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Mapping Gated Communities:
An Empirical Assessment of Wikimapia Data Quality
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ABSTRACT

The widespread proliferation of different types of volunteered geographic information (VGI) is
noteworthyasisitspotentialapplicationtourbanstudies.However,questionsofdataqualitystill
remain.InsomepartsoftheMiddleEast,gatedcommunitieshaveproliferatedrapidly,butrelatively
littleisknownabouttheirextentorspatialdistribution.Thiscasestudyofgatedcommunitiesinthe
stateofBahrainassessesthequalityofWikimapia,aformofVGI,inaccuratelyidentifyingelements
ofurbanstructure(e.g.,gatedcommunities)inanurbancontextfromtheGlobalSouth.Wikimapia
demonstrated high levels of positional accuracy and relatively high levels of attribute accuracy.
Identifying the locationsofgatedcommunitiesprovidesa foundation fromwhichother research
questionsaboutsegregatedhousing,fragmentation,andsocioeconomicpolarizationcanbeaddressed.
TheseresultshighlightWikimapia’spotentialasadatasourceforurbanresearch,particularly in
data-poorandnon-Western/Northerncontexts.
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INTRoDUCTIoN

Socioeconomicpolarizationandresidentialsegregationaretwotrendsaffectingcitiesaroundtheworld
(DaskalovaandSlaev,2015;MicheliniandPintos,2016;GlebbeekandKoonings,2016;Fahlberg
andVicino,2016;Ma,Li,&Zhang,2018).CitiesinboththeGlobalNorthandtheGlobalSouth
areimpactedbysocioeconomicinequalityandunevendevelopment,butthewaysinwhichthese
dimensionsmanifestthemselvesiscontextuallydependent.Thegrowthofparticularformsofhousing
(e.g.,slums,gatedcommunities,socialhousing,affordablehousing)isoneofseveralindicatorsthat
canbemonitoredtoshedlightonprocessesofurbanfragmentationandsocio-economicpolarization.
Withintheurbanstudiesliteratureonthesetopics,smallercities,particularlyintheGlobalSouth,
havebeenrelativelyoverlooked;largercitiestendtoreceiveadisproportionateamountofattention.

The Arab Gulf states have some of the world’s highest urbanization rates; socioeconomic
polarizationandstratificationaremajortrendsinGulfcities(Glasze,2006;Khalaf,2006;Elsheshtawy,
2008;Smith,2010).ThemorphologyofGulfcitieshasevolvedinavarietyofways(BenHamouche,
2004); one notable change is the increasing prevalence of gated communities for white-collar
professionals aspart of the spectrumof residential options.However, precise information about
theirnumberor spatialdistributionof these typesofgatedcommunities ispubliclyunavailable.



International Journal of Applied Geospatial Research
Volume 11 • Issue 3 • July-September 2020

49

Understandingthenumberandlocationofthesetypesofhousingisacriticalsteptowardfurther
studiesofsocioeconomicpolarizationandresidentialsegregationintheGulfcity.

Theemergenceofnewdatasources,suchasBigDataandVolunteeredGeographicInformation
(VGI),providesnovelopportunitiesandchallengesforthestudyofthesetrendsincontemporary
citiesworldwide(Arribas-Bel,2014;Batty,2016),butsignificantquestionsremainregardingthe
qualityofVGI(Fonteetal.,2017;seealsothespecialsectioneditedbyBasiri,etal.(2019)inthe
InternationalJournalofGeographicalInformationScience).

TheaimofthispaperistotesttheutilityofWikimapia,aformofVGI,asadatasourcefor
researchinurbanstudies,byassessingitsqualityinidentifyingparticularelementsofurbanstructure.
Specifically,thispaperassessesWikimapia’sdataqualitybyanalyzingitsaccuracyinmappingthe
locationsofgatedcommunitiesintheBahrainicase,whichinvolvesasmallercityandarelatively
data-poorcontext.Thispaperaddressesthreeinterlinkedresearchquestions:

1. What is thepositionalaccuracyofWikimapia in identifyingspecificelementsof the
builtenvironment?

2. What is theattributeaccuracyofWikimapia in identifyingspecificelementsof the
builtenvironment?

3. WhattypesoferrorsaremostprevalentinWikimapiainthisspecificcontext?

Thepracticalquestionaddressedinthiscasestudyiswhetherthelocationsandspatialityof
gatedcommunitiesinadata-poorcontextcanbeaccuratelydeterminedusingVGI.Thiscasestudy
focusesongatedcommunities,buttheresultshavebroadimplicationsinothercontexts.Thispaper
contributestoalargerawarenessoftheaccuracyofWikimapia,andthustheutilityofvariousforms
ofVGIforurbanresearch,inotherdata-poorcontexts.GiventhepreponderanceofresearchonVGI
inNorthAmericanandEuropeancontexts,empiricalworkfromlessstudiedplaces(e.g.,smaller
citiesandcountriesthatareunderstudied)providesavaluableinsightintohowVGIcanbeofvalue
inurbanresearch.

GATED CoMMUNITIES

Thepresenceofgatedcommunitiesissimultaneouslyadriverandanoutcomeofsocialinequality
andsegregationinthecity(Blakely&Snyder,1997;Gooblar,2002;Maher,2004;Miller&Blevins,
2005).ResearchbasedintheUnitedStatesandEuropeindicatesthatdemandforgatedcommunities
isdrivenbysecurity,realorperceived,senseofcommunity,andprestige(Fowler&Mangione,1986;
Atlas&LeBlanc,1994;Lang&Danielsen,1997;Wilson-Doenges,2000;Leisch,2002;Low,2003).
GatingisnotonlyaphenomenonoftheGlobalNorth;countriesacrosstheGlobalSoutharealso
sitesforthiskindofdevelopment(Bagaeen&Uduku,2015;Tedong,Grant,&Aziz,2015;Borsdorf,
Hidalgo,&Vidal-Koppman,2016;Zhao&Zhang,2018).

GatedcommunitieshavebeenstudiedinavarietyofMiddleEasterncountries,includingIsrael,
Egypt,Lebanon,andSaudiArabia(Kuppinger,2004;Glasze,2006;Geniş,2007;Alaily-Mattar,2008;
Rosen&Razin,2008;Güzey,2014;Blander,Moser&Avni,2018;Tanulku,2018).Thisstudyanalyzes
gatedcommunitiesforwhite-collarprofessionals(knownlocallyascompounds1)inBahrain.Gated
communitiesintheMiddleEast,particularlythosepresentintheGulf,resembletheircounterparts
intheNorthAmericancontexttoacertaindegree.Forexample,differencesinsocioeconomicstatus
areamaindriverofresidentialsegregation.LeichenkoandSoleckiconceptualizeresidentsofgated
communitiesinCairoasmembersofatransnationalcapitalistclasswhohave“thefinancialmeans
to segregate themselves in gated communities and suburban enclaves that are away from urban
cores”(LeichenkoandSolecki,2008,p.20).However,therearesomenotabledifferencesbetween
gatedcommunitiesintheGulfandinNorthAmerica:securityandsocioculturaldifferencesbetween
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residentsandthesurroundingsocietyaresomeofthemainreasonswhyresidentschoosetolivein
gatedcommunitiesintheGulf.Also,thehistoricalrootsofgatedcommunitiesintheGulfareunique:
thecompoundsthatarethefocusofthisstudytracesomeoftheirrootstothehousingthatwasbuilt,
asBahrain’spetroleum-exportingeconomyfirstdeveloped,forworkersinthepetroleumsector.

Volunteered Geographic Information (VGI)
User-generated content (UGC) refers todata created and sharedbyusers;VGI is a subcategory
ofUGCwithexplicitlyspatialcharacteristics.Auser’sphotographuploadedtothephoto-sharing
websiteFlickrisanexampleofUGC;ifthesamephotographincludesageotaggedlocationitisan
exampleofVGI.VGI’smostnovelfeatureisitscrowd-sourced,bottom-upapproach.VGIisahighly
heterogeneouscategory;scholarshiponUGCandVGIhasexaminedanumberofsourcesincluding
OpenStreetMap(OSM)(Haklay,2010;Zhangetal.,2015;Quinn&Yapa,2016),Flickr(Schlieder&
Matyas,2009;Jankowskietal.,2010;Figueroa-Alfaro&Tang,2016;Sunetal.,2016),andWikimapia
(Ahmouda&Hochmair,2017;Bittner,2017;Ballatore&Arsanjani,2018).

Asitcontributestonewtypesofknowledgeproduction,VGIcanprovidedatainarangeof
applicationsandareas,includingenvironmentalmonitoring(DeLongueville,Ostländer,&Keskitalo,
2010;Conners,Lei,&Kelly,2012;Uptonet al.,2015),disaster responseand relief (Goodchild
&Glennon,2010;Zooketal.,2010;Hung,Kalantari,&Rajabifard,2016;Kusumo,Reckien,&
Verplanke,2017),crime(Tompsonetal.,2014),decisionmaking(Rinner,Keßler,&Andrulis,2008),
andpublichealth(CinnamonandSchuurman,2013;Langley,Messina,&Grady,2013;Griffin&
Jiao,2015).Relativelymorerecently,asmallnumberofstudieshavedemonstratedVGI’sutilityin
studyingurbanissues,examiningtopicsasvariedastheextractionoflandusepatterns(Hagenauer&
Helbich,2012;Vaz&Arsanjani,2015),slumupgrading(Hachmann,Arsanjani,&Vaz,2018),urban
forestmanagement(Foster&Dunham,2015),participatoryplanning(Adams,2013),functionalzones
(Johansson,2016),socio-spatialinequality(Shelton,Poorthuis,&Zook,2015),mobilitypatterns
(Salas-Olmedo&Quezada,2017),and theextractionofpointsof interest fromuserannotations
(Mummidi&Krumm,2008;Jiangetal.,2015;Feick&Robertson,2015).

ThekeyfeatureofVGI,thefactthatitisvolunteer-generated,issimultaneouslyakeylimitation,
asconcernsariseaboutthequalityofdataprovidedbyvolunteerswhoseskillandknowledgeare
unknown.ResearchonVGIdataqualityhasexaminedarangeofmethods(Flanagin&Metzger,
2008;Senaratneetal.,2017;Fonteetal.,2017;Langleyetal.,2017)andapproaches(Goodchild
&Li,2012;Barron,Neis,&Zipf,2014;Antoniou&Skopeliti,2015;Fonteetal.,2017),aswellas
assessmentsofspecificareasandapplications(Girres&Touya,2010;Haklay,2010;Zielstra&Zipf,
2010a;Zielstra&Zipf,2010b;Fonteetal.,2015).

AssessmentsofVGIdataqualitycanexamineavarietyofaspects,includingpositionalaccuracy,
attributeaccuracy,logicalconsistency,currency,completeness,andlineage.Thetwokeyaspectsof
dataqualityassessedinthisstudyarepositionalaccuracyandattributeaccuracy.Positionalaccuracy
isdefinedastheaccuracyofcoordinatevalues(vanOort,2006),orhowwellanobject’scoordinate
valueinthedatabaserelatestothecorrespondingrealityontheground(Haklay,2010).Attribute
accuracyisdefinedastheaccuracyofallattributes(otherthanpositionalandtemporalattributes)
inaspatialdataset(vanOort,2006).Thisprojectalsodrawsonaccuracyassessmentsinothernon-
VGIcontexts,includingpublicparticipationGIS(Brown,2012;Brown,Weber&deBie,2015)and
post-disasterremotedamageassessments(Westrope,Banick,&Levine,2014).

As this study includes an assessment of positional accuracy and moves forward to address
attributeaccuracy,italignswithcallsforVGIresearchtoevaluatemeasuresofspatialdataquality
besidespositionalaccuracy(Haklay,2010)andbroadertrendstowardresearchonattributeaccuracy
(Yeetal.,2011).AsitdirectlyverifiesVGIagainstactualfeatures,thispaperdiffersfromthemost
frequentlyusedapproachestotheassessmentofVGIaccuracy,whichcompareVGIwithreference
sources(see,forexample,Girres&Touya,2010;Haklay,2010;Jacksonetal.,2013;Foodyetal.,
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2013).Theground-truthingapproachtakenhereisrelativelylesscommonduetoitscostsinterms
ofaccess,timeandresources(seeWestrope,Banick,&Levine(2014)foranotableexception).

ThisstudyexaminesthedataqualityofaparticularformofVGI,specificallywithrespectto
identifying specific elements of urban structure. As such, the study is concerned with errors of 
commission–whenafeatureismistakenlyincludedintheevaluationdataset.Ascertainingthetotal
numberorlocationsofgatedcommunitiesinBahrainisnottheaimofthisstudy;theassessmentof
errors of omission–whenafeatureismistakenlyomittedfromtheevaluationdataset–isbeyondthe
scopeofthisresearch.Thisstudyreferstoseveralmetricsofspatialdataaccuracymorecommonly
used inotherdomains, suchas remotesensing:User’s accuracymeasureserrorsofcommission
bydeterminingthepercentageofallidentifieditemsthathavebeenidentifiedcorrectly.Errorsof
omissionaremeasuredbythemetricproducer’s accuracy,whichidentifiesthepercentageofcorrectly
classifieditemsasapercentageofthetotal(possible)itemsthatbelonginthatcategory.

METHoDoLoGy

Study Area and Subject of Study
Thestudy areaistheKingdomofBahrain,inthePersian/ArabianGulf.ReflectingtrendsintheGulf,
Bahrainishighlyurbanized,withanurbanizationratejustover89percent(UnitedNations,2018).
Rapidurbanizationhas ledtomanytransformationsincludinglossofagricultural land,coastline
changesasaresultofdredgingandlandreclamation,andsuburbanization.Thestudy subjectsare
gatedcommunitiesforwhite-collarprofessionals.Theproliferationoftheseresidentialcompounds,
mostofwhicharelocatedinsuburbanareas,isonefacetofrecenturbanchange.

Toprovidesomeadditionalcontextabouttheresidentialcompoundsthatarethesubjectofthis
study:residentialcompoundsforwhite-collarprofessionalsinBahrainvaryinsizeandamenities
butgenerallyhaveseveralcharacteristicfeatures,includinganumberofuniformbuildingsenclosed
byawall,controlledaccessthroughacentralsecuritygate,andacommonrecreationalarea,usually
locatedatthecenterofthecompound.Inlargercompounds,thisrecreationalareacontainsamenities
suchasswimmingpoolsortenniscourts.Distinctmorphologicaldifferencesdistinguishhousing
compoundsfromthesurroundingBahrainiurbanfabric:Figure1showsarepresentativehousing
compoundandcontrastsitwitharepresentativeexampleofatypicalBahrainiresidentialneighborhood;
bothimagesareatthesamescale.

Theterm“compound”inmultivalentinBahrain,asthereareothercompoundsinBahrainbesides
thisstudy’ssubjects:Bahraininationalsmayconstructfamily compoundstohousemultiplemembers
ofanextendedfamily,andsomecompaniesconstructcompany compoundstocombineadministrative
andlogisticaloperationsortohousebluecollarworkers;allofthesemaybereferredtoascompounds
even though their functions and forms vary. However, these “other” compounds have different
morphologiesandaretypicallysmallerinscalethanthecompoundsthatarethesubjectofthisstudy.

Data Source
Thisstudy’sdatasource,Wikimapia,isamappingserviceinwhichusersdelineate(usingpolygons)
and tag features at avarietyof scalesonamap interface– it is a spatially-explicit folksonomy.
Annotations,inmultiplelanguages,canbeaddedintheformoftext,photographs,videoandexternal
links.ByJune2019,almost30millionplaceshadbeenaddedtoWikimapiaandthesitehadover2.5
millionusers,althougharelativelysmallersubsetoftheseareregularcontributors.Wikimapiahas
beenmentionedasarelevantVGIsource(GoodchildandLi,2012;Barron,Neis,&Zipf,2014),but
studiesofOSMdominatetheVGIliterature(see,forexample,Haklay,2010;Mooney&Corcoran,
2012;Canavosio-Zuzelski,Agouris,&Doucette,2013;Barron,Neis,&Zipf,2014;Ma,Sandberg,
&Jiang,2015;Zhangetal.,2015;Quinn&Yapa,2016)andrelativelylittleresearchhasexamined
Wikimapia(seeBittner(2017)andBallatoreandArsanjani(2018)fornotableexceptions).However,
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Wikimapiaisamoreappropriatedatasourceforthisproject’spurposesbecauseitidentifiesmany
morecompoundsinBahrainthanOSM2;thisconfirmsBallatoreandArsanjani’s(2018)assessment
ofWikimapiaasbeingrelativelymorepopularinNorthernAfricaandtheMiddleEast.Severalissues
shouldbenotedwhenusingWikimapiaasadatasource.Contributorsarenotidentifiable,which
raisesquestionsabouttheirqualificationsormotivationsthataredifficulttoanswer,andtheservice
isrelativelyunsophisticatedcomparedtoOSM.Further,althoughWikimapiaiscrowdsourcedand
CC-licensed,itisaprivateenterprisethatgeneratesincomethroughads.However,theseissuesdo
notprecludetheuseofWikimapia,whichisthemostappropriateVGIsourceforthepurposesof
researchongatedcommunitiesinBahrain.

Bahrain’s extensive land survey and registration apparatus creates updated, high quality
cartographic products and is well integrated into local government operations. While municipal
recordsand/orplanningdocumentsandpermitsdoubtlessexist,theyareunavailabletothegeneral
publicandacademicresearchers.Publiclyavailableplanningdocumentsareoflimitedvalueforthis
study’spurposes,astheydonotlabelthefeaturestheyindicateorprovidemetadata;othercartographic
productsareunavailableattheappropriatescale.VGI,thus,addsvaluetoastudyofgatedcommunities
inBahrainasitprovidesgeospatialdata(thatwouldbeotherwisecompletelyunavailable)toanswer

Figure 1. Representative housing compound for white-collar professionals (above); representative residential area (below). 
Source: Google Earth.
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importantresearchquestions.Theobstaclesrelatedtolackofpublicaccesstogeospatialdataarenot
exclusivetoBahrain;theseobstaclesarealsopresentinotherglobalcontexts.

PRoCEDURE AND RESULTS

This methodology’s purpose was to evaluate the data quality of Wikimapia in identifying the
locationsandnamesofgatedcommunitiesinBahrain.Toachievethis,housingcompoundstagged
bycontributorsontheWikimapiaplatform3wereassessed,classified,andsubjectedtoafield-based
ground-truthing.Figure2providesanoverviewoftheresearchprocedure.

• Data Collection:Thenamesofmanyhousingcompoundsincludethe“garden(s)”descriptor
(e.g.“AltairGardens”,“MiamiGardens”,“InaaraGarden”),eventhoughthesecompoundsare
notactuallygardens.SearchesweredoneonWikimapia,inEnglishandArabic,forallfeatures
inBahrainthathadbeentaggedbycontributorswiththe“compound”,“garden”and“gardens”
tags.AnexampleofsuchataggedfeatureisprovidedinFigure3.Thesesearchesidentified282
features;removingduplicateresultseliminated30features.The“initial dataset”usedinthis
researchwasthuscomprisedof252featurestaggedbyWikimapiacontributors;

• Visual Assessment:Priortofieldverification,thetaggedfeatureswerevisuallyassessed,using
Wikimapia’sintegratedGoogleMapsbasemapimagery,employingthefollowingprocedure:
astandardidentificationprotocolwascreated,drawingonknowledgeofthelocalcontext,the
varioustypesofBahrainicompounds,andthecharacteristicsofthecompoundsthatarethesubject
ofthisstudy.Thisstandardidentificationprotocolused6characteristicattributesorstructural
features (e.g. multiple villas; identical villas; individual (detached) villas; centrally-located
publicspace;recreationalamenities,suchasswimmingpoolsortenniscourts;anexteriorwall).
Eachtaggedfeaturewasvisuallyexaminedtoestablishwhetheritappearedtobearesidential
compound;thiswasdonebycomparingthefeaturetothesix-itemstandardidentificationprotocol

Figure 2. Research procedure workflow
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andnotingthepresenceorabsenceofcharacteristicstructuralfeatures.Thedesignofthestandard
identificationprotocolincorporatedaqualitativedimensiontothemethodology,asdidthevisual
assessmentofeachfeatureintheinitialdataset.

Aftervisuallyassessingtheinitialdataset’s252resultsusingthestandardidentificationprotocol
and thecharacteristicstructural featuresmentionedabove, falsepositiveswereexcludedbecause
theywereclearlynotthehousingcompoundsthatwerethesubjectofthestudy.Falsepositiveswere
presentinthedatasetduetothemultivalentnatureofthesearchquery.Forexample,avegetated
gardenwouldbelabeledinWikimapiaas“garden”andwouldbereturnedinthesearchresults.After
comparisontothestandardidentificationprotocol,itwouldbeexcludedfromtheanalysis,whilea
housingcompoundwith“garden”aspartofitsnamewouldberetainedforfurtheranalysis(Figure4).

Ifdoubtexistedaboutafeature,itwasretainedinthedataset.Afteravisualcomparisonofeach
ofthe252initialresultsagainstthestandardidentificationprotocol,95featureswereeliminatedfrom
thedatasetpriortotheclassificationandground-truthingstepsdescribedbelow.Thisresultedina
“final dataset”of157features.Theprecisionoftheinitialquery(theproportionofretrievedresults
thatwererelevant)wasjustover66percent.

• Confidence Classification:Thecompletionofthevisualassessmentproducedafinaldatasetof
157uniquefeatures.Thevisualanalysisofthepresenceorabsenceofsixspecific,characteristic
structuralfeaturesofresidentialcompounds(asoutlinedabove),allowedthese157featurestobe
categorizedintooneofthreeconfidenceclasses:low(1-2ofthe6characteristicattributesvisible);
medium(3-4ofthecharacteristicattributesvisible);high(5-6ofthecharacteristicattributes
visible).Forexample,afeaturewouldbeplacedinthelowconfidencecategoryiffeaturehadno
commonspaceorrecreationalfacilitiesandtheindividualhomeswereclearlynotuniform.One
reasontousetheconfidenceclassificationsystemisthemultivalenceofthe“compound”term;
whileresidentialcompoundsforwhite-collarprofessionalsareonecommontypeofcompound,
otherfeaturescouldbetaggedbyusersas“compounds”4.Theuseofaconfidenceclassification
basedonvisualanalysisaddsanotherqualitativedimensiontothismethodology;

• Ground Truthing / Field Verification:All157featuresinthefinaldatasetwereground
truthed todeterminewhetherWikimapia contributorshad simultaneously: a) correctly
identified the structure as a residential compound (one formof attribute accuracy), b)
correctly provided its location (positional accuracy), and c) provided the compound’s
correct name (another form of attribute accuracy). Successful verification required

Figure 3. Screenshot from Wikimapia illustrating how features – in this case, residential compounds – have been “tagged” by 
users. Source: Wikimapia.
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accuracy on positional and both attribute dimensions. Verification was done manually
duetothelackofpubliclyavailablemapsordatasets.Toprovidethemostcompletedata
qualityassessment,eachfeatureinthefinaldatasetwasverifiedasopposedtoverifyinga
sample.Sometaggedfeaturescouldnotbeverifiedforavarietyofreasons.Forexample,
fieldverificationwouldfailifacompoundwaspresentatthespecifiedlocation,butthe
compoundnameonWikimapiawasincorrect(lackofattributeaccuracy).Anotherexample
ofthefailureoffieldverificationisifataggedstructurelackedanyexteriorsignageor
similar indicators of being a compound. Table 1 indicates the number and percentage
(user’saccuracy)ofidentifiedfeaturesthatwereverifiedinthefield,demonstratingboth
positionalandattributeaccuracy.

User’saccuracyreachedjustover90percentofthefeaturesinthehighconfidenceclassand85
percentofthefeaturesinthemediumconfidenceclass.Only38.5percentofthefeaturesinthelow
confidenceclasscouldbeverified.Overall,visualassessmentwithastandardidentificationprotocol,
followedbyfieldsurveysandgroundtruthing,foundthatWikimapiacontributorscorrectlyidentified
thelocationsandnamesof85.4percentofthecompoundstheytagged.

Figure 4. Two different types of features, both tagged with the “garden” tag on Wikimapia. The feature in the upper screenshot 
is clearly an agricultural area, while a series of identical homes and a centrally-located recreational area indicate that the feature 
in the lower screenshot is a residential compound. Source: Wikimapia.
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• Mapping: The 134 unique results were digitized in ArcGIS to produce a detailed map of
compound locations.Adensitymapofcompoundsderived from thedetailedmap is shown
inFigure5.Thedataneededtoproducesuchamapwasnotpubliclyavailableprior to this
research;themaprepresentsavaluablecontributiontowiderresearchongatedcommunities
inBahrain,asitshedslightonthespatialityandintensityoftheforcesshapingcontemporary
Bahrainiurbanizationprocesses.Forexample,Figure5indicatesthesuburbanizationofgated
communities,aswellaspatternsofgatedcommunityconcentrationinspecificneighborhoods
innorthwestBahrain.

Error Classification
Table 1 indicates that 23 of the 157 tagged features could not be verified as being residential
compounds,reflectinginaccuracyinthelocationand/orthelabellingofthetaggedfeature.Further
analysisexamined theseerrorsofcommission.Fieldverificationrevealed thatsevenof these23
featureswereindeedcorrectlylocatedandlabelledascompoundsbutwerenotthetypeofresidential

Table 1. Number and percentage of features identified and verified as being accurately labeled and located from user-
generated content

Confidence Classification

High Medium Low All Classes

Featuresidentified 117 27 13 157

Featuresverified 106 23 5 134

Featuresthatcouldnotbeverified 11 4 8 23

Percentverified(user’saccuracy) 90.6% 85.2% 38.5% 85.4%

Figure 5. Compound density map derived from field-truthed VGI
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compoundsforwhite-collarprofessionalsthatisthesubjectofthisstudy5.Thus,only16featureswere
unverifiablebecausetheydidnotexhibitsimultaneouspositionalandattributeaccuracy.Ofthese16
“unverifiable”features,eightexhibitedattribute inaccuracy(50percentofthe16unverifiablefeatures,
or5percentofthefinaldatasetof157taggedcompounds);theseeightfeatureswerecorrectlyidentified
asresidentialcompoundsbutincorrectly labeled.Theseerrorscouldbeduetoanincorrectlabel,or
thecompoundnamemighthavechangedbetweenthetimeoflabelcreationandfieldverification.Five
ofthe16featureswerecorrectlyidentifiedasresidentialcompoundsbutlackedavisibleindicator
ofthename.Giventhat13ofthe16“unverifiable”featureswerecorrectlyidentifiedbyWikimapia
contributorsasbeingresidentialcompounds,154ofthe157features(98percent)taggedascompounds
wereverifiedasbeingcompounds(albeitofvarioustypes).Therewasonlyoneconfirmedcaseof
positionalinaccuracy,whichisdefinedasasituationinwhichthespatialmarkeronWikimapiawas
incorrectlypositioned;itcannotberuledoutthatthetworemainingunverifiablecaseswerealsodue
topositionalinaccuracy.Thus,betweenoneandthreeoftheunverifiablecasesexhibitedpositional 
inaccuracy(between6and19percentofthe16unverifiablefeatures,orbetween0.6-2percentof
thefinaldatasetof157taggedcompounds).

DISCUSSIoN AND IMPLICATIoNS

Discussion and Implications: Gated Communities
Neoliberalurbanismexaminestheproductionandexploitationofsociospatialdifference,newformsof
socialpolarization,andunevendevelopment(Pecketal.,2009).Astheyreflectmarket-orientedreal
estatedevelopment,replicationofglobaldesigntrends,andthesecuritizationandprivatizationofspace
inthecity,gatedcommunitiesforwhite-collarprofessionalsareonefacetofneoliberalurbanisminthe
Gulfcity.Examininghowdifferentformsofhousingreflectandrelatetoprocessesoffragmentation
andsocialpolarizationbroadensourunderstandingofcontemporaryurbanizationprocessesinthe
GlobalSouth.TheBahrainicasestudyilluminateshowresidentialgatingandsegregationhavespread
downtheglobalurbanhierarchy.WithintheGulf,largercitiessuchasDubaiunderstandablygarner
disproportionatescholarlyandpublicattention(Elsheshtaway,2008;Smith,2010;Ewers,2017);this
projectfollowsRobinson(2006)inarguingforabroaderaccountthattakesintoconsiderationthe
diversityanddistinctivenessofordinary,smallercitiesthatarerelativelyoverlooked.

Toconductastudyofgatedcommunities,onemustfirstunderstandtheirscopeandprevalence.
Given that authoritative data on this topic is publicly unavailable in Bahrain, alternative data
sourcescanpotentiallymakeapositivecontribution.Gatedcommunitiesareacomplex,contested
phenomenon that can benefit from mixed methods approaches. This research is part of a larger
effortanalyzingtheexperiencesofcompoundresidents.Theresultsofthecasestudypresentedhere
contributetounderstandingtheprevalence,spatialdistribution,andlocationsofgatedcommunities
(Figure5),whicharecriticalbuildingblockswhenstudyingthescopeofresidentialgatinginBahrain
andcontextualizingresidentexperiences.Indeed,becausecompoundsareoftenfoundinclusters,
Wikimapia-derivedidentificationofhighdensityareashelpedtolocateotherfeaturesofinterestnot
taggedinWikimapia.Assuch,thiscasestudyalignswithotherresearchthathasdocumentedthe
contributionofuser-generatedgeospatialcontenttostudiesofurbanstructure(Chenetal.,2019).

Someresearchongatedcommunitieshasanalyzedtheirlocationalpatterns(DeDuren,2006;
Richter&Goetz,2007;deAraujo&deQueiroz,2018),whileotherresearchongatedcommunities
seekstoestablishtypologiesofgateddevelopments(Hirt&Petrovich,2011;Blander,Moser,&Avni,
2018;LaGrange,2018);thiscasestudydemonstrateshowthekindsofdatageneratedbyWikimapia
canadvancethesetypesofstudies.Byassessingitsaccuracy,thisstudyhasvalidatedWikimapia’s
potentialasadatasourceforresearchonurbanization,parallelingresearchonotherformsofVGI
(Arribas-Bel,2014;Shelton,Poorthuis,&Zook,2015).
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TheaddedvalueofusingVGItostudygatedcommunitiesinthiscasestudyisthatVGIprovides
theonlyaccessiblesourceofdatainanotherwisedata-poorcontext.Giventhat thetypeofdata
presentedhereispubliclyunavailable,Wikimapia’sabilitytoidentifyspecificelementsoftheurban
structuremadeitavaluabledatasource.Thishasbroadimplications,beyondthespecificsofthiscase
study,forresearchersworkingindata-poorcontexts,whethertheymaybeconductingpilotstudies,
makingdecisionsonresearchmethods,orconductingresearch.

Thelocationaldatageneratedbythisstudycanbeabasisforresearchinseveralotherdirections.
Theseincludespatiallyexplicitsamplingofgatedcommunities,GISanalysisofgatedcommunitysize
andspatialdistribution,andcross-referencingwithotherdatasources.Furthermore,inconjunction
withremote-sensing,thislocationaldatacanhelpinunderstandingthetemporalgrowthofresidential
gating.Small-scalestudiesofparticularcomponentsofthehousingmarket,suchasgatedcommunities,
contribute to understandings of large-scale trends of socioeconomic polarization, planning, and
residentialdynamicsincontemporaryGulfcities.Assuch,thesestudiesmaybenefiturbanscholars,
planners,andresidents.

Discussion and Implications: Wikimapia Data Quality
Basedonlong-termstudyofgatedcommunitiesintheGulf,knowledgeofthelocalcontextwasused
tocreate the6-itemstandard identificationprotocol.Thequalitativemethodsusedhere included
visualassessmentoftheinitialdataset,followedbytheconfidenceclassificationaccordingtothe
standard identification protocol. The results presented above demonstrate Wikimapia’s utility in
identifyingelementsoftheurbanstructure;complementingWikimapiadatawithqualitativemethods
andknowledgeofthelocalcontextcanincreaseaccuracy.Thequalitativemethodsemployedinthis
studyarerobust,canbereproduced,andmaybeassessedinothercontexts.

AsshowninTable1,90.6percent,85.2percent,and38.5percentofthefeaturesinthehigh-,
medium-,andlow-confidenceclasses,respectively,wereaccuratelylocatedandlabeledonWikimapia.
FieldverificationofWikimapia’sdataqualityfoundhighoverallattribute accuracy(95percentof
alltaggedfeatures),andveryhighpositional accuracy(between1and3caseswereinaccurate;98-
99.4percentofalltaggedfeatureswerepositionallyaccurate).Dependingonthespecificresearch
application, different types of inaccuracy may be more or less acceptable. For example, when
researchingthespatialextentofcompounds,attributeaccuracymaybelessimportantthanpositional
accuracy.Further,differentVGIsourceswouldbeexpectedtohavedifferenttypesoferrors,basedon
thetypeofuserinput(i.e.whetherdataisprovidedactivelyorcollectedinamorepassivefashion),
thelocationalcontext,andsoforth.

ByevaluatingWikimapia’sdataquality,thiscasestudyhasdemonstratedWikimapia’sutility
asdatasourceforurbanresearchinadata-poorcontext;thisparallelsstudiesofthedataqualityof
otherformsofVGI.Forexample,anassessmentoftheaccuracyofOSMbuildingfootprintdatain
Munich(Fanetal.,2014)reportedhighlevelsofcompletenessandsomeerrorinpositionalaccuracy;
itisworthnotingthatMunichisoneofthemostdevelopedcitiesinOSM.Thecasestudypresented
inthisresearch,inaGlobalSouthcontext,revealssimilarresults.Also,thiscasestudyindicatesthat
themajorityoferrorsintheVGIdatasetwererelatedtotaggingandannotation,whichcorroborates
research in other contexts, such as Mooney and Corcoran’s evaluation of 25,000 heavily edited
OSMitemsinIreland,Germany,Austria,andtheUK(2012).Theimplicationisthat,withinbroad
parameters,dataqualityaspectsofVGImayexhibitsomecommonalityacrossavarietyofcontexts,
evenwhendifferentapproaches(e.g.automated,manual)areemployed.

LIMITATIoNS

Thisprojectusesasingledatasource.WhileWikimapia isa richdatasource thatwas themost
appropriateforthesubjectofthisstudy,addinginformationfromotherVGIsourcescouldprovide
usefulinformationandpotentiallyallowthecross-referencingandverificationofurbanstructural
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features.Forexample,photo-sharingsitessuchasPanaramio,Flickr,andTwitterarepotentialsources
ofgeoreferencedphotographs.

A broad limitation inherent to Wikimapia relates to the fact that contributors tend to be a
relativelynarrowandhomogenousgroup(Haklay,2012),whichimpliesaninherentskewtothedata
thatcannotbeignored.ThisstudyfocusesonfeaturesinWikimapia;astudyofthecontributorsof
thesefeaturesisbeyondthescopeofthisproject.Theeffectsofcontributorsonthisstudycannotbe
directlyascertained.Itispossiblethatthebiasofcontributorsmightcauseoversamplingofsome
typesofcompoundsandundersamplingofothers(e.g.compoundsthataregearedtowardsupper-
classresidentsmightbemorelikelytobetaggedbycontributors).Whenconsideringthepotential
homogeneityofWikimapiacontributors,itisworthnotingthatanumberoftagsanddescriptions
examinedinthisstudyweremadeinArabic;thecontributorstoVGIinthisnon-Westerncontext
werenotlinguisticallyhomogenous.

This project focuses on Wikimapia’s correctness, its simultaneous positional and attribute
accuracy,ratherthanitscompleteness.Thisisnottotakeapositiononargumentsaboutabandoning
theconceptofcompleteness.Rather,becausethescopeofthisparticularprojectrequiresfocuson
aparticularelementofVGIdataquality,thisprojectfocusesonerrorsofcommissionratherthan
omission;thelatterisatopicforfutureresearch.

Finally,thisstudyassessesaparticularspecificationandsetting,andamanualmethod(ground-
truthing).Asmentionedearlier,factorssuchasaccess,time,andresourcesmaketheground-truthing
approachrelativelylesscommon.Thesuccessofthecasestudypresentedhere,inconjunctionwith
Bahrain’ssmallsizeandrelativelyaverageVGI“density”,impliesthattheapproachpresentedhere
canbeextendedtopilotstudiesandsmall-andmedium-scaleprojectsinothercontexts.Thispaper
doesnotmeantosuggestthatastudyoflargenumbersoffeaturesinasprawlingurbanareawould
beaswell-servedbythisapproach.

CoNCLUSIoN

This paper has demonstrated Wikimapia’s utility in a study of urban settlements and structure.
User-generatedgeospatialcontentprovidedtheinformationneededtoidentifyelementsofurban
structure(inthiscase,particularformsofhousing)withasufficientlyhighlevelofaccuracy,given
thenatureofthespecificstudy.Toassessthespatialextentofgatedcompounds,thealternative(in
theabsenceofWikimapiaorotherVGIsources)wouldhavebeenamoretime-andcost-intensive
fieldsurveyprocess.

Combininglocaland/orexpertknowledge(inthiscase,throughthedevelopmentofthestandard
identificationprotocol and theconfidenceclassification system)can increase theutilityofuser-
generatedcontentforstudiesofurbanissues.Theintegrationofqualitativemethodsand/orlocal
knowledgewithVGIcanbereproducedinotherurbanresearchsettingsastheresearchquestions
warrant.UrbanresearcherswhowishtouseVGIshouldnotethatdataqualityissubjective(Cooper
etal.,2011)andthatqualitydependson,amongotherfactors,theapplicationsinwhichsuchdata
willbeused.

ThisstudyilluminatesdifferencesoftensubsumedwithinthebroadercategoryofVGI.Haklay
(2010,700)identifiesadigitaldividewhereby‘niceplaces’thathavemiddleclasseswithenough
educational attainment, equipment, and leisure time will be covered by VGI, while those with
scarceordeprivedpopulationsarepotentiallymarginalizedbyVGI.Basedon theresultsof this
casestudyfromtheGlobalSouth,thispapergoesastepfurther,arguingthatnotallformsofVGI
areequal:uploadingGPStracks toOpenStreetMapisonetypeof investment, thereconstruction
of3DbuildingsinOpenStreetMap,isanother,anddrawingandlabelingpolygonsinWikimapiais
yetanother.Therefore,researchersconsideringtheuseofVGIshouldnotethatcontextsthatmight
initiallyseemtobeonthelessadvantagedsideofthedigitaldividemay,infact,bebetterrepresented
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thanmightinitiallybeexpected.Aslargercitiesattractdisproportionateresearchinterest,thiscase
studycontributestoeffortstotackleresearchquestionsinthe(numerous)smallercitiesoftheworld.

Tosummarize:

• ThecasestudypresentedhereillustratesWikimapia’sutilityandaccuracyinprovidingdatain
supportofstudiesofurbansettlementsingeneralandanalysesofurbanstructureinparticular.
Specifically,thepracticalquestionaddressedherewaswhetherornotthelocationsandpatterns
ofgatedcommunitiesinadata-poorcontextcouldbeaccuratelydeterminedusingVGI;

• Wikimapia’sdataqualitywasmeasuredintermsofsimultaneouspositionalandattributeaccuracy.
Afteravisualanalysisandaconfidenceclassification,aWikimapia-deriveddatasetwasfound
tohavesufficientlyhighdataqualitytobeabletosuccessfullylocateandidentifyfeaturesin
theurbanenvironment;

• The level of data quality identified in this project demonstrates how Wikimapia may be
successfullyleveragedasadatasourceforresearchonurbanization,basedonthepurposesof
thespecificproject;

• Whenfeaturescouldnotbeverifiedduetoalackofeitherattributeorpositionalaccuracy,the
mostcommontypeoferrorswasfoundinattributeaccuracy(50%ofthe16“unverifiable”cases
wereaccuratelylocatedbutinaccuratelylabeled).Errorsinpositionalaccuracywerelesscommon
(6-19%oftheerrors).Theseerrorsrepresent5%and2%-0.6%ofthefinaldataset,respectively;

• Thiscasestudyispurposefullyfocused,basedonastudyofgatedcommunitiesandtheirresidents,
buttheresultsaresignificantforthelargerfieldofurbanstudiesandcanhavebroadimplications
forotherprojectsandcontexts;

• Fromadataqualitystandpoint,VGImaybeapromisingdatasourceindata-poorand/ornon-
Westerncontextswhenstudyingcitieswhereauthoritativespatialdataisnotreadilyavailable.

In thecasestudypresentedhere,VGIprovidedvaluable insightsontheprevalenceofgated
communities,whicharesignificantbutunderstudiedpartsoftheGulfcity’surbanstructure.This
topicmaybeofinteresttoresearchersexaminingbroaderprocessesofsocio-economicpolarization.
ThisprojectassessedVGI’sutility inastudyofgatedcommunities ina less-researchedcontext,
butfurtherassessmentsofVGI’sutilitycouldbetailoredtoanynumberofurbanstudiesresearch
projectsandcontexts.ForurbanscholarsandothersnotspecializinginVGI,thispaperisintended
tomovebeyondastrictlytechnicalassessmentofWikimapiadataqualitytoprovideastep-by-step
explanationofreplicableandrobustresearchproceduresthatmaybesignificanttootherprojects
involvingurbanstructureandsettlements.

To the author’s knowledge, this is the first assessment of the accuracy of volunteered map
annotationsinthe(relativelydata-poor)MiddleEasterncontext.Thispapermakesseveralcontributions
beyondthespecificsofthecasestudy.First,Wikimapiahasbeenlargelyneglectedinstudiesofthe
qualityofVGI,asOSMhasreceivedfarmoreacademicattention(see,forexample,Haklay,2010;
Mooney&Corcoran,2012;Canavosio-Zuzelski,Agouris,&Doucette,2013;Barron,Neis,&Zipf,
2014;Ma,Sandberg,&Jiang,2015;Zhangetal.,2015;Quinn&Yapa,2016).Thisprojectdoes
notarguethatWikimapiaisarepresentativeexampleofthemoregeneraltermofVGI.Instead,this
projectseekstonarrowexistinggapsinresearchonthelarge,heterogeneousbodyofworkthatisVGI,
throughanexaminationofaspecificandunderstudiedformofVGI.Second,giventhepreponderance
ofresearchonVGIinNorthAmericanandEuropeancontexts,andinparticularthesmallersubsetof
studiesexamininghowurbanresearchcanutilizeVGI(see,forexample,Shelton,Poorthuis,&Zook,
2015;Vaz&Arsanjani,2015;Boy&Uitermark,2016;Hachmann,Arsanjani,&Vaz,2018),thispaper
presentsempiricalworkfromasmallercityintheGlobalSouthtodemonstratehowurbanresearch
inunderstudiedpartsoftheworldcandrawonvolunteeredgeographicinformation.Third,studies
ofvolunteeredgeographicinformationqualityhavegenerallynotusedground-truthing(Senaratne
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etal.,2017);assuch,thisprojectexaminesarelativelylesscommondataqualityassessmentmethod
thatmaybeofuseinparticularsettingsandcontexts.

ThisresearchassessedWikimapia’saccuracyinidentifyingspecificelementsofurbanstructure.
Becauseerrorsofomissionarebeyondthescopeofthisresearch,thisprojectisprimarilyconcerned
witherrorsofcommission.Furtherresearchcan:a)assesserrorsofcommissionandomission;b)
examineVGI’saccuracyusingseveralmeasures(bothground-truthedandreference)todetermine
whethertherearesubstantivedifferences.

Gated communities have spread around the world and down the urban hierarchy.
Understandingtheprevalenceandspatialdistributionoftheseformsofhousingisakeystep
towardsunderstandingtheirrelationshiptothelargercity,aswellastheircausesandimpacts.
Asdemonstratedinthispaper,Wikimapiacanbeavaluabledatasourceforastudyofurban
structure.Morethanadecadeago,Goodchild’sseminalpaperarguedthatVGI’smostimportant
valuemaybe “what it can tell about local activities in variousgeographic locations that go
unnoticedbytheworld’smedia,andaboutlifeatalocallevel”(2007,p.220).Theempiricalcase
studypresentedinthispapersupportsthisassertion,reflectingthepotentialvalueofWikimapia
inparticular,andVGImorebroadly,forresearch-particularlyforurbanstudies-inordinary
spacesandplaceswherespatialdataisnotfreelyavailable.
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ENDNoTES

1. Toreflectcommonlocalusage,thesegatedcommunitiesarereferredtoas“residentialcompounds”or
“compounds”inthispaper.

2. OSMhasitsownstrengths;forexample,inBahrain,thedensityofOSM’sroadnetworkishigherthan
thatofWikimapia’s;OSMwouldbeamoreappropriatedatasourceforaroad-focusedstudy.

3. http://wikimapia.org
4. Any subunits taggedas compoundswerenot included in the analysis, for example, if aWikimapia

contributorhadtaggedaparticularhouseontheproperty,orthecompound’sgate,thattagwouldnotbe
includedintheanalysis.

5. Thesesevencompoundsincludedfourfamilycompoundsandthreecompanycompounds.
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