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Abstract

Humansappeartohaveaninnate,beneficialresponseandpreferencefornaturaloverurban

scenes,yet”natural”isanambiguousconceptthatvariesfrom culturetoculture.Inlookingfora

commonalitytonaturalscenesthattendstobelackinginbuiltscenes,manyresearchershave

turnedtofractalgeometry,findingthatfractaldimensioncanpredictpreference.Here,Icalculated

thefractaldimensionofthethedominantland-skyedgeatavarietyofsiteshavingvaryingdepths

ofwater-tableandlevelsofbiodiversity(specifically,“speciesrichness”).Itheninvestigated

changesinhumanphysiologicalarousal(magnitudeofskinconductanceresponses)inresponse

toimagesofthosescenes.Siteswithhighbiodiversitywereshowntohaveasignificantlyhigher

associatedfractaldimensionthatlowbiodiversitysites,whereasshallowversusdeepwater-table

sitesshowednosignificantdifference.Whenshowntheimages,themagnitudeofskin

conductanceresponsesforhumanviewersshowedanegativecorrelationwithfractaldimension.

Replicatingearlierfindings,rankedpreferenceforasceneshowedapositivecorrelationwith

fractaldimension.Takentogether,thesefindingssuggestanevolvedresponsetostimuli

associatedwithahealthyecosystem:patternsofhealthyvegetativegrowthdeterminevisual

fractaldimension,whichreducesphysiologicalarousaluponobservation,thisbeingexperienced

asapositiveemotionalstateandexpressedasapreferenceforthatenvironment.

Keywords:fractal,naturalenvironment,biodiversity,restorative.

1.Introduction

Researchconcernedwithwiderissuesofhowhumansandthenaturalenvironmentinteract

hasdemonstratedsomeinterestingpropertiesofhumanvisualperception.Ithaslongbeenknown

thatpeople,irrespectiveofcultureoreducation,tendtoexpressapreferencefornaturalscenes
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overurbanorbuiltones(Ulrichetal.,1991).Itwaslaterdiscoveredthatsuchpreferenceappears

torelatetosomefundamentalpsychophysiologicalresponses–arousallevelsdecrease,

attentionalcapacityincreasesandemotionalprocessingoccursfaster(Ulrich,1983;Parsons&

Hartig,2000)–suggestingthatwemightbepreferentiallyrespondingtospecificfeaturesrelated

tothenaturalenvironmentswithinwhichhumansensorysystemsevolved(Balling&Falk,1982).

However,theconceptof“natural”isstillrelativelyambiguous,coveringahugerangeofscenes

from lushjunglevegetationtoopensavannatobarren,rockymountains.Tounderstandthe

empiricalfindingsforhumanpreference,thereneedstobesomecommonalitytonaturalscenes

thattendstobelackingfrom artificialscenes.Manyresearchershaveturnedtofractalgeometry

forinspiration,withsomepromisingresults.

1.1Fractalgeometry

SinceMandelbrot(1983)publishedhismathematicaldescriptionofthecomplexforms

foundinnature,researchhasshownthatawiderangeofnaturalformsexhibitrepeatingpatterns

whenviewedatincreasinglyhighmagnificationsi.e.,theyhaveafractalgeometry.Thisself-

similarityofpatternatdifferingscalescanbequantifiedbyaparametercalledthefractal

dimension(D),essentiallyanon-integralquantitythatrelatestothenumberofself-similarpieces

thatanobjectcanbe“brokeninto”atdifferentscales(e.g.,seeGlass&Mackey,1988.p.53).Soa

simplelinecanbebrokenintoasmanyself-similarpiecesasyouwantatanymagnificatione.g.,

youcanbreakitinhalf(amagnificationof2)toget2pieces,into3piecesatamagnificationof3,

orN1piecesatamagnificationofN.Asquare,however,canbebrokeninto4self-similarpieces

whereeachpiecehassidesthatarehalfaslongastheoriginal,or9self-similarpieceswithsides

1/3aslongastheoriginali.e.,youget4piecesatamagnificationof2,9piecesatamagnification

of3,orN2piecesatamagnificationofN.Thispatternthusgivesusasimplepower-lawbased

definitionoffractaldimension,D=log(numberofself-similarpieces)/log(magnificationfactor).In

applicationtotwo-dimensionalimages(whichusuallydonothaveobviousself-similarity),a

commonlyusedtechniqueforestimatingDforthatimagesisthebox-countingtechnique
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(Abarbanel,1996).Essentially,thismakesuseofacomputeralgorithm whichdeterminesthe

numberof“boxes”oflinearsizeLneededtocoveralltheblackpointsinablackandwhiteimage,

fordiminishingvaluesofL.PlottingN(L)againstLwillthenhavealineofbestfitthathasa

gradientof-D.

Hagerhalletal.(2004)usedthistechniquetoexplorewhetherfractaldimensionmayplaya

roleinhumanpreferenceforvisuallandscapes,basedonpreviouscross-culturalfindings(e.g.,

Ulrich,1983)thatnaturalscenes(i.e.,theonesmorelikelytohaveafractalgeometry)tendtobe

preferredtourbanones.Fortheiranalysis,theyfocussedonthefractaldimensionofthesilhouette

outlinebetweenthelandscapeandthesky,thisrepresentingthemoststrikingfeatureuponwhich

peoplefixateaccordingtoeyemovementstudies(e.g.,Rayner&Pollatsek,1992).Toobtainthis

outline,thebackgroundarea(i.e.,thesky)foreachimagewasselectedusingtheautomatic“area

select”toolusedbymanygraphicaleditingsoftware.A“findedges”toolwasthenusedtoisolate

theedgesoftheselectedarea,resultinginasinglelinetracingthecontourbetweenforeground

objectsandthe background(seefig.1).ThislinewasthenusedtocalculateDviathebox-

countingmethod,thusgivingameasureofvisualcomplexityforeachimage.

Figure1.Exampleofanextractedland-skysilhouetteforfractaldimensioncalculation

Forasampleof52imagesofnaturallandscapeswithnovisiblewaterordominanthills

(thevisualpresenceofeitherisafactorthatappearstoskewscenepreferencestudiese.g.,see

Purcell&Lamb,1984),Hagerhalletal(2004)foundasignificantpositivecorrelationbetweenthe

meanpreferenceforanimageandthefractaldimensionoftheextractedsilhouetteoutline.A

furtherstudybyCheungandWells(2004)alsoreplicatedtheeffectusingjust12images–six

urbanandsixnaturalscenes–findingasignificantcorrelationbetweenmeanpreferencerating
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andbothmeanandmaximum fractaldimension.Bothofthesestudiesconfirmedanearlier

exploratorystudybyRogowitzandVoss(1990),whichsuggestedthatpreferencewasbasedon

theD valueoftheedgeofdominantshapesinascene.Thistiesinwellwithotherresearch

showingthat,basedonbothempiricalworkandmodelsofcorticalneuronsinvolvedinsubtle

shape discrimination,human vision is optimised to power-law relationships ofthe optical

environment(Párragaetal.,2000).

Sowhyshouldthisbe?Thekeyliesinsomerecentstudieswhichfoundthatthefractal

dimensionoflandscapefeaturesalsocorrelatestoaninteresting,non-visualpropertyofthose

landscapes:theyare“healthier”intermsofbiodiversity(ameasureofthevarietyoflife,plantand

animal,withinagivenarea).Forexample,Krummeletal.(1987)showedthatthefractaldimension

wassignificantlyhigherforoutlinesofuntouchedversushuman-affectedforest,probablyrelating

todifferencesinthescaleofhumanversusnaturalprocesses.OlffandRitchie(2002)pointout

that“habitat,foodandresourcesfororganismsoftenarefoundtobestatisticallyself-similar

acrossecologicallyrelevantrangesofscales”andshowedthatfractaldimensioncoulddistinguish

betweenhabitatlossandhabitatfragmentation(theformerhavingalowerfractaldimensionand

morenegativeeffectonbiodiversitythanthelatter).Brownetal.(2002)theorisethatthisis

because“scalingrelationshipsthatareself-similarorfractal-likeoverawiderangeofspatialor

temporalscales” (p.619) represent a class of emergent ecologicalphenomena.These

relationshipsdemonstrateunderlyingpowerlawsthatappeartobeuniversalwithrespecttothe

typeoforganism ortypeofenvironment,offering“cluestounderlyingmechanismsthatpowerfully

constrainbiodiversity”(p.619)andcouldhelpustounderstand“thediversityofspeciesand

complexityofecosystemsintermsoffundamentalprinciplesofphysicalandbiologicalscience”

(p.619).

Thepresentstudythushadthreehypotheses:

1.thefractaldimension,D,ofthedominantedgeintheland-skysilhouettewouldbe

higherinimagesofareashavinghighbiodiversity.

2.theDofthedominantedgeintheland-skysilhouettewouldbehigherinimagesof
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areashavingashallow-depth(<=25m)ofwatertable.

3.themagnitudeofskinconductanceresponsetoviewinganimagewouldbeinversely

correlatedtotheDofthatimage.

Hypothesis1aimedtoestablishaprimaryrelationshipthatonevisualaspectofhealthyvegetation

(asindicatedbyDoftheland-skysilhouette)wouldrelatetobiodiversityinthearea.Hypothesis2

wouldexplorewhetherthisbiodiversity–Drelationshipmightbeduetotheamountofaccessible

wateravailabletovegetationinthearea.Hypothesis3exploredwhetheranychangeinhuman

physiologicalarousal,asmeasuredbyskinconductance,inresponsetoviewinganimagewasalso

relatedtothefractaldimensionofthatimage'sland-skysilhouette.Hypotheses1& 2were

exploredinexperiment1,andhypothesis3inexperiment2(whichusedaselectionofimagesfrom

experiment1).

2.Experiment1:Fractaldimensionofwater-depthandbiodiversityimages

2.1Methods

Allimagesusedintheexperimentwerephotographedtoberepresentativeofthewider

location,ensuringtherewerecleartree-linesawayfrom roadsorothersourcesofpotential

pollutants.Anyobviouslyhuman-intendedplantings(e.g.,aroundentrances,visitorcentresor

plantationareas)wereavoided.Noneoftheimagesineithercategorycontainedman-made

structures(toavoidthepossiblenegativeconnotationsofanurbanenvironment),visiblebodiesof

waterordominanthillstoavoidknownpreferencebiases(cf.Hagerhalletal.,2004).Purelyurban

imageswerealsoexcludedastherewouldbenodirectlinkbetweenbiodiversitymeasuresandthe

landscape:thefractaldimensionofartificialstructureswouldbeduetotheaestheticarchitectural

choicesmaderatherthantherbeinganycausallink.Forexample,anurbanscenewithgothic

architecturewouldhavehigherfractaldimensionthatonewithmodernistbuildings(e.g.,Joye,2007),

yetthiswouldbeunrelatedtobiodiversity.Allphotosweredigitallyphotographed,from asimilar

distanceatthesameresolution(10MP),andwithinafewweeksofeachotherundersimilar

weatherconditions.Suchprecautionsweretakentoensurearobustcomparison,eventhough
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previousresearchhasindicatedthatDvaluesareneithersensitivetochangesinscalenor

dependentontheprecisetechniquebywhichtheland-skysilhouetteisextracted(Keller,

Crownover&Chen1987).

2.1.1Imagesofshallow/deepwater-tablesites

BasedontheBritishGeologicalSurveyhydrogeologicalmapofDorset(wheretheauthor

wasbasedatthetime),10siteswereidentifiedinareasshowingarangeofdepthofunderground

aquifers.BasedonJacksonetal.'s(1999)empiricaldeterminationofamaximum treerootdepth

of25m,fivespecificlocationsweredeterminedtohave“shallow”depthwatertable(≤25m i.e.,

watertableisaccessibletotreeroots)andfivetohave“deep”depthwatertable(≥50m i.e.,water

tableisinaccessibletotreeroots).Twoimageswerethentakentoberepresentativeofeachsite,

givingtwentyimagesinall:10shallow,10deep(seeTable1).

2.1.2Imagesofhigh/lowbiodiversitysites

Speciesrichness(thenumberofdifferentspeciesidentifiedinaspecifiedarea)was

chosenasthespecificindicatorofbiodiversity,asthereisgeneralconsensusthatthisisa

reasonable,simplemeasureofanarea'sbiodiversity(Gotelli&Colwell,2001;NaturalHistory

Museum,2009).Thesewereobtainedfrom thewebsiteoftheUK’sNationalBiodiversityNetwork

(NBN)(http://data.nbn.org.uk/),whichprovidespubliclyavailablespecieslistsrecordedwithinor

overlappingaspecificsiteat10km resolution.Fivesiteswerechosenbasedontheirinclusionin

theNBNsiteandphysicallyaccessible(i.e.,thesitescouldbevisitedtotakephotographs),andto

coverarangeofbiodiversity(from 3646to21683species).Thesesitesweredifferentfrom the

onesusedforthewater-tableimages.Atotalof40imageswereobtainedacrossthisrange–see

table2foralist.Forthepurposeofthepreplannedanalysis,siteswithspeciesrichnessator

belowthemedianvaluewerecategorisedaslowbiodiversity;sitesabovethemedianvaluewere

categorisedashighbiodiversity.
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Table1.Listofwater-tablecategorysiteswithdepth(m)towatertable

Site Depthtowatertable
(m)

Water-table
category

NineStones,WinterbourneAbbas 0

Shallow

BalmersCoombeBottom,Bulbarrow 0

CernePark,CerneAbbas 20

Delcombewood,Bulbarrow 20

HorseClump,WinterbourneAbbas 23

BigWood,WinterbourneSteepleton 50

Deep
JubileeTrail,DryWood,WinterbourneSteepleton 55

TwitchingsCopse,Bulbarrow 65

Woollandhill,Bulbarrow 70

ParkDale,CerneAbbas 110

Table2.Listofbiodiversitycategorysitesshowingspeciesrichnessforeacharea

Site(numberofphotos) SpeciesRichness BiodiversityCategory

CanfordHeath(5) 3,646

LowSopleyCommon(8) 4,159

AvonHeath(7) 4,733

StudlandNatureReserve(8) 8,340

HighNewForestNationalPark(12) 21,683

2.1.3Fractaldimensionanalysis

Foreachimage,thetechniqueofHagerhalletal(2004)describedearlierwasusedto

isolatethesilhouetteofthedominantedge(landscape-skysilhouette).Thiswasdoneusingthe

opensourcesoftwareImageJ(availablefrom http://rsbweb.nih.gov/ij/),whichwasalsousedto

calculatethefractaldimensionofthatedge.Foreachimage,theJPGwasconvertedtobinaryand

the‘findedges’toolusedontheskyregion.The‘fractalboxcount’toolwiththenusedwithbox

sizessetto(2,3,4,6,8,12,16,32,64)tocalculatethefractaldimension.

2.2.Results

AnInitialreviewofthewatertablecategoryimagesindicatedthatthereweretwopossible
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outliers.Thiswasconfirmedbycalculatingthetwostandarddeviationrange(meanfractal

dimension,D=1.293.SD=0.043,thusthe2SDrangeisfrom 1.207to1.379)andremovingtwo

datapointsoutwiththisrange(CerneParksite:D=1.207and1.204).Forthereduceddataset,a

Wilcoxontestcomparingthefractaldimensionforshallowversusdeepsitesgaveacloseto

significanceresult:W=23,N=18,P=0.07(seefig.2).Forthebiodiversitycategoryimages,a

Wilcoxontestcomparingfractaldimensionforhighversuslowbiodiversitysitesgaveasignificant

result:W=25,N=40,P<0.001(seefig.2).Apost-hocanalysisofimageD-valueversusrankingby

speciesdiversitygaveaSpearmanrho=0.64.

Figure2.Comparisonoffractaldimensionofimagesilhouettefordeepversusshallowwater-tableandlowversushighbiodiversity.

Errorbarsindicateonestandarddeviation.

3.Experiment2:Physiologicalreactionstoandpreferencefortheimages

3.1.Methods

3.1.1.Participants

Atotalof50(34females,16males)unselectedparticipants–primarilyuniversitystudents

–M=19years,rangingfrom 18–31years)participatedinthisstudy.Thestudywasadvertisedon

campusandviaemailtoapotentialparticipantpoolmaintainedbythepsychologydepartment.
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Studentsvolunteeredinreturnforcoursecreditandallparticipantswerepaidasmallexpensesfee.

Allgaveinformedconsentbeforeparticipatingandthestudyhadethicalapprovalfrom the

psychologyresearchethicscommittee.

3.1.2.Stimuli

Fivephotographicimageswereselectedfrom eachthetwocategorieswater-tableand

biodiversityfrom experiment1tocoverthearepresentativerangeoffractaldimensionfoundin

thewholeimageset(D=1.22to1.40).Thebiodiversitysetisshowninfigure3asanexample.

Figure3:Imagesfrom thebiodiversityset,showingincreasingfractaldimension(D)from toptobottom.

3.1.3.Skinconductancerecording

Skinconductance(SC)wasrecordedforeachparticipantviatwoelectrodesattachedtothe

secondphalanxoftheindexandsecondfingersoftheirnon-dominanthand.Electrodeswere

sinteredAg-AgClroundcupelectrodeswithan8mm diameter,affixedwithadhesivecollarsand

usingpHbalancedaqueousgel.ThesewereconnectedviapreamplifiertoamodelSC5-SA

recorderwith24-bitA/Dconversion(PsyLab/ContactPrecisionInstruments,London,UK)and

interfacedviaserialporttoaPCrunningtheWindowsoperatingsystem withcustom-written

softwareinVisualBasic6.0.

DataanalysiswasconductedofflineonaPCrunningLinux(Ubuntu11.04).TherawSC

dataconsistedoftwocomponents:thelonger-term tonicresponseandthefast,stimulus-related

phasicresponses.Thetoniccomponentfrom eachparticipant'sdatawasfirstremovedbyfiltering
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thedatawithahighpassfilterof0.016Hz(equivalenttoatimeconstantof10seconds),usingthe

GPLprogram QtiPlot(http://soft.proindependent.com/qtiplot.html).Subsequentanalysiswas

performedusingtheGPLprogram R(http://www.r-project.org/).Az-transform (i.e.,mean-centred

andexpressedinunitsofeachparticipant'sstandarddeviation)wasusedontheSCphasicdatato

allowbetweenparticipantcomparisonandtogiveamorerobustmeasureforsubsequent

statisticalanalysis(Sersenetal.,1978).The200sample(fivesecond)periodaftereachstimulus

wasthenisolatedtogivethatparticipant'sseriesofphasicSCresponses(SCRs),oneperstimulus

image.

3.1.4Procedure

Onarrival,participantsweretoldtheyweretakingpartinastudyintoscenepreferencethat

combinedconscious(statedpreference)andunconscious(skinconductancemeasures).They

wereseatedinfrontofa17”touch-sensitiveTFTcomputermonitorandtheprocedureexplainedto

them.TheSCelectrodeswereattachedand,afterlisteningtoafiveminutepieceofrelaxingmusic

(astandardproceduretoensureallparticipantsstartfrom closetotheirbaselinearousalstate),

theyviewedeachsetoffiveimagesinturn.Setandimageorderwererandomizedand

counterbalancedforeachparticipant,witheachimagebeingshownonthemonitorfor10switha

10srestperiodbetweeneachone.SCdataweresequentiallysampledandsavedtoharddiskat

40Hzthroughoutthesession.Aftertheyhadseenallfiveimagesinaset,theywereasked,via

touch-screenresponse,torankthoseimagesinorderofpersonalpreference,“from MOSTto

LEASTfavourite".Thesecondsetwasthenshown,andagain,preferencesrecorded.Finally,they

weredebriefedandpaid£3expensesfortheirparticipation.

3.2.Results

SCRswerescreenedtoremovenull-responses,movementandnoiseartefacts,resultingin

280usableresponseprofilesacrosstheparticipants,forall10images.Asthez-transformedSCR

magnitudedataapproximatedanormaldistribution,aPearsoncorrelationwasused(rP=-0.11,
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N=280,P=0.03),showingasmallbutsignificantnegativerelationshipbetweennormalisedSCR

magnitudeandfractaldimensionoftheassociatedimage(seefig.4).Imagepreferenceratings

werealsocorrelatedwithDusingaSpearmanrankcorrelation(rS=0.37,N=480,P<0.001),showing

thatpreferencewaspositivelyrelatedtofractaldimension(seefig.5).

Figure4.PlotofmeannormalizedSCRmagnitudeversusfractaldimension,D

Figure5.Plotofmeanexpressedpreferenceversusfractaldimension,D

4.Discussion

Thisstudyexploredtheideathatfractaldimensionmightrepresentastimuluswhichmaps

ontothebasichumanneedtoliveinahealthyenvironment,andtobetterunderstandrelationships

betweenthefractaldimensionofvisualscenes,humanphysiologicalresponsestosuchscenes,
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andself-reportedpreferenceforspecificvisualenvironments.

InExperiment1,fractaldimensionvariedsignificantlybetweenhighandlow biodiversity

sites(P<0.001),butnotin relation to shallow versusdeep watertablesites(P=0.07).This

suggestedthatthetypesandgrowthpatternsofvegetationprimarilyreflecttheecologicalhealth

ofthewiderarea.Forthisexperiment,themeasureofbiodiversityusedwas“speciesrichness”:

thenumberofspecies–plant,animalandfungus–observedina10km2region.Theresultsthus

suggestedthatasinglemeasureofthefractaldimensionoftheskylineofanimagetakenwithin

thisregioncouldbeusedasanindicationoftheecologicalhealthoftheregionasawhole.Thisin

itselfcould,ifmorewidelyreplicated,provideausefulestimateofanarea'sbiodiversitythatdid

notrelyoncostlysurveys.

Experiment2 showed significantnegative relationship between the magnitude ofa

person'sphysiologicalresponseandthefractaldimensionofthedominantedgeinavisualimage,

suggestingthatthelevelofphysiologicalarousalweexperienceinresponsetoseeingthatimage

(orscene,ifwewerephysicallypresent)relatestothevisualcomplexityofthatimageorscene.

However,ascanbeseeninfigure4,therearenoobviousvisualcueswhichwouldleadthe

perceivertodeterminethatcomplexity.Thisrelationshipwasinthedirectionpredictedbyexisting

researchinthefieldofrestorativeenvironments(e.g.,Ulrichetal.,1991)whichtypicallyshow

reducedarousalformore“natural”images(whichwouldbeexpectedtohavehigherfractal

dimension)whencomparedtomore“urban”images(whichwouldbeexpectedtoshow more

lineargeometryandsohavelowerfractaldimension).Aswellasdirectlyaffectingwellbeingviaa

morerelaxedsomaticstate,loweredarousal,intheabsenceofanyspecificexternalaffectivecues,

tendstobeinterpretedasapositiveemotionalstate(e.g.,Stevens,2007)whichinitselfis

associatedwithenhancedwellbeing(e.g.Lyubomirskyetal.,2005).Thattheloweredarousaldid

resultinpositiveaffectiveassociationswassupportedinthisexperimentbythefindingthat

preferenceforanimagewasalsopositivelyrelatedtofractaldimension(andthusshoweda

negativerelationshipwitharousal),replicatingearlierresearch(Hagerhalletal.,2004;Cheung&

Wells,2004;Rogowitz&Voss,1990).
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Combiningtheresultssuggeststhepresenceofanevolvedresponseinhumanstostimuli

associatedwithahealthyecosystem.Theecologicalhealthofanareaisexpressedviapatternsof

vegetativegrowththatisexhibitedasincreasedfractaldimension.Whenhumans–and,giventhe

similarityofcorticalstructure,othermammals–observethatscene,reducedphysiologicalarousal

occursinresponsetovisualcomplexityandthisisexperiencedasapositiveemotionalstateand

expressedasapreference.Simplyput,itshowsthattheenvironmentswhichweinnatelypreferare

thosewhichcanhelprestoreourwellbeingiftheythemselvesarepartofahealthy,functioning

ecosystems.

Moregenerally,thesefindingssuggestawaytoencouragepeopletorealisethattheyare

notseparatefrom thepressingenvironmentalissuesoftheday,allowingustosee“theneedsof

theplanetandthepersonasacontinuum”(Roszak,1992,p.14)byshowingthattheproperties

whichallowhumanstobephysicallyandmentallyhealthyarethesameoneswhichareassociated

withahealthyecosystem onlocalandglobalscales.Humanemotionalresponsestospecific

environmentsdonotnecessarilyneedtobevalidatedpurelybyideologicalargumentsbutinstead

canbeseenasinvolvinginnateresponsestoplacesandsituationsthatrepresentameaningful,

evolved means ofcommunication between us and ourenvironment.This could allow a

reintegrationofdirect(emotional,reflective)experienceinpro-environmentalstrategiesratherthan

puttingalltheemphasison“objective”argumentsandperception-of-riskcalculations–anidea

alsoseeninsomeotherpsychologystudieswhichhaveshownthatearlychildhoodexperienceof

naturalsettingsandoutdoorrecreationthatreliesonspecificnaturalfeatures(e.g.,whitewater

rafting)arethestrongestpredictorsofsubsequentpro-environmentalbehaviour(e.g.,Kalsetal.,

1999).Ratherthanchangingpeople'smotivationbybombardingthem withinformationandso-

calledrationalarguments,evolutionaryargumentsalsohaveaplacebyshowingthereareinherent

motivations,intentionsandbehavioursthatcanplayarole.

However,theresultsofthisandsimilarstudiescouldbereadasencouragingreductionism

i.e.,wedonotactuallyneednaturalenvironmentstobehealthy,wejustneedtoensurethatour

builtenvironmenthasa high fractaldimension in termsofvisualcues.Such an approach
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doubtlesslyhasaplacein“customisingvisuallandscapesandwallarttoaidhumanfunctioning

andstressreductioninmentallydemandingenvironments”and“incorporatingfavourablevisual

propertiesinthedesignofoureverydayenvironmentstofostergeneralwell-being”(Hagerhalletal.,

2008,p.1492),yettodothisasouronlyorprimaryresponsetoproblematicenvironmentswould

betoimpoverishhumanexperience.Theintentionofthisstudywastoshedlightonthepre-

existingliteraturespanningmanydisciplineswhichshowsthathumansareembeddedin,andso

profoundlyaffected by,theirenvironment(Stevens,2010),the “natural”environments being

associatedwithmanymorebenefits/lessstressorsthan“urban”ones.Thisisunsurprising,given

that“natural”featuresaretheoneswe,alongwithallotheranimals,areevolutionarilyadaptedto,

butitishopedthattheresultsofthisstudydemonstratethatfractaldimensionoffersonewayof

betterunderstandingwhatwemeanby“natural”thatgoesbeyondtheusualsociallyconstructed

andhuman-centricapproaches.
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