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Abstract

Abstract

Growing awareness of psychological health problems is resulting in various research
areasexploring new approaches to fostering personal resources. Restorative Environments
Theory (RET)has shown that mundane natural environmeniggportpersonal resources.
Although other restorative environments may exist besides mundane natural environments,
their systematic examination is still lacking.

In the real world, users experience environments through all their senses. However, most
of the reovery research focuses on investigation of single sensory impressions. Thus, concrete
insights into how various ambient qualities
still needed.

The main aimof this doctoral thesis is to enhance the éxgstheoretical framework of
restorative avironments ando give an overviewof research while pointing out where more
research is neled. Further, the thesis includegntificationof restorative environments and
their specificambient qualitiesBasedon the explored environments, the present research will
point out psychological pathwayt obtain recommendations for the desigh restorative
environments

The firstresearch project was an explorative sttaientify restorative laces and their
ambient qualitiesIn accordance with restoration researpstiapants describedatural
outdoor environmest which they sought for recovery. In addition, they descrineldor
environmersg. Depending on theype of depletion and thenvironmental settoy specific
environments andmbient qualitiesvere evaluated as mormportant forthe restorative
potential of the placgehan othersThis explorative researcbuppors theory building and
enables creation of restoratiemvironmerg through holistic sensory impressiori&nally,
strengths limitations andpractical implicationsfor designing and improving restorative

environmentsare discussed.



Abstract

The fcond research projetakes up the findings of the first project by simating
sensoy-erriched break environment8aseal onthe impact of holistic sensory impressiorss t
project is one of the firdd reveal thempact ofthe recovery process of simulated environreent
on personal resources througengruentsensoryimpressions.Analyses confirmedthat
sensoryenriched environments were perceived as more pleasant andestoraéive than less
enriched enviroments which in turn facilitated the recovery of personal resouides.results
point out the relevance diblistic sensor impressions to fosterg recovery.lmplications and
limitations of sensory enrichment in break environments are discussed.

To broaden generalizabilityhe third research projecomprises three field experiments
investigating recovery during break interventionswhich offered virtual restorative
environmentswith differing degrees of immersion and different types of environments
Building on previous resear¢ferimshaw, 2014)thethird projectpositedthat a higher degree
of immersionin the smulated environmentncrease perceived realisjmwhich becoms
apparent in highgoositiveperceptions and recovery outcomg®reover,environments with
different degrees of stimulation were anticipated to evoke distinct successful re€oegigus
research had mainly focused on calming environments for recovery. Additionally, this project
also tested whether stimulating environments promote recovery outcomes. Results mainly
confirmed the proposed hypotheses. The relevance of immersion and the ofmgiéfetrent
types of natural environments on recovery are discussed.

Overall, the current research emphasizes the impact of holistic sensory impressions in
enhancing positive perceptions of the environment and, consequently, various recovery
outcomes. Ta conducted studies uncover the psychological pathway from the processes of
sensory perception to environmental recovery perception, followed by recovery outcomes.
Beside these theoretical insights, the current research delivers concrete recommendations fo

designing restorative (virtual) environments in the workplace.
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Preface

Preface

Imagine a world with the most beautiful views. Imagine you are walking through a park,
seeing all the splendors of nature. You gaze at colorful flowers and lush green grass. You can
see birds flying in the blue sky, and are dazzled by the glory of thersurfeel completely
overwhelmed by the beauty of this place. But all of a sudden, you realize that something crucial
is missing. From this moment on, your thinking is determined by an inner restlessness and
anxiety. Now you realize that you cannot hear birds singing. You cannot smell the scent of
the flowers. And you cannot feel the warm breeze on your skin. Your thoughts circle around
these mysterious impressions, reflecting and speculating. Finally, you come to the conclusion
that there can be onlyne explanation for this strangeness: this world cannot be real.

This preface describes why we should think in holistic terms, instead of considering
individual sensory impressions while neglecting others. The current doctoral thesis builds on a
holistic gpproach and aims to explain the impact and interaction of specific sensory impressions

on restoration.



Chapter 1: General Introduction

Chapter 1: General Introduction

The world of work has already recognized the enormous impact of human health and
well-being on ensuring long term sess. There is great interest in finding new ways to prevent
health problems and t o pr oorporatewellnegss progiamdsy al s 6
Mujtaba & Cavico, 2013).During recovery, people replenish their depleted resources
(Sonnentag, & Zijlstra2006). Without periods of recovery, mental fatigue, exhaustion, and
consequently, reduced performance at work occur (Trougakos & Hideg, 2009). One way to
strengthen personal resources is to provide restorative environments fostering recovery
processes.

Amongsocial, psychological, or organizational factors which are mentioned as potential
resources in thelJob Demandfkesources(JD-R) model (Bakker & Demerouti, 2007;
Demerouti et al., 2001jhe physical environment represents a crucial factor in rec¢egry
Ulrich, 1991; Huisman, Morales, van Hoof & Kort, 2012). Previous research has been able to
show that natural environments facilitate recovery. Since many employees have no access to
natural environments during work breaks, researchers and praat#i@re increasingly
interested in creating restoratieevironmentslirectly at the workplace. However, so far, there
is no systematic evaluation of what kind of environment is appropriate for recovery at the
workplace. Past studies have predominantlguged on visual and acoustic simulations,
preferably of nature, and have found positive recovery effects. However, the question remains
open as to whether these recovery effects can be increased with the help obngouent
ambient impressionghus, wth a more realistic atmosphere. Hence, the current thesis attempts
to present a contribution toward elucidating the following facets of restemtivironments at
the workplace.

First, the current thesis will identify various restorative environmentagpyying an

explorative approach. Second, building on these findings, the impact of congruent ambient



Chapter 1: General Introduction

impressions on recovery will be tested, exploring the underlying psychological processes.
Third, in order to achieve different degrees of perceived ye#tié conducted studies vary in
terms of the technical devices used as well as the conditions of the settings, from highly
standardized laboratory simulations to systematic research under natural conditions at real
workplaces.

Chapter 1 of the current @kis will present a theoretical framework of restorative
environments and an overview of previous research. Subsequently, the proposed underlying
psychological pathway to illuminate environmentally induced recovery effects will be
illustrated. The incremeal value and the aim of the thesis will then be presented, followed by
an outline of the three research projects conducted. Chapters 2, 3, and 4 describe the three

research projects in detail. Finally, Chapter 5 will conclude the thesis with a genawakutia.

1.1 Personenvironment-fit
Environments can support individual sé wel
individual s6 intended activities and needs.
al so cal-eedi O @rM@g,ilwards, €able, Williamson, Schurer Lambert, &
Shipp, 2006)Environments are perceived as restorative if they enable restorative perceptions
or recovery activities: for instance, going for a walk in a natural environment, meeting friends
in acoffee roompr napping on a couatecliner(Sona & Steidle, 2016). In the present thesis,
the termperceived restorative potential (PRWill be used for restorative perceptions.
Vischerés habitability pyramid (2007) des
the perceived match between the environment and individual needs (see Fig. 1, adapted from
Vischer, 2007; Steidle, de Boer, Werth, & Sedlbauer, 2014; Sona & Steidt, Pbé& pyramid
indicates three levels of comfort. @hysical comforentails basic human needs, such as health
or safety. A loss of basic needs can resutiscomfort For instance, an unpleasant noise might

lead to cognitive depletion and therebycieldiscomfort. This perceived discomfort causes
10



Chapter 1: General Introduction

compensation strategies which consume additional resources, such as timeantsalfand

lower the PRP of an environment as a result. (2) If environments support individuals in
performing intended actis (such as recovery), they providactional comfortFor instance,

an environmentodés Oparkoé or O6gardend encour ac
cozy couch, supports relaxation (Sona & Steidle, 2016). (3) Further, environments offering
privacy or the ability to control ambient qualities/features can enhasyaological comfort.

For instance, a break room in which people feel observed is generally perceived as less

restorative than a room with some privacy (Vischer, 2007; Sona & Steidl6).2

Fig.1. Habitability pyranid (adapted from Steidle et al., 2014)

Recovery & well-
being

Satisfaction of needs

Psychological
Comfort

Ease through fit

Functional Comfort

No loss of resources

Physical Comfort

Discomfort Loss of resources

An environment that fulfills all three levels of comfort is perceived as highly restorative.
Unpleasant stimuli, such as an unpleasant ambient odor, could hamper recoveigversaif
comfort. For instance, a person exposed to an unpleasant odor has to consume resources to
block out the odor (physical level). Moreover, the odor interferes with recovery activities like
relaxation (functional level), and is perceived as beyadrol (psychological level). Thus,
adequate placdsr recovery should take into account a good match between personal needs

and the presented ambient qualities (Sona & Steidle, 2016).

11



Chapter 1: General Introduction

1.2 Restorative EnvironmentsTheory

Restorative Environments ThedfgET, White, 2013)received attention from various
disciplines. It assumes that visually pleasant environmemtsuragepositive impacts on
recovery. RET can be divided into two prominent approachtention Restoration Theory
(ART, Kaplan & Kaplan, 1982and Stress Recovery Theo($RT also known a$’syche
Evolutionary Theory PET, Ulrich, 1983). Both theories propose that exposure to natural
environments can promote recovery of depleted resources. However, the focus lies on different
types of resource®RT concentrates ooognitive resourcem the form of directed attention,
whereas SRT emphasizemotional resourcegiffering in arousal and valence.

With respect tAART, two types of attention are distinguisheédgect (or voluntary) vs.
indirect (or involuntary) attention. During work, individuals use direct attention to concentrate
on a specific task, which requires effort. In the loeign, applying direct attention results in
attention fatigue, characterized lyncentration problenmend irritabilty (Kaplan, 1995)ART
postulates that indireetttention replenishes depleted resources of directed attention (Berman,
Jonides, & Kaplan, 2008). During indirect attention, no conscious control is consanued
therdore cognitive resources regain piaigue levels (Berman, Jonides, & Kaplan, 2008;
Kaplan & Kaplan, 1982; Kaplan & Berman, 2010). For instance, people viewing beautiful
natural scenes will immediately be attracted by the fascinating stimuli. Thus, no direct attention
is needed.

In contrast ® ART, SRT (Ulrich et al., 1991; Ulrich, 1983) proposes that natural
environments foster positive affect and lower negative affect (Berman et al. H20€8;et al.,

2003; Ulrich et al., 1991). These mechanidauslitate stress recovery (physiologicabasal)
to prestress levels. SRT assumes that huneaogutionaryprefer places which ensure survival
(e.g, the availability of food and water) and wélkking (e.g. stressfree places, providing
resources)ln other words, for recovery, humans prefexgals that are nethireateningThese

conditions are generally more likely to be found in natural environments (Ulrich et al., 1991).
12



Chapter 1: General Introduction

A significant body of researctestedboth theoriesand confirmed that certainatural
environments are indeed perceived as more restorative than urban environments. Studies
showed that natural environments increpssitive moods (Beute, & de Kort, 2014; Berman
et. al, 2008 Hartig et al., 2003Ulrich et al., 1991)For instance, Bde and de Kort (2014)
found that after performing a depleting task
mood. Moreover, studies found beneficial effectpbysiological arousal (Beute, & de Kort,

2014; Hartig, Evans, Jamner, Davis, & G&li2003; Ulrich et al.1991). For instance, in the

study by Beute and de Kort (2014), exposure to natural scenes lead to a larger decrease in heart
rate variability LF/HF ratio) than exposure to urban scemesther, research was able to show
bettercognitive functioningin natural than in urban environmer{Beute, & de Kort, 2014;

Berman et al., 2003; Hartig et al., 2003; Ulrich, 1979; Hartig, Mang, & Evans, 1961).
instance, Beute and de Kort (2014) found positive effects on impulse controlddffects

viewed pictures of nature compared to urban scdfaslan (1992) stated that the positive
effects of nature are not originated by the
rather through the simple sight of it, indicating that satioh or imagination of restorative

natural environments may be equally beneficial for personal resources. However, Kaplan
(1992) did not define which specific elements of nature, ealprs or scents, are crucial for
recovery.

Taking a first step inhis direction, subsequestudies explored the role of colors and
highlighted the i mpact of 6édgreen spacesd on
that there is a positive association between green space and the perception of health. However,
a recently conducted study pointed out that children in a schoolyard evaluated the color of
orange foliage as equally restorative as the color of green foliage (Paddle & Gilliland, 2016).
Thus, further research is needed to clarify the specific ambielitiegiaf environments (e.g.

colors, lightings, or scents) which are actually perceived as restorative.

13



Chapter 1: General Introduction

1.2.1Simulated environments, congruent impressions, and immersion

Previous research has outlined that natural environments are particularly highly
restorative. Thus, the best place to spend a work break should be an actual natural setting.
However, during work breaks people do not always have the option or time to go to real natural
environments. Inside buildings, people could benefit from simulatbmestorative ambient
surroundings, which can be achieved through new technological devices like screens, artificial
windows, orvirtual realities

Several studies investigated possibilities of enhancing connectedness with nature inside
the building, forexample through window views or pictures of nature, and found positive
effects on attention (Berman et al., 2008), executive performance (Tennessen & Cimprich,
1995), and mood (Berman et al., 2008; Berto, 2005; Hartig et al., 2003; Ulrich et al., 1991). F
instance, Kjellgren and Buhrkall (2010) compared the restorative effects of a slideshow of
nature vs. real nature and indeed found more positive effects for real environments, but also
significant stress reduction through the slideshow. In another,skuthdman et al. (2008)
installed huge plasma displays inside offices which showed a fountain area and the
surroundings outside the building in réade. Seeing this nature simulation had positive effects
on cognitive functioning and welleing. In contast, Kahn, Severson and Ruckg&009)
demonstrated that only a real window onto nature was beneficial for recovery: Participants were
either seated in an office room, seeing either a real window looking onto a natural setting or a
plasma monitor showindné same natural view in real time, or seated in a windowless room.
Only participants with the real window view indicated heart rate recovery.

The differing results from the studies mentioned could be due to a lack of perceived
realism of the simulated wiav views. Only visual impressions were used, neglecting further
sensory impressions which could have enhanced perceived realismositg a restorative
atmosphereAs mentioned earlien authentic experience of a simulated environment may

well requirefurther sensory impressions beside a pure vision, such as acoustics, smells, or
14



Chapter 1: General Introduction

temperature (Depledge, Stone, & Bird, 2011). The absence of some impressions when they are
normally expected, e.gthe sound of birdsng while seeing birds, reduces the pgtoen of
reality andcould thereby result in a negative impact, like a reduced PRP of the environment (de
Kort & 1Jsselsteijn 2006; Depledge et al., 2011; Kjellgren & Buhrkall, 2010). Hence, restorative
places such as break rooms at work should strivf@orealistic atmospherem line with that
reasoningsome studies used combinations of congruent visual and acoustic stimwiées).
of nature and birdsong) to strengthen perceived reality, and found positive recovery effects
(Annerstedt et al.,®L3; Alvarsson, Wiens, & Nilsson, 2010

Similarly, freedom of movement (e,ghe possibility of turning the head in every
direction) in a simulated environment can promote immerisidhe simulation presented and
the experienced realism or presenceirGhaw, 2014). Thus, higher immersion may trigger
positive perceptions, which in turn may foster recovery of depleted resources. An evaluation of
environmental qualities can be used to determine positive perceptions. The current thesis will
further show tht the same amount of sensory impressions,(euditory and visual) has
different recovery effects depending on the degree of immersion induced through the technical
device usedTo date, onlya few studies have investigated an incraasenmersion andhe
consequences for recovenye(Kort & IJsselsteijn, 2006Hence there is a need for further
research.

Building on these promising findingshd present thesis investigates systematic
manipulation of sensory impressions, particuldngse fromvision, audition, olfaction, and

freedom of movement, anklminate how these impressions contribute to recovery effects

1.2.2 Type of environment
According to RET, natural environments are evaluated as more restdhativeirban
environments (Hartigteal., 1996), and outdoor environments are evaluated as more restorative

than indoor environment§Veng & Chiang, 2014Hug, Hartig, Hansmann, Seeland, and

15



Chapter 1: General Introduction

Hornung, 2009)However, some indoor environments (elgome environments) may offer
similar or eve greater PRPs than natural outdoor environments. For instance, teenagers like to
listen to music, sleep, or chat with frierasthe internet, and thereby reduce stress or negative
mood (Weng & Chiang, 2014). Moreover, the concepts of territorialityapyivand autonomy

which entail psychological comfort are well fulfilled in home environméRishter, 2008;
Vischer, 2007). Thus, further research is needed to discover the beneficial effects of indoor vs.
outdoor environments on recovery.

So far, the foas of interest has been on the restorative effect of mundane nature (e.qg.
parks).However, it might be that spectacular natural scenery, {jngressive mountains) is
perceived as equally restoratiiico y e & Bo |l d eUpdoinpwk these,hasbébtilel )
research into spectacular natural settings because it was assumed that higher levels of arousal
are rather obstructive for recovery (Kaplan, 1995; Kaplan and Berman, 2010). This conclusion
is in contrast to human interest in spectacular naturengteance, on vacation or weekends.

Thus, there must be some qualities of spectacular nature which humans perceive as pleasant or
even restorative. The current research will therefore also give novel insights into the restorative

potential of spectaculaatural environments.

1.3 Pathways to recovery: Underlying psychological mechanisms

As detailed above, restorative environments can increase personal resources. But what
processes occur between the first perception of an environment and the final recovery
outcomes? The current thesis will point out pathways with the objective of gaining a deeper
understanding into howestorative environments improve personal resources.

Humans evaluate an environment as pleasant or unple@ibarnperceived pleasantness
impacts on how restorative environments are perceparsson, Wiens Nilsson, 2010

Bensafi et al., 2002; Doucé et al., 2014; Herz, 20QR)I assumes that there is no need for

16



Chapter 1: General Introduction

directed attention in esthetically pleasing environments (Kaplda@dan, 2011) antherefore
that pleasant environments finally foster the replenishment of depleted resources.

Besides pleasantness, ART postulates four qualitieesbbrative environments which
are also perceived before recovery outcomes occur: kmeiray, fascination, extent, and
compatibility (Kaplan, 1995, 2001Being awaydescribes a mental or spatial detachment from
environments which consume energy or resoufascinationindicates an inherent interest in
an environment which does not require direct attent8ense of extergosits a coherence
between all stimuli which enables immersion in the environment. Firaltypatibility details
the fit between personal requirenerand the environment (see also Chapter 1.1, person
environment fit). Theséour described qualities of restorative environments (Kaplan, 1995,
2001) mediate the effects on affect and happindtsrselle, Irvine, Lorenz@rribas, &
Warber, 2016)Thus, inline with previous research (Marselle et al., 2016), the current thesis
will investigate perceived pleasantness and the four qualities of restorative environments

(Kaplan, 1995, 2001) as potential mediators of various recovery outcomes.

1.4 Need for Further Research on Restorative Environments

In this context, four areas of research require further attention. First, pregsmasch
concerning restorative environments has maiolyipared pleasant mundane natural vs. urban
environments. However, urban @mnments are not likely to be restorative dhdre is only
little research into other restorative environments beside mundane nature. Morexstesf m
the past studies hapeedominantly investigated the impact of visual stimuli (&igich, 1984;
Laumann et al., 2003However, humans perceive an environment through all se8edsar,
it is not cleawhich specific sensory element (g.gplor, lighting, or scent) is crucial for PRP
and, in turn, for increasing recoveryhus, further explorative and, subsequently, confirming

research is needed determine restorative environments and their ambient qualities.

17



Chapter 1: General Introduction

Secondthere is a need for further research to elucidate how simulations of environments
need to be designedfster recovery. For instance, the question arises of whether the presence
of a pleasant ambient scent might be beneficial for recovery perceglionsequently, the
current thesisvill contribute to refining RET, providing recommendations for the deaigh
simulation of restorative environments.

Third, onlya few studies have manipulated the degree of immersion providing freedom
of head movement in a simulated environment. Hence, totdateot yet fully understood how
different degrees of immersioadter recovery.

Fourth the processes that are involved from the perception of an environment to the
recovery reactions have not yet been finally clarified. Heheghesis will contribute to theory

building indicatingthe underlying psychological meatiams.

1.5 Aim of the Thesis

The aim of the present thesis was (1) to expand the theoretical framework of RET by
identifying restorative environments and their ambient qualities, (2) to examine the benefits of
sensoryenriched break environments for leeovery process, particularly focusing on the role
of the sensory input and the simulated environment, and (3) to investigate the impact of different
degrees of immersion on the recovery proc@serall, the present thesis assumes the research

model depited in Figure 2.

Fig. 2. Research Model

Environment Perception Recovery of
»  Type *  Pleasantness Personal Resources
= Ambient qualities = Perceived = Emotional
= Simulated sensory > Restorative * = Cognitive
input Potential (PRP) s Ftc.

18



Chapter 1: General Introduction

This researchwill reveal theoretical insights by explaining the pathway from the
simulated environment through perception processes to recovery of personal resources.
Therebyijt is postulated thatie environment will have positive effects on recovery of personal
resources through pleasantness of sensory input and PRP.

With the aid of the qualitative research, the current thesis will allow further theory
building. By means of the quantitative res#mrthe thesis will resuib theory testing and valid

recommendations for designing restorative environments.

1.6 Overview of research

This doctoral thesis points out new theoretical ideas of RET (Chapter 2). The revised view
of restorative environmené&s an interaction of pleasant, congruent impressions instead of pure
nature (Chapter 3) and the consideration of different degrees of immersion for recovery
(Chapter 4) represents a novel approach which will strengthen RET. Furthermore, the current
thesismake a contribution to theory testing: Chapter 3 concentrates ofbadall experiment,
whereas Chapter 4 presents a transfer to the work context. Limitations of generalizability were
tested including blueollar and whitecollar workers, testing peopleth a wide range of ages
and different cultural backgrounds, and examining various times by testingshighand
daytime workers.

To gain contributions to theory building, the first research prapemtified several
restorative environments and thembient qualities for replenishing emotional and cognitive
resources. Based on previous research, it was expected that natural environments would be
perceived as restorativBesides, the explorative study identified several restorative indoor
environmers, and thereby provides a theoretical contribution to RET. Results are in accordance
with previous reearch, but describe beyotite impactof indoor environments andistinct
ambient qualities (e.g.specifc colors) on PRP. Strengths,initations, and pactical

implications ofcreating restorative environmeraiee discussed.
19



Chapter 1: General Introduction

The second research project applied the explorative research in a new setting of simulated
environments. The project gives new insights into RET itself by simulating sesisoched
break environments, focusing on the impact of simulated environment (natural outdoor vs. built
indoor) and the degree of sensory input (no sensory input vs. audiovisual input vs. audiovisual
and olfactory input). Results show that after cognitive deplepanticipants recover more
readilyin a natural outdoor environment than a built indoor environment.

The research project verified the mediating effects of perceived pleasantness of the
environment/the sensory input, which enhanced recovery perceptioich, in turn promoted
recovery outcomes. In particular, adding a congruent scent to an audiovisual simulation
indirectly supported the recovery of personal resources. This research project is one of the first
explaining the recovery process of simulateinments for personal resources through
congruent sensory impressions. Strengths and practical limitatfosensory enrichment in
break environments are discussed.

The third research project transferred the findings of restorative natural outdoor
environments to the work context. Generally, the weakness oflfieded studies is the lack of
control of all environmental factors that might affect the consequences of the independent
variable. In the current research, this dilemma was resolved by usingl viealities (e.qg.

HMDs) in field-based experiments, banishing or at least reducing confounding variables by
increasing the degree of immersion in the scene and allowing more valid measurements.
Building on previous research, the current research &gbétat higher degrees of immersion
would promote greater recovery effects. In addition, it was expected that both mundane and
spectacular natural environments facilitate recovery.

Hence, a theoretical contribution was conducted by manipulatirtgtres of immersion
(laptop screen vs. HMD) and the type of natural environment. Results mainly confirmed the
proposed hypotheses. The impact of the degree of immersion and spectacular nature for

recovery in the work context are discussed.
20
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Chapter 2: A contribution to theory building: Exploring restorative

environments
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Chapter 2: A contribution to theory building: Exploring restorative environments

Guidesto recovery:
Exploring ambient qualitiesd contribution t

environments

Brid Sona

Abstract

Companies are showirgn increasingnterest in restorative environments to fostealth and
well-being.But whichambient qualitieareimportantfor restorative perceptioidn the current

study, participantsn(= 265) described placegth perceived restorative potential (PR&fer

emotional or cognitive depletioQualitative and quantitative methedvere used to identify
restorative places and theambient qualitiesAs expectedparticipants eported that they

imaginal recovemg more easilyin natural environmentge.g, @ark/ gardeé ) , but al sc
indoor environmentée.g, bhomed ,)depending on the type of depleti@omedey elementd

contributed more tbigh PRP of a respective environmémn othersfor outdoorand indoor
environments, participants emphasidedght lighth Highlightingenvironments with high PRP

and theirdistinctambient qualitiesvill help to identifyanddesign places to suppagcovery

Keywords explorative study, restorative environments, sensory (key) elemestuserg
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Introductio n

Alongside its benefits, urban living has brought various health proplsrasiding
respiratory complaintdgggleston, 2007)ncreased obesity (Flegal, Carroll, Ogden, & Curtin,
2010) and cardiovascular disease (Kruger, Venter & Vorster, 2003). Heare|s a need for
healthy environments in the urban world. In recent decades, environmental psychologists
attempted to find environments that individuals prefer for recovery. They identified natural
environments as highly restorative (eBpute & deKort, 2014/ Berman, Jonides, & Kaplan,
2008;Hartig, Evans, Jamner, Davis, & Gadi, 2003;Ulrich, Simons, Losito, Fiorito, Miles,
& Zelson,1991)However, the distinctive features of
presence in nature antsewhere are stitbpen to debate.

Nowadays,ndividualsspend a lot of time far away from nature. Thus, they may have
discovered other environments beside nature for recoRasearchers claim that individuals
also fave indoor environments with cledoundaries and privacgr even crowded places to
recover (Richter, 2008 Moreover, not all sensory impressions are equally important for the
evaluation of an environemt and its classification gserceived as restorativ@herefore,
evaluation is basednocrucial sensory impressions suggesting an order or hierarchy in the
process of perception (Grahn & Stigsdotter, 2010). The aim of the currentistadgentify
restorative indoor and outdoor envimeants and their specific sensajyalities as well as
dominant sensory impe s si ons (i n this )falownandtmbédald 6k e
sensory integration approaciithe current study will contribute to designing restorative

environments and providries for a restorative experience

Which environments support restorative perceptions?

Two prominent theories describe recovery processes in natural environfigerson
Restoration TheorfART; Kaplan, 1995) an8tress RcoveryTheory(SRT also calledPsyche
Evolutionary TheoryUlrich, 1983). Both theories state that natural environments support the

restoration of depleted reswes, but differ in the type @ésourceshey investigatecognitive
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resources in terms of directed attention (ARaRd emotional resources in terms of aadwand
valence (SRT).

According to the cognitive focus of ART, natural environments support restoration
through indirect attentionpeaningattention without effort (Berman et al., 2008; Kaplan &
Kaplan, 1982; Kaplan & Berman, 2010). In contrast, SRdditiat positive affective reactions
to natural environments, inscribed in our genetic mgkefacilitate stress recove(ylrich et
al., 1991). Numerous studies testeboth theories and confirmed that distinchatural
environments are suitable placesrebuild personalresourcesand,in particular, to redce
physiological arousal (Beui& de Kort, 2014/l Hartig, Evans, Jamner, Davis, & Garling,
2003; Ulrich et al ., 1991), to increase subj
2008 Hartig et al., 2003Ulrich et al., 1991)and to impree cognitive functioning (Beut&
de Kort, 2014/ly Berman et al., 2003; &tig et al., 2008

In industrial countries, manwydividuals work inside buildings (e.g., Urlaub, Hellwig,
van Treeck, &Sedlbauer, 2010) and have no time to spend their breaks in ouatowoal
environments(Depledge et al. 2011). Thus, some reseaech also investigated indoor
environments and their restorative potentiadr example Gulwadi (2006) pointed out that
interpersonally stressethdividuals like to recover at home and vocationally stressed
individualslike to recover in natural environmenkdoreover, Korpela and Hartig (1996) found
that individuals mentioned both 'home' and 'greenery' when they were askegreferred
environments. Individuals do not even need to be in real natural environments to perceive the
restorative effectsSimulations of nature also increase mood and improve cognitive furictions
T for instance, by exposing depleted persons to imagess®unds of nature (Depledge et al.,
2011; Hartig, B66k, Garvill, Olsson, & Garling, 1996; Laigbght, 2011). Furthermore, even
mental imaging of nature enhances positive affect (van Rompay & Jol, 2016). Therefore,
imagination seems to be an adequatenokfor the prediction of recovery in real environments

and will also be applied in the current study.
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The present research assumes that specific urban elements might be as restorative as
natural elements. This approach is based on the effect of pracéiasimcy, which postulates
that the experienced ease of processing a specific stimulus determines its pleasantness
(Herrmann, Zidansek, Sprott & Spangenberg, 20H&nce, stimuli that are fluent(gasily)
processed are typically evaluated as mgeasant. For instance, an environment which is
fluently processed through visual and auditory input might be perceived as more pleasant than
an environment which only induces pleasantness through visualalgng The processing
fluency approach is infe withé p e renovri r on me n't fitdo model s, w
between ambient qualities and human needs fosterdeiell (Sona & Steidle, 2016; Vischer,
2007).In this, it is assumed tha&asily processed environmental stimwhether natural or

otherwise can be perceived as pleasant or even restorative.

Exploring ambient qualities for restorative perceptions

Prior research has generally investigated restorative environments, with preference
studies showing various photo slides focusing on vistahuli. In contrast, in real
environments individuals sense more than visual stintufact, they perceive a multisensory
combination of various sensations, such as visual, auditangl olfactory stimuli
simultaneously, which builds a holistic impress

Frontczak and Wargocki (2011) give an overview of research about multiple sensory
parameters and their impact on overall comfort in indoor environments (see Fig. 1). They
showed that different researchers postulated different impacts of distinenambalities on
overall comfort. Hence, a clear statement about the role of distinct ambient qualities for comfort
and, eventually, for recovery is stdicking Furthermore, a comprehensive quantitative survey
was conducted bgrahn and Stigsdotter (20; n = 953) whoinvestigated various ambient
gualities. They identified distinct el ement
combination of refuge, nature and rich in species, and a low or no presence of social, could be

interpreted asthemsot r estorative environment for stres:c
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description bears a great resemblance to personal homesediedesl natural environments.

Normally, individuals have no time to perceive all of the sensations in an environment in
detail before taking a decision or an actiblence, their decisions and actions are basea on
smaller number oflominant sensory impressions (key elements), suggesting an order or
hierarchy in the process of perception (Grahn & Stigsdotter, 2010). SSusmation suggests a
global (instead of local) processing style to gain a first impression of the whole environment
(Schooler, 2002). This hypothesis of global dominance was systematically investigated in
Navonds (1977) Il etteerg,brekbi ghdédwdbhgwlatgenl a
(e.g,manysmald 6s) . I n this experiment, participant
the holistic impression, fasteihis proves thatnalyging the restorative qualities of an
environment impks the identification of dominant ambient qualities (key elements) which
significantly influence the holistic impression. The following section describes several physical
gualities of an environment and explains why some of these elements may be motanimpor
for recovery than others.

As Grahn and Stigsdotter (201 pointed outthe restorative potential of an environment
is determined by its social as well as its physical context fadibesefore, the curren¢search
will explore the presence of digtirphysical elements and the presence of other individuals
restorativeenvironments.

Lighting. The influence of light on physiological as well as psychological processes has
been investigated in several studies. It is known that daylight regulatésiitten circadian
rhythm (Werth, Steidle, Hubschneider, de Boer, & Sedlbauer, 2013). Moreover, Smolders and
de Kort (2014) identified positive effects of bright light (1000 lux measured at the eye) on
alertness, vitality and happiness in contrast to dimight(200 lux measured at the ey€hus,
brightness and sunshine might represent crucial qualities for @R also Beute & de Kort,
2013).

Colors.Natural environments are perceived as restoraaplen, 1995UlIrich, 1983.
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Thus,natural colorse.g, green, blue or brown, should also be perceived as restorgtige.

assumption was confirmed by the research fRyetty, Peacock, Sellens a@diffin (2005)in

t hei r 0 g Theyeemamigegparticipants watching greescenes while walking on a
treadmill. The green scenes fostered mental health and physical a€uwityermoreHipp,

Gulwadi Alves andSequeira (20163howed that greenness fostepgrceivedquality of life

(see also Honold, Lakes, Beyer & van der Meer, 20Méhce, green shouloe an important

aspect of restorative natural environmert®wever, the context can change the meaning of
colors and individual 6s exp &lidt&NMaen20ld). Fomd r es
instance, Ored6 i s i oforadressthan éoda trdfficfightoraaevallt | y w
color. For this reason, different colors may elicit different restorative perceptions depending

on the context.

SoundsSeveral studies demonstrated positive effects of natural sounds on recovery (e.qg.
bird soundor babbling water; Alvarsson, Wiens, & Nilsson, 2010; Ratcliffe et al., 2013). For
example, Jahncke, Hygge, Green, & Dimberg (2011) pointed out that adding an auditory
stimulus of river sounds while watching a nature video fostered recovery. Heheby
integration of visual and auditory stimuli was experienced as more beneficial than only the
visual impression. On the other hand, it has been repeatedly demonstratetaxivag music
(e.g, excerpts from Enya) compared to silence stopped theasena salivary cortisol level
after induced stres&falfa, Dalla Bella, Roy, Peretz, & Lupien, 200Bherefore, it is expected
thatnatural sounds as well as relaxing music are beneficial for perceived restorative potential.

Scents.The olfactory bulb is located next to the limbic system, where emotions and
memories are processed (Bosmans, 2006; Krishna, 2012). Several studies showed the influence
of pleasant (ambient) scents on positive mood (Baron, 1983, 1986, 1990; Herz, 20@4, Mich
Chebat, & Turley, 2005; Spangenberg, Crowley, & Henderson, 1996). However, the
identification of specific scents is rather difficult (Cleary, Konkel, Nomi, & McCabe, 2010).

Hence, it is assumed that pleasant scents are beneficial for PRP, evenidualdi cannot
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identify the scent.

Temperature The perception of a pleasant temperature varies between indsvidua
However individuals can adapt to thermal environments, elyy adjustment of clothing
(Frontczak & Wargocki, 2011Yhe current study dlines temprature preferences for PRP

Persons Staats and Hartig (2004) indicated that wiile presence of another person in
urban environments is preferred more than being alone, this was not the case in natural
environmentsMoreover, Grahn and Stigsdotter (2010) discovered that stressed individuals
prefer to be alone or with a only few persons to recover. On the other hand, Depledge et al.
(2011) pointed out that the appeal @gfdrannat ur a
environment with either few or no indAsvi dual
a result, it is expected that no other persons or few pem@niseneficial for PRP, particularly

in natural environments.
Research aims

An exploratoy study is conducted with the aim of identifying indoor and outdoor
environments with high PRP. The study investigates various environthahtsumans might
prefer aftercognitive oremotional depletion separately in order to determine different human
neals for recovery depending on the type of depletibm.gain a deeper understanding of
ambient qualities that are particularly beneficial for restorative perceptions, distinct ambient
gualities (e.g.colors and scents) of environments are investigatededder, in line with
Nav on 0 s glopal @rotesging style, thigsearch aims$o indicate key elements which
significantly influence holistic impressions of an environment. For a presentation of the

research aims, see Figure 2.
Methods
Subjects

265German students (1&omen 101 menmean age 21.09 yeaSD= 2.95
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voluntarily participated in this study. All participants had good or very good knowledge of the

German language. The study started in November 2013 and ran for two weeks.

Measures andProcedure

The survey contained open and closed questidns questionnaire was divided irtto
parts that included questions about environmevith PRP after cognitive depletion and
emotional depletiorisee Fig. 3; adapted from Ratcliffe et al., 200.228). Furthermore, the
guestionnaire was divided into exploration of outdoor vs. indoor environments. Demographic
guestions about age and gender were asked, addressing one item each. To familiarize
participants with the content of the survey and thetgpreormats, the study started with open
ended warmup questions asking participants to name and describe their favorite places
(adapted from Ratcliffe et al., 2013). In addition, participants were asked why they preferred to
go to those environments anthat they did there. After the warap session, each participant
answered questions concerning four different types of environments, in particular an

1) outdoor environmemwith PRPaftera) cognitive depletion

2) outdoor environmewith PRPafterb) emotional depletion

3) indoor environmenwith PRPaftera) cognitive depletion

4) indoor environmenwith PRPafterb) emotional depletion

Participants werdirst requestedo indicate their preferreddoor or outdoor environment
aftercognitiveor emotional depletiorf.o investigatehePRP of an environment after cognitive

depletion participants were asked

Al magine youdbre exhausted after working h
concentrate. Where would you go to restore your abit y t o cfiMowddeyout r at e 7
prefer to go to a natural environment (g.park, garden, forgt, beach) or to a specific
room(e.g,caf ®, ci nema, bar, home)?0

On the other hand, to investigate the PRP of an environment after emotional deghestioers
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to thefollowing questions were requested

Al magine that you are stressed and 1in a
argument. Where would you go to relax? Would you prefer to go to a natural
environnent (e.g,. park, garden, foresheach)or to a specific room (e.gcafé, cinema,

bar, home) ?0

Afterwards, three opeanded questions were used to explore each of the four mentioned

environments more peesely. The questions were presentethe following order:

AWhat does thoekehvke®@n@antyou describe it
AWhat is relaxing about this place?90
A Wh at l' i ghting conditions/ colors/ smell s/ s

environment ?0

The first two operended questions were free recalls about the environfseatrig. 3) The
last operended question was an aided retalspecify the distinct ambient qualities of the
mentioned environment&ll open-ended questions perr@t multiple answers per person.
Then,one oftwo closedype questions were used to évate the specific restorative potential
of each mentionednvironmental qualitgpn a likert-scale (1: not at all 7: very much).To

investigate cognitive resources, fioowing question wasised

Pl ease rat e on a scal eché& omownmuchatt had | n

aspects help you to restore your concent

persons, and temperature].

However, to investigate emotional resources the question was changed as follows:

APl ease rate on a scale of onot at all o
aspects help yout o rel ax. o [l'ighting, colors, ¢
temperature].
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Additionally, a global indicator of PRP was assessed with the following question:

AWe would Ii ke to ask you to give a gl oba

the environment on a scale from 0% to #00 0

Data Analysis

The operended questions included specific descriptions of an environment.
The area ofinterest of the current study was to identify general statements iabouadualo s
preferred environments for restoration. Therefore, two independent researchers coaducted
content analysis (El o & Knygas, 2nedir8ocode Fi r st
names based amords whichwere most frequently mentioned (Irvine, Warber, Dexivieght
& Gaston, 2013)Second the answers were sorted into outdoor vs. indoor environments
Moreover, thecodes were clusteradto different ambient qualitie (lighting, colors, smells,
sound,individuals and temperaturefrinally, the different ambient qualities were grouped into
subcategorie.g, color was grouped into green, red, yellow, eBegter Dacremont, Deroy
& Valentin, 2013.

When particignts mentioned several aspects from one category {@acolors), the
first aspect mentioned was coded first, then the second aspect mentioned, and so on. Some
participants simply named a generic term as their preferred environment for restoratjon (e.g.
6natured) without concrete specification of
of. In contrast, other participants gave a detailed description of the specific environment. Since
the current study was interested in descriptions that agegecurate as possible, participants
who gave a more concrete answer than a simple generic term were not aggregated into the
generic term (e.gt he nami ng of zed geparately fronv the gemencatdrny of
Onatured) .

For further statistical anadgs,two independent researchers converted the code names

into dummy variables (1 = item stated; 0O = i
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calculated to definenter-rater agreemesat(Wirtz & Caspar, 2002). The following results
comprise anal ys e sO.60i(aldpteddronh keands s Kéch, 497 & for an
overviewof Cohendés Kappa see su@pl emental mater:i
Data collection, containing opeanded and closetype questions, followed a mixed
method approach to investigate a single construct, namely the restorative potential of an
environment. This apprea was chosen to increase the validity of the measurement (Delle
Fave, Brdar, Freire, VelBrodrick, & Wissing, 2011). Figures 4a and 4b represent all outdoor
and indoor environments which were mentioned by participants. The current analyses
concentrate 10 the most frequently mentionedwronments, i.e., at least #of participants
should have mentiondtie specific environment (for ¥ level see dotted lines in Fig. 4a and
Fig. 4b; procedure adapted from Sester et al.,, 20EB8)m these mentioned specif
environments, ambient qualities (e.gplors, lighting, etc.) were analyzed further if they had
been mentioned by more tharf2%f participantgsee grey marked areas in Table 1a and Table
1b)?
Frequency analyses and hi-square test were performed é€xamine the differences
t hroughout the participantsd responses <conc
perceived restorative potential (PRP) after cognitive vs. emotional deplstameover,the
closedtype questions were tested withriance aalyses to investigate the impact of outdoor

and indoor environments as well as distinct ambient qualities of these environments.for PRP

Results
Frequency analyses
Frequency analyses of preference for outdoor and indoor environments reveaédithat
cognitive depletion 47% of participants preferred outdoor environments (paykfarden or
I Note that the results of the second ogeded question are not part of this article, since the ambient

gualities named by free recall were quite similar to the answers of the third question by aided recall, but showed

less detail.
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nature), whereas 38&of participants preferred indoor environments (eafé, home). 13.2%

of participants had norgeference (see Fig. 5), and %1vould go to neither a specific outdoor

nor a specific indoor environme@n the other hand, fétRPafter emotional depletion 3956

of participants preferred outdoor environments (ggrkfgarden or nature), whereas 4%.9

preferred indoor envanments (e.gcafé, home). 17% of participants had no preferenead

4.%% would go to neither a specifiuitdoor nor a specific indoor environment (see Fig. 5).

The chisquare test indicated that the frequency of preferences for outdoor vs. indoor

environments were signiycantly ,difnf=d82e=nt dep

7.72,p < .01, = .21. For PRP after cognitive depletion, participants preferred outdoor

environments, whereas for PRP after emotional depletion, they preferred indoor environments.
Outdoor environmentsvith PRP after cognitive depletioAWhen asked for an outdoor

environment with PRRfter cognitive depletion, 84 participani(31.2%6) named OparKk

(@}

6garden. 70 %) a mtaimeidp afetdsgeeg OGO 4 5h% %) mameli c i p an

(@)}

6natur e, 4 5%) p anrat mecd p@méeoasisd(sk67 aonrd 32 9p)art i ci
named Osea, 6 Obeach, & 01l ake, 6 gtobal indiecatotobr 6 ( s
restorative potential, Opar KSDxgladr.ddedn)d, roeecdeg ev e
forestd a m8la@D=UBl. 6b)of 688t uUured SD=alel2a)n valu
6fi el ds/ meadowsd SHh=Imk.am9 v,al aired ods 88/ Rdadh/ | a
of 75.97 6D = 26.05).Table 1a and 1b contain ambient qualiteferredby participants in
the frequently stated outdoor environmemtsthese five outdoor environments, pagants
frequently (morethan 26) menti oned Obright©é and O60sunnyd
6greend and/ or O6bl ued as vi s aricipanteprelerrréthed s o f
sound of6 Oabnid déstoongbe al oned in all five out di
2 Correlations between the mentioned ambient qualities and global indicators of restoration were tested, but

did not yield more insights for predicting sjfec associations (see Table S4a). Note that participants could

mention more than one environment (g&g! go into nature. I l ove to wal k in
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Il n addition to these gener al gualgiaridesi 6o f
was described as colorful and mild in temperature (21425 . The descri pti ol
the forestd included the <color O6brown, 6 rat

temperatuenésoddepmendeason, 6a adnfde w hpee rpsroensse ndc €
Onature, 86 participants addi ttieommpeelrlay urreefse rbeent a
to25AC6. Describing 6fields/ meadows, 0 particiocg
sound of 6wind, 6 oalpdoftehve peresems.ed oRParti ci
06seal/ beach/ |l ake/ waterd further ménthenedethke
ofonlya6f ew per sonesmmpe ramtdumeé § dAh@t d&veen 06021 to 25

Outdoor environments with PRP after emotiohaepletion. Asked for an outdoor
environment with PRRifter emotional depletion, 64 participant®4.26) named Opark
6garden, 6 53 %) amtaimeidp afetdsgeeg o6 Ok 3h8e %) mamedi c i p an
6nature, 6 42%pmamethif ¢ iep alrstdbs ofl H.meadows, 6 and &
(1380) named O6sead or Obeachd or Ol akgwidal or 6w
indicatorof restorative potential, 6paSDcNlo9gar denod
6edge onéstheafmeanSDvrall6e68j, 78Bné&a7uf eBD=a mean
13.76), oOfields/ meaddcwsd18. :nephn amduésed/ W&
mean value of 85.2850 = 11.76).Agai n, participants frequent
6sunnyd lighting conditions and the color 0c¢
Tabl e l1a and 1 bpartof @B efthafiye saehevyrdesériptions &ll sceneries
except Oseal/ beach/ | ake/ waterd).

In additionto thesegendra qual i ti es, Opark/ gardend freqg

and a o6col orahduniildbtemperapuresetsvee® i AG. @ 5Descri bing

the forest, 6 participants additionally named
and rat her cool temperatures bet ween 016 t
additionally included the colors Obluedé and
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additionally named the col ors @lelene @ 2dnd o6 215
Participants describing O6seal/beach/ | ake/ wat e
6smells of the sea,®6 the sound of Obabbling
than 30 AC.
Indoor environments with PRP after cognitive depletion.Asked for an indoor
environment with PRRfter cognitive depletion, 116gsticipants (44.1%) named some kind
of ahome environmenb6 participants (21%)name d O home, 6 1 &%) pamedt i ci p ¢
60l i wiommg 6r and 4(15.8p)arna nce dp addargsver, 86garticipants (13.6
%) noted O6caf®0d as their favorite place for
global indicatorof r est orati ve potential, Ohomed rece
6l i vom@@ aomean vSibER8. 88) 736y (oomd SBD=mean \
29.67), and O6caf ®8b=4568ean value of 77.19 (
Table 2a and 2b contain ambient qualitieferenced by participants in three frequently
mentioned indoor environmentsh o me, 6 6 my room, &6 and O6caf ®6.
reported since it is a kind of home environment. The descriptions of the four indoor
environments contain bright and sunny | ight.i
features, tempart ur es bet ween 621 to 25 AC,06 and the

In addition to these general qualities, descriptions of home environments frequently

included either o6ésilenceb or O6music/singing
Descriptios f or | iving rooms additionally contain
and rather cool temperatures between 0616 to
additionally referred to the ool owi bhednbyda
person, 06 and rather cool temperatures betwee

included t he col or 6red, O t heba&@enmelblreafl/ oa
omusic/ singing06 or Appacehtly ¢he mode spedfid categoeesdamy al on

room, 6 Ol i vi n gossess mone udiqua qudlitieé comdar®dto the broader
35



Chapter 2: A contribution to theory building: Exploring restorative environments

category of O6home. 6

Indoor environments with PRP after emotional depletiosked for an indoor
environment with PRRfter emotional depletior},13 participants (42%) declared some kind
of ahome environmen#4 paricipants (16.66) name d O home, 6 1 3%b)pamedt i ci p ¢
60l i wiormg 6r and 54 %)arnadamddahmy r(®dOm.46 O6Li vi ng
sepga ately from O6homedé and O6my room, 6 since i
bedroom. Morewer, 31 participants (11%4) r ef erred to O6caf ®06 as t h
restoration (see Fig. 4b, grey bars). On ghebal indicatorof restoratie pot ent i al | (o
receivedameanvalueof 75.80=23. 24), o6l i ving r o®%Dn&2.68), me an
6my roomd a me@DrlvValb9¢,ofanel968af RED=26.8%can va
The different home environments (6home, & &ém
perceived as more restorative than 6écaf ®. 06

I n all four Il ndoor environments, particify
l ighting conditiamd, éddrheewnc,08 oarsd Otwhmperbat ur e
(see Tabl e 2a and 2b) . I n addition to the
environments frequently included either O6sil
to two ot hred rpetrlseornsc @ola temperatures bet wee
6l iving roomd contained the color O6greend ar
Participants describing their O6own roomdé ad
aoned or with only 6one other personA®. @Gnldn r ¢
contrast, descriptions of O0caf®6 frequently
Omusic/ singingd or Ovoi ces, 0 0QCbwdalslyttieemorpr es en
specific categories of 6émy room,d6 oOliving ro

the broader category of Ohome. 6
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Variance analyses

To determine the relative importance of different ambient qualities for the perceived
restorative potential of indoor and outdoor environments after cognitive or emotional depletion,
a 2 (type of depletion: cognitive vs. emotional) x 2 (environment: outdoor vs. indoor) x 6
(ambient quality) ANOVA with repeated measurements was conducteddtors and standard
deviations see Table S2). The ANOVA revealed a main effect of environF@nt261) =
42.66,p<.01,02= .14, and a main effect of environmental quafgf, 1305) = 39.32 < .01,
d?> = .13. In line with results of previougreference analyses, paired comparisons using
Bonferroni correction revealed that outdoor environmevits #.68,SD= .05) were perceived
as higher in restorative potential than indoor environméuts 4.42,SD= .05).

Regarding the relative importanoé each environmental quality, paired comparisons
revealed that lightingM = 5.02,SD = .07) was perceived as more important than all other
qualities (allp 6<s01; for means and standard deviations, see Table S2). Moreover, sdunds (
= 4.66,SD= .07)were perceived as more important than colbts=(4.40,SD= .07;p < .05),
and scentdy] = 3.96,SD=.08) were perceived as less important than all other ambient qualities
(p 6<s01). No other effects were significant.

Furthermore, the ANOVA vyielded significant interaction of environment x ambient
quality, F(5, 1305) = 6.52p < .01,d?= .02 and a significant interaction of type of depletion x
environmental qualityf (5, 1305) = 2.54p < .05,d?= .01. Paired comparisons using Bonferroni
correctionrevealed that lighting, colors, sounds, and scents were perceived as more important
for restorative perceptions in outdoor environments than in indoor environmepto¢aD5;
for means and standard deviations see Table S3a). For temperature ancdapersons, there
were no significant differences between outdoor and indoor environments. Moreover, colors,
sounds, and scents were assessed as more important for creating a restorative perception in
outdoor compared to indoor environments ai<s 05).

Further paired comparisons pointed out that lighting was marginally more important after
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cognitive than emotional depletiop € .10), whereas the reverse applied for acoustic stimuli

(p < .10; for means and standard deviations, see Table S3b). No other effects were significant.
Overall, the relative importance of different ambient qualities for the perceived restorative
potential of an environment partly differs between indoor and outdowironments and

situations of emotional or cognitive depletion.

Discussion

The aim of the current study wasitientify indoor and outdoor environmenivhich are
perceived as restorative afteognitive or emotional depletion. Further, the stadyed to
identify distinctambient qualitiesof these environments arekplore key elements which
significantly influence the holistic impressiofthe environment

On a global level, variance analyses indicateddh&door environment&ereperceived
as more irportant for recovery perception than indoor environmerfitse identified
environments are in line with previous research about restorative environment8gean
et al., 2008Beute, & de Kort, 201&/ly Hartig, Evans, Jamner, Davis, & Géarling, 20838plan
& Kaplan, 1982; Kaplan & Berman, 201KRprpela & Hartig, 1996Ulrich et al., 199). More
precisely, results showed that individuals preferred outdmwironments after cognitive
depletion and indoor environments after emotional depléefiouas,the current studyeplicates
the findings fromGulwadi et al. (2006), indicating variations in environmental preferences
depending on the type of depletidrhe preference for outdoor environmetdsecover from
cognitive depletioncorresponds to ARTK@plan & Kaplan, 1982) However, the findings
remain in contrast to SRTU(rich, 1983) assumingthat humansalso prefer nature after
emotional depletionHence, the current research contributes to theory buildimgstdrative
environmentsThe preferred ensonment to recover from emotional depletion is an indoor
environment.These results also reflect former research (Gulwadi, 2006) and indicate the
necessity talifferentiate which environments are suitable for what kind of recovery.

Moreover,the globalindicator of restorative potential indicated that all three home
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environments received higher scores than cafés after emotional depletion. This might hint at
the availability heuristic, postulating that more familiar places (here: own home) are evaluated
as more positive (Werth, 2009).

Concerning ambient qualities within these specific environments, frequency analyses
showed no major differences between the environments that individuals might prefer after
cognitive or emotional depletion (see Table la/ 4t &able 2a/ 2b). Instead, the reported
ambient qualities varied between indoor and outdoor environments in general, and between the
described sceneries in particular. Nevertheless, various key elements could be identified, which
formed partof manyenvimome nt s wi th restorative potenti al
was mentioned in all outdoor and indoor environments, regardless of the type of depletion
(cognitive vs. emotional), it is concluded thatght/sunny lighting represents a key element
which influences the holistic impression of restorative environmevdsiance analyses
supported this assumption, showihgt the lighting types mentioned were evaluated as more
helpful for restorative perceptions than all other sensory impressionseduies are consistent
with previous research about the positive effects of bright light on alertness, vitality, and
happiness (Smolders & de Kort, 2014).

Second, the color green was mentioned in all outdoor environments, regardless of the type
of depleton. Hence, it can be concluded tlia¢ color green is a key elemdat recoveryin
outdoor environments. This result is in line with variance analyses indicating that colors were
more helpful for restorative perceptions in outdoor than in indoor emagots.

Third, in four out of five outdoor environments, the colors blue and brown were named
as crucial qualities of restorative environments. Further, since the colors brown and white were
mentioned in all indoor environments, it can be notedttietolors brown and white are key
elementgor recovery in indoor environmentBhe colors green, blue and brown are often found
in nature. Thus, the results reflect previous research emphasizing that nature, and thereby

natural colors, are important for remsy (Kaplan, 1995Ulrich, 1983. The color white can
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also be interpreted as a natural color, since clouds, and thus the sky, are often perceived as
white.

Fourth, only a few participants explicitly mentioned an ambient scent in outdoor and
indoor envirmments. Moreover, variance analyses showed that scents were evaluated as less
helpful for restorative perceptions than all other sensory impressions. These results correspond
with previous research postulating that individuals often recognize an odis,idantification
is rather difficult (Cleary et al., 2010).

Fifth, for eight out of nine of the restorative outdoor environments deschbivédpng
represented a crucial quality for PRP regardless of the type of depletion. This result is in line
with previous research showing positive effects of chirping birds on recovery (Alvarsson et al.,
2010; Ratcliffe et al., 2013). Moreover, for six out of eight indoor environments, regardless of
the type of depletion, individuals preferned sound/silenceandfor eight out of nine outdoor
and indoor environmentgdividuals preferred to be alon&his result corresponds with the
research of Grahn and Stigsdotter (2010) showing that for recovery, stressed individuals prefer
the presence of no other person ¢&wa persons.

Sixth, for outdoor environments, preferences for specific temperatures were not clear
regardless of the type of depletion. Thus, the temperature seems to be less important for the
sense of recovery in outdoor environments. These resulits lare with the studies of Xu and
Labroo (2014) showing that individual sbé perc
different sensory input, namely ambient brightness. In contrast, for indoor enviroriherets
was a preferred temperature in@lvironments mentioned, namely-2% °Q" iregardless of
the type of depletion. Therefore, it is concluded tbatperatures between-25 °C are a key
element for recovery in indoor environments

To sum up, the study identified two key elements for fasgerecovery inoutdoor
environmentsnamely (1)bright/sunny lightingand (2)the colorgreen Moreover, birdsong

and no other persons present/being alone seem to be crucial elements, but are not as distinct as
40



Chapter 2: A contribtion to theory building: Exploring restorative environments

the two key elements. In addition, the studentified four key elements for fostering recovery
in indoor environmeninamely (1pright/sunny lighting(2) 21-25 °C,(3) the color whiteand
(4) the color brownFurther, no sound/silence and no other persons present/being alone seem

to becrucial elements, but are not as distinct as the four key elements.

Implications and strengths of the current research

Theresults of the study lead to the followimgplications. First, the study identified five
specific outdoor and four specific indoamvironmentdgor recovery perceptiond he strength
of the identified environments is the degree of detail with which they are desdifitezdfore,
the study provides precise information about various ambient qualities for each environment
separately andbouttheir impact after cognitive and emotional depletion.

Secondthe current study identified several key elements, indicating that some elements
are more beneficidor restorative perceptionthan otherqadapted fromglobal processing
style Navon,1977) These key elements seem to be beneficial for any outdoor vs. indoor
environment. Thefere, the presergtudy takes uphe assumption of Grahn and Stigsdotter
(2010)postulatinghatindividualdb s deci si ons and aclasedamsomé n an
dominantimpressions, suggesting an order or hierarchy in the process of perception.

Third, since not every ambient quality of the mentioned environments is perceived as
highly important for the perception of a highly restorative envirartmié is concluded that
individuals might compensate for the absence (or less restorative impact) of some elements
(e.g, scents) if other more important elements are presentl{gtging).

Fourth, the current research aims to generalize insiglitshatperception of restorative
environments and draw general conclusions. In contrast, in former explorative studies
comments of participants were not coded and categorized; instead, individual statements were
presented (e.gMilligan & Bingley, 2007; R&liffe et al., 2013). Despite the value of the
individual cases for insights and theory development, restoration research also needs to outline

general recommendations in order to facilitate designing break environments which are
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typically preferred by rre than one person.

Fifth, in contrast to the research of Frontczak and Wargocki (2011), the present study
found a different pattern regarding the influence of specific ambient qualities on the perceived
restorative potential of different environmentsr{gpare Figl and Fig.6). While Frontczak
and Wargocki (2011) presented a relatively wide span of perceived comfort for several ambient
gualities (e.g.scores of temperature between 1 and 4), the current data show a relatively
homogeneous picture, indigag that all ambient qualities are evaluated as almost equally
important. The different results may stem from mixed methods of data collectionvarithes
studies referenced by Frontczak and Wargocki (2011). In contrast, the current study allows
direct comparisons to be made of the impact of distinct ambient qualities on PRP, since the
assessment of all ambient qualities was collected within one large dataset using the same

method.

Limitations and future research questions

Despite the insights presedieat least four questions remain to be answered by future
research. First, the present research did not investigate the sense of touch within the mentioned
environments. Touch is the first sense humans develop and the last they lose in their old age
(Krishna, 2012). The sense of touch influences aspects such as consumer behavior (Krishna,
2012). Moreover, many individuals enjoy relaxing massages, which represent a haptic
experience. Thus, the question remains open as to whether tactile impressionseinfluenc
recovery perceptions.

Second, the current research does not tak
perception. The assumption is based on education research postulating different learning styles
(visual, auditory, and kinesthetic; e.Ben 2013). In line with this assumption, different styles
(or preferences) of restorative perception (&igual, acoustic, olfactory, or tactile) might exist.

For instance, acoustically oriented participants might be able to name more auditory

impressionswithin an environment than visually oriented participants. Hence, future studies
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might complement the preferred style of restorative perception as a moderator variable in the
research model.

Third, the participants of this study were German student&nitins to be clarified
whether individuals with different cultural backgrounds and age spans would mention the same
environments and ambient qualities. Despite this, however, the present study can toe used
providemethodological orientation. Fourth, theesent study used an imagery technique asking
participantsto imaginethat they are exhausted or stressed and askingtthemaginewhere
they would like to go to restore. Thus, the study measured the imagination of recovery, but not
the recovery itselfThis fact includes bias from subjective representations and memories, which
should be minimized in future research. However, studies showed that the neural network which
is activated while imaging a motion (or pain) overlaps with the neural network wshich
activated when actually performing this action (or feeling this pain; Decety & Grézes, 2006).
Hence, the predictive power of imagination of recovery for real recovery behavior should not

be underestimated.

Practical implications of the current research

The present research contains practical implications for the selection or design of outdoor
and indoor emironments, such as break arebise identified key elements could be understood
as design recommendations. For instance, on the basis of the cateeiitid recommended to
build outdoor environments with bright light, the sound of birdsong, the color green and the
absence of other persons. In contrast, for indoor environments, it appears to be beneficial to use
bright light, the colors brown and wtlj and no sound, and to offer surroundings without the
presence of any other persdforeover,it is recommended to off@utdoorenvironment after
cognitive depletion, whereas it is recommended to offer indoor envirosm@etemotional
depletion.

The current research also contributes to the creation of restorative virtual realities. So far,

research addressing integration of various ambient qualities such as vision, smell, thermal
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conditions, and sound, has been relatively sparse, revealing tloetange of the current

research (Depledge et al., 2011).

Conclusion
The current research gives important insights into the perceived restorative potential of
outdoor and indoor environments and their ambient qualities. The results indicate that
individuals prefer different environments depending on the type of depletion (cognitive vs.
emotional), and highlights the special role of key elements. In contrast to former studies, this
research presents general conclusions providing useful cues for desigriagcebiased

restorative environments which are preferred by many individuals.
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Fig. 1. Different sensory parameters and their impact on overall comfort of indoor environietestigher

numbers indicate higher importance for indoor comfort (adapted from Frontczak & Wargocki, 2011).
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Perceived Restorative Potential

Fig. 2. Depiction of researchimas.

Open-ended questions

1. *“Imagine, you’'re exhausted [stressed and in a negative mood] after working hard on a task
[having an argument], and you find it hard to concentrate.
“Where would you go in order to restore your ability to concentrate [relax]?” Would you prefer
to go to a natural environment (e.g. park, garden, forest, beach) or to a specific room (e.g. café,
cinema, bar, home)?"”

2. *“What does this environment looks like? Can you describe it for me?*

3. “What is relaxing about this place? What lighting conditions/ colors/ smells/ soundss/ persons/
temperatures are here in this environment?”

Closed questions

1.  “Please rate on a scale from ‘notat all’ to ‘“very much’ how much the mentioned aspects help you
to restore your concentration [relax].” [lighting, colours, smells, sounds, persons, temperature].”

2. “Wewould like to ask you to give a global statement about the restorative potential of the
environment on a scale from 0 to 100 %.”

Fig. 3. Questions to identify outdoor vs. indoor environments with perceived restorative
potential (PRP). Separate questions for itneestigation of environments aft@ognitive

depletion vs. emotionalepletion (in parentheses)
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Fig. 4b. Frequency of mentioned indoor environmehiste.n = 265. Dotted line indicates 4@
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Fig. 5. Frequency analysis of preference for outdoor vs. indoor environments

after cognitive vsemotionaldepletion.n = 265.

Persons ., Colors
—Outdoor: after cognitive depletion
--- Outdoor: after emotional depletion
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Indoor: after emotional depletion
Temperature o ' Sounds

Scents

Fig. 6. The restorative potential of specific ambient qualitidste. Higher numbers indicate

higher importance for PRP.

55



Chapter 2: A contribution to theory building: Exploring restorative environments

Table la

Outdoor environments thatere evaluated as restorative and their ambient qualities.

Ambient Codes Outdoor Environments with PRP after Cognitive Depletion Outdoor Environments after Emotional Depletion
quality
Park/ Edge of the Nature Fields/ Sea/Beach/ Park/ Edge of the  Nature Fields/ Sea/ Beach/
Garden forest (n=359) Meadows Lake/ Water Garden forest (n=38) Meadows Lake/ Water
(n==84) (n=70) (n=45) (n=32) (n=64) (n=53) (n=42) (n=36)
n  [%] n [%] n  [%] n [%] n  [%] n [%] n [%] n  [%] n [%] n  [%]
bright/ light/ sun 68 [81] 44 [63] 51 [86] 33 [73] 27 [B4] 51 [80] 28 [53] 27 [71] 34 [B1] 29 [81]
Lighting light and shadow =~ ———- - 9 [13]  ceeem e 4 [13] e e 6 [11] —oomem omem en e
dark e s 7 [10]  cmeem e e it ek 10 [19]  cmccom comm et e el L
green 67 [80] 56 [80] 50 [B5] 37 [82] 24 [75] 48 [75] 41 [77] 29 [76] 28 [67] 14 [39]
red 14 [17] 11 [16] 11 [19] s e momm meem e s e 4 [11] - e e e
vellow 17 [20] [16] 14 [24] 8 [18] 8 [25] 9 [14] 8 [15] 8 [21] 9 [21] 10 [28]
blue 24 [29] 22 [31] 19 [32] 14 [31] 23 [72] 21 [33] [21] 20 [53] 18 [43] 25 [69]
Colors brown 20 [24] 39  [56] 23 [39] 24 [53] 7 [22] 16 [25] 22 [42 17 [45] 12 [29] 5 [14]
grey  meemee e AN 11 ] [ 7 1 A
e 2= 5 [11] 5 [16] 8 (13]  coeem coee 4 [11] 7 171 6 [17]
beige 0000 e e e e e e e e e e e e 4 [11]
colorful 23 [27] 7 [10] 12 [20] - e e e 22 [34] 10 [19] 6 [16] 6 [14] - v
smell of nature 12 [14] 13 [19] 7 [12] & [13] - -—-- 12 [19] 8 [15] 6 [16] 6 [14] - -
fresh air 16 [19] 12 [17] 9 [15] & [18] 5 [16] 9 [14] 6 [11] [11] 9 [21] - -
Scents smellsl bw SEA oo mmmm mmmmm mme e e 12 [38] o m e o 8 [21] - 17 [47]
salty air/ seabreeze  —----- coomm cmmeem e e e e e e e s s 4 [11]
wetearth 00 o o o 6 [11] - m e e
leaves e 1

Note.Result are presented if more tharfa®f participants mentioned tlkemb i ent g u a | i % are mafded in greyo Ragicip@esdimention more than one feature
per ambient quality, et he col or O6greendé and 6bl ued.
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Table 1b

Outdoor environments thatere evaluated as restorative and their ambient qualities.

Ambient Codes Outdoor Environments with PRP after Cognitive Depletion Outdoor Environments after Emotional Depletion
quality
Park/ Edge of the Nature Fields/ Sea’Beach/ Park/ Edge of the  Nature Fields/ Sea/ Beach/
Garden forest (n=59) Meadows Lake/ Water Garden forest (n=38) Meadows Lake/ Water
(n=84) (n=70) (n=45) (n=32) (n=64) (n=53) (n=42) (n=36)
n_ [%] n  [%] n_ (%] n [%] n  [%] k) n_ (%] n  [%] n_ %]  n (%]
bird sounds 52 [62] 50 [71] 36 [61] 27 [60] 14 [44] 25 [39] 23 [43] 15 [40] 13 [31] 5 [14]
no sound/ silence =~ - ————— 10 [14] comm e e e e 4 [10] o -
whispering trees =~ - - 15 [21] 10 [17] - e e 7 [11] 15 [28] 5 [13] - e e e
wind 0 e 16 [23] 10 [17] 14 [31] 5 [16] 9 [14] 9 [17] 8 [21] 8  [19] coom e
Sounds (burbling) water 3 T I . e ———— 6 [19] - 6 [11] 5 [13] - - 14 [39]
nature 0 e e e e 7 [12] e e e - 7 O] e e e e 5 [12] - -
cars/ traffic/ planes - s oen e 6 [13] - - g [13] - - 4 [11] 7 [17] e -
VOICES  mmmem mmoe cmmmmm e mmeem e e s 5 [18] 13 [20] e e e et e e e e
children/ people B [10] —m e e e 5 T T ————
animals 10 [12]  —oom oo e s 5 [11] —r - 9 [14] 9 [17] - - 7 [17] - e
no person 49 [58] 55 [79] 41 [70] 32 [71] 24 [75] 18 [28] 17 [32] 10 [26] 13 [31] 7 [19]
one person 8 [10] 8 [11] 12 [20] —mccem ccmmee coee oo 7 [11] 10 [19] 6 [16] 5 [12] e cemeee
two persons = cmeemm smmeem emeeen s s 5 [11] - 7 [11] 7 [13] 4 [11] 4 [10] e -
Persons many persons - [ 1 1 R —— 4 [13] 11 [17] 6 [11] 5 [13] - - g8 [22
few persons 19 [23] 20 [29] 9 [15] 16 [36] 10 [31] 7 [11] g8 [15] 7 [18] - - 4 [11
varied number 1 R ) ] I T T e
SITANEETS  mmmem smmeem mmoe e oo e s oo moe e e meee e e - 4 [10]
0-10°C  eemem e mmes e e e e s e 8 [15] - e e e e e
11-15°C e s e e e e e 9 [14] 8 [15] 4 [11] - e e e
16-20 °C 19 [23] 22 [31] 11 [19] 11 [24] 5 [16] 10 [16] 13 [25] 6 [16] A 1 4 [
Temperature 21-25 °C 27 [32 § [11] 18 [31]1 9 [20] 13 [41] 25 [39] 10 [19] 5 [13] 16 [38] 8 [22
26-30°C 15 [18] - e e s e 6 [19] 11 [17] 7 [13] 8 [21] 6 [14] 16 [44]
more than 30 °C 15 [18] o 6 [19] 11 [17] 7 [13] 8 [21] [14] 16 [44]
year-dependent 11 [13] 18 [26] 9 [15] 11 [24] - - AR ' ) [ ——— S [ ) [ ———
Note.Resuls are presented if more thar?a®f participantsnentioned the mb i ent qual i % are maiMedintgreyons O 25
Participants could mention more than one feature per ambient quality, &g acousti ¢ O6musicd and O6voicesb
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Table 2a

Indoor environments thatere evaluated as restorative and their ambient qualities.

Ambient Codes Indoor Environments with PRP after Cognitive Depletion Indoor Environments with PRP after Emotional Depletion
quality
Home (n=56)  Living room My room Café (n=36) Home (n=44) Living room My room Café (n=31)
(n=18) (n=42) (n=1%5) (n=54)

N [%] N [%] N [%] N [%] N [%] N [%] N [%] N [%]

bright/ light/ sun 42 [75] 11 [61] 2 [67] 25 [69] 33 [75] 10 [67] 34 [63] 14 [45]

Lishting dimmed =0 0@ 3 7 - - 7 191 0 - 2 [13] e - 3 [10]
warm 0 mmmmee mmmmnmmmmem emmeenmmmn s o 1 6 R

dark g [14] 2 [11] 5 [12]  -om s e e e 6 [11] 9 [29]

green 9 [16]  ---mm eeeee- 4 [10] 7 [191 e e 4 [27] 7 [13] 5 [16]

light e e e e 5 [12] - - 5 [11] - s e e 3 [10]

datk 0 e meeee et et e e e et e et e e e e 3 [10]

red 6 [11] 2 [11] 13 [31] 11 [31] 10 [23] 2 [13] 11 [20] 4 [13]
purple e e e 4 [10] e s e e e e 6 [11] - -
blue 12 [21] 4 [22] o [11] 9 21] e e e e e

Colors brown 16 [29] 10 [56] 15 [36] 23 [64] 14 [32] 9 [60] 20 [37] 12 [39]
orange 7 [13] 3 [17] 6 [14] e e e e ek e
grey e s 5 T T

black 0 e 5 [28] 5 [12] 4 [11] e e e e 8 [15] 3 [10]

white 30 [54] 12 [67] 24 [57] 10 [28] 21 [48] 6  [40] 26 [48] 11 [36]

beige 0 e e e s 4 [10] 6 [17] = s e e e e s 6 [19]

colorful 11 [20] 3 [17] 4 [10] e e 7 [16] 3 [20] 10 [19] 6 [19]

smell of coffee ™ i e e o 25 [69] 00 e e e n e e 18 [58]

freshly-baked bread/ cake =~ ----om cmeee cmeeee e e e 10 [28] e e e et e e 6  [19]
Scents neutral smell 7 [13] 3 [17] 5 [12] e e e e e 6 [11] e
smell of home oo 2 0

food e 3 D 4 [11] e e e s e 3 [10]

Note.Resuls are presented if more tharPA@f participants mentioned tkemb i ent q u al i % gre maMed imtgrieyo Pagicip@nts 2duld mention more than one

feature per ambient qublie.g,t he col or o6greend and O0bl uebd.
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Table 2b

Indoor environments thatere evaluated as restorative and their ambient qualities.

Ambient Codes Indoor Environments with PRP after Cognitive Depletion Indoor Environments with PRP after Emotional Depletion
quality
Home (n=56) Living room Myroom  Café (n=36) Home (n=44) Living room Myroom  Café (n=31)
(n=18) (n=42) (n=15) (n=54)
n [%] n o [%] n [%] n [%] n %] n o [%] n %] n o [%]
music/ singing 17 [30] 3 [17] 6 [14] 12 [33] A 1) R — 12 [22 9 [29]
no sound/’ silence 21 [38] 9 [50] 20 [48] - - 15 [34] 4 27] 29 [54]  -m
TV/ radio/ cinema 9 [16] 3 [17] 6 [14] e e e e 2 [13] e e e e
Sounds voiceg g [14] N § 5 | [ A ir - { O — IR 5 | [ — 23 [74]
laughing s e e et e e e s e e e s e 3 [10]
dishes e ek 6  [17] e et e e 5 [16]
coffee machine = ccoom ceom e ok 4 [11] e e e e e 5 [16]
background noise =~ oo oo 2 [11] e mmem e et e et e et e e e e
1o person 19 [34] 7 [38] 15 [36] 13 [36] 12 [27] 4 [27] 24 [44]  cceeem e
one person 17 [30] 3 [17] . S [ 1) [ — 17 [39] 2 [13] 19 [35] - -
Persons two persons 9 [16] 4 [22] o e e o 6 [14] A | . | T —
three persons ~ ——eem oo 3 [17] —m e e e e 2 [13] e e e
fourpersona =000 o—cm e e e e e 3 [20] e e e
MANY PErSONS  meemee meemmemeem e —eeee e 7 M9 e e e e 9 [29]
16-20 °C 12 [21] 7 [39] 14 [33] 7 [19] 11 [25] 3 [20] 20 [37] 6 [19]
21-25 °C 37 [66] 10 [56] 25 [60] 27 [75] 26  [59] 12 [80] 34 [63] 24 [77]
Tetnperature 26-30 °C 6 [11] 2 [11]  smmmmm e o et e e s e e
more than 30 °C 6 [11] 2 [11] s e e e e ek

year-dependent =0 oo ceoon e en b em 0 e e e s e e e e

Note.Resuls are presented if more tharPA®@f participants mentioned the ambient quality Me n t i % amesmarkedn2yfey. Participants could mention more than one
feature per ambient quality,e.g t he acoustic O6musicd and o6évoicesbd.
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Supplemental Materials: Additional Details of Procedures and Analyses

TableSlaCohends Kappa. Question 1
Dummy Coding Naming
Question 1 Outdoor 73
Indoor .78
NoteThe following results comPBdi se anal yses with
Table SIb.Cohenés Kappa. ART outdoor. Question 3.
Dummy Coding Naming 1 Naming 2 Naming 3 Naming 4 Naming 5 Naming 6
Scents .87 .84 72 9 e e
Lighting .69 .82 38 e e e
Colors .98 .95 .96 1.00 1.00 1.00
Sounds .99 .99 .96 1.00 e e
Persons .92 76 e e e e
Temperature .90 S7 e e e e
Notee.The following results ¢ ompr6D Mssing vamdsyEsge garticipants h

mentioned three different lightings. Hence, naming 4, 5 and 6 are missing.
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Chapter 2: A contribution to theory ibding: Exploring restorative environments

TableSlcCohendés Kappa. SRT outdoor. Question 3.
Dummy Coding Naming 1 Naming 2 Naming 3 Naming 4 Naming 5 Naming 6
Scents .89 .82 .60 91 e e
Lighting .90 81 e e e e
Colors .93 .97 .95 .97 91 .69
Sound .99 .97 .96 91 e e
Persons .98 1.00 1.00 e emeeee e
Temperature .99 83 e e memeee e

NoteeThe following results ¢ ompr6D Mssing valdsyEsge participantsh Cohends Kappa
mentioned three different lightings. Hence, naming 4, 5 and 6 are missing.

Table S1dCohen6s Kmamgog.auestidrkR3T

Dummy Coding Naming 1 Naming 2 Naming 3 Naming 4 Naming 5 Naming 6
Scents .91 .85 .88 1.00  ee—
Lighting .99 <52t —
Colors .98 .97 .93 .83 65 e
Sound .97 .93 .87 8 e
Persons .94 .96 (19000 e —
Temperature .99 60 e et e e

NoteThe following results com@m60. Slissingvalaes: E.g.eparticipants h Cohends Kappa
mentioned three different lightings. Hence, naming 4, 5 and 6 are missing.
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TableSleCohendés Kappa. SRT indoor Question 3.
Dummy Coding Naming 1 Naming 2 Naming 3 Naming 4 Naming 5 Naming 6
Scents .89 .84 .90 100 - e
Lighting .98 70 e e e e
Colors .99 1.00 .99 1.00 1.00 1.00
Sound .99 .94 .94 1.00 @ e e
Persons .94 1.00 100 - e e
Temperature .96 1.00 e e e e
NoteeThe following results ¢ ompr6D Missing vaadsyEgeadicipanitst h

mentioned thredifferent lightings. Hence, naming 4, 5 and 6 are missing.

Table S2.Means and standard deviations. Restorative potential of ambiertteguals 262.

Cohenos

After cognitive depletion

After emotional depletion

Ambient quality Overall Outdoor Indoor Outdoor Indoor
Environments  Environments Environments Environments
M (SD) M (SD) M (SD) M (SD) M (SD)
Lighting 5.02 (.07) 5.17 (1.36) 5.00(1.47) 5.03 (1.44) 4.87 (1.49)
Colors 4.40 (.07) 4.64 (1.49) 4.23 (1.54) 4.55 (1.49) 4.18 (1.52)
Scents 3.96 (.08) 4.24 (1.53) 3.60 (1.72) 4.24 (1.70) 3.77 (1.60)
Sounds 4.66 (.07) 4.68 (1.65) 4.48 (1.81) 4.94 (1.51) 4.54 (1.64)
Persons 4.66 (.07) 4.61 (1.90) 4.57 (1.93) 4.80 (1.53) 4.65 (1.82)
Temperature 4.58 (.06) 4.69 (1.45) 4.58 (1.41) 4.50 (1.78) 455 (1.37)
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Chapter2: A contribution to theory building: Exploring restorative environments

Table S3a.Means and standard deviations.

Interaction ambient quality X environment= 262.

Ambient quality M (SD)
Outdoor Lightings 5.10 .07
Colors 4.60 .08
Sounds 4.81 .08
Scents 4.24 .08
Temperatures 4.60 .08
Persons 4,71 .08
Indoor Lightings 4.94 .08
Colors 4.20 .08
Sounds 4.51 .09
Scents 3.69 .09
Temperatures 4.57 .07
Persons 4.61 .09

Table S3b.Means and standard deviations.

Interaction ambient quality x type of depletiorn= 262.

Ambient quality M (SD)
After cognitive Lightings 5.08 .07
depletion Colors 4.43 .08
Sounds 4.58 .09
Scents 3.92 .08
Temperatures 4.64 .08
Persons 4.59 .10
After Lightings 4.95 .08
emotional Colors 4.37 .08
depletion Sounds 4.74 .08
Scents 4.01 .09
Temperatures 4.53 .08
Persons 4.73 .08
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Table S4a.Correlations between the mentioned ambient qualities and the global indicator of PRP. Outdoor.

Global indicator of PRP:
PRP after Cognitive Depletion

Global indicator of PRP:
PRP after Emotional Depletion

Five Park/ Edge of Nature Fields/ Sea/ Five most Park/ Edge  Nature Fields/ Sea/
most Garden the forest (n=56) Meadow Beach/ Restorative Garden of the (n=36) Meadow Beach/
Restora (n=77) (n=64) s Lake/ environ- (n=61)  forest s (h=40) Lake/
tive (n=43) Water ments (n=52) Water
environ (n=32) (n=168) (n=32)
-ments
(n=205)
M (SD) 78.99 75.42 85.31 80.59 83.21 75.97 78.95 77.05  78.67 78.72 76.25 85.28
(20.54) (19.44) (13.65) (21.12) (16.59) (26.05) (14.59) (11.96) (16.68) (13.76) (18.39) (11.76)
Restorative potential
éLight élight/ s -06 -.07 29 .00 .07 -.30 .04 .00 21 -.13 .04 .04
é€Col or égreen .10 .07 -15 -.00 -.00 AT -.02 .05 A7 -.37 .23 -.16
éyell ow -.03 -21
ébl ue .01 16 .26% -.00 -17 -.05 .01 -.19 .18 -.07
ébrown =21 .05 .14 -27* 14 .09 16
écolorful .- e A2 -.09
é0dour ésmells b - - e -21
éSoundébird sou .05 .08 .02 -.00 12 .09 .16 -.03 .03 -11
éwhi sper.i 14 -.06 -.02
éwind .07
éburbling - 33"
éPersoéno perso -07 -.18 .01 -.03 -.00 -11 .03 -.10 -.24 -.16 -.22
éfew pers -14 21 -.06
é Temp-e é1&0°C -.28* -.07
ture é 2 25°C .00 -.06 .33 .07 .08
é 2 80°C -.29
émore t°Ba - .- e - e -.29
é y e-dependent -.06
Note."p < .10 (onesided),*p < .05 (twesided),**p <.0l (twos i de d) . Correlations were tested i f O 25

environmental feature.
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Table S4b.Correlations between the mentioned ambient qualities and the global indicator of PRP. Indoor.

Global indicator of PRP:
PRP after Cognitive Depletion

Global indicator of PRP:
PRP after Emotional Depletion

Four  most Four most
Restorative Home Living My . Restorative Home Living My .
_ Café (n=42) Café
environments (n=55) room room (n=36) environment room room (n=30)
(n=15) (n=38) (n=13) (n=49)
(n=140) (n=131)
M (SD) 76.68 (21.27) 80.07 73.07 71.74 77.19 70.00 (21.56) 75.10 74.08 69.33 63.53
(18.52) (23.98) (29.67) (15.65) (23.24) (12.69) (17.69) (25.82)
Restorative potential
éLightitélight/ -.04 -.15 =27 -12 .24 -.02 -.09 A7 .19 -.40*
édar k
eéCol ors éwhite -.02 .09 .18 -.03 =17 -.01 .08 -12 -.02 -23
ébr own .05 .09 .33 .23 - .06 27 -.05 -.08 A2
.35*
éred -.25 .04
ébl ack .09 -14
égreen -17
eOodour ésmell o -.05 -.01
éfr e-bdkddy 21
bread/ cake
€éSounds émusic/ .05 .07 .10 32
éno soun -.23 -.24 -.03 -.13 A5 .07
...voices -.29 -.06 52%*
éPerson:éno pers A1 12 41 .15 - .22 -.18 -.04
éone per -.33* -.16 -.13
étwo per -.38*
émany pe -.36*
éTemper ié1le&0°C .32 -.05 A1 .03
é 2 P5°C -.01 =22 -.32 12 12 -.03 -.03 .32 .00 -.05

Note."p < .10 (onesided), P < .05 (twasided), **p<.01 (twosided).
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Chapter 3: A contribution to theory testing: Confirming restorative

environmentsin the lab
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Recovery in SensornyEnriched Break Environments:

Integrating Vision, Sound and Scent ito Simulated Indoor and Outdoor Environments

Brid Sona, Anna Steid]and Erik Dietl

Abstract

To deal with stress and exhaustion at work, personal resources reedefdenished during
breaks.The aim of the present study was to test the restorative potensehséryenriched

break environments (SEBEg@articularly focusing on the type of the simulated environment
(natural outdoor vs. built indoor environment)dasensory input (no sensory input vs.
audiovisual input vs. audiovisual and olfactory input). Analyses showed that SEBEs simulating
either a natural or a lounge environment were perceived as more pleasant and more restorative
than a standard break roomhjiah in turn facilitated the recovery of personal resources (mood,
self-control, feelings of restoration, fatigue, arousal). Moreover, adding a congruent scent to an
audiovisual simulation indirectly facilitated the recovery of personal resources viergeatt
pleasantness and higher perceived restorativenBss. current sty shows various

opportunitiesor sensory enrichment to foster restoration in break environments.

Keywords ambient scent, restorative environments, simulation, perceived

restorativeness, personal resources
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Introduction

In the face of increasing demands and stress levels at work (Hipp, Gulwadi, Alves, &
Sequeira, 2016; Sonnentag, Binnewies, & Mojza, 2011), humans are increasingly interested in
creating restorative envinmnents. Numerous studies have shown that natural environarents
particularly effective inhelpng to replenishpersonal resourceB¢ute & de Kort, 2014a,
2014k Hartig, Evans, Jamner, Davis, & Garling, 2003; Ulrich et al., 199bwever, work
breaks imatuml environmentsire not always available or accessiSligce most people in the
Western world spend 809to 90% of their time in buildings (Urlaub, Hellwig, van Treeck, &
Sedlbauer, 2010) and many employees have no opportunity to leave the building for a
significant amount of time during their work breaks, organizations and emplepads
restorative environments directly at the workplacetamaighthe design of rest ages (Felsten,

2009).

It is known thatdedicated break environments can help to perceive a mental and spatial
distance fom workrelated demandsiartig, Korpela, Evans, & Garling, 1997; Felsten, 2009),
and thereby foster recovery during work bredkgenenvironments that mimic nature affect
positive moods and better cognitive functiBor instance, mimicking natutie environments
leads to increased mood and better cognitive functioning (see also Hartig, B66k, Garvill,
Olsson, & Garling, 1996). In heeview, LargeWight (2011) listed several recommendations
on how to enhance restoration at the workplace through contact with nature, covering both
outdoor (e.g., cultivatinghe workplacegrounds for viewing or maintaining healing gardens)
as well as indor measures (e.qg., lighting rooms with bright natural light or listening to recorded
sounds of nature). These indoor measures build on the idea of simulating nature at work and in
rest areas without access to natimeorder to fulfill the human need fér n a tlike ambient
surroundingso (Kimberly, El sbach, & Pratt,

For both real and artificial environments, #gention Restoration Theory (ARRaplan,

1995) describes foutimensions that are typical oéstorative environments) a cetain soft
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fascination of the environment, which emphase#srtless attention (e.gthe observation of
clouds vs. hard fascination, e.g., watching a thriller)p ) ment al or spati al
usual environment) coherence between all sensory impressions to generate a sense of extent;
and d) compatibility between personal requirements and environmental conditions.
Environments which are high in theseatjties support recoveryBerto, 2005; Felsten, 2009;
White et al., 2010)Hence, to improve recovery in indoor break environments, we aim at
contributing to the knowledgaf how the simulation of restorative environments can contribute

to the creation of a restorati@vironmentperception and thus facilitate tmestoration of
depleted resources. Past research has mainly investigated the effect of visual or auditory
simulations of nature on either perceptions of restoratsgeaeresource recovery. We séek
enlarge and integrate the previous findings in thvags.

First, the value of indoor environments (e.g., café, lounge) may be underestimated
because most previous studies compared unrestorative built environments (urban séttings) w
natural environmentsHartig et al., 2003; Berto, Baroni, Zainaghi, & td#la, 2010). In
contrast, we compared indoor and outdeemsoryenriched break environmen(SEBEs}hat
both might be restorative to some degree.

Second, simulations may include different sensory impressions. Previous research on the
creation of restative environments has mainly focused on the consequences of visual and
acoustic stimuli (Ulrich, 1984; Laumann et al., 2003)Although studies indicate that
audiovisual simulations lead to better recovery than just visual or auditory ones (Annerstedt et
al., 2013; Jahncke, Hygge, Green, & Dimberg, 20kipwledge 6 the integrative effects of
different sensory impressions stil limited. In particular, there is a lack of reseh on
olfactory stimuli Annerstedt et al., 2013; Dinh, Walker, Song, Kobayashi, & Hodges, 1999;
Jahncke, et al., 2011Hence, the present studhasinvestigated the integration of visual,
acoustic, analfactory stimuli to enhance recovery.

Third, in past research on SEBESs, studies have often focused on either perceived
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restorativeness or on resource recovery as dependent variables. The idea of the ART that
environments promote resources because tlepenceived as restorative has been tested for
real natural environments, but the evidence for simulated environments is limited. Moreover,
some research on scent perception indicates that the evaluation of the scent may be more
relevant for its restorateseffects than the scent itseBénsafi, Rouby, Farget, Vigouroux, &
Holley, 2002). Hence, we wanted to understand how the simulation of an environment through
visual, auditoryand olfactory stimulaffects perceived restorativeness and, in turn, resource
recovery among depleted persons. Doing so, we will outline the psychological pathway from

specific environmental stimuli through perception to recovery.

Simulating restorative outdoor environments

Recovery effects are more pronounced for real than for simulated nature (Kjellgren &
Buhrkall, 2010). Previous research has investigated the impact of visual or acoustic stimuli as
well as the integration of vision and audition in slideshows or simulatedoements.
Listening to natural sounds (e.g., water, birdsjnsadypercéved as restorative (Alvarsson et
al, 2010; Ratcliffe, Gatersleben, & Sowden, 2013). Similarly, merely viewing nature supports
recovery (Felsten, 2009; Friedman et al., 2008; I§jeh & Buhrkall, 2010). However, the
study by Kjellgren & Buhrkall (2010) postulated that the integration of sensory impressions
might enhance recoverparticipants who had seen a restorative slideshow of nature reported
being struck by théack of sound and smellsThus, an authentic experience may well require
further congruent sensory impressions, like touch, smell, and temperature (de Kort &
IJsselsteijn 2006; Depledge, Stone, & Bird, 2011). In line with this integrative approach,
Annerstedt et al.2013) induced physiological stress and found better restoration effects using
a virtual natural environment combining a visual and congruent auditory input. Moreover,
Jahncke et al. (2011) showed that depleted subjects reported more energy after watching a
minute movie with river sounds than listening to river sounds or noise only. Overall, audiovisual

simulations of nature promote recovengrestrondy than visual or auditory simulations
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separately.

Moreover, the idea that an impression of restorativeness mediates the effect of nature on
resource recovery has been supported for the actual experience of nature on emotions or
affective weltbeing. Perceived restorativeness has been shown to mediatephet of
environmental features (e.gpresence of nature, greenness) apginess, positivaggative
affect (Marselle, Irvine, LorenzArribas, & Warber, 2016) and on quality of life (Hipp,
Gulwadi, Alves & Sequeira, 2016).

However, so far, no study htested whether perceived restorativeness also mediates the
effects of simulated nature on affective resources and whether these indirect effects also refill
other personal resources like cognitive or energy resources. Resource theories differentiate
between three related but distinct resourcgly energy resourcesvhich can be defined as
reducedatigue and increased feelings of restoration and vitg&jyaffective resourcesvhich
can be described as positive, negativaodyand arousaland(3) cogritive resourcesin form
of attentional control and willpowdBeute & de Kort, 2014, 2014bh Berman et al., 2()

Hartig, Evans, Jamner, Davis, & Garling, 200®;ch et al., 1991).
Consequently, we expetttat

Hla: Break rooms simulating nature are perceived as more restorative than a standard
break room.

H1b: Compared to a standard break room, SEBEs (here: simulating nature) indirectly
facilitate the recovery of energgnd affective and cognitive resources. Theseat$ are

mediated by perceived restorativeness.

Simulating restorative indoor environments

In general, natural environments are perceived as more restorative than built
environments and outdoor environments are perceived as more restorative than indoor
environments (Hartig et al., 1997). However, Gulwadi (2006) showed that in some situations

of stress, individuals prefer their own homes for recovery over a natural environment:
71



Chapter3: A contribution to theory testing: Confirming restorative environments in the lab

vocatonally stressed individuals preferred natural environments, whereas interpersonally
stressed individuals preferred howreindoorenvironments. These results are in line with the
research showing that the favorite places of individuals are ‘fhdiro meddo fiagr eener y
(Korpela & Hartig,1996). Similarly, theStress Recovery Theaiylrich, 1983) points out that
restorative places have a low threat potential, and appear peaceful. In addition, most recovery
activities (e.g.napping, relaxing, or reading fisure) happen in informal situations, in which
people can lower their guard and need not control themselves (Gulwadi, 2006; Richter, 2008).
Hence, some indoor environmergsch asounges, cafée r i n d pwnibedinoar) which

trigger associationwith leisure and recovery behavi@hould be perceived as particularly
restorative and thus facilitate recovednlike a standard break room, SEBEs simulating an
indoor break environmemxposeparticipants to congruent visual and auditory impressions of

the restorative indoor environment. Consequently, we eegécit

H2a: Break rooms simulating an indoor environment are perceived as more restorative
than a standard break room.

H2b: Compared to a standard break room, SEBEs (here: simulating an indoor
environment) indirectly facilitate the recovery of eneaggaffective and cognitive resources.
These effects are mediated by perceived restorativeness.

However, since a large part of recovery research suggessithaced benefitsf nature
(Kaplan & Kaplan, 1989; Ulrich et al., 1991; Hartig et al., 2003), we assume that simulating
nature may be even more effective for recovery than simulating an indoor environment.

H3a: SEBE simulating a natural environment are perceived as more restorative than
SEBE simulating an indoor environment.

H3b: Compared to an indoor break environment, a simulated nature environment
indirectly facilitates the recovery of depleted resources. This effect is mediated by perceived

restorativeness.
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Simulating congruentolfactory inputs

Previous research on SEBEs has mainly focused on visual and auditory stimuli. However,
in the last decades, the use of room fragrances in airports, cinemas, hotels, train stations, banks,
andretirement homes has become more popular (KeiobScharf, & Schubert, 2003). Baron
(1990) noted that the use of pleasant ambient scents might be perceived as less obtrusive (and
less expensive) than other possible methods to induce positive affect. Ambient scent may
present a useful addition to audsual simulations of restorative environments for two reasons.
First, ambient scents can elicit positive room evaluations and enhance positive affect (Baron,
1983, 1986; Spangenberg, Crowley, & Henderson, 1996). Second, congruent scents enhance
the percered realism of an environment. In support, RaBikic, Chalmers, Boulanger,
Pattanaik, and Covington (2009) fouthe effects of adding congruent scents compeiaisiate
quality differences of visual inputs (high vs. low quality renderings of blades ss)gredding
the scent partly made up for the less authentic experience of the visual input.

Several studies indicate that an automatic evaluation of an ambient scent may be more
important than the scent itselfensafi et al. (2002) noticed that more péaperceptions of a
scent led to stronger decreases in the heart rates of their participants. Further, the individual
l' i king of a scent is related to subsequent n
individual does not like the scent of lawim she will not find it relaxing, regardless of how
well and widely | avender ao(p. 288).Moraaer,iDeaueén mar k
Janssens, Swinnen, & van Cleempoel (2014) and Herrmann, Zidansek, Sprott, and Spangenberg
(2013) emphasize thtte match between environment and scent should be considered carefully
because scents are only perceived as pleasant if they are presented in a pleasant environment
and fit to the environment. In this case, a scent sugportdee@rimmerson in a restorave
environment and strengthen its restorative effects.

Overall, the pleasantness of the scent should influence the perception of restorativeness

of a simulated environment and, consequently, recovery. More pleasant, congruent scents
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should foster perdoeed restorativeness due to deeper immersion in the sdéns, we
expectedhat

H4a: in SEBEscongruent scents are perceived as more pleasant than neutral scents,
which indirectly increases the perceived restorativeness.

H4b: compared to neutrally scented SEBEs, congruently scented SEBEs indirectly
facilitate the recovery of depleted resources. This effect is sequentially mediated via perceived

scent pleasantness and via perceived restorativeness.

Method
Ethics Statement
Our research project follows the ethical principles of the World Medical Association

(WMA) of Helsinki. The current research does not involve critical aspects of layw(edial
acts), nor does it revoke anonymity of subjects. All subjects participatedtadly, were
informed about study procedure before participataord could cancel the study at any time.
The study started after verbal conserts given In line with the Ethical Principles of the
Federation of German Psychologists Associations (20418, p.3), there is no ne¢d gain
ethics approval if the previously mentioned aspects do not affect the research project.
Subjects

German studentgn = 131) participated in this lab study for course credit or a
compensation of 20 euros. Nine subjectsenstcluded from further analyses due to technical
problems wih the artificial window (e.gscreen flicker). All participants (64 womes8 men
mean age 22.69 yealSD = 2.23) had good or very good knowledge of @e&man language
and had no allergigs the scents used. Participants were randomly assigned to one of five break
environment conditions, which were counterbalanced for morning and afternoon sessions.
Setting and conditions

The study was conducted in two real offices, which we used forutlg, sabelediwvork

roomd and dbreak room ®his arrangemenbf settings was designedo reduce potentially
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biasing effects due to differences between the work room and the break room, andefacilitat
recovery in all break room conditionBherefore, otherrabient conditions were held constant
during the sessions. In line with recommendations for thermal comfort during the summer
months, room temperature was set t6@3see also de Dear & Brager, 2002), air volume flow
was constant in both rooms (400/h), and participants were advised to bring along different
garments, so that they could adapt their clothing to feel comfortable during the study. Both
rooms were lit by artifi@l light with no daylight. Warmwhite light, which has been shown to
create a cozenvironmen{Kuijsters et al., 2015), vgan the break room and neutvdiite light

was used in the work room. Additionally, the break room provided comfortable elements,
including a cushioned seat, some decorations, and plants. Overall, the five doeak r
conditions provided comparable physical comfort (see supplemental material for more details
on the setting and the procedure).

The five different break room conditions varied in terms of simulated sensory input (no
sensory input vs. audiovisual inpug. audiovisual and olfactory input) and in terms of the type
of simulated environment (natural outdoor vs. bunttoor environment; see Tablg. The
orders of assigning participants to conditiorasrandomize.

For the selection of the outdoor amdloor environment, we usedsigts from a large
explorative prestudy @ = 265).In this prestudy, participants described their preferred outdoor
and indoor environments for recovery. For outdoor environments, frequency analyses pointed
out that participnts mostly preferre@ark/garden fdllowed bydédge of the forest@ature 6
dieldsimeadows , @nd&eabeach/lake/water Bhus, in the current study, we simulated a view
of park scenery through an artificial window as a restorative outdoor envirbnmen

For indoor environments, frequency analysis of thespuely pointed out that participants
mostly preferredhome followed bydiving room, @ny room andccafé la the current study,
participants were instructed that thegre at work, performingepleting tasks and then having

a break in a separate break room. Thus, wiediaimulate a realistic indoor environment which
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could be located next to the work place and which indicatét to the indoor environments
mentionedin the prestudy. To do this, we simulated a viewf lounge scenery through an
artificial interior window as an indoor environment (see Fig. S1 in supplemental material).

Audiovisual simulation.Visual stimuli were presented an artificial window, consisting
of three highresdution LED screens with gakers (Samsung LFD MD65C LEDRG5 cm
diagonal; 4096 x 2304 pixg= 4 K]). Participants saw a video sequence of a park in the natural
outdoor condition and a video sequence of a lounge in the built indoor condition (see Fig. S1
in supplemental materialMovement (e.g.wind, changes in lightyvasvisible in the screens.

Note that movements wegreaterfor the outdoor compared to the indoor environment
however, big movementsould not be expectad a real indoor environmenthts, we created
realistic impressions of both indoor and outdoor environments.

The visual simulation of the two restorative environments was supported by congruent
acoustic stimuli, which were chosen to support relaxation by triggering positive valence and
low to moderate arousdbird soundsn the natural outdoor conditigiRatcliffe et al., 2018
and instrumental music in the built indoor condition (Khalfa, Bella, Roy, Peretz, & Lupien,
2003 see also in suppl emen)t al material: AAudi

Olfactory simulation. In two groups, a congruent ambient scent was added to the
audiovisual simulation: a scent composition of rosewood, geranium,-ylang, olibanum
(frankincenseandhyssop in the natural outdoor conditicemd a composition of rosewd and
cardamom in the built indoor condition. The two scent compositions were created by a scent
expert especially for the simulated scenarios. The concentration of the released scent molecules
was lower than the molecules in a real park or lounge, bigbescent intensities are generally
perceived as unpleasant. In a-pgst fi = 12), the intensity of the respective ambient scents
was tested to identify perception thresholds, since the pleasantness of a scent also depends on
the intensity level (Spangberg et al., 1996). The released ambient scent should be perceived

as pleasant, but should not be too intensive. Thus, we tried to induce ambient sceritseabove
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odor detection thresholBut below odor identification.

The ambient scent was dispensedabyaroma dispensehif Creative 85). The testing
room had a size of 51 m3 (the scent diffuser used is suitable up to 80 m?). The scent was
distributed in the form of cool vapor produced by a fan. To ensure that ambient scent intensities
stayed approxintaly constant during the whole study, the intake air, the circulatingralthe
air volume flow in both rooms was predetermined (48MnTo ensure the change of ambient
scent from one condition to the next, the air volume flow was increased from340tb 1000
m3/h for 15 minutes between conditions. All other groups (nature condition, lounge condition,
and control group) received an odor neutralizer to ensure that the air quality was neutral in all
conditions (e.g.to neutralize unpleasant vaporseping out from building materialskee
Figure 1 br a graphic of the break room.

Physical Conditions in the RoomsFor further information see in supplemental
materials: APhysical Conditions in the Rooms
Measures

Perception of the break roomThe pleasantness of the simulated environment was
assessed for each simulated sensory iffdlaasantness afindow viewsound andodor was
assessed with orrating each (1: pleasarit 7: unpleasant). The perception of the restorative
guality of the brelarooms was assessesingthe Perceived Restorativeness Scale (PRStig
et al., 1997),a standard measure of restorative environmeitih consists of the four
dimensions of théttention Restoration Theo(ART; Kaplan, 1995) and is frequently used in
the literature (e.gBerto, 2005; Felsten, 2009; White et al., 2010). Items were answered on a
six-point Likertscale (1 = little 6 = extremely; e.g0rhis place fascinates @érhis is a place
wherelcadowhatlenjo) . The internal consistency of t

Measures of personal resource$o assess restoration effects, three types of personal
resources were assessed: energy resources, affective resources, and cognitive resources.

Participants responded three times to the resource measures: before and after the depletion
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phase, and during the peaststoration phase.

Energy resourcedVe used two subscales Rftsch's Personal State Scdl976; adapted
from Apenburg, 1986) to investigate par c i peeoneryfive items, e.g.Gelaxed) and
fatigue(three items, e.gdiredd using a sixpoint Likertscale (1 = little’ 6 = extremely). The
scalesshowedgood reliabiliy at all three measuring points (alphas between .75.86)d
AffectiveresourcesWe used two subscales dfitsch's Personal State ScglE976; adapted
from Apenbur g, 1 9 8 6hood(six iteims, e.gdsappy)adareusalsixb j ect s
items, e.g.@almy. The scaleshowedgood reliabiliyy at all three measuringoints (.79 and
.92).Cognitive resource$articipants assessed theattregulatory resourcewith the 10item
short form of théState SeHControl Capacity Scal@Ciarocco, Twenge, Muraven, & Tice, 2004;
e.g, d feel exhaustedl using a sixpoint Likert scale (1: not at all 6: extremely). The scale
showedgood reliabiliy at all three measuring points (alphas between .84 and .90). High levels

of personal resources are indicated by a high amount e¢@etifol capacity.

Procedure
The lab studyomprised three phases adapted from Berto's (2005) paradigm: a depletion

phase, a restoration phase, and a-pestbration phasgsee Fig. 2)

Depletion phaseParticipants were seated in front of a laptop in a simulated office. Then
theyread the covestory, explaining that they would take the place of an air traffic controller
in a big company andouldwork on severaappropriatd¢asks during the following 50 minutes,
all of which deplete attentional and s&lbntrol resources. Afterwards, participaiainswered
guestions about their current mood. These measures served as baseline measures of
participantsd personal resources. During t he
on three cognitively demanding (edepleting) tasks for 50 minutegsingle nBack task for
about 15 minutes (Ragland et al., 2002), a Stroop task for about 10 minutes (Stroop, 1935), and
an Attention Network Task for about 25 minutes (Fan et al., 2005). Thewaskslesigned to

consume personal resources, since direateshtion is needed to perform theThe type and
78



Chapter3: A contribution to theory testing: Confirming restorative environments in the lab

duration of the tasks was chosen according to previous restoration studies intending to deplete
participants before a restoration phase (eBgrman, Jonides & Kaplan, 2008). After 50
minutes, depletionfiects could be expected on both affective and cognitive resources (e.g.
Hartig et al., 1996; Ulrich et al., 1991). As a manipulation chpeksonal resources were
measured again after the depleting tasks.

Restoration phaseAfter the depletion phasexperinenters askegarticipants to step
into the adjacent room, in which one of the five break room conditions had been prepared.
Participants stayed in the break room for 15 minutes. First, they answered a few demographic
guestions (2 min.) and were thasked to relax and open themselves to the break room
environment. For 2 minutes, the laptop screen was blocked to ensure that participants perceive
the environment. Then, participants answered a few questions regarding the perceived
pleasantness and resttveness of thenvironment (2 minutes) ardjainhadtime to perceive
the environment.

Postrestoration phaseAfter the restoration phase, participants went back to their prior
workplace in the simulated office argjainindicated the level of their pgonal resources.

Finally, participants assessed #tevironmentind ambient conditions in both rooms.

Analytic Strategy

Manipulation checks for resource depletion were conducted with repeated measurement
ANOVAs. For a better comparison between differemdlgses, all hypotheses were tested with
measures of associatidrrst, resbration effects were examined witbrrelation analysefor
variables of room perception amdcovery of personal resourc@ssing indicator coding for
conditions) Subsequentlyto demonstrate thproposedosychological chain of effectserial
and sequential regression analysis were conducted with PROCESS (Hayes, 2013), using the
heteroscedasticitgonsistent standard error HC3. This estimator is recommended when testing
hypothegs with OLS regression (Hayes, 2013; Hayes & Cai, 2007). Further, as suggested by

Preacher, Zyphur, and Zhang (2010), we tested all indirect effects as directed hypotheses by
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usingaond ai |l ed alpha | evedrr(elkct=ed. b0 NBRFpapi &
hypot heses are confirmed i f the conydence i
followed the logic of the proposed causal chain: environmental conditiperception of the
environmenth personal resources aftdret restoration phasede Fig. 3 We used indicator

coding for sensory enrichment (experimental conditions = 1, control group = 0), simulated
environments (nature condition = 1, lounge = 0) and sensory input (scented conditions = 1,
unscented conditions = 0; Hayes & PreacB64,4). Dependent variables were the restoration

of personal resources from before to after the break (difference between personal resources at
t3 - t2). Indicators of personal resources were fatigue, feelings of restoration, mood, arousal,

and statef sef-control capacity.

Results

Manipulation checks

Resource depletionTable 2 provides means and standard deviatiofts personal
resources and perception of the break room as well as results of the manipulation check for
personal resourceA. 2(time: tlvs. t2) x 5(condition) ANOVA on the subjective measures of
the resources was conducted. As expect-ed, pa
control capacities decreased from t1 toid8icating depletion. Arousal and fatigue decreased
from t1 to t2. Together with the decrease in mood, the drop in arousal is also interpreted as an
exhaustion response. Moreover, unexpectedly, the interaction between time and condition
yielded a significant effean self-control capacity and mood. Apparentllye depletion effect
was stronger in some conditions than in other. Since preceding depletion can influence the need
for recovery and, hence, the intensity of the recovery effect, we included the depletion effect
(t2: after demanding tasks minus t1: befdeenanding tasks) as control variable in the analyses
of recovery effects. This procedure is consistent with previous studiesSeglders & de
Kort, 2014).

Ambient scents Theambient scentshould be inducedbove odour detection threshold,
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but belowodour identification A question with opemesponse format indicated that the
control group (group without induced scentsd participansmelled any scentexcept one
participant (s mehetwd scegnteddondiosd) 364% ménjiotiext they
could smell a scerf63.3%did not) In the scented natumndition participants mentioned the

smellof 6f reshnes,sd§gs wddtower §lbe mon o, 6l avender 6

o

lounge condition, participants mentioned the smed sf we et 6, O6sandal wood
k n o wwérall, the mentioned scents fit to the presented visual stimuli. Thus, the posited
congruency between visual and olfactory input can be assumed. As expected, a precise odour

identification was not possible.

Effects on comfort of the break room and perceived restorativeness

Table 3provides an overview of correlatiotetween environmenperception of the
break bom conditions, andecovery of personal resourgage also Table Sh supplemental
materialsfor means and standard deviations for the perception of the break. ISBBIES
simulating naturewvere perceived as more pleasant in view and more restorative than the
standard break roorhis supports Hlavioreover, SEBEs simulating a lounge were perakive
as more pleasant in view# .38,p < .01) than thetandard break room. This suppdt®a.in
addition,correlation analyses showed that the view was perceived as more pleas&i, p
< .01) and the environment as marginally more restorative .8, p < .10)in the nature
simulations than in the lounge simatibns. These results suggespport ofH3a. In addition,
environments with congruent ambient scents were perceived as marginally more pteasant (

.18,p < .10) than the neutralizirgcents This result suggesssipport of H4a.

Indirect effects on recovery
Table 4 depicts the results of mediation analyses. The first mediation model (SMM1)
tested whetheBEBEspromoted personal resources thropghceived restorativene@d1b and

H2b). Resuk of SMM1 yielded a significant indirect effect on all five personal resouftes.
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indicates that SEBEs improve perceived restorativeness, which in turn decreases arousal and
fatigue, and increases feelings of restoration, mood, and@®ifol capacity(see Tabled,
SMM1). Overall, this supports H1b and H2b.

The second serial mediation model (SMM2) tested whether the simulated nature
environment promoted personal resources through perceived restorativenessofh3ajed
to an indoor break environmerResults of SMM2 yielded marginal significant effects of the
simulated environment on perceived restorativegresd significant indirect effects on four
personal resources, except aroushis indicates that the haal environment was perceived
as more restorative than the indoor environmeaitich in turn facilitates the recovery of
personalesources by decreasing fatigued increasing feelings of restoration, mood, and self
control capacitysee Table&l, SMM2). Overall, this supports H3b.

The third sequential mediation model (SMM3) tested whe8t&BEs with congruent
scents were linked to personal resources through the sequential mediation of perceived scent
pleasantness and perceived restorativeiiedls). Results of SMM3 yielded significant indirect
effects through pleasantness of scent on perceived restorativeness amd, on all five
personal resourcesghis indicates that the greater pleasantness of scented environments fosters
perceived restorativengswhich in turn increases mood, feelings of restoration andealiol
capacity, and decreasasousal and fatigue (see TalleSMM3 and Fig. 4or a graphical

depiction). Overall, the results support H4b.

Discussion
The aim of the current study was to explore the restorative potential of SEBES,
particularly focusing on the simulated environment and sensory input. Results support our idea
that sensorenriched environments can facilitate the recovery of personal oesotirough
individual perception of a room. In particular, the simulated nature and the simulated indoor
break room were perceived as more restorative than the standard break room, which in turn

enhanced the recovery of personal resources. However, riétbdor the simulated indoor
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break room could not be shown with correlation analyses. Thus, the psychological foocess
indicaing beneficial effects of indoor environmentsaynbe more complex, calling for
sophisticatedanalyses. éwing a natural environment was perceived as more pleasant for
sensory input and more restorative than viewing a lounge environment, which in turn increased
recovery effects. Finally, alihg a congruent ambient scent resulted in increased recovery of
personal resources through the sequential mediation of perceived scent pleasantness and
perceived restorativeness. Overall, our psgebconceptual model (see Figwaas confirmed

using varous dependent variables. The results indicate that simulating restorative environments
in a break room may promote recovery best by creating serishrimpressions of natural

environments.

Implications and strengths of the current research

The present sty offers two central implications. Firsn past research on SEBEs,
studies have often focused on perceived restorativeness or on resource recovery as dependent
variables. In contrast, we outlined the psychological pathway from specific environmental
stimuli through perceived restorativeness to recovaryine with past researciMarselle et
al., 2016, we found that perceived restorativeness represents an important mediator in the
relationship between the environment and the recovery of personalcesolihus, PRS
facilitates concrete recovery effects as described by Attention Restoration Theory.

Second, the current study is one of the tiosteveal the recovery process of an outdoor
or indoor simulated environmefdr personal resources throughrieais sensory impressions
(vision, audition, and olfactionAdding a congruent ambient scentreases the restorative
potentialof the simulated environment, which goes beyond simple vis@idovisuaktimuli
(see also @ Kort & 1Jsselsteijn, 20060ur study was able to show that using an additional
congruent scent indirectly intensified the room pleasantness of the simulated audiovisual
environment and the recovery effects on mood, feelings of restoration, arousal, -@odtself

capacity. Due tahe direct connection between the olfactory bulb and the limbic system
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(Bosmans, 2006; Krishna, 2012)e influence of scent on mood seems obvanis in line

with previous research showing that ambient scents foster positive (Baih, 1983, 1986,
1990;Herz, 2004; Michon, Chebat, & Turley, 2005; Spangenberg et. al, 18@6¢over, in

l' ine with Bensafi et al . (2002), partici pant
ambient scenThe current data also strengteéle r z6s (2009) <concl usi on
of an ambient scent determines its relaxing potential.

One strength of the current ambient scent simulation is the fact that many previous studies
only investigated ambient scents compared to conditions gwihmal air B contrast, we
investigated a subtler manipulation by using a neutralizing scent in the unscented conditions
and a congruent ambient scent in two different scented conditions. We used this conservative
design due to the fact that laboratortggically lack windows and tend to have stuffy air.
Moreover, in field studies it is almost impossible to provide an environment without any
ambient scents, hence including an uncontrolled variety of smells produced by subjects or
objects. Thus, previoustudies presumably compared any ambient scents (or even unpleasant
air) to pleasant, congruent ambient scents, which rasylt instronger effects than comparison
of neutral air (control condition and conditions without olfactory input) with pleasant,
comgruent scents as done in this study. Therefore, our effects of scent may be interpreted as

being strong, as they are discernible despite the current conservative design.

Limitations and future research questions

Despite the insights presented, at leas fjuestions regarding the restorative potential
of simulated break environments remain to be answered by future research. First, the value of
indoor environments for recovery could not finally be answered with the current study.
Although the lounge conddn outperformed the control growpth respect tpleasantness of
view, there were no differencés other correlation measurements. Thus, further studies are
needed to replicate our results.

Second, the generalizability of the present research may ibedidue to the laboratory
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setting and the student sample. However, previous research has shown comparable restorative
effects of nature in laboratory and field studies with diverse samples Kelgten, 2009;
Friedman et al., 2008). Third, during theptigion phase all participants worked on cognitive
tasks that resemble vocatiotliéde stress (but not interpersonal stress). According to Gulwadi
(2006), natural environments are more suitable for coping with vocational stress compared to
home environmest Thus, the induction of vocational stress could be one reason why the
lounge condition was evaluated less posiyivinan the nature condition. Therefore, future
studies should investigate different types of stress, (@gational and interpersonal ets)
separately. In addition, the restorative aspects of a lounge depend on the personalization of the
environment (Richter, 2008). Thus, further studies should investigate a personalized lounge,
which could be used for several weeks before the studg atdhkplace.

Fourth, the study comprises a viea an indoor environment (loungéhrough an
artificial interior window vs. a vievof an outdoor environment (nature) through an artificial
window. At first glance it may seem unusual to use an interior wirwith a view ofa lounge.
However, in both sceneries, the aim of the artificial window was to facilitate detachment from
work by offering a sensory input which oféerdistraction from the former work setting. In
both sceneries, it was obvious that wedusa artificial window which could showany
environmentjncludinga lounge. Our intention was to demonstrate that people prefer the view
offered by an artificial window compared to no window view.

In this, the current study does not recommend reptpoeal windows with artificial
windows. Instead, weeekto point out the possibilitiesf equiging windowless rooms with
artificial wi ndows to enhance the roomds r
artificial devices to simplify and improve d@h lives (e.g. navigation devices to orient
themselvesn an unfamiliar environment, or a TV to relax). In this context, artificiality is not
perceived in a negative way. Thus, we assume that in the future, when artificial windows

become even more restic, they will stand for a positive experience which fosters life quality
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(suchashigher degree of privagypo one can see inside the room) and higher scope for decision
makingsince everkind of environmentan be simulated.

Fifth, it remains uncleawhether some natural environments are more suitable than others
for use as simulations in break rooms. In the current study, individuals were confronted with
mundane nature (instead of spectacular nature, like impressive waterfalls or spectacular
mountairs). This practice evolved based on the assumption that only soft fascination (a low to
moderate level of arousal) could foster restorative procesteseas hard fascination would
lead to high levels of arousahich could be a barrier to restoration (fan, 1995; Kaplan &
Berman, 2010). Contrary to this expectation, a recent study (Yoye & Bolderdijk, 2015)
investigated extraordinary nature (with a higher degree of fascination or even hard fascination)
compared to mundane nature (soft fascination), andd beneficial effectsom extraordinary
nature regarding the degree of beauty, awe, and positive mood change.

However, they also found negative effectscerningevels of fear. Therefore, further
studies are needed to answer the question of whettrapedinary or mundane nature tibe
greater restorative potential. In addition, the degree of vocational exhaustion should be taken
into accounthumans who are completely exhausted may prefer relaxing, calming environments
such as mundane natural environments, whereas individuals who are only slightly exhausted

might prefer a higher degree of stimulation provided by extraordinary nature.

Practical implications of the current research

The present research provides practical implications for the design of numerous interior
spaces, such as break rooms, waiting areas, or workplaces without windows (or without an
attractive view) and without scents (otlnvunpleasant scents). Thiszolvesunderground and
shift workplaces which have no daylight or fresh hirt it also contains break rooms located
inside hospitals, where nurses and physicians work at night and without window views.
Retirement homestoo, could profit from artificial windows and pleasant congruent scents.

Older individuals are often no longer mobile enough to regularly access real environments.
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Thus, the opportunity to use artificial environments inside retirement homes could strengthen
their quality of life. Further, in hospitals or retirement homes, unpleasant sanelisften
presentdue to medicines, open wounds, or poor hygiene. As a result, physicians and nurses
have to cope with these unpleasant smeditentially resulting in deeased personal resources.
Addi tionally, patientso relatives daodsmghot enj
persons may not be able to focus on recovery while coping with unpleasant stimuli. Thus, the
use of pleasant ambient scents to namklls or to generate restorative environments could be
beneficial to enhance patientbsifg, physicians?o

Moreover, with respect to movemenh closed spaces such as airplanes, trains, or
subways artificial windows and pleasit congruent scents could enhance the restoration
experience and subsequently improve mood, cognitive performance, and physiological
functioning (Friedman et al., 2008). In particular, traveling by plane ordeaisesome people
to feel uncomfortable experiencdear (e.g Kahan, Tanzer, Darvin, & Borer, 2000). The use
of artificial windows and pleasant congruent scents could distract and relax, therefore helping
to withstand stressful events (Kline, 2009).

Finally, simulations of restorative envinments may also be useful to improve recovery
during work breaks. Employees could bring along their own favored picturesfreng.a
vacation These pictures could be presentedn artificial window accompanied ba pleasant
congruent scent to fostére replenishment of depleted resources. Moreover, it may not even
be necessary to build an artificial window. Insteashre convenientneans of presenting
audiovisual simulationsuch asvirtual reality headsets may also be able to support recovery

and mg even provide a deeper immersion in the scene.

Conclusion
In all the situations described, the use of scents should be considered carefully because it
is far more difficult to direct precisely a scaa singlendividual than it is with an audiovisual

presentation. Nevertheless, it could be concluded that recovery may begin with the vision of an
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environment, but flourishesom sensoryenriched impressions.
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Table 1

Overview of experimental conditions.

Control group

Nature condition

Lounge condition

n=23 n=25 n=25
no window window 6n wi ndow 61 o
no scent/ neutralizer no scent/ neutralizer no scent/ neutralizer
no sound bird sound instrumental music

Scented nature condition

Scented lounge conditior

n=27

n=22

wi ndow Ona

congruent scent
bird sound

wi ndow 061
congruent scent
instrumental music
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Table 2

Perception of the break room and personal resources: Descriptives and Results of the

Manipulation Check.

Control Unscented Unscented Scented Scented Results of the Manipulation Check
group Nature Lounge Nature Lounge (ANOVA)
M (SD) M (SD) M (SD) M (SD) M (SD) Main effect Main Interaction
time effect Effect
Condition
F @ F d4* F 47
Fatigue 4524* 28 1.03 .04 199 .06
tl 210 2.12(0.92) 2.04(0.89) 2.33 2.08
(0.86) (1.14) (0.94)
t2 2.97 2.69(1.02) 2.20 (1.05) 2.94 2.94
(1.59) (1.26) (1.13)
t3 2.32 2.08(0.80) 1.77(0.84) 221 2.94
(1.20) (0.86) (1.13)
Feelings of Restoration 16.12* 12 .38 .01 1.30 .04
t1 435 4.31(1.02) 4.35(0.82) 4.17 4.52
(0.72) (0.95) (0.85)
t2 401 4.06(0.81) 4.30(0.90) 3.95 3.97
(0.92) (1.03) (0.94)
t3 457 4.58(0.76) 4.82(0.64) 4.60 4.67
(0.74) (0.73) (0.81)
Mood 12.07* .09 .25 .01 2.77* .09
tl 3.59 3.57 3.73
(1.17) 3.71(1.03) 3.69 (1.02) (0.98)  (0.95)
t2 3.42 3.37 3.52 3.07
132  (oay Q0N q0g)  (1.18)
t3 3.73 3.85 3.95 3.76
@3) o1 S8 gog (122
Arousal 4.28* .04 119 .04 .62 .02
tl 2.72  2.95(0.76) 2.60(0.73) 2.68 2.40
(0.87) (0.88)  (0.80)
t2 242  2.74(0.80) 2.45(0.71) 2.61 2.42
(0.70) (0.96) (1.00)
t3 2.10 2.29(0.68) 2.22(0.69) 2.22 2.03
(0.68) (0.70) (0.77)
Self-control capacity 57.67* .33 .83 .03 2.46* .08
tl 4.97 4.97 4.97
(0.75) 5.00 (0.67) 5.04(0.54) 059 (0.75)
t2 4.33 4.64 4.21
(1.11) 4.59 (0.78) 4.82 (0.68) (0.98)  (0.99)
t3 4.84 5.08 4.88
(0.84) 5.06 (0.53) 5.09 (0.55) (0.60)  (0.91)
Perception of the break room
Odour 500 4.73(1.20) 4.71(1.45) 5.36 5.00
Pleasantness (1.52) (2.22) (1.48)
Perceived 3.21 3.89(0.89) 3.50(1.05) 3.93 3.68
Restorativenes: (0.98) (0.83) (0.81)

Note.tl: before demanding tasks; t#ter demandingasks; t3: after break room
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Table 3

Correlations between envimment, room perception, amgcovery of personal resources.

Nature Lounge Simulated Sensory

environment input
nature =1; lounge = nature = 1; scent=1;
control 1; control lounge =0 no scent=
group=0 group=0 0
n=62 n=58 n=99 n=99 1 2 3 2
Pleasantness
L oeView 74 38+ 53 -.03
2 esound 19 23 01 14 20
3 eOdour 02 -.05 08 18 16 21
4 Restorativeness g 19 18" 07 577 41%  35m
Personal
resources
é Feelir - . -
 storation .01 15 .00 04 190 28"  23* .44
e Fatiglt g “11 .03 202 -09 -1 -22%  -23
€ Mood 09 -.06 08 13 09 24+ 13 45
e Arouse 4 10 .17 09 .49 16 .01 .24
é S-dntfol N . -
capacity 15 02 07 04 26* 47" 23* 38

Note.”p < .10, *p < .05, **p < .01. The values of personal resources are difference scores between
t2 to t3 indicating restoration; controlling for the amount of depletion (t1 to t2). t1. before
demandingtasks; t2: after demanding tasks; t3: after break room. Cooredabetween room
pleasantness#storativeness and personal resources are calculated with sensory enrichment,
including both nature and lounge environmehtslicator coding fonature (natureonditions =

1, control group = 0)ounge (lounge conditions = 1, control group = 0), simulated environment
(nature conditios= 1, lounge = 0) and sensory input (scented conditions = 1, unscented conditions
= 0; Hayes & Preacher, 2014).
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Table4
Unstandardized Coefficients for the Results of the Ordinary Least Squares Regression

Analyses.

Indirect effect

Biascorrected
bootstrapped
90%Cl

Total Direct
effect effect
Model  Criterion N (c) (¢) Patha Pathb Pathd Pathe PE SE LL UL

Feelings of

SMM1 restoration 120 .10 -.09 56* .34* .19 .09 .05 .34
Fatigue 120 -.16 -.06 .50 -.19* -.10 .06 -.20 -.02
Mood 120 .09 -.09 55* | 33* .18 .09 .05 .33
Arousal 120 .02 .20 54*  -33% -.18 A1 -.38 -.03
Self-control
capacity 120 .10 .01 55 | 17* .09 .04 .03 17
Feelings of

SMM2 restoration 97 .01 -.04 68 .34 .06 .03 .004 A1
Fatigue 97 -.03 .01 A7 -21% -.04 .02 -.08 -.003
Mood 97 .05 .00 A7 32% .05 .03 .009 A1
Arousal 97 -.40 -.28 .33 -37* -12 .09 -.28 .00
Self-control
capacity 97 .04 .01 A60 19% .03 .02 .002 .06
Feelings of

SMM3 restoration 89 .08 .07 .32%* AT 24%F .02 .01 .0004 .04
Fatigue 89 -.10 -.06 -.19* 500 .24% -.01 .01 -.06 -.0003
Mood 89 .28 .28* .35** S1F 24% .02 .02 .001 .05
Arousal 89 .30 .34 -.38* 52t .24* .02 .01 -.13 -.0001
Self-control
capacity 89 .09 .07 21 54+ 25** .01 .01 .002 .03

Note. Confidence intervals are bia®srrected and based on 10,000 bootstrapped resamples. All
analyses controlled for the amount of depletiori (tR). PE = point estimate of indirect effeS&

= standard error of indirect effe@@) = confidence interval. LI= lower limit, UL = upper limit.

All path coefficients &, b, c', ¢) are unstandardized. All models free from multicollinearity (all
VI F O'p4 .1@(dnesided), *p < .05, ** p< .01.

Patha: independent variable on PRS; pathPRS on criterion; fh c: independent variable on
criterion calculated without mediators; pathtiindependent variable on criterion calculated with
mediators in the model; patth: independent variable on scent pleasantness; @attent
pleasantness on PRS. SMML1: First na¢idn model, tested whether SEBEs promoted personal
resources through perceiveestorativeness (Hiland Hb). SMM2: Second serial mediation
model, tested whether the simulated environment premperceived restorativeness H3
SMM3: Third sequentiamediation model, tested whether SEBEs with congruent scents were
linked to personal resources through the sequential mediation of perceived scent pleasahtness a
perceived restorativeness (b)4
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artificial windows
(high resolution
LED- monitors)

aroma dispenser
behind the plant

Fig. 1. Simulation of the break room with artificial windows and aroma dispenser.
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Fig. 2. Overview of procedure.
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Perception of Recovery of
environment personal resources

v

Environment >

Fig. 3. Conceptual ModelHypothesized causal chain of physical environment on recovery of

personal resources through perception of environment.
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Restoration: = _24%**

Fatigune: 5= 24%*%

Mood: §=.24%*

Arousal: = 24%%

Self-Control: §= 25%%
Restoration: 5= 47* . Restoration: §= 32%*
Fatigue: = 50° Pleasantness of R Perceived Fatigne: f§=- 19%
Mood: 5= 51* ambient scent e Restorativeness Mood: §= 35%*
Arousal: 8= 52° Arousal: f=-38%
Self-Control: 5= 547 Self-Control: §=_21%*

d
S gt c e N Recovery of
ENSOryMput |- - - e e e e e e e m e m - — -
Restoration: 8= 08 Restoration: f= 07 personal resources
Fatigne: f=-.10 Fatigue: #=-06
Mood: 5= 18* Mood: 5= 28*
Arousal: =30 Arousal §= 34
Self-Control: §=.09 Self-Control: 8= .07

Fig. 4. SMM 3. Scented conditions (= 1) vs. unscented itmms excluding control grou@= 0) on personal resources (feelings of
restoration, mood, subjective arousal, and-cetitrol) are mediated by pleasantness of ambient scent (path d), followed by
perceived restorativenes¢ = 118.c = direct effect from sensory input on personal resesiwithout mediators. & direct effect

from sensory input on personal resources including mediators. N"p 8910, *p < .05, ** p < .01. For comparisons with Table

3, the paths are labelled in the same denomination.
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Supplemenal Materials: Additional Details of Procedures and Analyses

Table Sl. Perception of the break room conditioBgscriptives.

Independent Variable Control Unscented  Unscented Scented Scented
group Nature Lounge Nature Lounge
Dependent Variable M (SD) M (SD) M (SD) M (SD) M (SD)
Physical comfort
éTemperat L 450(214) 543(1.57) 5.00(1.88) 5.46(1.69) 4.83(2.08)
éAir quali 544(1.17) 526(1.11) 524(1.26) 5.42(1.32) 5.42(1.12)
¢ Lighting 4.05(1.70) 5.00(152) 4.87(1.21) 5.18(1.05) 4.90(1.33)
€ Acoustic 422(1.82 470(1.84) 5.10(1.59) 5.14(1.64) 5.03(1.82)
Pleasantness
éVi ew 3.00 (2.00) 6.45(.89) 4.68(1.89) 6.35(1.34) 4.50(1.64)
¢Sound 3.21(1.40) 5.10(1.48) 4.68(1.70) 5.18(1.70)  5.50 (1.47)

Physical Conditions in the RoomsTemperature in both rooms was set to 23 Celsius

degree for all conditions with the air conditioner system from Siemens Typ PXM 20. As a

supplement to this air conditioning, we used in both laboratories also wall and ceiling heating

systems. Additionally, we measured room temperature before starting the study and once during

the experiment with a portable temperature measuring instrument (Almemed 288

Ahlborn). Moreover, constant, congruent lighting conditions were simulagd \Gentral

lighting control system providing direct as well as indirect lighting scenarios. The office room

provided neutralvhite light of 2043 Ix (vertically measured at dgeel) and the break room

warmwhite light of 1477 Ix.

Auditory Material. The wed nusic of nature is from theCD:
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of ASmiles Anewd AG#H TANan §aljadBelkh oy, Relets, and

Lupien, 2003).

Fig. S1. Restoratiomoom environments. Left: Lounge scenario. Right: Nature scenario.
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