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Within the fieldof restorative environments researcls, dommonlyassumed that restorative responses,
triggeredby exposure to naturalements and settings, are ultimately adaptivestraiiginating from

our species’ long evolutionary historjn natural
critically investigate the viabilitgf this evolutionary viewon restorationln doingso, we specifically
focus on Stress Recovery TheorySRT),
the supposed evolutionary originsrefstoration A detailed analysisf SRT's psycho-

environments. Theaim of this articleis to

as this theoretical framework has mosextensively

evolutionary frameworkhowsthat neither current empirical evidence nor conaaf@rgumentprovide
any strong supporfor the hypothesisf restorative responset natureas an ancient evolved
adaptive trait. Baseeoh this conclusionwe put forward an alternative mofdelrestorativeresponses
to nature baseah processing fluency, which prima facdércumvents somef the pitfalls associated
with evolutionary account®r restorationThe Discussion section reflectsn the implication®f our
critical discussiorfor the theoryndpracticeof urban forestryand urbargreening.
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Introduction

People’s aesthetic preferenioe natural elementand settings
is a well-known phenomenon that é®veredby a vast literature
and substantiated bywell-controlled research Hartig and
Evans,
1993;Tveit etal., 2006;0de etal., 2009. Oneimportanteason why
people like natural elementndsettingds that theyoffer excellent
opportunities for relaxation and restoration
(Purcell etal., 2001;Van denBerg etal., 2003; Hartigand Staats,
2005. Thus far, environmental psychologistshave mostly
soughtto explain people’siove for nature” and concomitant
restorative responsest@rmsof mechanisms thatre believedto
be rootedin our evo- lutionary past Kaplan, 1992; Uilrich,
1993. However, a numberof researchersn this area are
beginningto recognizethat theseevolutionary assumptiorese
in needof revision(e.g.,Hartig et al.,

2010. The centrabim ofthis papeis to systematicallyincover and
discuss the main limitatiored theevolutionary accourtdf restora-
tive responseso nature andts specific sub-hypotheselm doing
so,we will mainly focuson Stress Recovery Theo(8RT) (Ulrich,

1983; Ulrich etal.,, 1991 because, within the field oéstorative
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environments researc3RT hasmost extensivelglaboratedn its
evolutionary assumptions.

This articleis structuredas follows. First, we discuss whatre
commonly consideretb be the “proximate” and “ultimate’(i.e.,
evolutionary) causesof restorative responsds nature.In the
second and third sectiowge investigate whetheor not there
is a sufficient “fit” between theelements thatare known to
cause restoration (iparticular, vegetation) and the characteris-

from stresstics andpresumed function(sj the affectiveesponsesnderlying

restoration.The subsequent sectim@xamines whether evolution-
ary explanations forestorative responsés nature gain support
from aconceptualink between biophobia and biophilia,oposed
in the restorative environments literatuaed from the supposed
intercultural agreement ipeople’s preference®dr nature.This is
followed by asection that sketches the contoairan alternative
modelfor restorative responsés nature based oprocessindlu-
ency.The discussiorof this articlereflectson the relevancef our
critical analysis fothe fieldof urban forestry and urban greening.

Restoratioras an evolved adaptiveait

Proximate explanatiorfsr restoration

Why do natural elements and settings hasteess-reducing
effectson human individuals™ his original articulationof the
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“psycho-evolutionary  framework” underlying SRT, Roger
Ulrich (1983) mainly explored thepossibleproximate cause®f
restoration inducedy natural environments. Thesare the
immediate developmental (ontogenetic) and mechanic caakes
acertain behaviousr trait. Basean the empiricalvork of Robert
Zajonc(1980) Ulrich (1983)arguedthat the initial response mode
to environments andenvironmental stimuli is one of
generalized affectCharacteristic to such affective responsés
that they are deemedto occur almost immediatelyafter
exposureto the stimulusor environ- mentto require only little
cognitive processing, ando take place without conscious
recognition.This initial affective response modie believed to
have prehistoric roots ando have been retained acro$ise
human lineage becausgecontributedto our species’ survival.
Ulrich (1983, 1986}kpecifieda numberof specificenvironmen-
tal featuresor “preferenda’that areableto trigger initial positive
affective responsedhese include “complexity”, “grosstructural
features”(e.g., symmetries), “depth/spatiality cuesg&ven ground
surface texture”, “deflected vistaind“absencef threats”. What
interestsus most,however,is that Ulrich (1983)also conjectured
thatexposurego unthreatening natural environments@certain
types of unthreatening natural contefetg., vegetation)will off-
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The central idea underlyin§RT isthat humarindividuals more
quickly and more deeply recovBom stress near unthreatening
naturalelements andettings than near unthreatening urban envi-
ronments.As noted earlier, this particulaestoration process
supposedo be drivenby the differential affective valencef nat-
ural versusurban settingsSince the 1980s there seenosbe an
(implicit) consensus among restoratimevironments researchers
that the occurrence dhese affective responsiss*.. affectedby
unlearnedactorsof evolutionaryorigin” (Ulrich, 1983 p. 115),and
that they neetb be consideredis remnants obur species’ evo-
lution in natural environments. Qf@irther importancé thatit is
mostly assumethatthese (positive) affective reactioa evolved
adaptations. Displaying such responsesaturefulfilled a partic-
ular functionin ancestrakenvironments andl . . tendedto foster
[human]survival and well-being during evolutionU(rich et al.,
1991 p.209).

It mustbe clear that the foregoing account deéthvesa number
of questions unanswered. Fotamplein what respedtid positive
affectiveresponset® unthreatening nature exactly fosserrvival
during our species’ evolutionary history®/ithin the restorative
environmentsesearch field is generally assumed that some nat-
ural content couldffer ancestral humans opportunitiles safety,

set such immediatgositive affective responses. When previouscouldcontainfood resourcesyr at least could haveeen indicative

to encounters with such natural settings/elementmdimidual
was in a negative moodor experienced stress, then the

of the presencef food or safety(cfr., Ulrichetal., 1991, p. 226).
Having evolvedahardwired tendencyr “preparednessd display

posi-tive responses induced biyature could attenuate those positive affective responsds such naturalcontentwould have

negativefeelings/states, and restoration might followOr, as
summarizedby Ulrich (1983, p. 116) “For individuals
experiencing stressor anxiety, most unthreateningatural
views may be more arousateducingand tendto elicit more
positively toned emotional reations than the vast majority
urban scenes, andhence are more restorative in
psychophysiologicaense”.

According to SRT, restorative responsesn thus essentially
be consideredas by-products ofimmediate positive affective
responses induced lunthreatening) natural settings. Nthat
the centrality of affect in SRT marks an important difference
with the other major theory amstorativeenvironments, Atten-

a

tion Restoratiormheory(ART), which assumes that the proximatethe functional-evolutionarperspective . ..

causef restoratiories in the replenishment afepleted cognitive
resources Kaplanand Kaplar,989. Of further importance that

increased ancestral humagatvival chances becausenotivated
themto pay attentionto, or to approactor stayin environments
that contained elemenisopportunities that wereritical to their
subsistencge., food and safety).

Another issue relatem the typeof nature towardwvhich our
speciess supposedo have evolvedositive affective responses.
Although the empiricahnd theoretical literature associated with
SRTis notvery often outspokenn this matter, three generdte-
goriesof “restorative naturetan beidentified.First, on numerous
occasionst is proposed thaexposureto unthreatening natural
settingscan elicit these immediate positive affective responses.
Ulrich (1993, p. 102), for example, noteshat “[c]onsistent with
viewing unthreaten-
ing naturallandscapestends promote faster and moo®emplete
restoration than ... urbam built environments” A second cat-

SRTassumeshatthelink between positive affect and restorative egory of restorativenature is vegetative elementsyr settings

responseis specifido natural environments:. .modern humans,
as apartly genetic remnant avolution, have biologically pre-
pared capacity fomcquiring and retaining restorative resporises
certain natural settings and content . .. but mmwaich disposi-
tion for most built environmen®ndtheir materials” (lrich, 1999
p. 52). Butwhy wouldit have been beneficiat humansgo evolve
such acapacity?This question taps into the ultimate erolution-
ary cause®f restorative responsés nature, whiclare the focus
of this article.

Ultimate explanationsf restorative responsés nature

Different ultimate explanations run throughrich’s psycho-
evolutionary framework. Foexample, Ulrich notes that when
a stressor haslisappeared the incidenoé stress reductiofi..
would enhance survival chances part because oits role in
promoting recovery from fatiguand otherdeleterious effects
stemming from behavingdaptively in a previous demanding
situation” (Ulrich,

1993 p. 98). It is indeed a well-known fact that after a
stressful episodea failure to return to baseline levelsof

containing such elementshe reasonfor including this category
derives from théact that restorativeffectsare often triggeredy
vegetated scenes, finding that is generally regardedo be
con- sistenwith, and supporting the evolutionary tenefsSRT
(cfr., Ulrich et al., 1991). The third and lastcategoryof natural
contents more specifithan thetwo previous ones, and includes
specific types of natural settingsr features thatare supposed to
facilitate stress reductiotJlrich (2008 ,p. 90) pointsout that these
can com- prise elements/features likealm or slowly moving
water, verdant vegetatiorflowers, savanna-likeor parklike
properties. .

Basedon the previous discussio8RT’s ultimate accountfor
restorative responsds naturecan be summarizedas follows.
A biologically preparedreadinessto display positive affective
responsego different typesof unthreatening natural conteist
an evolved adaptive mechanisnifich, 2008 p. 89), whose func-
tion wasto guide andsupportour ancestorsn the process
of finding food, water and shelterin ancestral environments.
When havingexperiencea stressful episode, exposupenatural
content providing food/water/sheltean lead tostress reduction
via the (psychologicallyand physiologically) soothing effectsf

arousal mayhave detrimental health consequences and thuspositive affect(Ulrich, 2009. The fact that, on an evolutionary

may have low- eredurvival chancesSelye, 1955 While this
account perhaps providesn ultimate explanationfor the
prevalenceof a general stress reduction responisemust be
clear that thiss not the typef “restorative’response envisioned
by SRT.

time-scalepur specieshas only recently begurno construct and
inhabit built environments,but hasexperienced the.. rewards
associated withnatural settings duringa few million years of

evolution” (Ulrich
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etal., 1991 p. 209) explains why nature consistertlynes outs
being more restorative thanosturbanenvironments.

Restorative responsés natureand evolutionarypsychology

It is importantto stress that restoratiesmvironments research
borrows from evolutionargsychologyto explain the ultimate ori-
gins andfunction(s)of restorative respons&snature Accordingto
evolutionary psychologghe humammind shouldbe considereds
a collectionof cognitivemoduler programs. Thesme essentially
“problem solving devicesWhich were positivelyselectedy evo-
lution because they solvegbarticular, recurring survival-relevant
task/problemancestral environmen$ooby and Cosmide4,992).
For example,as snakes posed perennialthreatto the human
species, evolutionary psychologistaintain that specialized mod-
ules have evolved faptimally dealing with those threatMipeka
andOhman, 200 Likewise, positive affectiveesponset® nature,
and especiallyto vegetated naturalements and settings, have
been interpreted amsvolved mechanisms which contributéal
solvingfood and safety related problernsancestraénvironments.
SRT'scommitmento evolutionarypsychologyis clear from thefact
that the positivaffective response® natural content have been
consideredo be functionally equivalento biologically prepared
fearful responsesto natural stimuli, such as snakes and
spiders (lrich, 1993. Making explicit this commitment to
evolutionary psychologyis important becausig constituteshe
theoretical back- drogf someof our subsequertdriticisms.

In the ensuing sectionge will referto the constellationof
positive affectivaeesponsenechanisms that become activabgd
restorative natural contentas the Phytophilic Response
Module(PRM). The term “phytophilic” derivesfrom the Greek
“phyto”, meaning “plant’or “vegetation”, and“philia”, meaning
“love”. We chooseo use this term insteaodf the more widelysed
“biophilia”, meaning “love for life” (Wilson, 1984). This is
becausef thefact that vegetateélements seero be the life-
like elements that areonsistently presenin the environments
that are able to cause restorative responsef essential
feature of evolved problem- solving devicéke thePRM isthat
theres a fit between the specific characteristst€tthe device and
its actual function.For example,a module thathas evolvedto
dealwith snake threats would not perfoit® function properly
if, apart from snaked, would also becomeactivefor all kindsof
insects thatdo not resemblesnakes. Although perhaps obvious,
this“form-functionfit” is worth empha- sizing becaufieis basic
principle seemso be regularly violated irevolutionary accounts
of restorative responsés nature.ln the following paragraphwe
will try to pinpoint where exactly these violaticae situated.

Inputof thePRM versus functionf the PRM

It must be clear thata mechanism that hasvolved to
deal with snake threatgll becomeactivefor particular type®f
input, that is, for actual snakes,or snake-like featuresor
forms. Simidarly, restoration researchers often claimthatRR#®
is generally activatedy “natural-like” stimuli, andnot so much
by modern artifactual stimul{specifically buildings).But what
might that “natural-like” input of the PRM exactly be? In
keeping withour discussiorof the ultimate causes restorative
response$ nature (see above), wdistinguish among three
possible categories ohput: (1) “unthreatening nature”, (2)
“unthreatening vegetated settings”, and ‘({@articular qualities
about unthreatening veg- etated settinds”.the ensuing
sectionswe will inquire to whatextenteachof these proposed
input categoriesare actually ableto contribute to, or are
consistent with the proclaimed functiongEjhe PRM.

Unthreateninghature

In restorative environments reseat’cmthreatening nature$
regularly referredo as an elicitor of restorative responseGon-
sistent withthis notion,it has been empirically demonstrated
that natural scenesare less likely to be perceived as
restorative when they contain elemeotslanger(i.e., astranger
lurking in the woods; cfr.Herzog and Rector, 209t mustbe
made clear, however, that demonstrating that thnéag naturdas
not restorative is not the sames demonstratinghat nature
is restorative becauseis unthreateningMoreover,to postulate
thatrestorative responses have evolteducha broadcategory
as “unthreatening nature” sits awkward with the proclaimed
function of suchresponses.Are there not innumerably many
instancesof nature which are unthreatening, but whicldo
neither provide any food nor protection(e.g., grassy lawns,
clouds,and stones)?

Another difficulty for the claimthat“unthreateningnatureis
stress-reducing? that itseemso be tautological. Consider Ulrich’s
interpretationof stressas “...the processby which an individual
responds psychologically, physiologically, and often with
behav-ors, to asituation that challenges threatens well-being”
(Ulrich et al.,, 1991 p. 202; Ulrich, 1993 p. 100). Based on
this inter- pretation,t appears that‘unthreatening” already
presupposes the relatiabsenceof potential stressors, thag,
situationsthat threaten well-beinglt seems fairly evidenthat
individuals having experienced stresdl recoverfaster from
stressin unthreatening environmentsthan in threatening
environments merely because of tfeet that the latterstill
contain stressors (i.e.,, threatening elementsr situations)
whereasthe former do not. This, however, leavest largely
unexplained whait is exactly about natural envionments that
makes them more stress-redudimyond the merfact that they
containless threatshan their threatening counter- parts.

Granted, perhapsve are unfair andit just happensto be
the case thatrestorativeenvironmentresearchers employ the
notion “unthreateninghature”’as aconvenient umbrella termvhile
they nonetheless hawdairly good ideaaboutthe more particular
typesof nature that leatb restorationThe use of‘unthreatening
nature” wouldthenbe more a caseof terminological sloppiness
ratherthan a conceptual flawsStill, the fact that theuse ofthis
notion is both widely and uncriticallyaccepted seents point
out that the restorativenvironments research communigynot
much inter- estedin rigorous evolutionary analyseand
conceptualization8ut if that interests indeedlacking, why has
there yet been sucha tenaciousconfidencein evolutionary
assumptions?

Unthreatening green settings

A slightly more fine-grained proposalthat thePRM'’s proto-
typical input are (environmentscontaining) vegetative elements
rather tharunthreatening naturé&his interpretatiorhas notonly
been expresseds such (e.g., Korpela et al.,, 2002; Lohr,
2007; Grinde andPatil, 2009, it also speaks from the recurring
finding that manydifferent typesof vegetation and vegetated
settingsdo indeed cause restorative respons$ks.fact thatsome
authors view this general findings being consistent with,or
supporting thepsycho-evolutionary framework underlyir8RT
suggestghat they assume that responses towgnekeneryin
general contributedb our species’survival and reproductiohy
their ability to provide food and shelter Krumkin, 2001;Kuo,
2001; Sullivan2003.

Our main concern with the former interpretationthiat, much
like with the case discussiadtheprevioussection, therés no obvi-
ous “fit" betweerthe response behaviairthePRM (i.e., positive
affective responses toward greengrgeneralandthe proclaimed
function of the mechanisr.e., findingfood and shelterNot every
piece ofvegetatioror anykind of vegetated setting provides equal



opportunitiesfor refuge/safety and natl trees,bushesr plants
constantly bear fruitr signalthattheycan supply such resources
in the futurelt is thusfar from even-handed thah evolved posi-
tive affective respons&® greeneryn generalwill havesufficiently
contributedto solving the problem dindingfood or shelter.

One might counter that evolved problem solvidgvicesor
modules can bectivatedby a muchbroader rangef stimuli than
their “prototypical” input. For example,a snake modulewill
not onlybecome active when actual snakesencounteredyutit
will also reactfor objects thatook similarto snakes, suchs, for
exam-ple, branches. Likewiseperhapsit is the case that the
prototypical input othePRM are actually much more specitican
thecategory “greeneryn general’(e.g., flowering trees)but thatit
justhappensthat the lattetill activatesthe PRM because most
of its exem- plars aresomewhat similato this prototypical
input. However,a potential drawbacfor this argument ithat the
human speciekas always inhabited more oless vegetated
settingsThis would imply that thePRM would have been almost
constantly activeraising the question why such mechanism
would have been retaineldy the processf naturalselectionin
the first place.

A further complicationis that it is unclear why the
imme- diate positive affective responsesderlying restoration
should have becomésituated” at the levebf the category
“vegetative elements”For an organism seeking refuge, teee-
group signals safety not becaws¢éhe merefactthatit is a tree-
group, but most probably becausk its specific organization
and/or configuration, which communicates opportasitifor
hiding and/or protectiorfe.g., a tree with dense foliage is
good hiding place)lt needsto be explained why evolution

Within the environmental psychology literatutbge experi-
ment by Balling and Falk (1982) is often quoted as
providing supportfor this “savannah hypothesis” (see alsalk
and Balling,

2010. This experiment shows (among othetBatchildren under
theage of 12prefer savannahs ovether and more familiar types
of biomes, such aniferousor deciduous forestBalling and Falk
(1982) hypothesize that this finding illustratéisat our species
has aninnate preferencler thistypeof landscape, whicls most

strongly expressedduring childhood (seealso Falk and
Balling,
2010. Further evidence addingo the viability of the

savannalhnypothesisderives from the findinghat people prefer
trees with “spreading” crowns ovetrees with roundedor
conical canopy shapdgsohr and Pearson-Mims, 20R6As such
crownsare typicalto trees that growwn savannahs, this preference
responsehas been interpretedas being a relic of human
evolutionin savannah-typenvironmentgLohr and Pearson-Mims,
2006.

It remaingto be shown howevemnvhether therevious results
are sufficientto concludeto the existenceof innate restorative
responseto particular typeof nature. Researan the savannah
hypothesis hasmainly investigated cognitivelgnoreelaborate aes-
thetic preferencemther than th@anmediate affective responses
that are supposed tainderlie restorationt is, however far from
certainwhether findings from preference researam be directly
translated into,or equated with restorativeresponsesto
nature. Moreover, even the resultegarding preferencesor
savannah- typenvironmentsare far from conclusive. Various
studies have not been able replicate Balling and Falk’s

would have selectefdr positive responses toward the category(1982) initial find- ings and thus seenincompatible with an

“vegetativeelements”, and nado muchfor positive response®
“things thatoffer opportunitiesfor hiding” (of which treescan be
particular instances)n agreement with Appleton’s prospect-
refuge theory (Appleton, 1975, a gen- eral preferencefor
“refuges” instead ofrees might have guidexdr ancestorso safe
placessqually well,and this mechanism may have worKed any
kind of environment - even urbanenvironments lacking
vegetation altogether.

Particularcues about unthreatening greeattings

A final option is that the prototypical input othe PRM
are elements orattributesof vegetativeelements that directly
signalor correlate withresource availabilitye.g., fruit-bearing
trees) or safetye.g., climbable trees)This option has not only
been fre- quently suggestedy researchers irthe field of
restoration studie¢e.g., Heerwagenand Orians, 1993; Ulrich,
1993, it also seemso avoid the aforementioned “mismatches”
between theroclaimedunction of the PRM andits preferred or
prototypical input.The problem, howeveris that there barely
existany experiments intdhe restorative effectsf particular
vegetativeelementssuch as
-for example- flowers, (but se&opdorovaet al.2004; Haviland-
Jonesedl., 2005. Moreover, onlfew restoration studies (letfean
25%) have included subcategor@satural setting@/elardeet al.,
2007).

In the restorative environments research literatue partic-

ular categorgf landscapes hasevertheless received considerablyhave often failedto detect differencesin

more attention,namely savannah-type setting3n numerous
occasionsis it conjectured that savannahs wsitore highon
actualmeasuredor restorationbecauseét is the typeof environ-
mentin which ourspecieshas presumably evolved?arsonsand
colleagues (199&. 118-119)for example, predicthat “natural
environments shoulgk visually preferred and more calmitigan
theirartifact-dominated counterparts, and amoaturalenviron-
ments, those that more closelyapproximate supportive
African savannagqthe environmentf our speciation) shoulde
preferredmostof all”.

evolved preferentiabias for savannahgcfr.,, Lyons, 1983; Han,
2007; Hartmannand Apaolaza-lb&, 2009 but see:iFalk and
Balling, 201Q. Further- more, alternativeand perhaps more
parsimonious explanatiorfsr the studies that have obtained
preference forsavannah-type land- scapes available. For
example, the effects reporteéd the Balling and Falk(1982)study
might not so much pointto a hardwired pref- erence for
savannahs, but could equalljlustrate a preferencefor a
structural characteristiof savannahs, sucks their intermedi-
ate complexityor density(cfr., Ulrich, 1983. Also note that the
North American subject® Lohr andPearson-Mims’ (20063tudy
were probably mostlyaccustometb trees with roundeat conical
crownswhereas savannah-type trees were probably faiiysual
and newto them.As (unthreateninghovelty predicts aesthetic
preferencgBiedermanand Vessel, 2006it cannotbe excluded
that thedifferential preference respondies differenttreeforms
is at least partly driveby the relative degreef novelty conveyed
by each tree type.

But if the experimentdo not supporthe proposalfor a pre-
wired restorative responseward particular typedsf nature, then
is theresomething which thego show unequivocally? Theyen-
erally demonstrate that restoration fasasuredby affective,
cognitive or physiological indices) occursin responseto
almostany kind of unthreatening nature, from single plants
and plaingrasslands tadyllic waterfalls and dense forests ($&@ea
review: Velarde et al., 2007. The few studies that have
compared differ- ent typesf natural settings and/or features
restorative effects
betweenthe settings(see:Ulrich et al.,, 1991; Van den Berg et
al., 2003; Lohr and Pearson- Mims, 200&an denBerg, 2009.
Some studies hawso detected differences thatre difficult to
interpret within SRT's psycho- evolutionary framework, sueah
the finding thata walk through tended urban forestsntributes
moreto well-being thana walk throughwild, and hence more
natural urban forestdartenset al.,

2010. It is furthermore conceivable that seveotihertrustworthy
non-significant findings exist that hawet been publishe&e
agree that theremppears to be a tight fit between the
suggestedunction of the PRM and the prediction that
restorative effects will be more outspokenfor particular
conditions/qualities about
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vegetated setting$hat predictionhas, however notreceivedany

strong empirical confirmation. Thigarrants at least some recon-

sideratiorof SRT'sevolutionary commitments.
Response characteristicsthe PRM

The overall conclusion frorthe previous discussiathat there
appeart be amismatch betweetinepossible input categories
the PRM (e.g.,savannah-type landscapes) and the funcfighe
PRM (e.g., facilitating food acquisition).On the onehand, the pro-
posed inpubf the PRM seems to@oarseto fulfii the functiorof
thePRM (see the firstwo partsof the above section), white the
other hand, hypotheses regarding very specific typespiit of
thePRM are (still) not, or insufficientlysupportedy the empirical
facts (third pariof abovesection).In the followingsections some
furthermismatches/tensions between the (respoctsrpacteris-
tics of thePRM andits functionswill bediscussed. Noti#hat these
tensions predominantlyrise when the characteristdshe PRM
are confronted with the category “unthreatenimegetative ele-
ments/settings” (cfr.second part cibove section)This, however s
the category ohatural content that consistently comes out
having high(est) restorative potentialrestorativeenvironments
research.

Why fast?

Accordingto SRTrestorative responsesdl occurvery rapidly
after exposurdo unthreateninghatural settings andlements,
which is a prediction thathas also beenempirically confirmed
(e.g., Ulrich et al., 1991; Korpela et al.,200). We are
however confused about how tleistablished findinfits within a
psycho- evolutionanframework for restoration.Specifically, we
do not understand why rapigsponses shoultk a necessary
featureof amechanism that (supposedly) evoltedacilitatethe
processf food acquisition.The claimfor rapidity seemgo imply
that slower delayed responsdéeward nature, and specifically

toward veg-etativelife would have had significant fitness costs

becausethey would have made the proce$sacquiring food-
stuff suboptimalor even unsuccessful. Naturatlementslike
vegetationare how- ever often fairlyconspicuous and mostly
visible from significantdistancesVegetativelife does not quickly

changelocation, nor doests overall shape and contents (e.g.,

fruits) changer appear ovean instant.This given —and keepin@
mind oneof the main functionsf the PRM, i.e., food acquisition—
it needso be further elucidatedwhy there should have beem
selection pressureto evolve very rapid affectiveesponses
toward greenenjt seemso make moresenseto claim that such
rapid positive responsewme requiredfor vegetative elementas
“emergency escape routes’dr as “refuges” from immediate
threats. However, the problem with this proposahitit again

burdensus with the issue alreadgliscussed above, namely the

questionof why restoration needs be situated at the level the
category vegetative elements.

Why affective?

Another feature assumeal be centralto restorativeeesponses
to (non-threatening) natural stimuli ieeir affective immediacy.
According to Ulrich (1983) immediate affective responsest
to motivate individualgo undertake adaptive actionss-a-visa
cer- tain natural stimulusr environment.For example,in the
face of athreat, suchas a snake,an initial negative affective
responsanotivatedflight or freeze behaviour, whereaspasitive
affective reactionto — say — agroup of verdant trees might
have moti- vated approachingnd explorative behaviour, and
as such, mayhave increased survival chanceBut as already
mentioned eaitlier, one can safely assumehat humans have
always inhabited

more or less vegetated environments, perhaps withe
excep- tionof deserts. Because certainamountof vegetation
thus was always presentindividuals with an evolved
readinessto dis- play positive affect toward greenery had
more easyaccesso greenery, and thuso its benefits, than
those not sharing this predispositi@dut why should affect
then be soessentiato our supposedly‘evolved” response mode
to this categoryof natu-ral stimuli? This problem not only
poses itselfif we assume that positive affeist displayedto
greeneryin general, butalso to par- ticular landscape-typeslf
the African savannah indeedvas the naturaldécor during
most of our species’evolutionary history, which adaptive role
could positive affective responses towards seclvironments
then have playedAter all, this typeof biome wasour “natural”
habitat, making itunclear why there should have beemy
further need for affect to motivate to explorative or
approaching behaviouAgain it needsto be further clarified
why a central characteristiof the PRM, thatis, the centralityof
affect,is necessaryo performits function(i.e., acquiringfood and
safety).

as

Why ancient?

Modern urban environments provide ample opportunities
for obtaining food and possibilities for shelter.But if these
rela- tively newenvironmentscan easily solve problemsfor
which thePRM is assumedio have been designed, why it
still the case that naturis predominantly more restorative
than urban envi- ronments? Tlamswer thattan be derived
from SRT is that this isbecauseve are equipped with “stone-
age” brains,andtoo lit- tle time has passedor our cognitive
architectureto adaptto, andto be mouldedby the new urban
situation. This assumption,also known as the “adaptivelag”
hypothesis I(aland and Brown2006), is however controversial
and recentlyit has even been acknowl- edgeat such by
restorativeenvironments researchdrf., Hartig etal., 2010. As

'the casef — for example- lactose tolerancen cer- tain world

populations illustrates, adaptive traits adevelop ata fairly fast
rate andit should notbe a priori excluded that restorative
responseare fairly recent adaptationts. other wordst seemshat
the proposed functionf the PRM (i.e., food and shelterdoes not
requireit to be anancient mechanism. Givehefact that expla-
nationsin termsof ancientadaptations show clear shortcomings,
asdemonstrateby our critical review thudar, the ideeaof restora-
tionas arelativelyrecent adaptatiotdeserves at least some further
consideration.

Arguments in favouwf the evolutionaryassumptionsf SRT

In the previous sectionge have attempted treveala num-
ber of tensions between the adaptifuactionof the PRM on the
one handas portrayedoy SRT)and the characteristic properties of
restorative responsés nature and the stimwvhich cause such
responsesn the othehand.While these tensions suggest thnast
are still inthedarkas to whetheror not restorative responses have
an adaptive function, thah itself does not precluda evolution-
ary explanatiorfor restorationlt is, for example, entirely possible
that restorative responsesnature have another adaptive function
than the one proposedn SRT'spsycho-evolutionaryramework,
or perhaps such responses evolved, but non-adaptive
traits, mucHike male nipples arén the sections that followe set
aside the issue efdaptive function and rather foaursthe more
gen-eral question whether therie sufficient groundo conclude
that restorative responsé&s natureare a universally shared,
evolved human trait. Specificallye will review two arguments
which have beerput forward in the restorative environments
literature toback up the claimfor of the evolved nature of
restorative responses.
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Intercultural agreement pointsuaiversality

A first argument starts from the observattbat research
in different countries reveals substantiatercultural agreement
in preferencesfor natural environments. Basedon this
observationit is statedthat positive affective responstesnature
areuniversally shared, which renders evolutionexplanationsf
such responses more plausibliean cultural and personal
learning perspectives (e.dJlrich, 1993 p. 97). One difficulty
with this argumentfor universality is that it relies almost
exclusively on research on (fairly elaborate) aesthetic
preferencedor nature, which,as we have explained before,

But suppose,for the sakeof the argumentthat there
indeedis a symmetric biophobia/biophilidramework and that
biophobic responsese truly hardwired Even theniit still nheedso
be further explained and empirically justified whgpecifically
phytophilic responses and not someother typeof positive
responséo nature
- constitute the symmetric counterpart ofbiophobic
responsesAs should have become cledrom the previous
sections, current empiricaksearch and theoretical arguments
struggle to provide such a justification. It appearsthat the
“biophobia means biophilia argumentan barely provide any
additional supporfor thevia- bility of the hardwired charactefr

probably tap into differenprocesses than restorative responseshe PRM (see also:Joye and De Block, 2011 for a lengthier

Anotherdifficulty is that the available cross- cultural reseatobs
not seento cover thefull breadthof humandiversity. Specifically,
(Lewis, 2005 p. 90) notes thapopulations thatre the subjecof
many preferentialstudiesare often histor- icallyand ethnically
related(e.g., Americansvs. Australians),andthosewhoare notare
mostlystill urban oisuburban residents, with highly similzaiture
experiencesA notable exception seertts be therecentFalk and
Balling (2010) study, whichfound thatNigerian subjects whare
unacquainted wittsavannahs prefer this type# biome, over
other (more familiar) biomes. According Falk andBalling this
replication of their earlier results (segallingand Falk,

1982 p. 11) with non-western individuals suggettstour species
“.. . begin[s]iife with a preference fosavanna-like environments”.

expositiorof this specificargument).

Restorative responses to nataredperceptuafluency

As discussedh the introductory sectiorus thispaperSRT'score
assumptions that phytophilicelementsan quickly offset positive
affectiveresponses, whichre ableto attenuatestress.While in
SRT'spsycho-evolutionary framework suguositive responseare
deemed to beadaptiveremnantsof human evolutionn natural
environmentswe hopeto have demonstratetthatthis evolution-
ary accounthas clear shortcomingst shouldyet be grantedto
Ulrich that hispsycho-evolutionary account restoration at least

While the availableross-cultural research unquestionably yieldsconstitutesan attemptto providea detailed answeto the ques-

valuable insights, much more research withn-western(ized)
samples and more direaheasuresof restorationare needed
before aclaim to universality of restorative responses caea
justified.

Biophobiasupportgphytophilia

A second argument, put forwdrgdUIrich (1993) start=ff from

tion of why restorative responsés nature ultimately occufhis
contrastsfor example,with Stephen Kaplan’srather crude view
on theultimate origin®f restoration‘The way | think of it is that
our ancestors evolved a nature-filledenvironment.. [and thaas

a result, such placeshouldfeel more comfortable, more relaxed,
morelike home” (citedin: Jaffe, 201Q p. 12). Instead ofsuch gen-
eral statementswe are inneedof afine-grained causal account
that actually addresséise questionf how restorative responses

the claimthabur evolvedhumannature contains defence mech- comeabout.

anisms againgtertain natural threats, suak snaker spiders.
Basedon the assumption that such “biophobiesponses consti-
tute only ondalf of a“‘symmetric’ biophobia/biophilia framework”

One ofthe authorsf the current articleas tried to tackle the
questiorof why unthreateningnvironments trigger positive affec-
tive responses bielating such responstsresearclon processing

(Ulrich, 1993 p. 88), Ulrich concludes that natural selection mustfluency(Joye, 2007). Processing fluendg commonlydefinedas the

also have endowed humans with mechanidimst make them
respond positivelyp natural entitieshat were benefici& their

reproductive fitnesé anutshell, Ulrich believes that proposé#is

an innatepredispositiorfor (among others) phytophilia “. gain

plausibility and consistendf/they alsgpostulatea corresponding
geneticpredisposition formadaptive biophobic responsiescertain
naturalstimuli that presumably have constitumdvival-related
threats throughout human evolutigfrich, 1993 p. 75).

We think that the previous argumasflawed fortwo reasons.
First, it needdo be keptin mindthat theextento which biophobic
responseare actually“hardwired”is still debatede.g., Blanchette,
2006. By extension, one shoulde careful aboutconsidering
positive affective responset greeneryas innateor biologically
prepared, especially sinb@éophobic responsese explicitly stud-
ied to shedlight on their possible evolved origins, whildis
is not, or only marginally the casfr the former(cfr., Mineka
and Ohman, 2002 A second issue ithat there probablig no
such thingas a “‘symmetric’ biophobia/biophilia framework”. It
rather seem® be the case that organisnase predominantly
disposedo be hardwiredto attend taand respontb threatening
rather than tanhonthreatening stimuli/situation$his is because
failing to negoti- ate encounters with negatieeents/elements
will have had muchigher fithesscosts(i.e., death) than failingp
negotiate encoun- ters with positive
(Baumeisteet al., 2001). This “negativity bias” in evolutionthus
undermines the claim that the existerafe a PRM gains
plausibility from the existencef innatebiophobicresponses.

subjective experiencef the easewith which a certain stimulus
organization igrocessed. Research shows that fluent processing
is commonly accompaniedy positive affect,which is a
finding thatis ascribedto the fact that fluencypoints out that
“good” and efficient stimulugprocessings taking placeor that
sufficient cog- nitive resourcese availableto deal witha certain
stimulus(Reberetal., 2004). Buildingon this fluencyliterature, the
PerceptualFlu- ency Account(PFA) of restoration states that
unthreatening natural scenese affectively evaluated more
positively than unthreatening urban scenes because visual
system more fluently processes certain aspefctthe visual
structureof the former thanf the lat- ter (sealso Redies, 200/
Accordingto PFA restoratioris —muchlike in SRT— the resulbf an
“undoing process’initiated by positive affect, butn the casef
PFAtheaffective responsis dueto fluent processintatherthanto
obscure evolutionary factors. Becal®eA posits a processing
advantagef natural/greersettings over urban scenésexpects
that processinghe formemill requireless cog- nitive resources
thanthe latter, which conform® the findingthat exposureto
natureis superiofin counteractingttention depletion than urban
scenesKaplanandKaplan,1989.

In a nutshell,PFAviews attention restoration arsfress reduc-
tion (to aconsiderable extent) &y-productf fluent processing.

elements/eventThis theoreticalaccount should, however, nio¢ consideredas a

“paradigm shift'in restorative environmentesearchThe account
rather brings idea® the foreground, which have been present
in this field of researchfor quite some time, and relates
themto researchon processing fluency. Faxample, the core
idea of PFA is already presentin ART, where the restorative
construct
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of “fascination” Kaplan and Kaplan, 1989s commonly equated
with effortless processingSimilarly, Ulrich et al. (1991, p. 205)
have brieflyalludedto easeof processing when they discube
view “.. . that natural content mé&g processewvith relative ease
and efficiency becaugbe brain andsensory systems evolved
natural environments’Note that there alreadsy some support-
ing evidencefor PFA. For example, natural scenes doeind to
be categorized faster than artefactsaénes, whiclis consistent
with the viewof afluency advantagef the former ovethe lat-
ter (e.g., Greene andliva, 2009. Fluency and codingfficiency
have recentlyalso been inquired byestorative environments
researcherand the firstresults appeano be consistent withPFA
(Tinio, 2010.

One ofthe main challengéar PFAis to pinpointexactly which
(visual) features makeatural scenesmore fluent than urban
scenes. Onproposals basedn the finding that naturanviron-
mentsare often experienceak being moreoherent than the urban
scenes with which they acemparedn restorative environments
studies(Kaplanand Kaplan, 1989 We conjecture that the higher
perceived visual coherenoé natural scenes makd#sat theyare
experienceds more fluent than theuwrban counterparts, which

We would like to highlight the relevancef our discussiorfor
the fieldof urban forestry and urbagreening. Specificallytt has
beenargued that becaugeople have increasingbss opportuni-
ties fornature-contadth modern urban settingthey arédbecoming
deprivedof the possibilityto experiencenature’s psychological
and health-related benefit¢gan denBerg etal.,, 2007. Basedon
this, findingsfrom restoration studies majfer landscape plan-
ners and architecessmuch-wanted psychologicalstificationfor
green interventions urban andperi-urban areafut how does
our theoretical discussion relateto the practiceof urban
green- ing?We are concerned thatby embracing narrow
evolutionary assumptions, the entire research &eléstoration
studies mightll too hastily becomeefutedor marginalizedby
critics who do not subscribeto the valueof restorative
interventions,and that thisin turn, will hamper the process of
urban greening. A criti- cal attitude toward prevalent
evolutionary ideas, combined withbetterinformed insight into
the specific mechanismbatleadto restoration, might provide
more solidtheoretical basi®r greeninterventions,and mighttake
away reluctanceo be associated withihe field of restorative
environments research.

contributego thedifferencen restorativeness between both scene Anotherreason whye thinkour discussion iselevanto urban

typesWe furthermore believe that this coherenceatural scenes
is at least partly related nature’sso-called “fractal’tharacteristics
(Purcell efal., 2001;Joye,2007). The notion “fractal’is amathemat-
ical conceptthats usedto describe the mathematicé&nguage”
underlying (the visual aspeatf) naturalforms and processéehe
fractality of naturalenvironments and elemerds- amongothers
— clear from theact that such shapes/scenes coriistcreasingly
smaller copiesf themselves overlarge numbebf scalef mag-
nitude.For examplejn a tree,all the branchesfrom big to small
— are scaled-down versiorg the entire tree. Thigropertyis also
knownas “self-similarity” and itmakes thain nature one padf a
scene already gives ideaof whatis “going on” in other partof
thesceneln other words, natural environments afeen charac-
terizedby a deep degreef perceptuapredictability/redundancy,
whereas urban sceneffien tendo consistof perceptually diver-
gent objects/processes, which compéte visual attention and
therefore make the scene substantilely easyto grasp and pro-
cess. Theideathatfractalityis a determinantf people’s responses
tonaturehas already received some preliminaypportFor exam-
ple, Hagerhall etal. (2004) found that preference responstes
natural scenesan bepredictedby their fractal characteristics.

Discussion

The assumption that restorative responsesatureare an
adaptive remnanef our species’shared evolutionary historig
naturalenvironmentshas dominated research ienvironmental
psychology since the 1980=%r alongtime, this viewhas remained
largely unquestionedRossibly, this statuguo has (partially) been
fuelledby the concernthate wouldlose anargument fonature
preservatioif it would turn out that positiieuman affective atti-
tudesto natureare not drivenby a deeply engrained connection
with nature(Wilson, 1984, but are the resulobf more malleable
cultural dispositions. Despitis critical tone,the current review
has been guidelly agenuine concerfor the future development

the fieldof restorativeenvironments studies. Rather than thinking

that oudiscussion limits this research fiel#d hope andnticipate
that it wil open up new avenues ofempirical as well as

theoretical researciiVe want toemphasize that theey theories
on restora- tion (i.eSRTandART)are still highly relevant, despite

forestry and urban greeniimgythatthe evolutionary assumptions
which were consideredn this article have guided, implicitly as
well as explicitly, the restorative environmentssearch agenda.
Whenit is takenfor grantedhatrestoratioris an ancient adaptive
responseresearchers might (quite understandably) notdry
keenon exploring hypotheses that run agaitistt evolutionary
view. Going beyondthe prevalentnature-urban dichotomy that
is associatedvith SRT's evolutionary frameworkmight however
reveal that not only pure grednterventions, butalso a mix
of urban and naturalenvironmental featuresan promote
restora-tion. If true, the questiorof how to successfully
merge nature and urban elements deserves
consideration (Joye, 2007. In addition, SRT's psycho-
evolutionary framework seems sug- gesthat the restorative
effectsof green interventionsre largely independent frorocal
and culturalcontexts.As we have argued, this could wdlé an
artefactof thefact that restoration researbhsthusfar mainly
focusedon sampleof higher-educatedest- ern(ized) urbanites.
We are convincedthat the research fieldf urban forestry and
urban greening can further chart individual differences in
respondingto nature and thatyy transcendingthe almost
traditional urban-nature dichotorywill playa pioneeringole for
the fieldof restorativeenvironments research.
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