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ABSTRACT

TheshrinkingpopulationsofmanyregionsinPortugalhaveledtoadebateonthecriteriawhich
shouldguidetherestructuringofpublicservicesatthelocalscale,andnamelyhowtobalanceraising
percapitacostswithguaranteeingequityinaccessibility.Thisarticlecontributestothisdebateby
analyzingthespatialdistributionofprimaryschoolsinthemunicipalityofVagos.Itisbasedona
linearprogrammingapproachtooptimizetheresourcesneededfortheoperationandinstallationof
schoolfacilitiesandthelevelofaccessibilitythatisprovided.Thesimulatedconfigurationsareused
asbenchmarksfortheactualspatialdistributionofschools,identifyinghowitcouldbemademore
efficientorequitableandthecriteriawhichhavebeenprioritizedinrecentschoolplanningpolicies.
Thisallowedtoconcludethat,intheanalyzedcontext,changestothespatialdistributionofschools
havebeenmadewithsignificantequityconcernsandthat,whileitwouldbepossibletodecrease
coststhroughfurtherconsolidation,thiswouldposesignificantequitychallenges.
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INTRodUCTIoN

The declining populations of many regions in Europe have led to a significant restructuring of
services of general interest which, in many cases, meant concentrating them in fewer locations
(Lang,2012,p.1749).Thisraisedadiscussionaboutthepolicygoalsthatshouldbeatthecoreof
thesereconfigurationsand,namely,howtobalancetheincreasingpercapitacostsoftheseservices
withtheneedtoguaranteeminimumstandards(Wiechmann&Pallagst,2012).Inotherwords,the
shrinkingnumberofusersoftenimposesdifficultpolicydecisionsonwhethertomaximizeequityin
theaccessibilitytoservices,acceptingthatthisimpliesincreasingcosts,ortomaximizeefficiency,
decreasingserviceprovision.Efficiencyandequitycan, in this sense,beconsideredelementary
dimensionstoassesspublicpolicies.But,whileprovidingausefulframework(Bellinger,2007;Le
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Grand,1990),thisdichotomyalsoraisesimportantissues.Kunzmann(1998),forexample,notes
thatspatialequitycanmean“equalaccesstobasicpublicfacilities,measuredindistances”(p.103),
butcanalsoincludethechoicesthatareavailableandthewaytheyrelatetosocialequity.And,if
spatialequityisunderstoodas“justicewithrespecttolocation”(Morrill&Symons,1977,p.217),
thisstressestheimportanceofdifferenttheoriesofjusticetounderstanddifferencesinthespatial
accessibilitytoamenities.Efficiency,onitsturn,isgenerallyconcernedwithminimizingthemeans
necessarytoachieveagivenpolicygoal,havingamorestraightforwarddefinition.However,this
conceptalsoraisesquestionsregardingthedistinctionbetweenmeansandgoals,aswellastheway
inwhichthecostsandbenefitspeopledrawfromagivenpolicyareconsidered(Bromley,1990).

A further challenge is to translate these concepts into concrete measures to assess spatial
layoutsandtoaidplanningpolicydecisions.Technologicaldevelopmenthas,inthisregard,created
newopportunitiesfordecisionsupportsystems,througharangeofsolutionsbasedonoptimized
computationalprocessingordataanalysis.Thishashelpedtoestablishanewcontemporaryplanning
praxis (Silva, 2010), increasingly concerned with incorporating tools to aid planning decisions
(geographicinformationsystemsoralgorithms)ortoimplementcollaborativeapproaches(Machado
&Azevedo,2020;Somarakis&Stratigea,2019;Wolf,Borges,Marques,&Castro,2019).

Thisarticlecontributes to this fieldbyanalyzing thespatialdistributionofprimaryschools
ofthemunicipalityofVagos,inPortugal,whiletryingtofindanswerstoaquestionraisedwhen
workingwiththemunicipalitytodevisealocalschoolplanninginstrument(thesocalledschool 
charts):Howtoadaptthedistributionofprimaryschoolstothedecreasingnumberofstudents?For
thisanalysis,itisimportanttotakeintoconsiderationthatprimaryschoolsinPortugaladminister
thefirstfouryearsofformaleducation,correspondingtothefirstleveloftheInternationalStandard
ClassificationofEducation(ISCED2011),whilemunicipalitiesarethesecondlowesttieroflocal
governmentandareresponsibleforplanningschoolfacilities,butconsideringcentralgovernment
regulationsandguidelines.

ThisarticleadoptsanICTbasedapproachtoapplyabstractconcept–efficiencyandequity–to
theassessmentofconcretespatiallayouts,namelythecostsandaccessibilityprovidedbydifferent
distributionsofprimaryschools.Infact,theplanningofprimaryschoolsisagoodsubjecttounderstand
spatialefficiencyandequity:Whilecentralgovernmentguidelinestendtovaluetheeconomiesof
scaleassociatedwithconcentratingstudentsinfewerfacilities,atthelocalscaleschoolclosuresare
oftenperceivedasanexistentialthreat,affectingthe“healthofacommunity”(Kearnsetal.,2009),
itsself-image,orsocialcapital(Autti&Hyry-Beihammer,2014).InPortugala“rationalizing”goal
was,namely,assumedbythegovernmentregulationof2010(ResoluçãodoConselhodeMinistros
n.º44/2010,2010),whichestablishedthattheminimumnumberformaintainingaprimaryschool
is21students,whilealsovaluingtheavailabilityofamenitiesorthedistancetootherschools.But
thesegovernmentguidelinesarenotsimplyimplementedatthelocalscale,sincemunicipalitieshave
anactiveroleinconstructing,maintaining,andplanningprimaryschoolfacilities.Theplanningof
primaryschoolsinPortugalcan,inthissense,byunderstoodasamulti-levelgovernancesystem,
wherelocalformsofcoordinationinteractwithinstitutionalregulationatthemacroleveltodefine
thepoliciestobefollowed(Barroso,2013).AccordingtoCordeiroandMartins(2012)andCordeiro,
Martins, and Ferreira (2014), three types of strategies can be identified as possible outcome of
this arrangement: “reconfiguration by decree”, which implies a close alignment with national
criteria;“reconfigurationbyconciliation”,wherethesecriteriaareharmonizedwithlocalones;and
“communitarianreconfiguration”,wherethenationalcriteriaarelargelyignoredandtheplanning
outcomesdependonbargainingbetween localandcentralstateagents.Thedegree towhich the
restructuring of primary schools is incorporating efficiency goals, through the concentration of
primaryschools,orincorporatesequityconcerns,maximizingaccessibility,is,therefore,aninteresting
planningquestion.

Foranalyzingthewayinwhichefficiencyandequitygoalscanbeincorporatedinschoolplanning
atthelocalscale, thisarticlecomparestherealspatialdistributionofthemunicipality’sprimary
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schoolstohypotheticallayoutsthatprioritizeefficiencyorequityinaccessibility.Theselayoutsare
obtainedthroughastandardlinearprogrammingapproach,tomodelthetrade-offsbetweenthecosts
ofagivenspatialdistributionofschoolsandthelevelsofaccessibilitywhichtheyprovide.Thisallows
toidentifythecriteriawhichhavebeenprioritizedintherecentchangesmadetoprimaryschoolsin
shrinkingterritoriesanditalsoillustratesthewayinwhichmodelingtools,bygeneratinghypothetical
spatiallayoutswhichmaximizedifferentpolicygoals,canbeusefultosupportplanningdecisions.

Thenextsectionofthisarticlebrieflydiscussestheconceptsofefficiencyandequityinpublic
policyfocusing,inparticular,onutility-basedperspectivesregardingefficiency,andthenormative
theoriesofjusticeofAmartyaSenandRawlsregardingequity,giventheirfundamentalcontributions
tothediscussionofthecentralconceptthatinformsspatialequity–justice.Afterwards,dataand
methodologyarepresented,followedbyadiscussionofthemainoutcomes.Thelastsectiondiscusses
thearticle’smainfindings,limitations,policyrelevance,andfutureresearchdirections.

EFFICIENCy ANd EQUITy IN PUBLIC PoLICy

AccordingtoeconomistWilliamBellinger(2007)andpublicpolicyanalystLeGrand(1990),equity
andefficiencyarethetwofundamentaldimensionstoassessanypublicpolicy,evenifthefirstauthor
alsorefersthepracticalimplementationandthesecondauthorrefersindividualliberty.Butthereare
manypossibleunderstandingsofefficiencyandequitywhich,accordingtodifferentphilosophical
assumptions,differoncrucialaspectssuchas:Whatisthejustoutcomeofapublicpolicy?Should
itrefertotheoutcomesortotheprocess?Howcanitbemeasured?

More than providing a mundane discussion, different answers to these questions lead to
fundamentallydifferentpoliciesand,also,policyprocesses.Intheplanningfieldithas,forexample,
beennotedthatthereisanexcessivefocusonproceduralaspectsofpolicydesign,assumingthat
inclusive,transparent,andaccountableprocesseswillautomaticallyyieldjustoutcomes(Fainstein,
2009).Thishasoftenledtoneglectingthewayinwhichplanningdecisionstransformtherealworld
(Wolf,Nogueira,&Borges,2020)andtheverypracticaladvantagesanddisadvantagesofagiven
spatialpolicy.

Empiricalanalysesofefficiencyandequityintheaccessiblitytoservices,onthecontrary,tend
toprovidepracticalunderstandingsofthecriteriathatcanbeusedtoassesstheseprinciples.Butthey
oftensettleon(explicitorimplicit)definitions,withoutdiscussingthebroaderimplicationsofthese
concepts.Examplesofthiskingofapproachcanbefoundintheanalysisofequityintheaccessibility
topublicparks(Chang&Liao,2011),todifferentpublicfacilities(Tsou,Hung,&Chang,2005),
sportandeducationalfacilities(Taleai,Sliuzas,&Flacke,2014),ortheefficiency-equalitytrade-off
(Pinho&Botelho,2018).Andauthorsthatdoframetheseconceptswiththebroaderdiscussionin
thepoliticalphilosophytendtofocusontheproceduraldimensionsofplanningpolicies(Knudsen
etal.,2015)orplanningdiscourse(Nylund,2014).

Butintegratingabroaderdiscussionoftheseconceptintotheassessmentofspatialplanning
solutionsprovidesaninterestingperspective,asshownintheworkofFrenkelandIsrael(2018),
whichcombinesAmartyaSen’scapability approachandBourdieu’s formsof capital tomeasure
inequality.Inserviceplanning,itnamelyallowsto,moreconsciously,understandtheimplicationsof
prioritizingagivenpolicygoalinthespatialdistributionoftheseservicesandtoassesstheunequal
levelsofaccessibilitythatareprovided.

Efficiency
ForBellinger(2007),efficiencyisthedimensionforpolicyassessmentthathasthemostconsolidated
theoreticalandconceptualframework,andcanbeunderstoodasanoptimumallocationofresources
forachievingagivengoal.Muchoftheanalysisofefficiencyinpublicpolicyisbasedineconomic
theorywhereittendstobeunderstoodasan“objectivetruthrule”,whichallowstopresentanoutcome
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asa“goodthing”basedonthescientificobjectivityinthewayinwhichthisoutcomeisassessed
(Bromley,1990,p.87).

Accordingtothisperspective,efficiencycanbemeasuredbyaggregatingtheutilityofindividual
agentswhoaimatmaximizingitthroughrationalchoices.Theadvantageofthisapproachisthatit
establishesaframeworktoevaluateallhumanactionsaccordingtoasinglemeasure–evenaltruistic
behaviourcanbeconsideredameanforincreasingindividualutility,intheformofabetterimageof
oneself,orthesatisfactiondrawnfromhelping(Jordan,2008;Sen,2009).Theefficiencyofagiven
socialsettingis,accordingtothisframework,achievedifitisnotpossibletoincreasetheutilityof
oneagentwithoutdecreasingtheutilityofanotherone,reachingaParetooptimum.

Inreallife,therearemanyobstaclestoachievingParetoefficiency,relatedtoenvironmental
risks, technological development, or the progressive integration of different phenomena and the
complexnetworkofexternalitiesthisimplies(Just,Hueth,&Schmitz,2004).Evenfromamerely
utilitarian,efficiency-based,perspective,thesesituationscanjustifytheimplementationofpublic
policies.If,forexample,anactivitygeneratescoststothirdpartieswhichexceedtheutilityofthe
agent,thisleadstosituationswhereapublicbodycanintervene,increasingtheoverallutilityand,
thus,theefficiency,fromasocialcostperspective.

However,thedefinitionofanypublicpolicyimplieschoosingbetweendifferentoptions,according
tothepreferencesofthemajorityofthestakeholders.Thesepreferencescanbeunderstoodasthevalue
whichisascribedtotheoutcomesofagivenpolicyortoalternativecoursesofaction(Oppenheimer,
2012,p.16).Butpassingfromindividualtocollectivepreferencesraisesimportantissues.Asproven
byArrow(1950),therearepatternsinindividualpreferenceswhichcannotbeconsistentlytranslated
intocollectivechoices,thusmakingitimpossibletofindabsolutelycoherentwaystoassessifapolicy
improvesthestatus quoand,therefore,ifitisefficient.Otherimportantissuesconcerndealingwith
decreasingmarginalutilities(Bellinger,2007)orfindingthevalueofnon-marketgoods(Alberini,
1995;Arrowetal.,1993).Also,asnotedbyBromley(1990), thedefinitionofefficiencyas the
relationbetweenendsandmeansimpliesacleardistinctionbetweenthem.Onewaytodothisisto
understandtheendsassomethingtowhichindividualsgiveintrinsicvalueandthemeansasthose
thingsthatallowindividualstoobtainthem.Butthisimpliessomeassumptionsaboutwhattheaverage
individualvalues,andthereforecannotbeestablishedwithoutsomeexternalreference.

In short, while the ultimate goal of increasing efficiency in public policy by maximizing
well-beingcanseemratherconsensual,thewaytodefine,ormeasure,thiswell-beingisfarfrom
straightforward,highlightingtheimportanceofincorporatingbroaderconceptionsofjusticeintothe
assessmentofpublicpolicies.

Equity
AccordingtoAmartyaSen(1992,p.12;2009,pp.291-292)allnormativetheoriesofjusticeassume
someidealofequality.Utilitarianismassumes,forexample,thatpeople’sutilityisequallyimportant,
while libertarianismassumesequality regardingawhole classof rights and liberties, fromself-
ownership toprivateproperty.The realquestion is, thus,“equalityofwhat” (Sen,2009,p.293;
Sen,1992,p.27),stressingtheimportanceofdifferenttheoriesofjusticetoallowamorethorough
understandingofequality.

OneofthemostimportanttheoriesofjusticewasdevelopedbyRawls(1971;1981),whoproposes
asystematicalternative toutilitarianism,whichheconsiders insufficient tounderstand thebasic
rightsandlibertiesoffreeandequalcitizens.Hisconceptionofjusticeisbasedonasocialcontract
thatisestablishedfromaneutralposition,andwherethejustprinciplesthatshouldguidesocietyare
definedimpartially,throughaveilofignoranceregardingpersonal,social,andhistoricalconditions.

ThebasicprinciplesestablishedbyRawlsinA Theory of Justice(1971,p.53),andwhichwere
laterreviewedinThe Basic Liberties and Their Priority(1981,p.5)are:



International Journal of E-Planning Research
Volume 10 • Issue 1 • January-March 2021

25

1. Eachpersonhasanequal right toa fullyadequate schemeofequalbasic libertieswhich is
compatiblewithasimilarschemeoflibertiesforall.

2. Socialandeconomicinequalitiesaretosatisfytwoconditions.First,theymustbeattachedto
officesandpositionsopentoallunderconditionsoffairequalityofopportunity;andsecond,
theymustbetothegreatestbenefitoftheleastadvantagedmembersofsociety.

Butthisconceptionmakesitnecessarytodefinethebasicgoodstowhichtheseprinciplesapply
to.AccordingtoRawls,thebasicgoodsshouldbethosethatallowtheexerciseofone’smoralpowers
andtoleadacompletelife(Rawls,1981,p.9).Theyinclude:basicliberties;freedomofmovement
andoccupation;powersandprivilegesfromtheexerciseofpositionofresponsibility;incomeand
wealth;andthesocialconditionsforself-respect.

Comparedtonarrower,utilitarian,approaches,Rawls’principlesprovideamorecomprehensive
understandingofjusticeinsocialsettings.Itimpliesthatmechanismsthatdecreaseinequalityshould
notbeunderstoodasacompromisewitheconomicliberties,butinsteadformthecoreofabroader
conceptionoffreedom:economicfreedomisnecessarybecauseitmakespeopleresponsiblefortheir
choices;buteconomicfreedomcanbelimitedsothatitdoesn’tdiscriminatepeoplefordiscretionary
circumstancesandtocountertherestrictionstolibertywhichcomewithextremeformsofinequality
(Kymlicka,2002).

AnotherfrequentlyconsideredunderstandingofequityisbasedonAmartyaSen’sideaofjustice.
ForSen,Rawls’theoryhassomeshortcomings,namelythechoiceofasetofdefiniteprinciplesof
justicefromaninitialposition.Therefore,thischoicecannotbemadeinanunambiguousmanner,
giventhatitispossibletoidentifydifferentunbiasedprinciples,basedondifferentunderstandings
ofjustice.Anotherimportantlimitationisthatafocusontheavailabilityofprimarygoodsdoesnot
accountforthesignificantvariationsinthecapacitytotranslatetheavailabilityintoactualadvantage.
Thereareseveralcontingencieswhichinfluencethiscapacity:individualheterogeneity;diversityin
physicalenvironments;variationsinthesocialenvironment(publichealth,crime,etc.);relational
perspectives(theresourcesnecessaryforadignifiedlife,forexample,differbetweensocieties).This
meansthatthejusticeofasocialsettingshouldbeassessedaccordingtocapabilities,meaningthe
capacityandpossibilitytoconvertagivenprimarygoodintodesiredactionsor,inotherwords,the
“substantiveopportunity”whichisprovidedbyagivengoodtoagivenindividual(Sen,2009,p.295).

Sen’sapproachisfurtherinterestingbecauseitisnotonlyconcernedwiththeoutcomes,with
theconsequencesofagivenstateofaffairs,butalsowiththenumberofoptionsthatareavailableand
withthefreedomtochoosebetweenthem.Thisleadstotheestablishmentoffourdifferentconcepts
thattranslatedifferenttypesofadvantage:well-beingachievement;agencyachievement;well-being
freedom;agencyfreedom(Sen2009,p.287).Forpublicpolicies,thedistinctionbetweenthemis
importantsincesomegoalsare,fromacollectivepointofview,moredesirablethanothers.Itis,
forexample,sociallydesirabletoprovidepeoplewiththeopportunitytoleadadignifiedlife(well-
beingfreedom)butisnotgenerallyacceptedtoforcepeopletodoso(well-beingachievement).But,
althoughidentifyinggeneralprinciplesandconceptswhichareusefulforthinkingaboutjusticein
publicpolicies,Senpointsoutthatapplyingtheseprinciplesimpliesaframeworkforpublicreasoning
tomakearationaljudgementonpolicyoptions:“Thecapabilityperspectivedoespointtothecentral
relevanceoftheinequalityofcapabilitiesintheassessmentofsocialdisparities,butitdoesnot,on
itsown,proposeanyspecificformulaforpolicydecisions”(Sen,2009,p.232).

THE SPATIAL dISTRIBUTIoN oF PRIMARy SCHooLS 
IN THE MUNICIPALITy oF VAGoS

Applyingthebroadprinciplesdiscussedinthepreviouspointtotheplanningofafundamentalservice,
suchasprimaryschools,ischallenging.Thistypeoffacilityhasbeenshowntoimpactcommunity
lifeatmanydifferentlevels.Themostimmediateimpactthattheirpresenceorabsencehasona
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community is on student achievement.Transferring students to larger, better equipped, facilities
can,forexample,exposethemtohigherqualitypeergroupsandteachers,butcanalsodisruptpeer
andteachernetworks,andimplylongertraveltimes(Brummet,2014).Andschoolshavealsobeen
positivelyrelatedtosocioeconomicindicators(Lyson,2002),housingprices(Brunneretal.,2012)
andareconsideredtoplayanimportantroleincommunities’self-imageorsocialcapital(Autti&
Hyry-Beihammer,2014).Butkeepingschoolsopeninsmallcommunitiesalsoleadstoinefficiencies,
giventheeconomiesofscaleincapitalcosts,operationalcosts,capacityutilizationrate,orstaffcosts
thattendtobegainedfromincreasingschoolsize(AresAbalde,2014;Chakrabortyetal.,2000;
Cohn,1968).

However,evenwhenconsideringonlythespatialaspectofinequality,nottakingintoconsideration
thewaythisaccessibilityisrelatedtosocioeconomicvariables,equityandefficiencycanbeanalyzed
fromdifferentperspectives.Isit,forexample,moreequitabletominimizeusers’averageaccessibility,
or toguarantee thatnouser isaboveacertain threshold?Oratwhatdegreeofconcentrationdo
transportationcostsoutweightheeconomiesofscaleassociatedwithhavingfewerschools?

Todiscuss theseissues, thisarticleanalyzesthespatial layoutof theprimaryschoolsof the
municipality of Vagos. In this analysis, spatial equity is understood as the goal of maximizing
accessibilityandefficiencyisunderstoodasthegoalofminimizingcosts.Themethodologyisbased
onapplyingastandardlinearprogrammingapproach,optimizingtheresourcesforoperatingand
installingschoolfacilities,andthedistancecoveredbythestudentstotheclosestschool.Accordingto
LeGrand(1990),efficiencyandequityareoftenunderstoodastwoconflictinggoals,whereincreasing
onemeansdecreasingtheother.However,asthisauthorargues,thiswouldmeanthatefficiencyis
agoalinthesamewayasequity,andthusconflictwiththenotionsofefficiencyasapplyingtothe
relationbetweengoalsandmeans.Itcan,forexample,beassumedthatifthegoalofagivenpolicy
istomaximizeequity,thenthesolutionthatdoessowiththeminimumcostis,tothesamedegree,
equitableandefficient.But it ispossible tohaveadifferentunderstandingof theseconcepts for
publicpolicy:maximizingefficiencycanbeunderstoodasthegoaltoreducethecostsofproviding
agivenservice;maximizingequitycanbeunderstoodasraisingthestandardsatwhichtheservices
ismadeavailabletoguaranteethateverybodygetsafairaccess,evenifthismeansincreasingcosts.
ThisperspectiveisshownschematicallyinFigure1.

The General Context
Theanalysisbenefitedfromtheauthor’scooperationwiththismunicipalitytoaidtheplanningof
schoolfacilitiesforthemediumterm,andnamelythetenyearsforwhichthelocalplanninginstruments
(the school charts) are meant to be used before being revised (as mandated by the Decreto-Lei
n.º21/2019). Inparticular, cooperatingwith themunicipalitymeantanalyzingdifferentpossible

Figure 1. Efficiency vs. Equity
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distributionsof theschools throughout the territory,and their implicationregarding thedistance
studentswouldneedtotravel,andalsohavingaccesstodataandinterestinginputsregardingtheway
theseproblemscanbeformulated.

ThesocioeconomicandterritorialcontextofthemunicipalityofVagosisgenerallyfavorable,
beinglocatedinacoastalregioninPortugal(seeFigure2),andhavingapopulationdensityabovethe
nationalaverage(140residentspersquarekminthe2011Census,comparedtothe115ofthewhole
country).Itisclosetomajortransportsinfrastructures,suchasaport,themostimportantrailway
line(theLinhadoNorte),andthemostimportanthighway(theA1),andispartofthedynamicand
veryindustrializedAveiroRegion,whereittendstobeconsideredasecondaryurbanarea(CCDRC,
2013).Inthelastyears,thismunicipalityhasbeenwitnessingdecliningemploymentnumbers,but
thisdeclinehasbeenbelowthenationalaverage,anditalsohasarelativelylowunemploymentrate
(CâmaraMunicipaldeVagos,2015).

Notwithstanding the favorable context, the municipality has been witnessing a significant
ageingandpopulationdecline,leadingtoadropinstudentenrollmentandtochangestothespatial
distributionofschools.AscanbeseeninFigure3,themaintrendisadecreaseinthenumberof
primaryschoolsandtheconcentrationofthestudentsinfewer,larger,facilities.Theclosureofsmall
primaryschoolsinthismunicipalityhasalreadyledtoasignificantincreaseintheaveragesizeof
theprimaryschoolswhilealsoraisingtheoccupancyrateoftheschools.Infact,between2005and
2015theaverageschoolsizeincreasedfromaround40studentstoaround80,whiletheoccupancy
ratesrosefrom70%tomorethan90%(accordingtodataprovidedbythemunicipality).

Addingtothedeclinethatalreadyoccurredinthenumberofstudents,themunicipalityiscurrently
witnessingwhatsomeauthorcalla“negativemomentumofdemographicgrowth”(Davoudietal.,
2010),asbecomesclear fromtheagestructurepresented inFigure2.Theshrinkingandageing
populationswillimplyfurtherschoolclosuresinthemediumtermandraisesthequestionofhow
muchconcentrationisdesirable,fromanefficiencyandequityperspective.Infact,thechallenge
furtherschoolconsolidationposestolocalcommunities,aswellastheneedtoprovideequitablelevels
ofaccessibilitythroughouttheterritory,wasamajorconcernexpressedbythelocalpolicymakers
involvedinthemunicipality’sschoolplanningprocess.Thischallengecanalsobeunderstoodinthe
broadercontextofschoolconsolidationswhichhaveoccurredinmanyEuropeanregionsoverthe
lastdecades.Analysesofthisphenomenoncanbefoundin:Barakat(2015),regardingtheschool
consolidation in Saxony; Autti and Hyry-Beihammer (2014), regarding school closures in rural
Finland;SleeandMiller(2015)regardingschoolconsolidationinScotland;EgelundandLaustsen
(2006)regardingtheimpactofschoolclosuresinDenmark;orElshof,HaartsenandMulder(2015)
regardingtheimpactofschoolabsenceandclosureonmigrationintheNetherlands.InPortugal,

Figure 2. Location of the municipality of Vagos and the population’s age structure in the 2011 Census
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analysesofthisphenomenoncanbefoundinCordeiroandMartins(2012)andCordeiroetal.(2014),
or,morerecently,inMarquesetal.(2020).

data and Methods
Itishardtoassumethatschoolsinamunicipalityareplannedfromthebeginning.Therefore,creating
mathematicalmodelsforoptimizingschoollocationsisaroughabstractionandcanbeseenasan
oversimplification.Butmodelscanbeusedtoanalyzethecurrentsystemandproposechangesthat
correspondtodesiredpolicygoals(Giesen,Oliveira,&Marianov,2015).Linearprogramsareno
exception,beingvastlyusedinpublicserviceprovisioning,andnamelyfacilitylocationproblems
(Drezner&Hamacher,2002;ReVelle&Eiselt,2005).Forschoollocation,thishasbeendoneby
severalauthors.Bruno,Genovese,Piccolo,andSterle(2014),forexample,modeledasimilartrade-off
betweencostefficiencyandequityinschoolaccessibilityinanItalianregion.Chen,Thill,andDelmelle
(2017),createdamodelbasedonap-medianproblemappliedintheUnitedStates,focusingonthe
challengestoincluderealworldconstrains.Inbothcases,theauthorsusedfacilitylocationmodels
tofindoptimalschooldistributions.OthercasesaredescribedbyGiesenetal.(2015),analyzingthe
challengesofruralschoollocationinBrazil,includingasurveyofdifferentapplicationsofschool
sizingandlocationsproblems,andDai,Wang,Zhang,Liao,andLiu,(2019),whoanalyzetheimpact
ofschoolconsolidationonstudents’traveltime.Thislastworkisparticularlyinteresting,givenits
focusonschoolclosures,whichwillbeadominantfeatureinschoolplanninginmanyregionsin
thenextdecades(and,asnotedbyReVelle,Murray,andSerra,2007,locationsciencehaspaidlittle
attentiontotheneedtomodelshrinkingservices).InPortugal,AntunesandPeeters(2000)andTeixeira
andAntunes(2008)havealsoanalyzedschoollocationsbasedonlinearoptimizationapproaches.

Whiletheworkpresentedinthisarticleisnotnovelinusinglinearprogrammingforoptimal
schoollocation,itcontributestothissubjectbyproposingawaytotranslatebroaderspatialpolicy
goalsintostrictparameters.Asdiscussedinthegeneralcontextsection,thesizeandspatialdistribution
ofschoolsinVagosdevelopedovertheyears,withschoolsbeingclosedasthenumberofstudent
dropped.Discussingtheimplicationsofthesechanges,andhowtheyrelatetoschooldistributions
thatminimizeinequalityinaccessibilityorexpenditure,canthusmakeimportantcontributionsto
understandingschoolplanningpolicies.

Figure 3. Recent changes in the number of students enrolled in primary education and the spatial distribution of schools in the 
municipality of Vagos
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In thiswork, thespatialdistribution thatmaximizesaccessibilitywasobtainedbysolvinga
p-medianproblem,whilethemostcost-effectivedistributionwasobtainedbysolvingacapacitated
facilitylocationproblem,withcapacityandschoolsizeconstraints.Thep-medianmodelallocates
thedemand(students)totheclosestfacility(school)byminimizingthesumofdistancesfromeach
studenttotheclosestschool(BolooriArabani&Alireza,2012).Althoughthiscangeneratesolutions
wheresomenodesarequitedistantfromthenearestschool,italsotendstominimizetheaverage
traveltimeand,inthisstudy,alsominimizedthevarianceofdistances,whichcanbeconsidereda
formofspatialequity.Amorecomplexapproachisthecapacitatedlocation-allocationproblem,in
whichtheallocationofthedemandtothefacilitiesmaybeconstrainedduetothefacilities’capacity,
costs,oreventravel-time(Klose&Drexl,2005;BolooriArabani&Alireza,2012).

Investment and Operational Costs of Primary Schools in Portugal
Regardingprimaryschools,itispossibletoassumeefficiencymaximizingsolutionsastheonesthat
implytheminimumcostsforconstructingandoperatingschools,aswellasfortransportation.As
wasnoted,concentratingstudentsinfewerfacilitiesgenerallydecreasescostsduetoeconomiesof
scale.ButhowexactlyarethesecostsrelatedtodifferentaccessibilitiesinPortugal?

Probablythemostcomprehensiveassessmentoftheoperationalcostsofrunningprimaryschools
inPortugalwasmadebytheCourtofAuditorsin2012(TribunaldeContas,2012).Thisassessment
summedupthecostsofdifferentbudgetheadings(namelyfrommunicipalitiesandtheEducation
Ministry),excludingonlyinvestmentcostsandtheamortizationofrealestate.Ascanbeseenin
Figure4,thisdatashowsastrongcorrelationbetweentheaveragesizeofprimaryschoolsinaNUTS
3(thesmallestgeographicalunitforwhichthisdatawasavailable)andtheaveragecostperstudent.

Forassessinginvestmentcosts,thecontractsfortheconstructionoffourteenprimaryschools
wereanalyzed.Theconsideredcontractswerethosethatweresignedafter2010,thatwereavailable
online,andthatspecifiedthenumberofstudentsforwhichtheschoolswereprojectedaswellas
theirconstructioncosts.AscanbeseeninFigure4,constructioncostsincreaselinearlywithsize
buthaveahighconstant,whichmeansthatconcentratingstudentsinfewerfacilitiesalsodecreases
investmentcosts.

Threedifferentschoolsizeswhereconsidered:21(theminimumdefinedbythelaw,Resolução
doConselhodeMinistrosnº44/2010),80(thenumberofstudentsconsiderednecessaryfortheirgood
functioningaccordingtonationalplanningguidelines;DGOTDU,2002),and225(themaximum
sizeconsideredasadequatebytheDGOTDUis300,butwouldbeexaggeratedforthepredominantly
ruralcontextofVagos).Theconstructionandoperationcostsforeachofthesesizeswereobtained

Figure 4. Average cost per student per NUTS 3 (v. 2002) in 2009/2010 by average school size and construction costs for fourteen 
primary schools in Portugal, from 2010-2019, by size
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byusingthefunctionwiththebestfit(linearforconstructionandloglinearforoperationalcosts)
andvaryconsiderableforeachsize,ascanbeseeninTable1.

Student Location and Transportation Costs
Transportationcosts,onthecontrary,increasewithschoolclosures,giventhatfewerfacilitiesimply
greaterdistancestobecoveredbythestudents.Forgettingtransportationcoststhefollowingformula
wasused:

Transportationcost D days years= 2 0 36 180 10* * . € * * 

whereDisthedistancetobecoveredbythestudentstothenearestschoolandanaveragecostof
0.36€isconsideredperkilometer,accordingtothetravelexpenseswhichthepublicsectorusesfor
employeeswhouseprivatetransportationinofficialduty(Decreto-Lein.o137/2010,2010).Itisalso
assumedthatstudentsgotoschoolon180daysayearandmakethejourneytwiceaday.Thewhole
costswhereestimatedforaten-yearperiodwhich,aspreviouslynoted,isthetimeframeforwhich
thelocalplanninginstrumentsaremadeandafterwhichtheymustbereviewed.

Althoughtheexactlocationofthestudentsthroughouttheterritoryisnotknown,itispossible
togetaverygoodestimateby taking thepopulation in the relevantage-groupandapplying the
enrolmentrate(inVagos,theenrolmentratein2011was97%).Themostdisaggregatedspatiallevel
forwhichpopulationdataisavailableinPortugalisthestatisticalsubsection,andthusthedistance
fromthecentroidofeachsubsectiontothenearestfacilitywasused.Toestimatedistancesandtravel
costs,adistancematrixwascreatedtakingthesubsections’centroidsasorigins(studentsdemand)
anddestinations(schoolsoffer)usingageodesicdistancealgorithmfromGeopylibrary.

Location-Allocation Models
Aswaspreviouslymentioned,equitymaximizingdistributionsofschoolswereobtainedthrougha
p-medianmodelminimizingtravelcostswhileretainingtheactualnumberofschools.Thisallows
tounderstandhowthecurrentdistribution,whichistheoutcomeofdifferentpolicydecisionsover
theyears,performsregardingequitystandards.

Themodelcanbeformulatedas:

Minimize:
i

n

j

m

ij ij
c x

= =∑ ∑1 1


subjectto:
j

m

ij
x

=∑ =
1

1 for� ,...,i n= 1
j

m

j
y p

=∑ =
1



x y
ij j
≤ for i n j m= =1 1,..., ; ,..., x

ij
∈ { }0 1, for� ,..., ;� ,...,i n j m= =1 1 y

j
∈ { }0 1, 

for� ,...,j n= 1 

Table 1. Construction and operational costs for different school sizes

Size Construction Costs (€) Operational Cost per Student (€)

21students 914650 5275

80students 1191826 2750

225students 1873022 1662
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where i isanindexinthedemandnetworkand j isanindexofthepotentiallocationofafacility,
x
i
isthedemandfractionofnodei andc

ij
isthedistancecostfromnodei tothesiteofapotential

facility j .p isthenumberoffacilitiestobelocated.ThedecisionvariablesareX
ij

tocalculatethe
fractionofstudentsfromsubsection i allocatedtoaschoolatsite j andY

i
=1,ifthesite j will

haveaschool(facility)ornot.Ascanbeseeninthespecification,thealgorithmminimizesthesum
ofdistancesfromeachdemandpoint(students)totheclosestfacility(school),regardlessofthecosts
ofprovidingthefacilities.Nevertheless,laterthecostswereadded,basedonthenumberofstudents
allocatedtoeachschoolfollowingtheexpressioninFigure4.

Formaximizingefficiency,acapacitatedfacilitylocationmodelwasused,withthefollowing
formulation:

Minimize:
j

m

j j i
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j

m

ij ij
f y c x

= = =∑ ∑ ∑+
1 1 1



subjectto:

j

m

ij i
x d for i n

=∑ = =
1

1, ,...,
j

m

ij j j
x M y for j m

=∑ ≤ =
1

1, ,..., 

x d y for i n
ij i j
≤ =, ,...,1 ;j=1,…,m
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wherei isthesubsectiond
i
isthedemandofstudentsofthissubsectionand j isapotentialfacility

(school)site,thesameasinthepreviousformula.ThedecisionvariablesstillarethecontinuousX
ij


andthebinaryY

i
meaningthecorrespondentfractionofstudentsallocatedtosomesiteandifthe

potentialschoolwillbebuilt,respectively.Theinstallationcostofaschool j isalsoconsideredto
beoptimizediftheschoolisactivated f y

j j
.Thefirstconstraintrequiresthatthedemand(numberof

students)ofeverysubsectionmustbesatisfied,whilethesecondconstraintensuresthattheschool
capacityisobserved:iftheschoolisactivated(y

j
= 1 ),itscapacityisrestrictedtoM

j
ifitisnot

activated(y
j
= 0 ),thenumberofstudentsallocatedintheschooljiszero.Thethirdconstraintwas

implementedtoprovidevariableupperbounds,providingatighterlinearprogrammingrelaxation.
Aslightmodificationfromthedefaultcapacityfacilitylocationmodelismadeinthethirdconstraint
regardingtheprogrammingcode,inordertoallowthemodeltoreceivedifferentschoolssizesatthe
samesiteandstilldecideforonlyoneschoolpersubsection.Thelast twoconstraintsdefinethe
boundariesofthedecisionvariables.ThismodelwassolvedusingthePythonlibraryGurobi(Gurobi
Optimization,2020).

outcomes
ApplyingthetwomodelsyieldstheoutcomesinFigure5.Ascanbeseen,thecapacitatedfacility-
location leads toaconcentrationofall the students inonly four facilities, allofwhichhave the
maximumcapacity thatwas allowedby themodel.Solving thep-medianproblem, aswouldbe
expected,leadstoschoolsbeingdistributedthroughouttheterritory.

Theconcentrationofschoolfacilities,asmodeledbythecapacitatedfacilitylocationalgorithm,
wouldimplyasubstantialreductioninthetotalcosts.Thisisduetotheloweroperationalcosts,which
weightheavieronthetotalcoststhantheinvestmentforbuildingnewfacilitiesortransportationcosts
(Table2).Inshort,theoutcomesshowthatschoolclosureandtheconcentrationofstudentsinlarger
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facilitiesis,infact,thebestcoursetofollowfromanefficiencyperspective,ashasbeenassumedby
therationalizinggoalofmanyofthecentralgovernmentguidelines.Butwhatarebetheimplications
ofthistypeofstrategyfromanequityperspective?

Interestingly, thecoefficientofvariationof thedistance from theplacesof residenceof the
students to theschool towhichtheyareallocatedis lowestwhensolvingthecapacitatedfacility
locationproblem(Table3).Thisbasicallymeansthat,whencontrollingfortheaveragedistanceofthe
differentspatiallayouts,thecapacitatedfacilitylocationhasthelowestvariabilityintheaccessibility
toprimaryschools.AsimilarideaemergesfromtheLorenzcurveofthedistancescoveredbythe
studentsinFigure6.Thisfigureshowsthatthecurveforthecapacitatedfacilitylocationislessunequal
thantheonerepresentingthep-medianfacilitylocation,eveniftheyareverysimilar.

Butnetworklayoutsfocusedonmaximizingaccessibility,liketheoneresultingfromsolving
thep-medianlocationproblem,notonlyprovidemuchlowertraveltimes,butalsolowerstandard

Figure 5. Actual school distribution, in 2015, and distribution resulting from applying p-median and capacitated facility location 
algorithms

Table 2. Cost of the different spatial distributions of schools

Costs (€) Investment Operational Costs Transportation 
Costs Total

P-medianfacilitylocation 13128878 23622726 1284358 38035961

Reallocation 12715462 22128309 1652561 36496333

Capacitatedfacilitylocation 7492086 14819729 3199627 25511442

Table 3. Descriptive statistics of the distance (km) of the students to closest school

Distance Maximum Value Mean Standard 
Deviation

Coefficient of 
Variation

P-medianfacilitylocation 4.77 1.12 0.71 0.63

Reallocation 5.14 1.44 0.99 0.69

Capacitatedfacilitylocation 6.72 2.79 1.56 0.56



International Journal of E-Planning Research
Volume 10 • Issue 1 • January-March 2021

33

deviationsandmaximumdistances(Table3).Thus,thisspatialdistributionistheonethatbestmeets
Rawlsianprinciplesofjustice,sincethedifferencesbetweenthedistancescoveredbythestudentsare
smallerand,inparticular,thedistancescoveredbytheleastwell-off(thosewhoarefurthestfroma
school)arelower.Decreasingthenumberofschoolswouldalsoleadtosignificantreductionsinthe
numberofstudentsthatarewithinareasonablewalkingdistance,consideredtobeonekilometerbythe
spatialplanningguidelinesprovidedbythenationalagencyforterritoryplanning(DGOTDU,2002).

A reduction in the number of schools can, further, negatively affect spatial equity from a
capabilityperspective:Thenumberofstudentsthatarewithinareasonabledistancefromtheschools
decreasessignificantlywhentheyareconcentratedinfewerlocations,implyingthattheirchoices
aresignificantlyreduced.Thisisparticularimportantsincetheaccesstoagivenschooltendstobe
tiedtotheplaceofresidenceand,therefore,livingclosetoseveralschoolscanprovidesubstantial
opportunities tomembersof thatcommunity (Burgessetal.,2011). Increasing thedistance toa
servicealsoleadstoamoresubstantialreductionincapabilitiesinthedisadvantagedgroupsthan
inmoreadvantagedones,giventhattheytendtohavefeweroptionsavailabletothemandtendto
dependmoreonpublictransportation(Dodsonetal.,2010).Further,thebenefitsoflivingclosetoa
schoolarenotrestrictedtofamilieswithschool-agedchildren,sincehousingpricestendtobehigher
inareaswithbetterschools,ineffectmeaningthecapitalizationofanexcludablepublicgoodinto
housingvalues(Brunneretal.,2012).

But theactual spatialdistributionof schools inVagos,whilehavingwitnessedasignificant
decreaseinthenumberofschoolsinthelastdecades,isstillveryfarfromefficiencymaximizing
solutions.Inotherwords, theclosureofprimaryschoolswasmadeinawaythatahighlevelof
spatialaccessibilitywasmaintainedthroughouttheterritory:Thep-medianhasonlyslightlylower
maximumandaveragevaluesregardingthedistancecoveredbythestudents.Thecostsforthetwo
solutionsarealsoverysimilar,withtheoutcomesofthep-medianfacilitylocationproblemhaving
marginallyloweroperationalcostsandhighertransportationcosts.

CoNCLUSIoN

Whatcanbelearnedfromusingacapacitatedfacilitylocationandp-medianfacilitylocationproblem
togeneratehypotheticalplanningsolutions?Afirstmajorcontributionisshowingthat,aswasnoted
intheliterature,costscanbedecreasedbyoperatingfewerschools(AresAbalde,2014;Chakraborty
etal.,2000),evenwhenconsideringincreasedtransportationcosts.Inotherwords,fromanefficiency

Figure 6. Boxplot of distance to schools and Lorenz curve by different spatial distributions
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perspectiveitmakessensetocloseasmanyschoolsaspossible,astendstobeassumedbythecentral
state’sregulationsonschoolplanning.

Theanalysisalsoshowedthatthisconcentrationwouldraiseimportantequityconcerns,increasing
thetraveltimeonaverageand,inparticular,forthosewhoarefurthestfromaschool.Aswasnotedin
thepreviouspoint,schoolclosuresalsodecreasethenumberofchoices.Thus,aconcentratednetwork
canbeconsideredtoposesomechallengesfromanequityperspective,accordingtoaRawlsianas
wellasacapabilityperspective.Nonetheless,thefactthatthesolutiongeneratedbythecapacitated
facility locationhasa lowervariationof thedistances to thenearestschoolwhencontrollingfor
scale,alsoshowsthedifficultyinfindinguniquecriteriatojudgethejusticeofthespatialplanning
solutions(thisdifficultywasalreadynotedbyIsraelandFrenkel,2018,orPereira,Schwanen,and
Banister,2017).

Butthemostimportantcontributionofthisarticleisthatitillustrateshowthetrade-offbetween
efficiencyandequitycanbemodelled,andtheoutcomesofdifferentalgorithmsusedasbenchmarks
toassessactualspatialconfigurations.Itallows,forexample,toconcludethatchangesinthespatial
distributionintheanalyzedmunicipalityweremadewithsignificantequityconcerns.Infact,thenew
spatialdistributionguaranteeshighlevelsofaccessibilityinthedifferentpartsoftheterritory–to
thepointwhereanequitymaximizingsolutionwouldnotdiffersignificantlyfromit.Italsoallows
toshowtheimplicationsthatafurtherschoolclosurewouldhaveintermsofincreasedtraveltimes,
aswellasregardingthespatialequityinaccessibilities.

Notwithstanding,therearealsosomelimitationswhichareworthdiscussing.First,theestimated
costsforconstructionandtransportationcouldbesubjecttoamoredetailedanalysis.Theconstruction
costs,forexample,varysignificantlyaccordingtodifferentregionsanddifferentlocations.Inmore
urbanizedareas,higherrealestatepriceswillleadtoinvestmentcostshavingalargerweightthan
inmoreruralareas,wherethemoredispersedsettlementstructureswillleadtohighertravelscosts.
Second,travelcostswereestimatedindividuallyandnotdifferentiatedbymodeoftransportation.It
wouldbeusefultoconsiderpublictransportationcosts,althoughthiswouldposesomedifficulties
giventhattherouteschangefrequentlytoadapttochangingdemand.Itwouldfurtherbeinteresting
toanalyzetheimpactofdifferentschooldistributionsonthepossibilityofstudentstoreachtheschool
walkingandtotakeintoconsiderationtheopportunitycostsofcommuting.Third,thedefinitionof
equityasmaximizingaccessibilityis,ofcourse,asignificantsimplification.Aswasacknowledged,
equityintheaccesstoprimaryschoolscanbeassessedinmanydifferentforms,rangingfromstudent
performancetothecapacityofdifferentstudentsorsocioeconomicgroupstoovercomethisdistance.
Aninterestingcontributiontoabroaderanalysisofequityintheaccessibilitytoprimaryschoolscould
betoconsidercitizens’preferencesregardingschoolconfigurationsortheweightofdifferentusers’
travelcosts.Thiscouldleadtoanapproachthatincludesabroaderperceptionofqualityoflife,and
theadvantagethatdifferentgroupsgetfromtheaccessibilitytoschools.Fourth,actualroadtravel
timecouldbeusedinsteadofgeodesicdistances,evenifthisisunlikelytoproducemajorchanges,
giventhemunicipalitiesdenseroadnetwork.
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