattered around, making the centrad
a good descriptor of the average location. Loca measurement of distances would provide more
relisble data but would greetly increese the clericad work involved. Consequently, Eudlidean
distances are generdly preferable. If the topography of the area is absolutely regular, there is a
proportiond reduction in al distances. Otherwise, some distortion might be introduced, but it can be
subsequently reviewed in the vaidation andysis.

With the population in the centroids and distances, one canproduce an undirected weighted
graph G = (V, A) withV = {1, ..., n} vertices or nodes, representing the census tracts in the region.



Foreachnode i T V aweght q isassociated to represent its schooling population demand, and for
each pair of nodesi and j asymmetric arc (i,j) is associated whoselength d; representsthe minimum
distance between these two nodes. The area of influence of each school can be determined by
severd methods, such as concentric circles, the Voronoi diagram and the bubble method, among
others but the most popular system is certainly the alocation stage of the p-median mode. Formaly,
for a given greph G = (V, A), the p-median problem might be seen as the problem of congructing a
st of ptrees, T = {T*, T2, ..., T%}, whose corresponding roots or medians formthe st P={ r%,
12,..., P} indicating the locations where a facility ether exists or should exist, and each of the other

nodes in the graph belongs to the tree whose root is the closest one.

The p-median is based on severd behaviord principles. The basic one is that
children prefer the school closest to their residence, assuming that walking is the ordinary way of
reaching the school. Obvioudy, this hypothess may not gpply in urban aress of countries in which
bus transportation to schools is broadly employed. Otherwise, such hypothesisis currently observed
and is reinforced when schools are equaly attractive, have the same qudity, smilar teaching,
recreation spaces, tradition, pupils from the same socid stratum, and so on For rurd areas, on the
other hand, public trangportation tends to be widely used as a contingency to take pupils to distant
schoals, therefore the proposed methodology is not directly applicable.

Our experience indicates that a school location study should be divided in two stages. (1)
evauation of the distribution of the existing school network and (2) proposd of an optimal location.
To these, an additiond third stageis proposed here, namdy (3) the capacitated model. For the two-
stage study, the underlying modeds are the same, since the second is a p-median modd for which
each centroid is a possible median, while the firg is a particular case in which the medians are
previoudy defined to match the exigting schools and the remaining centroids are alocated to the
nearest school. As it often happens, particular cases might also offer quite different formulations, as
will be shown in Section 3.1. The additiond third stage is gpplied when new school units are
standardized. This stage has been dtracting some interest because of the new trend to adopt
standard schools of a moderate Size, avoiding both the very smdl and the very large units



3.1 Evaluation of Present Locations

The methodology applied here requires mapping the existing schools and identifying their
relevant characterigtics such as capacity, current enrollment, services offered, expanson posshilities
and so on. In one way or another, large urban areas have a public school network and the
evauation of its spatia digtribution and its corresponding capacity is the object of the first sage in
this study. For thisfirst stage, P = {r?, r2,..., i} isaccordingly known beforehand and subsequently

the clusters CX, rooted at existing schools, are composed.

After identifying dl centroids bdlonging to each dluster ¥, their estimated unbalance U K
may be cdculated by the expression:

ut=s“- aq

il ck

where sK isthe capacity of the school located in the cluster Ck,whileitscorraoonding schooling
population isgiven by § q, -

il ck

If UK > 0 thereis an excess of school places since the capacity of the school is greater than

the population in its area of influence; othewisg, if U K <0, there is an additional need for school

capacity. Usng a color code, these unbalances can be conveniently represented in a map, which

would convey the severeness of the unbaances for each existing schoal. In generd, thisfirst stage of
the study tends to be especidly important, since the rdaive importance of the unbalances suggests
some degree of priority intervention. At this point the decison maker may introduce in the andyss
his/her own eva uation of the potential demand for each specific school. Certainly, when severd trees
lack sufficient capacity, additiond capacity can only be gained by new constructions.

On the other hand, when scarce capacity is locdly identified, asmple way to smooth out the
unbalances is to displace capacity from an area with excessive capacity to another with insufficient
cgpacity. This is often vigble because in many cases with minor investments a school may gain
additiond classooms and smply receive teachers and furniture from a school with excessve
capacity. Note dso that, for every duster C*, a number of additiond elements may be cadculated
such as the average and maximum distances between a centroid and a school, aswell as anumber of

other useful census-provided socid indicators.



3.2 Location Proposal

In the case of the second stage of this study, which is the definition of proposed locations,
the medians are precisaly the objects of interest. The purpose is to determine the ided location of the
p medians, or p schools, in order to minimize the sum of the distances of the population centered in
every node to its closest school. This second stage might be ussful when schools are poorly located,
the unbaances are sgnificant and adrastic intervention might be desirable or necessary, including the
relocation of some schools and the construction of others.

Assuming that dl vertices in V can be dected as medias, the pmedian problem is
modeled as the fallowing binary integer-programming problem:

n n
VPMP) = Min g § gid;x;

i=1j=1
(PMP) subjectto  § x,=1; il V @
i=1
3
a Xj=p @
=1
Xij £ Xjj s i,jT Vv (€)
x;1{0.4}; i,ji V 4

where:

[ dij] nxn isasymmetric cost (distance) matrix with djj =0, * i;

[ Xij] nxn is the dlocation matrix, with xjj = 1 if node i is alocated to node j and Xjj = O otherwise;
X = 1if nodej isamedian andx;; = O otherwise;

p isthe number of facilities (medians) to be located;

g represents the schooling population of node i;

nisthe number of nodesin the network, and V ={1, ..., n}.



Congtraints (1) and (3) impose that each node i isdlocated to only one node j, which must
be a median. Condraint (2) determines the exact number of medians p to be located and (4) gives

the integer conditions.

The p-median problem might be seen as the problem of optimally constructing p trees, T,, T,
., T, Whose respective medians are the desired locations and each of the other nodes inthe graph
belongs to the tree whose median is the closest, in such away that the tota impedance of the system,
a én‘ g dij xj » beminimized.
i=1j=1

]

The early solution methods for the p-median problemhave been of heurigtic nature. Heurigtic
gpproaches are ill popular for severd reasons. In particular, heurigtics often have often a smpler
nature, are convenient to handle large red problems, can provide good solutions, are adequate to
evauate dternative solutions and offer the possibility of direct intervention in the coding, making such
methods cgpable of handling redrictions or preferences disregarded in the integer programming
modd. Among the heurisic methods, the one by Teitz and Bart (1968) is certanly the most
acknowledged one, while the one developed by Pizzolato (1994) appears to offer better
performance specidly when facing problems with large vaues of p.

Exact methods for the p-median problem require the solution of an integer linear
programming problem with nxn varigbles and nxn + n+1 condraints. Although it is technicaly
vidble for large vdues of n, hardware and software requirements might make it unfessble for

practical studies.

The approach used in this paper was presented in Senne and Lorena (2000) and employs
the Lagrangean/surrogate heuristic proposed in Narciso and Lorena (1999) to approximately solve
the problem. The dua bounds are made feasible and improved by meansof locationdlocation
heurigics. The Lagrangear/surrogate relaxation has been recently used as a method to accelerate
subgradient like methods, which are often used to optimize the corresponding Lagrangean dud.

A gquestion usudly made after the optima solution is identified is what to do with the exiging
schools. The conciliation between the optimal solution and the existing network may be done by
identifying for every school the proposed tree T, , k = 1,...,n, to which it belongs. Then let Q, bethe
combined capecity of the schools eventudly located n tree T,. The unbaance between the capacity



of exigting schools and the demand in the proposed tree may be given by the expresson m= Q; -
ad.
it c;

If m > O there is an excess of school places since the capacity of the schools in the arealis
larger than the population in the same area of influence; otherwisg, if m < 0, there is an additiona
need for greater school capacity. Again, the findings may be presented in a color code o as to
emphasize the varying degrees of unbaances. Since this model is recommended when schools are
very poorly located, as a result of anarchic population settlement and lack of public investment, the
study will point out the areas in which new congructions are necessary and identify schools which
could be scaed down or smply abandoned. Such study might be part of the strategic planning for

the school network development and be replicated every ten years when anew census is completed.

3.3 The Capacitated Model

The capacitated pmedian problem (CPMP) considers capacities for the service to be
offered by each median. The total service demanded by vertices identified by p-median trees cannot
exceed their service cagpacity. This resemblesthe case of a school with afixed capacity. This part of
the study might be important when the adminigration is dealing with sSandardized schools. Empirica
studies made in Brazil have shown that the cost per sudent is higher in both the very smdl and the
very large schools. Therefore, if a standard school of about 700 studentsis to be adopted — and this
seemsto be atendency — this part of the sudy might berelevant for education authorities.

Apparently, problem CPMP has not been so intensvely studied as the classcd pmedian
problem. An extensive bibliography of related problems and a set of test problemswere presented in
Osman and Christofides (1994). For the CPMP considered in this paper the set of congtrains (3) in
the PMP modd is replaced by the capacity congtraints:

& ax; £Qx; TV ©)
v

For the sake of completeness, the Lagrangearn/surrogate application to CPMP by Lorena

and Senne (2003) is summarized asfollows Foragiven | T R and t= 0, the Lagrangear/surrogate

relaxation of CPMP is given by:



(LicPMP!) VLCPMP )=Min § & (d; - t1i)x; +tQ 1 ©6)
imvijtv imv
subject to (2, (4) and (5).
Problem (L{CPM = ) issolved by impliatly considering congtraint (2) and decomposing for
index j. Asaresult, the following n 0-1 knapsack-like problems are obtained:
V(knaﬂ): Min é (d” - tl i )Xij (7)
itV

subjectto (4) and (5).

Each problem has red objective function coefficients and is solved by means of an adapted
version of the Horowitz and Sahni code (see Martello and Toth (1990)). Let J bethe index set of
thep smdlest v(knap),j T V. The Lagrangear/surrogate valueis given by:

VLLCPMP )= & v(knap ) +t& 1 - ®
ihJ itV

The interesting feature of relaxation (LtCPMP') is that for t = 1 we have the usud

Lagrangean raxation with the multiplier 1. To find an approximate best Lagrangear/surrogete
multiplier t* we have used the dichotomous search procedure SH described in Senne and Lorena
(2000). A subgradient agorithm is used to optimize the dua and the Lagrangearn/surrogate solutions
are made feasible and improved by locd search heuristics as shown in Lorena and Senne (2003).

4. THE CASE OF VITORIA

Vitoria is a city with approximately 300,000 people, according to the 1996 population
census, and it is the capitd of the State of Espirito Santo, located in the southeast region of Braxzil.
Smilarly to other date capitals, it has experienced dramatic demographic expansion in the last few
decades.

According to the same census, there were 41,678 students between 7 and 14 yearsdd. In
addition, the metropolitan area of Vitoriais composed by a number of less developed counties which



very likely offer much poorer education services. This education qudity gap drives a sSzable but
unknown number of students to public schools at the state capitd, imposing an extra demand upon
the system.

The firgt level of education is composed by eight years of study that officidly Sarts at age 7
and finishes at age 14, but only nearly hdf of the population follows the officid prescription. A few
perform better than the rule, garting a 6 and finishing a 13. Due to severd mafunctions and
inefficiencies, such as late depart, repetition, dropout and so on, aswell as culturd backwardness, a
large number of children finish a higher ages and many do not finish the firg level, while some never
enter the system.

As a consequence, forecagting the effective demand for the public system is not an easy task.
Andyticdly, the demand is given by the existing sudent population multiplied by afactor of 0.97, to
account for those that never join the system or go to specid schools, plus those older than 14, up to
18 years old, who are dill in the regular first level of education, minus those around 30% that prefer
private schools, minus those that finish the firg level before being 14 years old, and minus those that
have premaurdy abandoned the syssem. The net result is that the number of enrolled firs-level
sudents is a bit larger than the 714 year-old population. For the exploratory capecitated study
shown below, we have adopted an estimated net addition of 5% to the existing population of 41,678
to represent the demand for the public syslem. Certainly, as education quality improves, the flow of
sudents will be faster and the effective demand will decrease.

There are 271 cenaus tracts in Vitoria, as shown in Figure 1. The vertices of the associated
graph are the centroids of the corresponding census tracts. Since the area bang studied is highly
urbanized, the tracts are generdly smdl and the centroids are located in each geographical center.
Therefore, each centroid is supposed to concentrate al of the school population in the corresponding
census tract. The very large tracts correspond to uninhabited areas such asthe city arport, industria
Sites, non occupied hills, penitentiaries, etc.

The next three subsections examine the gpplication of each of the three complementary
agpects of the present study.



Fig. 1 - Censustractsin Vitoria— 1996 Census

4.1 Evaluation of the Present L ocation

Current school positions and the attraction area of each school are shown in Figure 2. There
are 51 public schools in the city with different Szes and capacities, varying degrees of congtruction
projects, in some cases specific pedagogica concepts according to the population served, and other
specificities. Therefore, homogeneity seems to be a distant prospect but is certainly adesirable one,
to which a technical sudy as this shal contribute. The web-like construction defines each clugter,
asociating for each centroid its closest school. Therefore, for each existing school the figure
indicates the demand and its origin. For the evaluation of the present location, severd indicators must
be extracted such as capacity and demand for each schoal, the resulting unbal ances, the maximum
distance covered by one student, ec.



Fig. 2—Current school positions and areas of attraction of each school
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Figure 3 illugrates the most important information, which is the unbalance of the current
school digtribution. The table to the left of the image has five columns identifying, respectively, the
school, the number of census tracts in its area of influence, the corresponding populetion, the
school s capacity, and the excess or shortage of school places. The first line of the &ble, for
example, informs that school number 17 serves 15 census tracts according to the shortest distance,

whose total schooling population is 2,566. Since the capacity of the school is 997 students, thereisa
shortage of 1,569 places.

To the right of Fgure 3, the blue color in the map indicates the areas with excess of school
places and the pink color indicatesthe areas with insuffident school places. Not surprisingly, the pink

color covers areas of the city of more recent occupation and subject to agreater demographic



expangon. Certanly, the merit of this digolay is the immediate quantification of the unbaances
associated with a pictorid representation. The predominance of the pink color suggests that new
condructions are a clear requirement. To some extent, however, the less expensive solution of

transferring capacities among schools should aso be considered.

For comparison purposes, the total impedance of the current solution calculated by the

n
é g;dij x;j is 99,229 m. Under the stated assumptions, his number represents

i=1j=1

expression

Qo

gudents times distances to their nearest school.

Fig. 3— Unbalancesfor the current solution
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4.2 Relocation Proposal: The Uncapacitated M odel

With the distance matrix and the weights, the second stage of the study can be performed,
which is the relocation proposal. Assuming that every centroid might be a median, problem PMP is
solved using the Lagrangearn/surrogate heuristic mentioned in Section 3.2. On a Pentium |11 machine
the program required lessthan 1 second of CPU. The modd produced a feasble solution of vaue
70,252 and a dud Lagrangean/surrogate bound of 69,356, but the corresponding figure is not
reproduced here. Conddering the dudity gap, this solution is quite reasonable. Comparing this
solution with the present location (99,229), the sum of distances to becovered by the entire group of
students is reduced by 28,977 meters.

4.3 TheCapacitated M odel

Although the p- median modd proposes a relocation policy, the unbaance derived from the
lack of capacity of severd schools is not explicitly consdered. The study proceeds by running the
Lagrangean/surrogate heuristic for the capacitated p-median modd and obtaining the feasble
solution 85,083 and the Lagrangearv/surrogate bound 77,024 (for 685 seconds of CPU &t the same
machine). As expected, the distance to be covered by students increases. Figure 4 shows the
solution consdering standard schools of 859 students, where (859 = 41,678 students x (1+5%) / 51

schoals).

It can be conjectured that athough the capacitated model increases the distances covered it
is more redidic, whichis especidly important when the education board adopts standard models of
school architecture with fixed capacity. This proposal might lead to a clear improvement in
attendance sagtisfaction and other educationa settings. It is interesting to note that for some regions,
such the one enhanced in Figure 5, more schools are clearly needed. Compared with the current
solution shown in Figure 2 (99,229), the sum of distances to be covered is reduced by 14,146

meters.



Figure 4: Capacitated solution
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5. CONCLUSIONS

The present research has described a methodology to study the spatia distribution of primary
schools in urban areas. The modeling employed assumes that students walk to their school, whichis

predominantly the case, and therefore tend to prefer the one closest to their home.

Thestudy had three complementary but fairly independent purposes. One was to evauate
the exigting location of the schools in order to identify areas lacking or exceeding in school places.
Given the intense population mohility, high birth rates, disorderly urbanization and so forth, such
network evaluation is recommended to be periodicaly carried out. The consequence of this study
was the immediate identification of the areas where the unbaances are more sgnificant. Depending
on the numericd results corrective measures may range from capacity management to new
congtructions. By capacity management we understand that with smple measures the capacity of a
school may be increased. Such measures include expanding exiging buildings, adapting unused
spaces to function as classroons, establishing an additiona shift and accepting more students per
classroom. On the other hand, capacity reduction is much smpler and inexpensve, with the transfer
of teachers, chairs, tables and blackboards to areas in need of expanson

The second purpose was to provide a new relocation proposa. This part of the study is
important when severe unbalance is identified or when several new schools have to be built. The
ided locations were derived from the uncapacitated p median model. For practica application, the
proposed locations have to be reconciled with the existing schools. The idea is to assume thet the
proposed locations define micro regions or catchment areas in which one or more schools may
dready exig. Therefore, the ided location is important for long-term planning but should be
reconciled with the exigting network.

The third purpose was the capacitated solution. According to common sense, a school is a
capacitated facility, although, as aready noted, to some extent such capacity is flexible. However,
new pedagogy, architecture and cost studies are leading to the adoption of standardized schoals.
Therefore, if the tendency is to adopt a standard school pattern, the capacitated model should be of
gredt interest.

For the practica application described, basic information such as maps, census tracts and
population was obtained from the Brazilian Ingtitute of Geography and Statidtics, IBGE, responsible
for census research School data were collected at the State and Municipal Education Boards. The



data weretreated usng ArcView, a software of the Geographic Information System (GIS) family.
This software amplifies the location of schools and centroids, the determination of distance data and
the pictoriad representation of severd types of information. For the relocation part of this study,
scripts were prepared to pass the data to computer codes written in C and to return the results for
visudization. The codes implemented the Lagrangearn/surrogate heurigtics for the PMP and CPMP
models. The distance matrix was aso externadly calculated, as the C compiler is quite efficient
compared to the native GI S development language.

Thereaction of education authorities of Victoria was recorded in adocument which outlines
the impacts they see in the study. Basically, these are: (1) it is atechnical sudy which will be used to
ratify or modify internal reports regarding school network planning; (2) the study offers precise
suggestions for the management process, particularly capacity supply; (3) the data collected by the
study represents a contribution to their exiding but incipient data base; (4) the sudy shdl launch
cross initiatives with other sectors of the administration such as the city development planning,
towards an integration of services to the community and better education qudity; and (5 ther

interest in arenewa of this study would be in five years from now rather than ten as proposed by
the study.

RELEVANCE OF THE WORK TO OR IN DEVELOPMENT

This paper has reported a school location problem in which OR has played a determinant
role. Although the case focuses on Brazil, amilar chalenges are faced by mogt if not al developing
countries. In particular, dong the past hdf or full century, popular descriptors of these countries
include politicd independence, population growth, illiteracy reduction, urbanization, socia
consciousness, respect to human rights and o forth.

As anatural consequence, public services earlier designed to provide services to a minority
have been expanded to serve the entire society, including the rurd population. However, insufficient
budget to satisfy dl of the demands creates a relative scarcity of the services. Therefore, every type
of public service operates under stress and lies far behind the societies expectations. In order to
satidy pressure groups the easest solution is the case by case management. Such gpproach,
however, tends to maintain the public budget directed to more powerful and wedthier sectors,
concomitantly reducing investments elsewhere.



At this point, OR techniques might provide rationa and broad supporting tools for decison
makers. In the authors opinion, the ultimate decision levd is political, but decisons regarding socia
issues based upon purely political reasons might be poor and subsequently subject to contestation.
What s mostly desirable is the use of arational andysis framework such as those provided by OR
tools. With such andytica support, the political level might endorse or even overrule the so-caled
optima solutions indicated by such insruments and the OR analys can certainly understand that
optima solutions might be contested by possible imponderables not explicitly incorporated in the
modding. On the other hand, given the exisence of an andytica reference, the adoption of a
divergent solution requires explicit justification, imposing to the politica decison maker therole of the
devil’s advocate. In fact, decisons that affect the entire society require a didogue between the
politica establishment and technica evauations, which daim to develop independent models. In this
way, politicians and OR speciaists may converge to take better decisons.

The above reflections have influenced the study just presented. In large urban settings, the
school location problem is a combinatoria kind of problem. Any local decisonis certainly myopicin
the sense of regarding parts, but not the whole picture. The favorable reception of this study not only
indicates the appropriateness of the OR models involved but aso the determination of loca
authorities to pursue a baanced solution which gpparently only OR seemsto provide.
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