
DOI: 10.4018/IJAGR.2018070104

International Journal of Applied Geospatial Research
Volume 9 • Issue 3 • July-September 2018


Copyright©2018,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



55

Geovisualization of Socio-Spatial 
Data on Outdoor Activities and Values 
in the Southern Appalachians
Diane M. Styers, Western Carolina University, Cullowhee, USA

G. Rebecca Dobbs, Western Carolina University, Cullowhee, USA

Lee K. Cerveny, United States Forest Service, Seattle, USA

Isaac T. Hayes, Clemson University, Clemson, USA

ABSTRACT

ThisarticledescribeshowGISisincreasinglybeingusedtoexplore,analyze,andvisualizequalitative
socialdataacrossspace.Theauthorsappliedanumberofgeovisualizationandanalysisapproaches
tospacesidentifiedonmapsbysurveyparticipants,inthecontextofaHumanEcologyMapping
(HEM)projectinwesternNorthCarolina.HEMisanappliedresearchendeavorthathasbeenusedin
anumberofotherlocationstoteaseoutrelationshipsbetweenpeopleandlandscapesbyidentifying
boththeactivitiespeopledoincertainlocationsandthevaluestheyholdaboutthoselocations.The
authors’westernNCprojectgatheredlocationinformationthroughparticipantsketchmapping,and
activities,values,andsocial/demographicdatainasurvey.TheycombinedtheseinaGISandpresent
aselectionofvisualizationandanalyses thatdemonstrate theeffectivenessofGIS techniques in
understandingplaces,howtheyareused,andwhichpeopleusethemforwhatpurposes.
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INTRODUCTION

TheuseofGIStovisualizeandanalyzequalitativeresearchdatarepresentsagrowingtrendwithin
thebroadandexpandingrangeofgeospatialtechnologiesapplications.Qualitativedatatakemany
formsandarecollectedinanumberofdifferentdisciplines,withgreaterorlesserlevelsofinherent
spatiality.Whilesomequalitativeprojectsrequirethatresearchersmakeinferencesinordertospatialize
theirdata,orcomeupwithwaystorepresenthumanisticaspectsofplacewithinaGISsetting,quite
a few qualitative researchers are making use of informants’ own understanding of conditions in
space.Thismaybeaccomplishedbymethodssuchashavinginformantsmarkonpaperordigital
mapsaspartofabroaderdatacollectionprocessinvolvingsurveysorinterviews.Researcherscan
thencombinethecollectedspatialandsurveyorinterviewdatainaGISasshapesandattributes
respectively,preparingthewayforcreativeemploymentofGIStechniquestofindmeaningfulpatterns
inthewaysthatpeopleperceiveorusespaces.Inthispaper,wereportonouruseofvariousGIS
approachestovisualizeandanalyzesuchpatternsindataderivedfromsurveysandsketchmapsin
aHumanEcologyMapping(HEM)projectinmountainoussouthwesternNorthCarolina.Weargue
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thatapplyingrelativelysimpleGIStechniquestospatializedqualitativedatacanresultininsights
whosevaluefarexceedsthecomplexityoftheGISmethodsemployed.

Humanecologyistheinterdisciplinarystudyoftherelationshipsandpatternsofinteractions
betweenpeopleandtheirnatural,social,andbuiltenvironments(Hensetal.,1998;SteinerandNauser,
1993;Wyrostkiewicz,2013).Humanvalues,behaviors,resources,life-stylesandproductshaveeffects
onthenaturalenvironment.Conversely,thephysicalandbioticenvironmentsaffecthowpeoplelive,
wheretheygo,andwhattheydoonthelandscape(McDonnellandPickett,1990).Humanecology
mappingexploresthedynamicinteractionbetweenpeopleandthenaturalenvironmentusinganarray
ofsocio-spatialapproaches(McLainetal.,2013b).Naturallandscapescanbeculturallyandsocially
constructed and appeal to individuals in variousmeaningfulways (Stedman, 2003).Landscapes
embodyavarietyofsymbolicmeaningsandpracticalbenefitsforpeople(Ardoinetal.,2014;Tuan,
1977).Boundupinplacemeaningsareamixofcommodityandnon-commodityvalues,sometangible,
someintangible(Chengetal.,2003).Meaningsareformedboththroughdirectpersonalorcollective
experiencesofaplaceortherenderingofstoriesorhistoriesaboutaplacewhichmayormaynot
havebeenactuallyvisited(Zube,1987).Throughdirectengagementwiththenaturalenvironment,
humansformrelationswithecosystemsthattakeonmultiplemeanings(Fishetal.2016).Meanings
peopleattachtoplacescaninfluenceattitudestowardsresourcemanagement(Eisenhaueretal.,2000;
Kiletal.,2014).Resourcemanagersandenvironmentalplannersconcernedwithmakingdecisions
aboutnaturalplacesbenefitfromunderstandingthecomplexwebofmeaningsattachedtoplacesby
myriadsocialgroupsandstakeholdersandthevaluesthatunderliethem(Kruger,2008;Williamset
al.,2013;Yungetal.,2003).

TheHumanEcologyMapping(HEM)ProjectisasetofappliedresearchstudiesinNorthAmerica
designedtounderstandcomplexhuman-ecologicalrelationshipsbymappinghumanactivitiesand
valuesrelevanttonaturalresourcemanagementforuseinplanninganddecision-making.Weapplied
theHEMapproachinwesternNorthCarolinatoanalyzeresidentandvisitorinteractionsnearand
withinGreatSmokyMountainsNationalParkandNantahalaNationalForest.Theproject’sprimary
goalwastoexplorelandscapevalues,resourceuses,andotherhumandimensionsoflandusenear
large, resource-basednational parks andnational forests usingmapping surveys togain abetter
understandingofthespatialextentofwherepeoplelive,work,andplayinwesternNorthCarolina.
This information will aid in land use and resource management planning and decision-making
practices,andassistinourunderstandingofhowtheseactivitiesaffectnaturalresourcestewardship
atlocaltogloballevels.

InthiswesternNorthCarolinaHEMproject,dataweregatheredusingaconveniencesample
approachatfivepubliceventsinthefallof2014(n=116)resultingin419areasidentifiedthroughout
the study region. Respondents represented a range of demographic characteristics and years of
residenceinthearea;theyalsoincludedamixofyear-roundresidents,seasonalresidents,andvisitors.
Respondentsassignedattributes,includingvaluesandactivities,toareastheysketchedonamap.
Theresultingconjunctionofspatial,demographic,values,andusedatamakesGISanexceptionally
strongtoolforunderstandingthenuancesandcomplexitiesofthesedataacrosstheregion,andinlocal
placeswithintheregion.Inthispaperwepresentvisualizationsofselectedpatternsandtrendsamong
variousdatacombinationsfromthestudybyusingdifferentanalysistoolsinGIS.Thisselectionof
visualizationsillustratesthevalueofthisapproachindeterminingoverlappingmeaningsandcomplex
relationshipsofdifferentstakeholdersandsocialgroupsacrossalandscape.

HUMAN eCOLOGy MAPPING AND GIS

TheHEMresearchapproachusedherebuildsontheworkofpreviousscholarsthathaveengaged
in public participatory GIS (PPGIS) at a landscape (bio-regional) scale that includes multiple
jurisdictions and apredominanceof federal, state, and tribal landmanagement agencies aswell
asprivatelandowners(McLainetal.,2013a;Besseretal.,2014;Cervenyetal.,2017;McLainet
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al.,2017).Theapproachbuildsontheideasofspatialattributemappingusingalandscapevalues
typology, inwhichplace-specificvaluesareattached toparticular landscapesby thepublic,and
involvesuseofavaluestypologywithalistofdefinedvalues(Brown,2004;BrownandReed,2009).
Respondentsassignvaluestospecialplacesonamapofadesignatedlandscapebydrawingpolygons
orplacingcoloreddotsthatrepresenteachvalueontoamap(Brown,2012;2008;2006).Thesedata
canbedigitizedandspatiallyanalyzed.Mapsgeneratedbythistechniquedemonstratehowvalues
aredistributedacrossthelandscapeandcanidentify“hotspots”ofhigh-densityvaluesaswellas
diversityofvaluesatparticularsites.Thistechniquehasbeenbroadlyusedinenvironmentalplanning
andresourcemanagementapplications(Beverlyetal.,2008;BrownandRaymond,2007;Brown,
2008;2006;Raymondetal.,2009;Brownetal.,2015).Thevarietyofapproachestoparticipatory
mappinganditsmanyapplicationshavebeenwellsynthesized(BrownandKytta,2013;Brown,
2012;McLainetal.,2013;Sieber,2006).

Understanding different meanings and uses people have of the landscape is important for
developingandsupportingnatural resourcemanagementplans thatare sociallyandecologically
sustainable(Fagerholmetal.,2012).However,place-basedattitudesandvalueslikelydifferbasedon
demographics,aswellasbetweenresidentsofanareaanditsvisitors(McLainetal.,2017;Williams
etal.,2017).Thesedisparitiescanaffectcommunityperceptions,andperhapsultimatelyguidepolicy
decisionsaboutresource-versusamenity-basedlandscapemanagementpractices.Thesedecisions
canthenpotentiallyleadtoconflictbasedaroundlandownershipanduse,creatingchallengesthat
canpersistacrossmanagementboundaries.Previousstudiesthathaveusedsocio-spatialapproaches
havedemonstratedthatvariationsexistamongsocio-demographicgroupsandstakeholders.Socio-
demographicdimensionsalongwhichdifferencesamongsubgroupshavebeenfoundinthetypesand
locationsofactivities,values,ormanagementpreferencesmappedinclude:livelihoodoccupation
(Brownetal.,2015),communityofresidence(Alessaetal.,2008;Beverlyetal.,2008;Ramirez-
Gomezetal.,2016),stakeholdergroup(Brownetal.,2004),self-reportedfamiliaritywiththearea
(BrownandWeber,2011),income(BrownandWeber,2011),andproximityofprimaryresidence
(Brownetal.,2015).Thesestudiesunderline the importanceofdisaggregating landscapevalues
mappingresultsbysocio-demographiccharacteristicswhenreportingfindings.

OuruseofGISwiththequalitativedatafromthewesternNorthCarolinaHEMprojectbuildson
growingGIStraditions.Theareaof“qualitativeGIS”grewoutof“criticalGIS”concernsthatbegan
inthelate1990s;qualitativeGISachievedsolidrecognitioninitsownrightwiththepublicationofa
2009volumeeditedbyCopeandElwood.Althoughintheirintroduction(ElwoodandCope,2009)
theycoveranumberofwaysinwhichGISworkcanbequalitative,someessentialcharacteristics
fromourperspectiveareafocusoninductivevisualizationandtheuseofdatawhicharequalitative.
Qualitative data are first and foremost non-numerical, but beyond that include contextual detail
andperhaps interpretiveperspectives.WhensuchdataareusedwithGIS, itmightbewithfully
theorizedandreflexivequalitativemethodssuchasElwoodandCope(2009)andseveraloftheir
contributorsdiscuss.OntheotherhandqualitativeresearchersoftenfocusonvisualizationintheGIS
environmentandsometimesquantifyaspectsoftheirqualitativedataandvisualizethosequantities
inGIS.Pavlovskaya(2004),forinstance,usesgeolocatedgraduatedpiechartstoshownumberand
compositionofeconomiesinMoscowhouseholdsaccordingtoherethnographicfieldwork.

Further,Pavlovskaya(2009)arguesthatwhilepeopletendtoassociateGISwithquantitative
dataandquantitativeanalysis,weshouldnotconfusecomputerizationandcomputationalfunctions
thatthesoftwareperformsforuswithtruequantitativeoperations.Inbroadterms,assheargues,
mostanalysisthatGISdoesisbasedoncomputationsrelatedtolocationinspace,andwilloperatein
thesamewaywhetherthelocationshavequalitativeorquantitativeattributesassociatedwiththem.
Thus,functionslikedensitycomputationareoftenperformedonnon-quantitativedataandproduce
apatternforvisualinterpretation.Forexample,CooperandGregory(2011)useadensityfunction
toelucidateaspectsofplace-namingintheir“literaryGIS”oftheLakeDistrict(UK).
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InthebodyofqualitativeGISliteraturemostrelevanttoourproject,qualitativedataisusedto
illuminateoneormoreofthreespatialthemes.Onethemeinvolvesroutesofmovementthroughspace
(KwanandDing,2008;Mennisetal.,2013),andsometimesnarrativesaboutwhathappenedalong
thatpath(Watts,2010).Asecondthemealsoinvolvesmovementthroughspacebutwithemphasis
onthedistancesandcomplexitiesofmovementthatpeople’sordinarylivesentail;Matthewsetal.
(2005)forinstanceusebothroutemappingalongstreetsandorigin-destinationlinevisualizationsto
makeevidenttheburdensthatsomeindividualsandfamiliesmustshoulderinnegotiatingtheirsocial
conditions,whileBoschmannandCubbon(2014)mapthecomplexbustravelthatmaybeneededto
gettowork.Thethirdspatialthemefocusesonthelocationofspacesthatinformantsidentifywith
certaincharacteristics,suchassafety,personalmeaning,orothersubjectiveperceptions(Boschmann
andCubbon,2014;Mennisetal.,2013;SchoepferandRogers,2014),orwherecertainactivities
happen(BoschmannandCubbon,2014;Brennan-HorleyandGibson,2009;Mennisetal.,2013).
Someoftheseprojectsfocusonspotlocations(pointgeometries)whileothersareconcernedmore
withareas(polygongeometries).Inanexampleofthelatter,Brennan-HorleyandGibson(2009)
usedGISoperationstocreateacumulativedatasurfacetovisualizeareasofconcurrence,inmuch
thesamewayweidentifiedhotspotsofactivityinourstudy.

Animportantquestioninthiskindofresearchisthatofhowlocationsbecomeincorporated
withinthedatabeingcollected.Bagheri(2014),indoingethnographicfieldworkonwomeninpublic
spacesinTehran,recordedthelocationofeachinterviewandrepresentedtheinterviewedpersonasa
pointatthatlocationinherGIS.Mennisetal.(2013)askedinformantstolistplacesandperceptions
verballyduringinterviews,andthesewerelatergeocodedtocitymapspacebytheresearchers.In
contrast,manyresearchersaskinformantstoaddlocationstopaperorelectronicmapsthemselves.
SchoepferandRogers(2014)developedatechniqueusingatabletwithacustomappincombination
withqualitativeinterviews;advantagesofthismethodincludeinformantsbeingabletozoominand
out,andresearchersbeingabletotransferthedigitaldatatotheGISdirectly.Ontheotherhand,a
numberofresearcherschosepapermapsonwhichinformantswoulddraw,sometimeswithcolored
pensormarkersassociatedwithspecificinterviewquestionsortypesofelements(Besseretal.2014).
Whileattimesthischoiceismadeforreasonsofcostorconcernsabouttechnologicalbarrierswith
someinformants(Brennan-HorleyandGibson,2009),BoschmannandCubbon(2014)observedthat
apapermapcanexertacalminginfluenceoninformantsbeinginterviewed,andcanalsodisrupt
thepowerrelationsassociatedwithGIStechnologies.Withbothdigitalandpapermapinvolvement,
however,researchersfoundthatintegratingamapwiththeintervieworsurveyadministrationhelped
generatedatathatwouldotherwisehavebeenmissed,asthemapsgotinformantsmoreengagedin
thinkingthroughorrememberingrelevantplacesandexperiences(BoschmannandCubbon,2014;
Brennan-HorleyandGibson,2009;SchoepferandRogers,2014).

The informants’ act of drawing spatial locations or perceptions has often been called
interchangeablybyanumberofterms,includingmentalmaps,cognitivemaps,perceptualmaps,
andsketchmaps.BoschmannandCubbon(2014),however,examinetherootsandcharacteristicsof
mentalmapsandsketchmapsandestablishacleardistinctionforthefirsttime.Mentalmapsaredrawn
fromscratchbyinformantstoexpressthewaystheyseespacearoundthem,suchasaneighborhood.
Researchersusingthisapproach,typicallyfromabehavioralgeographyperspective,mightcompile
mentalmapsfromseveralinformantstohelpthemunderstandacollectiveperceptionofanurban
environment.Incontrast,sketchmappingismostcloselyassociatedwithqualitativeGISandthe
variousformsofparticipatory/publicparticipationGIS,andinvolvesdrawingon,addingstickersto,
orwritinglabelsonabasemaptogetatinformants’livedspatialexperiences.Mostoftheprojects
discussedaboveaswellasourownusethislatterapproachinoneformoranother,evenwhenusing
adifferentterm.Notably,Brennan-HorleyandGibson(2009)describeaprocessthatBoschmann
andCubbon(2014)wouldcallsketchmapping,butcallitmentalmapping.

OurusesofGISinthewesternNCHEMprojectechoanumberoftheapproachesdiscussedabove
andalsoextendthescopeofGISworkwithintherealmofqualitativedatabyintegratingsomeofour
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datavisualizationwithphysicalgeographyandbyincludingspatialdescriptivestatisticstovisualize
intersectionsofsocialandspatialcharacteristics.Overall,conductingtheseanalysesinageographic
informationsystem(GIS)allowedvisualizationsofactivityspacedataacrossthelandscapeinways
thatwillallownaturalresourcesmanagersandenvironmentalplannersauniqueopportunitytostudy
humanecologyinterrelationshipsfromavisualperspective.Inthissense,theGISworkwehave
doneenablesmanagersandplannerstolinkresource-basedactivities,placesandotherwisedisparate
informationtoeachotherinspace,andgivethemcontextbyplacingthemintoamorecomprehensive
picture.Thisprojectrepresentsahighlyadaptablemethodforspatializingandvisualizingsurveydata
inaGIS,withagoalofinformingthedecision-makingprocessesoflandmanagersandplanners.

MeTHODS

Study Area
ThestudywasconductedinthemainlyruralfarsouthwesterncornerofNorthCarolina.Administratively
theregioncomprisessevenwholecounties(Cherokee,Clay,Graham,Haywood,Jackson,Macon,
andSwain)andpartsofothers,butatthesametimeisdominatedbypubliclands,includingGreat
SmokyMountainsNationalPark1,NantahalaNationalForest,andPisgahNationalForest;stateforests
andgamelands;andtriballands,notablytheQuallaBoundarywhichisthemaintrustlandofthe
EasternBandofCherokeeIndians(EBCI).Thesevencountieslistedaboveencompass802,511ha
andwerehometo194,102peoplein2010(U.S.CensusBureau,2010),yieldingapopulationdensity
ofapproximately25peoplepersquarekilometeroflandareaascomparedtoastatewideaverageof
about76andavalueof678forMecklenburg,thestate’sdensestcounty.Thephysicalgeographyof
thestudyareaencompassesforests,meadows,riversandstreams,granitewallswithwaterfalls,and
mountainbalds,includingthehighestpeaksintheeasternU.S.,with43measuringmorethan1800
mabovesealevel.Historically,loggingoftheold-growthforestswastheeconomicmainstayofthe
region,butatpresenttheeconomyismorediversified.Agricultureandmanufacturinghavejoined
amuch-diminishedloggingindustry,whiletourismisamajoreconomicdriverintheregion.The
areaalsoattractsseasonalandsecond-homeownersfromnearbyurbanareas,includingAtlanta,GA,
Charlotte,NCandGreenville,SC.Theinfluxofnewhomeownersor‘amenitymigrants’tothearea
ischangingthecompositionofthearea,whilebringinginnewwealth(Bennett,1993;Faganand
Longino,1993;HaasandSerow,1993).

Thestunningbeautyoftheregion’sruggedlandscapes,incombinationwithpublicaccesstothe
varietyofprotectedareas,makesitamajordestinationforvisitors,especiallythoseseekingoutdoor
adventure.Together,theGreatSmokyMountainNationalParkandtheBlueRidgeParkwayattracted
26.5millionvisitorsin2016,makingthisthemostvisiteddestinationintheNationalParkSystem
(CullinaneandKoontz,2017).Thereare321milesoftheAppalachianTrailinNorthCarolina(225
of them along the Tennesseeborder). The Appalachian Trail draws 3 million visitors each year
(AppalachianTrailConservancy,2017).ThePisgahandNantahalaNationalForests,totalingsome
1millionacres,aretwoofthemostvisitednationalforestsintheU.S.,andcollectivelyattracted
around6millionvisitorsin2016(Chávez,2017).NorthCarolinaStateParks,Forests,andRecreation
Areasalsoattractmanyvisitorsannually.Cherokee,themaintownwithintheQuallaBoundaryand
seatoftheEBCItribalgovernment,solicitsandreceiveslargenumbersoftouristsaswell.Inall,the
millionsofvisitorsthisregionhostseachyearbringbothgreateconomicimpactandconsiderable
pressureonnaturalresources.TheneedtoknowwherepeoplegoinwesternNorthCarolina,and
whattheydothere,iscorrespondinglygreat.

Sampling
Datagatheringlocationswerechosenwithaviewtowardgoodaccessibilitytothepublicacrossthe
region.AllcommunitiesinwesternNorthCarolinathathostedlargefestivaleventswereconsidered.
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OurintentwastogatherdataataneventwithintheQuallaBoundarytoincludeCherokeevaluesand
activitiesinourresults,butwewereunabletoarrangethat.Ultimately,wesettledonfivefallfestival
eventsincommunitiesthroughouttheregionduringapopulartourismseason,locatedrespectively
inBrasstown,Cullowhee,Franklin,Highlands,andStecoah(seeFigure1andTable1).Inthefall
of2014,thestudyteamvisitedeachcommunityandsetupaninformationboothatthepublicevent.
Weusedaconveniencesamplingapproach,talkingtothosewhostoppedbythebooth.Atotalof116
respondentsparticipated.Table1breaksdownthedistributionofrespondentsacrossthefivesites
andindicatesthenumberofmappedpolygonsderivingfromtherespondentsofeachsite.

Thestudydesignemphasizedaninterceptapproachasadeliberatemeanstoincludeadiverse
rangeofvisitorsandresidentstowesternNorthCarolina.Approachesthathaveemphasizedonline

Figure 1. Western North Carolina, Great Smoky Mountains National Park, and the HEM study area and survey sites

Table 1. The five survey locations, with numbers of respondents and resulting mapped polygons for each. Code letter refers to 
symbols in Figure 1

Label in Figure 1 Location name Respondents Polygons

B Brasstown 36 111

C Cullowhee 42 150

F Franklin 10 40

H Highlands 13 55

S Stecoah 15 63

Total 116 419
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mappingandcommunityworkshopshavetendedtoattractstakeholders,usergroups,oradvocacy
groupswithaparticularsetofresourceinterests(McLainetal.,2017).Interceptstudiesthatfocus
onpubliceventsindevelopedcommunitiesattractawiderangeofparticipantswithvaryinginterests
inorawarenessofpubliclandsandoutdoorrecreationactivities,makingthisaninterestingwayto
reachpopulationsnottypicallyrepresentedinresourceplanningefforts.

Survey Instruments
Participantswhostoppedattheboothweregivenan11”x17”papercolormapofthestudyarea
thattheauthorscreatedusingArcGIS,andashortquestionnairethatincludedquestionsaboutthe
participant’sresidentorvisitorstatusincludingzipcode,frequencyandlengthofstayofvisitsto
nationalparksand/ornationalforestsinwesternNorthCarolina,gender,race/ethnicity,age,education,
andhouseholdincome.

IncontrasttopreviousPPGISstudiesthataskedrespondentstoassignanarrayoflandscape
valuesacrossamap(Brown2004;BrownandReed2009),ourstudyutilizedaspecialplacesapproach
toidentifyingsitesofhighinteresttoparticipants,fromwhichtheywereaskedaboutplace-based
activitiesandvaluesattachedtothoseplaces.Participantswereaskedtoidentifyuptofiveplaces
inwesternNorthCarolinathatareimportanttothem,tomarktheseplacesonthemapofwestern
NorthCarolinaasaccuratelyaspossibleusingapoint,line,orpolygon,andtolabeleachlocation
withanumber1-5.Theywerethenasked,foreachlocationtheyidentifiedonthemap(1-5),to
listalloftheoutdooractivitiestheydothere.Lastly,theywereaskedtoprovideinputaboutwhythe
areastheyidentifiedareimportanttothembyassociatinguptothreelandscapevalueswitheachof
theareastheymarkedonthemap,inorderofimportance.Alistanddescriptionof14pre-selected
valuesfromwhichtheycouldchoose,basedontheworkofBrownandReed(2009),wasavailable
onthebackofthequestionnaire;thesearedefinedinTable2.

Digitizing and Data entry
AllactivitypolygonscreatedbythesurveyrespondentsweredigitizedinArcGIS.Theoriginalsurvey
mapwascreated(andprojected)inArcGIS,thusallowingustodigitizefeaturesdirectlyingeographic
spacemoreaccurately.Ashapefilewascreatedforeveryindividualactivitylocation,foratotalof
419shapefiles.Tabularsurveydatarepresentingtheactivitiesandvaluesrespondentsidentifiedin
relationtoeachshapeonthemapwerethenenteredintoaspreadsheet,alongwiththeirdemographic
data,zipcode,andvisitationinformation.Thesetabulardatawerethenlinkedtoamergedshapefile
ofall419activitylocationsforthepurposeofgeospatialvisualizationandanalysis.

Geospatial Data Analysis
Afterdigitizationofrespondents’mappedareasintopolygonshapefiles,thefirststepinusingGISto
understandregionalpatternsinthedatawastobuildacomprehensivegeospatialdatasetthatwould
reflectbothintensityandspatialityofuse.WeaccomplishedthisinModelBuilderbyrasterizingeach
polygonindividually,andthenusinglocalcellstatisticstosumthenumberoftimeseachpixelacross
thestudyareawasincludedinapolygon.FurtherprocessingtoconvertNoDatacellstoavalueof0and
toapplyastudyareamaskproducedarastersurfacefromwhichwecouldidentifythirteen“hotspots”
ofhighintensityuseaswellaslower-intensitypatternsoutsideofhigh-densitylocations.Figure2
showsthisrasterin2Dwithsomeminimallocationalcontext(top);a3Drenderingthatsupports
visualinterpretationofintensityasheight(center);andarepresentationofthethirteenhotspotsas
vectorpointsonaregionalmap(bottom).ThehotspotsareidentifiedbylocationnameinTable3.

Duetothericharrayofattributedataassociatedwiththerespondents’polygons,avarietyof
analysisapproacheswerepossibletoteaseoutspatialpatternsintermsofwhoisusingwhatareas
forwhatpurposes(i.e.,values,activities).Inworkingwithbothvaluesandactivitiesdata,wefound
ithelpful to furthergroup theseattributes intocategories (seeTable4 forvaluesgroupingsand
Table5foractivitiesgroupings)toallowustofocusonbroaderpatterns.Wedidthisbyidentifying
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commonalitiesamongtheindividualvaluesandactivities,respectively,andgroupingthemaccording
toalogicbasedonthosecommonessentialcharacteristics.Theattributegroupingswereaddedto
thetabulardataforthepolygons.Inthecaseofvalues,sincerespondentswereaskedtoprioritize
theirvaluesbylistingtheminorder,weexperimentedwithweightingforthevaryingprioritiesbut
eventuallysettledonusingonlythegroupingsonthefirstvaluescolumn;thus,inouranalysesone
valuesgroupingisexpressedperpolygon.Foractivities,becauseorderdidnotrepresentpriority,
weselectedacrossallactivitiescolumnswiththeresultthatmultipleactivitiescouldbemappedper
polygon.

WeexploredanumberofpossibilitiesinGISforvisualizingthespatialpatternsassociatedwith
ourrichqualitativeattributedata.Inthispaperwefocusonfourbasicgeospatialanalysisapproaches
onouractivities,values,anddemographicattributesinordertodemonstratethepotentialforthis
kindofdatavisualization.Thesefourapproachesare:

• Kerneldensitypatternsfordifferentattributes,usingcentroidsoftherespondents’polygons,
• Descriptivespatialstatisticssummarizingpolygonsbydifferentattributes,

Table 2. Landscape values provided in our survey instrument for respondent use; after Brown and Reed 2009

1 ECOLOGY/ENVIRONMENT
Ivaluethisplacebecauseitprovideshabitatforavarietyofplantsandanimals,whichmaynotbefoundinother
places

2 ECONOMIC
Ivaluethisplacebecauseitcreatesjobsandprovidesincomethroughforestproducts,mining,tourism,
agriculture,fishing,etc

3 EDUCATION/LEARNING
Ivaluethisplacebecauseitprovidesaplacetolearnabout,teach,orresearchthenaturalenvironment

4 ENTERTAINMENT
Ivaluethisplacebecauseitprovidesdiversion,amusement,orculturalexpression

5 FAMILY/SOCIAL
Ivaluethisplacebecauseitprovidesopportunitiesforgettingtogetherwithmyfamilyandfriends

6 FUTUREGENERATIONS
Ivaluethisplacebecauseitallowsgenerationsthatwillfollowustoknowandexperienceitasitisnow

7 HEALTH
Ivaluethisplacebecauseitmakesmefeelbetterphysicallyand/ormentally

8 HERITAGE
Ivaluethisplacebecauseithasnaturalandhumanhistorythatmatterstomeanditallowsmetopassdownthe
wisdom,knowledge,traditions,orwayoflifeofmyancestors

9 HOME
Ivaluethisplacebecauseitisfamiliar,comfortable,andwelcoming

10 RECREATION
Ivaluethisplacebecauseitprovidesopportunitiesforoutdooractivities

11 SCENERY/NATURALBEAUTY
Ivaluethisplaceforthescenery,sights,smells,orsounds

12 SPIRITUAL
Ivaluethisplacebecauseitissacred,religious,ordivinelyspecialtome

13 SUSTENANCEorHARVEST
Ivaluethisplacebecauseitprovidesfoodandotherproductstosustainmylifeandthatofmyfamily

14 WILDERNESS
Ivaluethisplacebecauseitisnotdevelopedorsignificantlyalteredbypeople
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• Graduatedpiechartsrepresentingattributesathotspots,and
• Origin-destinationlinesfromrespondenthomelocationstohotspots.

Figure 2. Spatiality and intensity of respondent locations, illustrating 13 “hotspots” of activity. Shown here as a 2D raster (top), 
3D raster data surface (middle), and vectorized hotspot location points (bottom)
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Table 3. Names of hotspot locations and their code numbers as shown in Figure 2 (bottom)

Hotspot number Hotspot location name

01 CadesCove

02 Clingman’sDome

03 Cataloochee

04 Cherokee

05 BlueRidgeParkwayatBalsam

06 FontanaLake

07 NantahalaGorge

08 Cullowhee

09 Highlands

10 Franklin

11 NantahalaLake

12 ChatugeLake

13 Brasstown

Table 4. Categories derived from individual values attributes to facilitate visualization of broader patterns. The value 
associated with education and learning was kept separate due to the high number of respondents affiliated with the university 
located at one of the survey sites.

Values used in survey Value grouping used in GIS work

1 Ecology/Environment

Nature11 Scenery/NaturalBeauty

14 Wilderness

2 Economic
Economic

13 SustenanceorHarvest

3 Education/Learning Education

4 Entertainment

Recreation5 Family/Social

10 Recreation

6 Futuregenerations

Home8 Heritage

9 Home

7 Health
Health

12 Spiritual
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Table 5. Categories derived from individual activities attributes to facilitate visualization of broader patterns

Activities listed by respondents Activity grouping used in GIS work

AntiquesHistory
ArtGroupmeeting
Arts&craftsLookingforoldhomesteads
ClassMusic
CulturalactivitiesPicture
EducationPhotography
FolkschoolProgramatCoweeSchool
GalleriesWheelsthroughTimeMuseum

01Arts&Culture

BackpackSki
CampSnowboard
ExploreTrailrunning
HikeWalk
RunTrailmaintenance

02Trail,Tent,Snow

4thofJulyGhosttown
CasinoJaredHouse
ConcertOpossumDrop
EatShop
EntertainmentTennis
FarmersmarketTown
FestivalsTownsquare
FoodZipline
Football

03Entertainment

FishHunt 04Hunting&Fishing

FamilySummerhome
HomeWork
Live

05HomeLife

BikingRidemotorcycles
Horsebackriding 06ActiveLocomotion

ActivitiesOutdooractivities
ActivitySpecialevents
BusinessStuff
DoctorVisit

07GeneralActivity

DriveRidetrain
MountainScenery
ParksSightsee
PicnicTour
RideTrain
RideParkwayWaterfalls

08Scenery

BoatPaddling
CanoeRaft
FloatingSwim
JetskiTube
KayakWateractivities
LakeactivitiesWatersports

09WaterActivities

AnimalrescueNatureID
BirdwatchingPlantID
ElksightingWatch
ElkwatchingViewwildlife

10Wildlife&Nature

ChurchRelax
MeditatingSit 11Reflection&Religion

None 12Notstated
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InthesectionbelowweillustrateanddiscussthemostinterestingresultsfromthesefourGIS
approaches.

GeOSPATIAL ANALySIS ReSULTS AND DISCUSSION

Kernel Density Patterns
Kerneldensitysurfaceswereconstructedbyfirstcreatingcentroidsforeachpolygon,withcentroids
inheritingallattributedata.Relianceoncentroidsforthisanalysisapproachresultsinalossofthe
areadimensionofrespondents’locations,butthatdimensionisreplacedwithaspatialproxybyway
ofthekerneldensityprocess.Thisprocessismuchquickertosetupandrunthantherasterization
processdiscussedaboveandcanproduceanumberofanalysissurfacesinashortamountoftime.
CentroidsmeetingspecifiedcriteriawereextractedinModelBuilder,andkerneldensityfunctions
wererunforboththemainvaluesandactivitiesgroupsaloneandastheyintersectedvarioussocial
attributes.Eachkerneldensityprocesswassettousethesamesearchradiusandoutputcellsize
(40,000squarefeetand800respectively).

Figure3presentskerneldensitysurfacesforthetwolargestvaluesgroupings(Table4),which
together represent nearly 70% of first-priority values responses. These groups are “Nature” and
“Recreation.”ThetoprowinFigure3demonstratesthatrespondentsusemanyofthesameareasfor
bothvaluegroups,although“Nature”valuesaremoreprominentwithinGreatSmokyMountains
NationalParkandatHighlands,while“Recreation”valuesaremoreprominentatChatugeLake.
Breakingdowntheanalysisofthesetwovaluegroupingsbygenderrevealssomeespeciallyinteresting
patterns,however.Forbothgroupings,malerespondentsidentifiedlocationsacrosstheregion,while
femalerespondentsidentifiedamoreselectgroupoflocations,aswellassomedifferingareasand
emphasesfromthemalerespondents.

Wealsodrapedthe“Nature”and“Recreation”valuesgroupingkerneldensitysurfacesover
elevationtoteaseoutassociationsbetweenthesevaluesandmountainousterrain.Figure4displays
theseresults.ThiswasaccomplishedinArcScenebysettingthebaseheightsofthe1arcsecondDEM
(fromtheNationalElevationDataset)tofloatonitsownelevationvalues,withaverticalfactorof
20.ThekerneldensitysurfacewestackedontopoftheDEMandoffsetitwithoutsettingittofloat
ontheelevationvalues,togivethebestpossiblevisualreadingwhileapproximatinganappropriate
heightabovesealevelforthisarea.Resultssuggestthatrespondentsassociate“Nature”valueswith
mountaintopandplateausettingsmoresothanlowlandorvalleysettings,yetassociate“Recreation”
valuesmorewiththevalleylocations(especiallyiffloodedtoformalake).

Inasimilarfashionwedrapedpairsofactivitygroupings(Table5)kerneldensitysurfacesover
elevationtobothcomparelocationsbetweensetsofactivities,andagaintoseewhichwereassociated
withmountaintopversusvalleysettings.Figure5comparesActivityCode02(Trail,Tent,andSnow)
withActivityCode08(Scenery),whileFigure6comparesActivityCode04(HuntingandFishing)
withActivityCode10(NatureandWildlife).Inthelatter,itappearsthathuntingandfishingactivities
tendtotakeplaceinmuchmoreaccessiblelocationsandlargelyinvalleyareas,nearpopularlocations
andtowns.Incontrast,peoplewhoseinterestsareinwildlifeandnaturehaveadifferentfocus,which
mightmakeitnecessarytogotositesdeepinthemountains,athigherelevations,andpresumably
morewild.Incomparingtheveryactivepursuitsofhiking,camping,andsooninCode02with
thelikelypassiveappreciationofscenery,Figure5suggeststhattheactivegroupfindsplacestodo
theseactivitiesovermuchoftheregion,whilethemorepassivegroupstickstofewerlocationsand
moreconstrainedareas;bothgroupsappeartocarryouttheiractivitiesinarangeoftopographical
settings,however.
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Descriptive Spatial Statistics
Someofthesocialcategoriesshowinterestingkerneldensitypatternsaswell,butthesecanalso
bedemonstrated throughother approaches.Returning to theoriginal digitizedpolygons,we ran
the descriptive spatial statistics functions of mean center and directional distribution (standard
deviationalellipse) togetsomeindicationsabout trendswithin thepolygondataset.Theellipses

Figure 3. A matrix of kernel density surfaces illustrating our two main values groupings, “Nature” and “Recreation,” alone and 
as they intersect respondent gender
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werenotespeciallyinstructivebutthemeancentershighlightedsomeimportantdifferencesinthe
waysdifferentgroupsusetheregion.

Figure7showsfourexamplesofweightedmeancentersasvisualizationsofpatternsinsocial
categorieswithinthesurveydata.Intheupperleftmap,weseethatwhilethelocationofthemean
centerforeachagegrouphasnoobvioussignificance,whenthosemeancentersareweightedbyarea
thevariationinthesizeofeachagegroup’secumenewithintheregionisstriking.Thoseofthetwo
oldestagegroupsaremarkedlylargerthantheothers’andthetwoyoungestgroupshavethesmallest
areasbyfar.Inotherwords,respondentsofuppermiddleageorolderutilizemoreoftheregion
thanyoungerrespondentsdo.Thestoryinthelowerleftmap,incontrast,ismoreaboutlocation
thansizeeventhoughsomevariationinsizeisevidentfromthearea-weighting.Here,meancenters
forhouseholdincomegroupsdisplayamarkedlocationalpatterninthatthethreelowestcategories
trendtothewestandnorthofanimaginarydiagonalandthethreehighestcategoriestrendtothe

Figure 4. The two main values groupings (“Nature” on top; “Recreation” at bottom) kernel density surfaces draped over elevation 
in ArcScene to visualize possible relationships between values and different aspects of the mountainous terrain
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southandeastofthatline.Thisputsthelowerincomesdeeperintomountainousareasandfarther
frommajorsettlements.Theupperrightmap,visualizingrespondents’residencecategories(resident,
visitor,or seasonal resident)demonstratessignificance inbothsizeand location.Residentshave
thelargestregionalecumeneofthethreegroups,andvisitorsthesmallest,withseasonalresidents
inbetween,suggestingacorrelationwithlengthoftimespentintheregion.Residentsandvisitors
shareameanlocationtothenorthandwest,inmoremountainousandlessconnectedareas,while
seasonalresidents’meanlocationisagainclosertomajorsettlements.Lastly,thelowerrightmap
complementsthegenderedkerneldensitymapsbyshowingthatmaleandfemalerespondentpolygon
meancentersdifferslightlyintermsofbothlocationandsize.Thisresultwouldbeworthfollowing
upintermsoftheincomeandresidencecategoryattributesduetotheirlocationalpatterns,andin
comparisontotheactivityspacespreadandconcentrationsshowninthedensitymaps.

Figure 5. Activity Codes 02 (Trail, Tent, and Snow, top) and 08 (Scenery, bottom) draped over elevation in ArcScene
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Graduated Pie Charts
Whilethespatialstatisticsapproachdescribedaboveutilizedallpolygons,wealsoanalyzedcertain
attributesofthosepolygonsthatparticipatedinahotspot,andproducedgraduatedpiechartsmapped
toeachvectorizedhotspotcenter.AsthetopmapinFigure8illustrates,thisapproachreinforces
andexpandsourunderstandingoftheresident/seasonal/visitorpatterns.Seasonalresidentsaremost
stronglyrepresentedintheHighlandsarea(Hotspot9)andtothesouthandeastoftheimaginary
diagonal in general, with apparent forays north and west of that diagonal only at selected sites.
Interestingly,NantahalaGorge(Hotspot7)wasutilizedbynoneofourseasonalrespondentsatall,
forminganinterestingcontrastthatwewillexploreinfutureworkanalyzinghotspotsatthelocal
scale.ThelowermapinFigure8visualizesrespondents’engagementindifferentmixesofactivities
atthedifferenthotspots.Whilethemultipleactivitycodesmakethesepiechartsdifficulttoreadin
detail,whatcanbeclearlyseenisthedominanceofoneprimaryactivity,orsometimestwo,atmost
ofthehotspots,andthatthedominantactivityvariesfromsitetosite.

Figure 6. Activity Codes 04 (Hunting and Fishing, top) and 10 (Nature and Wildlife, bottom) draped over elevation in ArcScene
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Origin-Destination Lines
Ourfinalanalysisapproachwastouseorigin-destinationlines(XYtoLinetool)tohelpusthink
aboutwherepeopleweretravelingfromtoeachhotspot,andwhy.Thisprocessusedzipcodedata
suppliedbyrespondents,withoriginpointsdefinedasthecentroidsoftherespectivezipcodeareas
anddestinationpointsasthevectorizedhotspotcenters.AsFigure9shows,mostpeopleusingthe
hotspotscomefromwithinornearthewesternNorthCarolinaregion(somefromveryclosetothe
hotspotofinterest),whileanumbercomefromotherpartsoftheSoutheast,andafewfromfarther
afieldandotherdirections.Interestingly,noneofourrespondentscamefromtherelativelynearby
MidwestorevenTennessee.

Atthelocalscale,weadjustedthelinescomingintoeachhotspotsothatindividuallinescould
beseeneveniftheynolongerpointpreciselytothezipcodecentroid.Inthiswaywecouldsymbolize
linesbyattributesandvisuallyinterpretboththesizeofgroupscomingtothehotspotfromdifferent
areasandalsowhytheyvisitthoselocations,asillustratedinFigures10and11.Figure10compares
Hotspots9(top)and7(bottom)andelucidatestheresident/seasonal/visitorpatternwesawabove.
TherelativelyfewvisitorstoNantahalaGorge(Hotspot7)appeartocomefrompartsoftheSouth
otherthanmetropolitanAtlanta,whilemostofthepeopleutilizingthatsitecomefromwithinthe
region,asexpected.Incontrast,Highlands(Hotspot9)receivesnon-localpeoplefromawidearea
andmanyofthesearefromtheAtlantaarea,withsomeofthemlikelyseasonalresidents.Highlands
drawsquitealotofpeoplefromthewesternNorthCarolinaregionaswell,thoughfromnearbyrather
thanacrosstheregionasisthecaseatNantahalaGorge.Intermsofthevaluesgroups,Highlandsis
valuedbyourrespondentsforreasonsacrossthespectrum,whileNantahalaGorgeisprettyevenly
dividedbetween“Nature”and“Recreation”withlittleelseidentified.

Figure 7. Area-weighted mean centers for age (upper left), income (lower left), resident/visitor category (upper right), and gender 
(lower right)
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Figure11comparesfouradditionalhotspotsintermsoforiginandvalues.CadesCove(Hotspot
1;upperleft)appearstodrawpeoplewhoassignita“Nature”valueandavarietyof“other”values,
butappearstohavelittleattractionfor“Recreation”valuesuses.Peoplevisittherefromwithinthe
regionbutnottheimmediatevicinity,andalsofromfartheraway.Cherokee(Hotspot4;upperright)

Figure 8. Graduated pie charts representing resident/visitor category (top) and activity groups (bottom) among polygons 
participating in each hotspot
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hasvisitorsfromawideradiusandvarieddistances,andisassociatedwithagreaterdiversityof
values(“Nature,”“Recreation,”and“other”).TheBlueRidgeParkwayatBalsam(Hotspot5;lower
left)againdrawspeopleidentifyingarangeofvalues,andfromcloseby,aroundtheregion,andfar
afield.ChatugeLake(Hotspot12;lowerright)standsoutamongallthehotspotsforthedominance
ofthe“Recreation”valuesgroup,eventhough“Nature”and“other”arepresent,andalsoforthelarge
numberofverylocalusersasshownintheinset(inadditiontomanyfromotherdistances).Using
origin-destinationlinestovisualizevaluesandoriginstogether,asweseehere,offersconsiderable
promiseforhelpingbuildanunderstandingofwhousessitesandwhy.

CONCLUSION AND FUTURe DIReCTIONS

ThesefourapproachesandtheresultingvisualizationsareillustrativeofthemanywaysthatGIS
canbeusedintheanalysisofspatializedqualitativesurveydata.Eachexampleherehasthingsto
tellusabouthowtheregionisused,bywhom,andwhy,thatcouldnothavebeengleanedfroma
non-spatialanalysisofthesurveydata.Kerneldensityanalysishasprovenaneffectivemethodof
visualizingoverallregionalpatternsofattributesaloneorincombination,andcouldeasilybeviewed
as3Dsurfaceswithheightbasedonthevalueofeachpixel.Drapingthekerneldensitysurfaceover
elevationalsoshowspromise,bringingthequalitativedataintothephysicalgeographycontextin
adirectway.Descriptivespatialstatisticshavehelpedelucidatespatialtrends(inrelationtoboth
sizeandlocation)amongrespondents’polygonsaccordingtodifferentsocio-demographicdata,and
couldbeusedtoteaseoutsuchspatialtrendsforvaluesandactivitiespolygonsaswell.Graduatedpie
charts,longastaunchclassicinthematiccartography,arehereshowntoeffectivelyvisualizevolume
ofandcategorieswithindifferenttypesofrespondentdataathotspotlocations.Origin-destination
linesdemonstrateconsiderablepromiseinunderstandingpatternsregardingwherepeoplecometo

Figure 9. Origin-destination lines from respondents’ home zip codes to hotspots they visited
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eachhotspotfrom,andwhy.EachoftheseGISoutcomes,then,contributestothelargergoalsofthe
broaderHEMapproach.InthecaseofthiswesternNorthCarolinaproject,thesedatavisualization
examplescaninformtheregion’sresourcemanagersandenvironmentalplannerssomethingofthe

Figure 10. Origin-destination lines approaching Hotspots 9 (Highlands; top) and 7 (Nantahala Gorge; bottom), symbolized by 
value groups. Origin ends of the lines are adjusted for visibility
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nuanceandcomplexityofhowplacesandenvironmentalresourcesareusedandbywhom,andwhat
intangiblehumanneedstheysatisfy.

Atthesametime,thevisualizationoutputscreatedduringthisprojecthelpstimulatefurther
questionsandsuggestfutureapproacheswithinaGIS.Someofthegeneralpatternsilluminatedin
broadstrokesandattheregionalscalecallforcloserexaminationofsocialfactorsandconstraints,
notablyinrelationtogenderandtoresidencecategories.GISwillalsobekeyinbringingaccessibility
intotheHEMpictureinthismountainousregionthroughnetworkanalysis.Giventhatsomemountain
highwaysarebroadthoroughfaresengineeredfortrafficmovingatspeedthroughtheregion,while
somearelocalroadsthatareintense,slowtodrive,orevendangerous,distancealoneisnotsufficient
tounderstandpatternsofvisitstoparticularsites.Andlastly,weenvisionfutureanalysisofindividual
hotspotsacrossawiderangeofphysical,environmental,andspatialparameterstohelpunderstandtheir
appealamongthedifferentpermutationsofdemographicsandpurposes,andalsotogivemanagers
andplannersabasisforpromotingalternatesitesthatmighthavesimilarappealiforiginalsitesare
sufferingdegradationfromoveruse.Suchlocal-scaleanalysiscandrawonthepanoplyofavailable
GISdataincludingdetailedterrain,hydrology,biotic,access,urbanproximity,andmore.Insum,
GISapproachesusingarangeofindividuallysimpleanalyticalprocesseshaveproducedimportant
insightsaboutthespatializedqualitativedatathiswesternNorthCarolinaHEMproject,andshow
potentialforworkwithhumanlandscapesmorebroadly.

Figure 11. Origin-destination lines approaching Hotspots 1 (Cades Cove, upper left), 4 (Cherokee, upper right), 5 (Blue Ridge 
Parkway at Balsam, lower left), and 12 (Chatuge Lake, lower right), symbolized by value groups. Origin ends of the lines are 
adjusted for visibility
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eNDNOTeS

1 GreatSmokyMountainsNationalParkstraddlestheNorthCarolina-Tennesseeboundary,withroughlyhalf
ineachstate.WeextendedourstudyareatoincludetheentirePark(seeFigure1)althoughforsimplicity
wediscussthestudyareamainlyintermsofNorthCarolina.


