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ABSTRACT

When healthcare professionals percgivat i e nt s érowyly megiabro ms
media technologiedow do theyespondo then? Many studieshaveexplored the
effects ofthefilm, novels, musicon empathy and recentifew studiesstarted focusing
on thevirtual reality(VR) andaugmented reality (ARhatvisualizep at i ent s 6 1 nvi ¢
symptomsand their effecten theempathyof medical studentas future healthcare
professionalshowever thar psychological processes aret fully elaborated yet

This dissertationwasdesigned to detaihe psychological process evoked by
AR thatvisually mimics migraine symptomend usepresencandnarrative
transportationio increase&mpathy A mixedmethod studyvasconductedo untanglehe
psychological processof presencenarrativetransportation, and empathy exploring
their existence, nature, strength, and meanimg® treatment conditions weoeeateda
headmounted displayHMD) asa high immersive condition and a handheld display as a
low immersive conditionvith a focus ormedia immersiveness as the degree to which
AR submerges its usersb6 perceptual system

The study participants weessmall ((=27), but motivated group ohedical
studentearnersin the quantitative result®,R was notvisually immersiveenough to
evoke presencas a perceptual illusion of nanediationdirectly sincethere were
systematic effects of media immersivenesAlgfon pesencegbutthere vereno
significant effect of media immersiveness on presemd¢en controlling fomedical
studenté t endenci dtwasassamectbat presende ecsurred as a constructive
perceptual processdirectly mediatedhroughmedicalstudenté t endenci es and

In a canonical correlatioand stepwise regressiahe maximal correlatioamong



immediate sense of presence and narrative transporgatibgituational empathy
revealed an optimal degreepdrceptual involvement thieadsto situational empathy.
Another canonical correlaticand stepwise regression amdhgtraits of immersive
tendency and physician empathy and situational empathy showed that thereauns also
opti mal degree of iyntaiihat l@ddto arelativklg stable 6 s ensi t
situational empathySince, a interview results showed, medica st udent sé mot i v
prosocia it is possiblgo interpret distress as another typeitdiational empathy
entailing caring about others the qualitative resultshere weresloserelationshig
between media environment and preseAceimmersive wtual environmentl{VE) via
AR, which affords users the perceptual or embodied feelipiydicallybeing
surrounded byts represented environmentas closely related to sensorimotor
perceptual processing of presen&aontinuous immersive mixed environme&hE)
via AR, which affords users the imaginatively situateglifeg by mixed realityextended
presencén theactual environment through the pess oharrativetransportatiorand
affect.
Thecontributons of the findingso thetheory and research literature regarding
presencarediscussed along with recommendations regargmagtical contributions to
ongoing efforts to enhance healthcare o f essi onal s empathy and

in treating patients with migraines and other conditions and illnesses.
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CHAPTER 1
INTRODUCTION

The following interpersonal communication between a physician and a patient
shows how a physician presents their empathic attitudes toward patients during a
healthcare encounter. The patient in the dialogue is a-thmgyearold woman wih a
degenerative nerve disease. Since this disease is a heredity disorder, the patient worries
about her son. Her physician also underst a

disease and worries about the son with this patient empathically (Chadap, 20

AHow6s Phillip?0 the physi-wogvainAttha ks on
age of 7 years, Ms. Lambert 6dsandssource i s Vi
ofmeaning of t he patientds world. The patien
weakness in both feet and legs, causing his feet to flop when he runs. The patient
(Philipbs mother) knows what this signi
the diagnosis. Her vigil tinged with fear, she had been watching her son every day
for7yar s, daring to believe that her chil
she is engulfed by her sadness for her
for 7 years, 0 she sagps. AHowb6s he going

The physician, too, is engulfed by sadnesshaslistens to her patient, measuring
the magnitude of her loss. She, too, had dared to hope for health for Phillip. The
physician grieves along with patient, aware of how disease changes everything,
what it means, what it claims, how random is its un&ss) and how much

courage it takes to look it full in the fag€haron, 2001, p. 1897)

In this physiciarpatient communication, the physician is overwhelmed by the
sadness of her patient and enters the pati
she knows the i mpact of antlhheirs sdoinsbesa slei foen. tHe
attitude to establish rapport with patients might offer this patient a chance to share
personal narratives about her anxiety (Charon, 2001; Duggan & Parrott, 26i31). T
occurswhen healthcare professionals are present to receive the narratives of patients for
them(Frank, 2013; Levinas, 2003; Van Manen, 2014). In this communicattonent
healthcare professionals also react to objective and subjective aspectsofpai 6 1 | | n e s
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narratives (Duggan & Parrott, 2001). The o
structures, functions of tissues, and orgarsch are recognizable with scientific

knowledge (Duggan & Parrott, 2001; Hojat 2016; Kleinman, 1998; KEBmsaguro, &

Query, 1998, Lar son, 1999). The subjective
significance of their illnessvhich areundersandablewith narrative knowledge (Charon,

2001; Duggan & Parrott, 2001; Hojat, 2016; Kleinman, 1998; Marini, 2016; World

Health Organization (WHO), 2001). The effect of this empathic response on patients is to
comfort them with the feelings of being understood eared for by trustful medical

professionals; further, it helps medical professionals to empathize with their patients and

to enhance the quality of care through the valuawual presencbetween physicians

and patients.

This study is, thus, initiatedith the questios Hdw canphysiciandestlearn to
perceive patientsd i | fiwhiehdypesanddegreesdfves and
empathyaregoodf or b ot h physi andfWhysanddaond empahy i ent s ? 0
g o o &&veéral scholarsaveillustratedthatthe physicians who experience compassion
fatigue, distress, a low sense of accomplishment, and severe emotional exlamastion
lesssensitiveto captuing the moment when patiemsakestatements about their
concerns, emotions, and stressors (Fredrickson, 2016; Gleichgerrcht & Decety, 2014,
Morse, Edwardsen, & Gordon, 2008hese scholargexplained thaphysicians with both
positive and negative professional experiences hawe butnot too muchperceptual
sensitivityin these situationthan those with only those negative experiences.

Gleichgerrcht and Decety (2014) explained that physicians need to learn emotional skills
toperceivep at i e n but dsorggalatertheiown feelings These skillswill help

2



physiciansassist patients sufficientBndprotect themselves from burnout and

compassion fatigu@octorsin their medical school trainingaditionally have learned

these skillghroughaninterpersonal communication skillorkshop; however,

considering the emotional burnout the students ndgkielop a learning environment

mustbemot i vati onal enough to allow physicians
feelings, and situations without too much perceptual sensitivity. oletirning
experience oOor environment, medi a experienc
perspectivaaking tasks (Herrera, Bailenson, Welsz, Ogle, & Zald, 2018) can be
simulated to help physicians per codhisise pat.i

augmented realityAR).

Augmented reality (AR), an empathy machine that evokes presence

In broad termsAR, and Virtual Reality (VR) evoke preseneeperceptual
illusion of normediation(Lombard & Ditton, 1997)n which user®verlookthe
existence of technology and its characterist@chtechnologyhas strengthand
weaknessem evoking presenceavhich will be examined in the context of this
dissertatonV R s ubst it ut eualfield sith itsyehdedirtual scenesini s
contrast, ARsupplements h e pesceptidos reality withstreamed or overlaid
virtual image andbr information.For this reason, VR is considered the ultimate empathy
maching(Bollmer, 2017; Milk, 2015¥since itr e p | a ¢ @isual inpuEfrons their
reality with that from virtuality Theycane x per i ence ot hegokbéingsubj ec:

inside ofthat realityand deeply understand their perspectieshis case, presence is



evoked almost directly and automatically throutghwide field of view (FOV) that

cover s us aafeldsod¢hatitsivievefully mimica not her vigwer sonoés

Presencalsomakes AR a potentially powerful empathy machii@ evokes
presence and empathy within tReality-Virtuality contiruum of mixed reality (MR)
(Milgram, Takemura, Utsumi, & Kishino, 1995¥hereactual environment and virtual
objects are combined, registered, and tracked together within one single (hspiaa,
1997. Also, this displaytechnologycancombinemobile technologywith immersive
virtual environmentI{/E) technologyin ahigh immersivebu transparenHMD AR
that, according to Milgram et al. (1998)lowsaclear view oftheu s eactaab
environmentln this way,userscanperceive virtuabcenes streamdxy mobile
technology withthe translucent displago that theyerceive the virtual objects their
visual field (Lombard & Jones, 2015; Slater, 2003; Steuer, 1988 ultimately
enhanceand extendthis perceived serf presence in their virtual environment

includingthereal environment

Within the continuum between virtuality and realiyherfactors thatdetermire
whether a user experiences presarmaempathyncludet he us e rie@Swobfendenc
theseusertendenciesmportant in this contexdreimmersive tendeng atendencyto be
easilyinvolvedin mediatecor unmediatedctivities andphysician empathyatendency
to sympathetically experiengeat i ent sé f eel i n gxegPesidienpt o ms ,

2017; Peters, 2018).

Il n this study, AR is used to simulate p

me di c al emgathyd Fomits agptimal display asempathy machine, medical
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students need to per c deaeyweretipesm awn. dhststadytegsx per i
whether and howan immersive AR allows medical students to percAiResimulated

patient symptoms frothep at i ent s 6 Presncatpeerg (Lambaeds Ditton,

1997) is applied to explain how healthcare profesdgooan enhance their understanding

by perceiving patientsd symptoms as if the
another psychological thegrgboutnarrative transportaténu s er sd cogni ti ve,
emotional, and imaginative involvement in narratéves appiedto explain how

healthcare professionals extend and situate pleegeption n pati ent sé si t ua-

Current studieson effects ofprograms on empathy

Many studieshave beeronductedo examine the changed empathic tengeufc
medical students throughatheir overall medical training an evaluatéhe effect of
empathytraining program specifically designetb teach, induceshangepr strengthen
s t u d empathy Since empathy has been understood as a trait that deobanged
easily, many studies have examirtled effect of empathy training progranepetitively
for the extendeg@eriodas a type of longitudinal studidojat, 2016). Traditionally,
empathy has bedaught by medical educatatsough interpersonal camunication skill
workshopsHowever diverse media trainingnterventionshave been developetb
enhancst udent s & e mmpaitahlileraturs, arts, dilmsnadnmusic.Recently,
VR experiencesuch as virtual patients embodiecaimimmersive virtual environment
hasebeen used to strengt hWhereasefavistades exantinae dent s
AR and itspotentialimpact on empathgonceptuallynoneinvestigate thendirectly.

Moreover, vhile bothVR and ARafford users chancdsr experiential learning



processs(perceptual, embodied, situational, and construcfimeg¢mpathythrough
hypothetical scenaripgew studieexamineAR as an empathy machine throupkge
learning process For these reasons, this study provideempiricaltestof augmented

reality as a empathy machine.

Empathy and situational empathyas empathic responses

Thisempathy machine refers #éotechnological attempt to let users make sense
anot her 6 s e xegmetionaleffactcan be wnteoswad with affective definition
based on its arousal proces®l cognitive definitiolased on appraisal procéB®ller,

2017; Decety & Ickes, 2009a8der, 2013)These two types of emotion contribute to
empathically aroused response to a shared situation differiémibyuld be either a self
focused physiological arousal of distress or ofbeused optimal level of sympathic
arousal Especially in his later case, it results from cognitive/emotional appraisal of
physiological response triggered by external or internal stressful stimuli. Also, these two
types of empathic arousal caativate the empathy that already exists in physicians as
their individual tendencies, add more weights by strengthening it, let the physicians
acquire it if they do not have it, or even alter it. In this study, augmented reality as
empathy machine is assumed to have media effects of acquiring, triggering, altering, and
reinforcing the empathy that already exists in physicians in nature or through learning or
training.Additionally, individual differences in these empathic leats considered

Three different types of situational empathy are used to represent thesntlifidences

and levels of empathic arousal: sympathy, distress, and sadness.



Migraine headaches as a neurological condition

Mi graine headaches are chosen for this
symptoms, difficulties, and emotions need to be better perceived and understood by their
healthcare providers. Migraine headacteggesent disease that affess uf f er er s o
everyday lives with a substantial physical, psychological, and socioeconomic impact
(Leonardi et al., 2009; Parikh & Young, 201®)igraine headacheBwith aura are
preceded or sometimes accompanied by more severe ghstubingaura symptoms
(ICHD, 2018). Further, migraine headaslsemetimes lead to depression, stroke,
dementia, and obesity t hr(lCHDg20Bulnvisilsilityf f er er s
and stigma implicitly affect social attitudes about migrainesraigtainepatients by
putting additional physical, psychological, and socioeconomic burdens on patients and
eventually isolating them from appropriate social supfatikh & Young, 2019)Thus,
migraine headaches require an accurate perception and understgnsliffgrers
themselveshealthcare providers, family members, and the publiere are many
attempts to visualize thavisible symptoms of iliness to enhance perception and
appraishof the symptomsvith namessuch asfiTraining the eye: Improving the art of
physical diagnosis dObggrvation and uncertainty in art and medigineg &mad A

clinical encounted ( Mu k u n d a ARfts a promising té@Ilbéclukse it has

characterigts that visualize invisible things from thea t | penspgedivia

Benefits of this study

Thisresearchlluminatesme d i ¢ a | p$sytholajieahprose®f presence,

narrative transportatiorand empathin AR as an experiential learning to&xplaining
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this processnight benefit currentrainingprograns and studie$or several reasonEirst,

medi cal studentsdé psychol ogi cal process wh
through immersive media techogies such as VR or AR hast yet been adequately
explainedWhen the psychological process is fullijjustratedwith studiesof media

technologiesit will make it lesscomplicatedandlessdifficult for medical educators to

measure the effagenesf theempathy trainingprograns thatapply media

technologiegPeters, 2018Reeves, Yeykelis, & Cummings, 2016

Second, this study illuminatdéise role of presence this processAs AR, VR, or
othernewmedia technologies and even art, film, and tradél media have been
increasingly introduced in the programs of medical training and education (Chen, Day,
Tang, & John, 2017; Peters, 2018) and the need to evaluate those programs increases in
general (Zhou et al., 2008; Kim, Billinghurst, Bruder, Duh\&Ich, 2018), presence
can be suggested as a fundamental concejgva@lopingmedia theory to evaluate and
optimize their effectHowever, little study has been done on AR and presence in either

medical fields or nomedical fields.

Third, thisdissertatiordeepens th understanding of the naturepsésence
combinedwith narrative transportatiolsince AR simulates virtual objects in the FOV
through which users see their actual environment, the meaningful combination of virtual
objects and reanvironment can be regenerated into a unitpreative tyje (Ryan,
2001) I n this study, patientsd syindwitlualms and
narratives t hr oactyvéimagieation tonzove fullytintodant e 6t s 6

perspectives.



Fourth since this studgxplores the effect of presencesituwationalempathy by
appling presence and narrative transportatibe esultsof the study might offer
medicaleducatas a betterunderstanding of the psychological mechanismslved This
understanding will help therreate orefinetraining programusing AR and presence to
help studentsta ppr oach patients6é situations attent
accuratelyWhen formed early iaphysiciard sareer, these empathiciitties become

an essential component of succesking-termpatientphysician relationships.

Sociopsychologicatradition in health communication

This study suggests AR a$ealth communication tool that connects medical
professionals and patients. Since the medical students psychologically process AR that
simulates migraine symptonttsrough the process of presence, narrative transportation,
and empathy, this study pursubesocicpsychological tradition within the discipline of
health communication (Craig, 1999; Parrott & Kreuter, 20Adyitionally, this study
details this processith perspectives ahedia effects and media psychology (Dill, 2013;
Reeves & Anderson, 129Sundar, 2015)ithAR t hat st i mul ates wuser
the image, enhances their feelingsvethi r t u a | environment, and e

perception into their mediated and unmediated environments

Philosophical premises

The philosophical premés of thedissertatiorweredrawnf r om Husser | 6 s
phenomenology and Merled®io nt y 6 s p h ésaitad & VanIMangny 1990,

2014) toexplore the naturer essence gbresence as communicatiphenomena.



However, pursugof ontological momemtmightrear i r e r esear cher sé6 emp
andartisticsensibility to write the living moment of presence and reconstruct it in a fuller

sense. Specifically, this ontological momenturs whemesearchersuspend their

disbelief, fully commit themselvestopatnt s v ul ner abi | those , and v

momentghrough the writing

This study was initially designed to reveatseessential structusaof
psychological processiraf presenck ased on Husserl s phenomen
researchemtendedo reveal the psychological processing of presence and empathy
numerically, graphically, and verbally as a detached discoverer during the data analysis.
Since the researcher thoughsttype of purely descriptive phenomenology shares its
premise with quantittive methodology and positivistic grounded theory, the researcher
tried to minimize her subjectivity and remain as a neutral observer during data collection
and analysisHowever, while collecting data and analyzing them, the researcher realized
that empthic sensibility and thoughtful attentiveness are necessary to truly reveal such
moments of presence and empathy stheénterview data beame more enriched than
initially expected. Thus, to capture these enriched moments transparently and richly, the
researcher decided to show and wpita r t i diviegppexperiescés as not ordy
scientific discoverer butalsme mpat hi ¢ | i stener and writer

MerleauPont ydos perspectives.

Summary andoverview of each chapter
This chapteintroducel the premise othis study It suggestdpresence aan

interdisciplinary theoretical framewothatelaborate me di cal st wddent sd6 p
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psychological processgto strengthen their empathy whexposed tAAR stimuli and
locatsit in thesociopsychological traditionsSeveralbenefits of this studwere
suggestedhcluding better understandirg the psychologicaprocesof AR-led
experience of medical students, presendes&ey mechanismnarrative transportation
as anothetypeof presenceandoptimal degregof presencand narrative transportation

to induce empathy

In the following chapters, the psychologipabcessig of AR is explained using
the concepts of presenegrrativetransportation, and empatrgnda studyof AR is
presentedChapter2 is about AR, its history, devices, and applicatidnshapter3,
presenceas a concept and a developing media thendgfinedand exploredin chapter
4, the features of AR as a presemm@kingmediumare explained. The concept of
empathy bothin its affective and cognitive aspeatscovered. Empathy is conceptually
differentiated into physician empathy and situational empathy. Subsequently, its
relationship to presengediscussed. The reasons why migraweadaches represent an
appropriate caextfor studyigpme di cal st uddmatsSidosympensg ept i on
physicaldifficulties, andfrustrated feelingswhen using augmented reality, dhastrated
in chapter 5A summaryof the previous chapteesd a set of formaksearch questions
and hypothesegrepresentedn chapter6. Finally, the methods, results, and dission

are presented in chapters oB7and 9respectively.
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CHAPTER 2
AUGMENTED REALITY (AR)

Augmented reality (ARRis a technology that overlagemputer generated virtual
informationo nt o tsldiesct arsndirecd view ahereal environment. It is not
limited to the sense &fght, but also includesthersensesAR has been applied fields
includingpsychology, education, edutainment, games, rehabilitation, and enginésring;
applicationin clinical psychologymedical traning, surgery procedurand educatiohas
increased (Chen et al., 2017; Kim, Billinghurst, Bruder, Duh & Welch, 2018; Zhou et al.,
2008).1t is used for medical fields such as surgery training by affording the view of
patientsd i nt e tharadctorb.dhisychagtdr definestAR,roeerviews its

historical developmengnddiscusseds diverse forms and applications.

AR asatechnology

Technologyis defined aselatively fixed physical manifestations its technical
artifactsthat allow action possibilitie@Hughs, 1983as cited in Lievrow, 2034Ninner,
1980).BorrowingWinner6 €1980)argumenttechnologyis defined with its fixed
physical features thaéorganize and influence individsand soal relationsn specific
ways The concept of technological momentbmHughs (1983kxplains anéxpands
these inherent technological possibilitisto the mutual shaping between the physical

materialityandp ar t i ci pant sd6 at t iitiveurdvolvenaeht, af f ecti ve

In contrast tdheir argumeng that technology iaway to influence our society
(Hughs, 1983, as cited in Lievrow, 2014; Winner, 1988ysical manifestation, in this

study, refer¢o media immersiveness asobjectivelymeasurablguality of technology

12



with specific logics behind {{Biocca, 1992Bowman, 2007; Carroll, 1997; Slater, 2003).
In other words, this study expantties e s ¢ arguimerdros f@hysical manifestation
with another focus othe materiality of techological devices and artifacts. In this sense,
media immersiveness gefinedas themeasurabléechnological propertgf amedium
(Biocca, 1992Slater, 2003)which allows transparent, perceptual immediacy, and
seemingly normediated experienceBdlimer, 2017. The media immersiveness
conceptualized wits ¢ h o leeives @ew aboutthe sensory fidelityof what
technologyitself retainsand deliversboutstimuli of reatworld counterpart¢Bowman,

2007;Carroll, 1997 Slater, 2008

Mediaimmersivenesss traditionally defined aghe objective degree to which
technologydisplayswhile shutting out/isualstimuli fromthe real environment, which
depends omendering softwaranddisplay technology and maximized in virtual reality
display(VR) that separates s euisisndrom thereal environment (Bowman, 2007,
Cummings & Bailenson, 201&later, 2003; Steuer, 199M. AR, trackingand sensing
might be stricter tharendering and displatyp enable seamlesstggisteredlisplay
(Azuma, 1997)In other wordstracking and sensing are necessary sincendiRdes
environmental factorandusers carseethe real world with peripheral vision which are
notseparated from rendered virtual objestth its seethrough displayln VR, when
consideringhe environmental factorsts conditions include three exclusively
conceptualized technological components (Cummings et al., 20l@ghlihidelity
rendering displayethrough multiple sensory modalities, 2)s e medidtedoehaviors
thatdelicately mapped to their real counterpart behaviors, asdlf3jontained narratives
that hinders users from being exposed to external wiorldlR, 1) rendering and display

13



do not need to be r e adntinsotsitacked2ndaegisteredy s 6 b e h

and3)seic ont ai ned narratives stil!]l | ocks user @

AR displaye n h a n ¢ sview af theactual environment withenderedsirtual
informationbased on trackingix degrees of freedom (6DOBju s er s@nalposi t i
information and their locational informatiptine six arenoving forward, backward,
laterally, and verticallyThis contrasts witta VR displaythatrequires three degrees of
freedom (3DOFYmoving head left/right, tilting it up/down, pivoted left/riglso that it
tracks head motion to render a separate comygateerated virtual environmeffzuma,
1997;Baus & Bouchard, 2014#eddie, 2017)n other words, 6DOEan beused in both
ARandVR t o track and s e ntheirgenesated esngronmetv e ment i
While this trackingtechniqueadds additional information abouts er s @ move ment |

displays, it isanecessary condition in AR for its seamless display.

AR, however s limited toadisplaytechnologyin this study, whichrendersa
virtual image or virtuainformationthrough3DOFont o it s usersé Vview C
environmenthroughdifferentdegres of media immersivenesh this casethis type of
AR has beemralledas norAR approaches or neregistered augmented reality (NRAR)
(Baus & Bauchard, 2014; Wagner & Schmalstieg, 2088+ AR approaches detect
user 6s body mouserameand shoavirtdal dbjects into the virtual or
actual location (Wagner &cBmalsteig, 2009AR usuallycombines virtual and real,
registers them as one combineumersivedisplay,andallows interactiorbetween virtual
and reahs one type of mixed reality (Azuma, 198iocca, 1992Milgram et al.,1995;

Lievrouw, 2014). ThiAAR and its fixed physical featurgfor this reasonare
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technologically supported kayscene generator, display technology, and sefisieging
technology(Azuma, 1997)However, norPAR approaches do not apply sufficient
tracking technologies. FurthekR used for this studitasjust one functionality among
these: combine real and virtual objectshau s ewvisd@abriew that displaysheactual
environment. Sincéhis form of ARdoes not register virtual objects with real objects
technologically it is alsocalled norregistered augmented reality (NRAR) (B&us
Bouchard, 2014AR used for this study 1Is included
participation and completion (McLuhan, 196W) the context of this stugyvhenthis
form of AR is tailoredasa more seamless displéyrough media immersivengessmight
addadditionalrationalein its effect on human perception and cognition throigh
perceptual illusion of nemediation(Biocca, 1992] ombard & Ditton, 1997Milgram et
al., 1995).The fdlowing sectionsummarizes the history of ABeginning withthe
development of thBeadmounted display (HMDin 1965 when a dedicated lab of AR
was initiated (Peddie, 201, Ihroughhistorical changes in physical features of AR
displays (Azuma, 1997; Billinghurst & Thomas, 2011; Billinghurst & Kato, 2002;

Hollerer & Feiner, 2004; Milgram et al., 1995; Wag&eEchmalstieg, 2009).

Development ofAR as a technology

In 1965,Sutherland inventethe first
opticalseethroughHMD, which partially

covers usero6s view

virtual information or imagegCarmigniani &

Furht, 2011; Peddie, 201%jideoPlacewas Figure 1.First seethrough augmentse
reality (as cited in Peddie, 2017)
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introduced in 1969 by Kreuger agesponsive
displaysurroundinghe user and interactively

responding tahem with virtual feedback

(Kreuger, 1985; Peddie, 2017).
Figure 2.Video place (Krueger,

1985)
The technologtarted receiving

scholarly attentionbut t was not until the early
1990s when Caudell and Mizell coined the
phrasefaugmented realityto refer to the sets of
technological displays that augmenvorkerd s
perception ofinactual work process with virtua

information or imagerypy sensing heagosition

(Carmigniani & Furht, 201,1Caudell & Mitzell, Figure 3.Application of headsip

display technology to the
1992;Hollerer & Feiner, 2004)Sincethe manufacturing process (Caudell &
Mizell, 1992)
invention of the realityirtuality display
continuum of Milgram et al. ( 1IAR9q1®997),ARNnd Azu

has establisheids position forbothacademic solution® the communicatidmformation
needs impracticalfields such as indusy, medicine, and educati@nd the industrial

modelsto actualize the solutions

AR that overlays virtual informatiohas been developed to achierany
practical goalsfor examplej t a s s iadualsovemerd witktrackedspatial
information.In 1993,Loomiscombinedhe outdooAR trackingwhich recordghe

locationanddirectionof visually impaired peopland the positions of all other objects
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and people in thenvironmenthrougha geographic
information system (GIS) aralvirtual acoustic display to
assistthemto travel through familiar and unfamiliar
environmend without gudance (Arth et al., 2015; Liu et al.,
2018; Loomis et al., 1993). In the same year, Fitzmaurice

invented Chamelegi3D information spaces thaisually

situate spatial informatioimt he user so6 i mm & |

environment using palmtop computers anuhll screen Figure 4.Touring

machine (Einer,
Maclntire, Hollerer,
Webster, 1997, as cite(

In 2000, ARQuake was invented by Thomas as thein Peddie, 2017)

displays (Arth et al., 2015; Fitzmaurice, 1993).

first outdoor mobile game that usadHMD, mobile computer, head tracker, and global
positioning system tdisplaytheinput of human movemeiaind spatial information

(Peddie, 2017/Thomas et al., 2000In the same year, the Nexus model was introduced

as a generic platform that supports a dynamic spatial display about theposérons

and the spatial data froeGIS using small handheld desas like personal digital

assistard (PDAs) (Fritsch, Klinec, & Voltz, 2001)in 2001,the Columbia Touring

Machine was introduced as an outdoor moAiRethat displayed graphical tour guide

information ontahev i si t or s6 vi e ws s(ddllerea& Reinea2004)eA8 v i r o n n
usersod6 position and orientation were track
throughAR. In 1999, the pose tracking library was introducedRo(see Figures: Kato

& Billinghurst, 1999) through which userswd collaboratively interact wittthe virtual

objectsthrough a shared virtual whiteboard
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As spatial information about the

>

position of users assensed, tracked, and ‘3"’*4 ‘/‘

projected upon the e
actual environment, more accurate

registration of virtual graphics or

information with t| t he

actual environment became possible. In
2006, the invention of Horid tracking '

Figure 5.SiteLens (White & Feiner, 2009
systems such as the global positioning

system (GPS) and inertial sensors enabled ~

full registration for outdooAR in urban E[ 8
I(' '\I | Y

environments (Reitmayr & Drummond,

AR user with an optical see-through

2006). In 2007, the simultaneous localizatiol  esdmounted cisplay snd 3 camers

! \
Desktop compater users

and mapping (SLAM) approach tracki
Figure 6. System configuratiorof posi
reatworld view and registered it with the  tracking library (Kato & Billinghurst

1995)
virtual geometry(projected virtual 3D or 2D
contentsoncurrently YWhite & Feiner, 2009 In 2008, the first fully sei€ontained
natural feature tracking was introduced using a solely-lsudamera of mobile phones
(Arth et al., 2015). In 2009, situated visualization techniques allowed users to visit urban

sites with visualized imagewerlaid in the relevant environment (White & Feigner,

2009).

When Microsoft Kinect was launched in 201G nitablednultimedia technologies
to track body gestures and facial expression, assisting children with autism, and surgeons,
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and introducing tekimmaersive conferencing (Zhang,2012s t he i nf or mat i
full body 3D movementindpositiors wastracked, sensed, apdojected ontdhe virtual
environmentthis AR enabled its users to interact wélvirtual environment with their

body ando pradice new ways to behave and interact. In 2011, KinectFusion enabled a
dense D AR surface with reatime surface geometry and robust tracking even in the

darkness (Arth et al., 2015).

) 2P s T =
> : > i
ry .
Depth Inferred body Hypothesized Tracked

image parts joints skeleton

Figure7. Skeleton tracking (Zhang, 20)

Figure8. Immersive teleconferencing (Zhang12p

AR gained popularity as mobikR. In 2012, Google Glasgas introduced to the
publicasahand-free humarglass interface (HGI) AR that displays informatizased
ona natural voice commantiowever, its beta taag explorer program ended in 2015
sincethere was a privacy concern about its (lsekerson, 2015)n 2013, mobileAR
assistance was introduced to replace vehicle service manuals (Peddie, 2017). In 2014, the

AR contact lens was introducég Innovegamoving the visual display into the eye
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(Peddie, 2017)in 2015, Microsoft announced Holographic, Hololens, and sgtass
headsets by which users could experighecai x e d throaigh the coppdetely self
containedHMD deviceghat merge/R andAR features (Evans et al., 201The

Pokemon GAR gamewas launched in July 201 enabkdusers to participate by

locating, catching, fighting, and taming virtual creatures as if the creatures were situated
i n t he -waleenmdrenment \drtuabbjects and the development of tracking or
sensing technologies enabled users to experience virtual adjaostseamlessiyput

leaving visual discrepaiestotheu s er 6 s per cept ual I nterpreta

Historically, thethreekey physical featuresf ARd combination, registration,
and interaction between virtual comporssmd actual componesitthrough AR display
(Azuma, 19979 have beomemore technologically seamlesaurther, ARis formedas
multiple pointsof immersed reality, which refers &amultidisciplinarycollection of
technological forms, applications, and opportunities (Peddie, 2@itF)n a mixed

reality continuunithisis explainedurtherin chapter 4 (Milgram et al, 1995)

Current forms of AR and AR applications

As previously mentionedAR, as hardwargan theideal casetechnologically
suppors seamless alignmemthenvirtual componers are rendereand registered with
theu s e r s 6 awactealesviramrhentllowing theinteractivity betweervirtual
elementsand theactual environmentts virtual images anis registratiorwitht he user s 6
view of theactual environmerdredesignedo produce diverse kinds of media
experienceaccording to the AR applicatiom other words, current forms of AR and its

applicdions can be explored in tlsgstem levels and witits basic rational@f
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combination, ongoing interaction, and geometric registration between real and virtual
(Azuma, 1997Biocca, 1992)Thus,based on tsephysical componestand abstract

rationales of technologythis section outlineAR formsand AR applications.

AR forms

AR formstechnologicallyaugment reality with virtualitghroughdisplaydevices,
sensing/trackinglevices, and mobile computing devi¢dzuma, 1997Biocca, 1992;
Carmigniani & Furht, 2011; Hdllerer & Feiner, 20@4mbard & Ditton, 1997Milgram
et al., 199). As inavirtual reality system and its visible components (Biocca, 199R),
display devies communicate the visual stimtdiusersits sensingor tracking devices
C 0 n v e y visuasoe athersensongsponses to ARystems or interfacesnd vice
versg and mobile devices situate this process within the interaction between users and

media ad the mediated/unmediated environment

Displaydeviceqoutput)

AR displaysrendertheaugmented view witkirtual information or imaggefor
usersUsually, tireetypes of displaysre used in ARanHMD, ahandheld displayor a
spatial displayFirst,an HMDis worn on the heatb place virtual imaggand/or
informationover t he user 6AnHMD aswan ARfdisptapresersvo r | d
virtuality onto the usersd indiremnga and me
seethrough videdlisplay orrendersvirtualityo ver t he wusersoé transl u
actual environment usirgiseethrough optical display and its optical combirércan

utilize either asinglemonocularview hr ough whi ch t he userds tw
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two same vewsor binocular display optet hr ough whi ch the usersé
are exposed to two different views with binocular depth.cve$iMD for AR is

categorized asrammersive technology thabntainsa high level of media

immersivenessince itfully rendersvirtual information or imagéhrough translucent

displays, mirrors, lens, or miniature project@®wman & McMahan, 2007; Candeloro

etal., 2015Peddie, 201y wi t h the images filling the us

The seond type of AR display iahandheld displaya display orasmall
computing device (Carmigniani & Furht, 2011; Squire & Klopfer, 2008 Wagner &
Schmalstieg, 2009, 20Dp@/hose portability, social interactivity, context sensitivity,
connectivity, andndividuality enableusers tacarry the computer to different locations
and move around within the location, to exchange data to collaborate with others face to
face, to collect data uniquely relevant to the specific context including real and simulated
daa, to connect handhelds to data collection device, other handhelds, and network, and to
provide uniquely customi zed .Bhouglftiesel di ng t o
characteristics allow the uskrsee virtual objects within their actual environmen
without disconnection,isceahandheldAR displayincludes the same view of the
physical environment miniature format (Carmigniani & Furht, 2011; Wagner &
Schmalstieg, 2007Ayhile leavingits users holding the smartphone or talsidheir actual

environment it is categorized aslaw immersive media technolodgr this study

The third type of AR display is a spatalgmented reality (SARJisplay, a
display that overlays virtual information directly on the physical objects or people

without them carrying i{Carmigniani & Furht, 2011; Peddie, 2Q1lh contrast to the
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other two types of AR displaythis display is applied to the surrounding environment

rather than the usetisrough the projectors, holograms, and other technologiteatd

allows users to experience beldgsed simulationwithout the need for equipment

(Kipper & Rampolla, 2013)or examplebody-based SAR display and registration can

be applied to medical imaging (Jung, Lee, Biocca, & Kim, 2019). Agieall three

dimensional anatomy images can be projected on the patients to reveal their internal body
structures during the surgical process. Another potential of SAR display is found in the
patentor i ented interventions desi galterdheit o enha
attitudes or behaviors about medical conditidisget al. (2019) studied the effects of

SAR intervention on particip@Rtslyexasst i t ude
not only for thesightbut also for other senses sucthaarirg, touch, and smell

(Carmigniani & Furht, 2011; Peddie, 201These sensory data are incorporated amo
AR-generatee@nvironment to makthe mediatedexperiencesore dedicatetb either

thereal environment or virtual environmenhile makingthedisplay a more volumetric

onethat provides visual, tactilendaudible threedimensional contents (Hirayama,

Plasencia, Masuda, & Subramanian, 20I®9jhis study, both HMD and handheld

displays were used.

Sensingdtracking deviceqinput)

Inputtoolssense andtradckhe i nf or mati on of wusersé mo
augmente@nvironmentTheymay take the forms of gloves, wireless wristbands,
phones, gaze interaction input devices, or touch screen input devices (Lee et al., 2010;

Reitmyr & Schmalstieg, 2003)nputtoolsma k e user sd i nteraction o
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presented withitheme di at ed environment as factors th
presence (Mantovani & Riva, 1999; Riva et al., 2004; Slater & Usoh, 1993). When this

input is vsualized in théR, it might | ead to useARO6sembod
mixed reality environment. According to several scholars, tracking is divided into sensor

based and visichased trackingL{, Nee, & Ong,2017; Zhou et al., 2008). Sendumasel
trackingtrackt he | ocati on of user sdctuaeovioameatnt and
Vision-based trackingises image processing methods to locate the cametiampos

relation totheactual world These two tracking techniques are usetkéate immersive

media experiensy enabling users to feel present in their mixed reality environment.

For this study, tracking techniques were used to sense head motion of users to allow

virtual objects to moferanHMDt h user sé head m

Computing devices

SinceAR systems require a central processing unit (CPU) and a considerable
amount of rapid access memory (RAM), the <c
backpacko confi gur at itoprocessaensondai@amnighidnie onl y
Furht, 2011, p.12)The systentonsisted of a backpack laptop, a-f@®ugh headvorn
display, and several input devices. Thankfully, miigiter,and more sophisticated
mobile computing platforms are now available such as notebook computers, personal
digital assistants (PDASs), tablets, ultreobile PCs, mobile phonesndAR glasses
(Chatzopoulos et al., 2017hese computingevicesf aci | i t at e user sd sel
by expanding the range of user sbdheyrteat cepti o

envi r on me n ual éndgronmengorthatb enablestusers to interact with other
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usersandobjectsand movewithin amixed reality in other words in virtuality, reality or
both (Billinghurst & Thomas, 2011; Mantovani & Riva, 1999; Riva et2004; Slater &
Usoh, 1993)For this study, small computing deviagaghe form of amobile phone are

used to display vi r ttemédiatedbupneedidtes envirmnmans. e r s 6

AR applications

AR has been applied marketing andbroadcastingedutainmenor education,
and medicine (Azuma, 1997; Carmigniani & Furht, 2011; Kim et al., 2018; Peddie,
2017) as well agnanyother areasAR applicationsindirectly, influence itactual or
virtual content® objects, humaimonhuman charaers personae, tasks, activities,

messages, stories, etc.

Marketing and broadcasting

ARhas been used to promote usersoé visual
i mages or pr odu pdrceptiavby visaatiziimgvinteaknformatem. Bod
example, MINI usedAR to display a 3D miniature caonthe computer screesf a
webcamin its advertisement (Carmigniani & Furht, 20%4e Figure9). Also, virtual
informationhas beermwisualized on théelevisiondisplayfor sports broadcastingy
weather forecastinfeiner, Macintire, & Seligmann, 199Beddie, 201)/to augment
a u d i enmediaesktiperienceandto showweather situations to television audiences
Further, IKEA helps customers visualize how new furnituemg might look in their
homes by aligning virtual objects with their curremm environmenthrough its app

display. A group from the Institute of Industrial Technologies and Automation (ITIA) of
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the National Council of Research (CNR) of Italy in MildhlA -CNR) also usedR to
researchndustrial contexts and applications by developtegting,and evaluating
virtual products in alignment with actual objects/environmenmith examples incluithg
motorcycle prototyping, virtual layout afbuilding, virtual light simulation, and virtual

trial of shoegCarmigniani & Furht, 2011).

Figure 9.MINI advertisementGeekology, 2008

Education'edutainment

AR has been used for edutainment, for example, sightseeing and museum guides
(Carmigniani & Furht, 2011). For example, the ruins of Yuanmingyuan in China were
digitally reconstructed usingR by registering the ancient views with a current view of
thehistoical site to offer its usemsducationalisual experiences (Huang, Liu, & Wang,
2009).AR was applied to The LDML (Louvr®NP Museum Lab) to preseatirtual
information tohelp visitors appreciatie artwork and guide them around the virtual
museum spee in a sensible ordef({yashita et al., 2008Also, the echnology ofAR
was used for a learning purpasbenMagic Book, developed by Mark Billinghurst,
incorporatedAR to make reading motivating for children (Carmigniani & Furht, 2011).
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Using the reglar book as the interface, users can read the book that registers virtual

contents with its real pages throu§R displays (Billinghurst, Kato, & Poupyrev, 2001).

Il n the context of a game, Dow Day hel ped u
historical eras and events (Azuma, 2015, p. 264) by using an interactive storytelling

platform in which users experience virtual events in real locations where those events
happenegdas in PokemoiiGo. ThisAR game experience allows its players to play the
gamewithout restrainingap | ayer 6 s mo v e me n tsince ibusdstheread qui pp

world as a part of its scenario (Manuri & Sanna, 2016).

Medidne

ARenhances suigigaexperieneesith deattime locational
intraoperativéa nf or mat i o rpreaperdtivegatat(Azuma, 13O0, Bichimeier,
Wimmer, Heining, & Navab, 2007; Carmigniani & Furht, 200gnuri & Sanna, 2016
Nicolau, Soler, Mutter, & Marescaux, 2011; Peters, 2018; Volonte, Pugin, Bucher,
Surimotq Ratib,& Morel, 2011).These wo different layers of information from
physician wor kf |l ow an degigiesetinto®meARsdBpla ody st r u
(Peters, 2018). As one recent example of this, the application of Microsoft HoloLens for
pre-operatie surgical planning using OpenSight was allowed by the Food Drug and
Administration (FDA) (Shanahan, 2018). OpenSight is the Aisapplication that
overlays 2D, 3D, and 4D imagésuch as ultrasound imagjef pre-surgical information
ont o patesenmheARc bedn t o offer a petceptual

operative planning for clinical decisign

27



AR alsoassists surgeonith visualized 3D patient data through laparoscopic
simulators for their surgetyaining anchelps medical students é@quire the spatial
knowledge of anatomical structures (Chen et al., 2017; Peters, 2018; Zhu, Hadadgar,
Masiello, & Zary, 2014)When it isusedin medical educatioor training its learning
effects can include the acquisition of medical knowledge ananeeial performance, and
this clinical reasoning is achieved through perceptual, cognitive, and sensorimotor
processes(Chen et al., 2017; Zhu et al., 2014). However, few studies have investigated
howARcanbe nvol ved i n physi ci aearsréasoniogmsiearnedc at i o

throughthese samprocesses.

Summary

AR has been developed as one type of mixed re@iti®) technologythat
registers realityvith virtuality. The technology was first developedfire 1960s when
Sutherland createahHMD system AR and its registration have t@memore accurate
with development of its rendering, tracking, and sensing techniques. Also, movement of
its users are not constrainecatoequipped area witthe development of mobile
computingtechniquesAR functions as technology that communicates its display to its
user s, receives t he usakingtéchnolagiesarmsitiatess t hr ou
this communicative interaction among media, its users, and medradedmediated
environmers. It is appliedacross many fields including medicine and medical training,
butits effecs and thepsychological processing behititemarenot clarified yetln the
following chapteypresencavill be defined in the context &AR. Media variables, user

variables, andrevironmental/contextual factovsill be explained as the characteristics
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thatcombinet,evoke usersdéd sense of presenwik. Addi

bedefined in the context dAR.
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CHAPTER 3
PRESENCE

In the previous chapter, augmented reality (AR) was conceptualized as a
technologywith its physical featuresistorical developmenand current device€ne
potential effect of AR is a sense of preseticehis chapter,d understand presenas a
concept ad media theoryit is conceptuallydefinedandexplained with five theoretical
frameworks Narrative transportation is definéal furtherthe understanding of presence
through not only direct sensational perceptual presdssg also indirect construge
mental processof perception that involve inference, learning, and experi@Bioeca,

1997; Lombard et al., 2017; Riva, 20Eogers, 201)/

Definitions of presence

Because of the complexity of the subject, it has been difficult to find a universal
definition that covers the multidisciplinary nature of presemesence rebeen defined
as the perceptual effect of objective qualitiea nfedium,a subjective trait of users, and
interactions betweenéke.Bazin (1967), a film theorist, defined prese@e as fit o be i
presence of someoneéwspodchatbedaftsahsesadg
allows spectators to feel the presence of acioithe screenBazin, 1967Lombard &
Jones, 2015). Spectators perceive acinrthe screen as present duglgsical presence
of anobject or person, audiovisual techniques that reproduce an actor's presence in the
screen, and the pseudo reciprocal aspctator relationshigsoffman (1959), as a
sociologist, said that spectators percemactor as present astifey encounter them
faceto-face through available physical tools, interaction, and the space of the
communication (Faller, 1962) by perceiving each othgoresent asccessible,
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available, and subjetd one another to be perceived in what theyaakwhat they are
doing(Lombard & Jones, 2015). Short, Williams, and Christie (1967), as
telecommunication scholars, conceptualipegsenceas theobjective quality of méium
at first, and then subjective quality of the salient presence of the other person or
interpersonal relationships, which depend®bservable physical qualities @medium

(Albertson, 1980).

Presence was described telepresena#f teleoperation tehnology asia sense of
beingt h eat [@]@emote teleoperator site ( Lombar d & Jtbhroughthe 2015,
naturally and comfortably coupl editchceor di na
sensory mechani s m(Mnsky, h980p&)nThi®odefgidon of s ms 0
presence was differentiated from that of virtual presaefined as the feeling of being
in a computeimediated virtual environment (Lombard & Jones, 2015; Schubert; 2009
Sheridan, 1992 Presence has, in general, been conceptuazéuke subjective sensation
or experience ofibeing theréin a scene described byexhnologyor being in the virtual
environment though one is physically situated elsewhere (Lessiter, Freeman, Keogh, &
Davidoff, 2001; Slater & Wilbur, 2006; Steuer, 1992; Witmer & Singer, 1998). This
terminology wadaunchedn the MIT Pressjournalaspresencen 1992(Lombard &
Jones, 2015)t was formally defined in 2008y the International Society for Presence
Research (ISPR) as:
a psychological state or subjective perception in which even though part or all of
an individual s c¢ ur byamdtorfigesegpteroughchmmeae i s g
made technology, part or all of the ind
acknowledge the role of the technology in the experience. Except in the most
extreme cases, the individual can indicate correctly that stisnig the
technology, but at some level and to some degree, her/his perceptions overlook

that knowledge and objects, events, entities, and environments are perceived as if
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the technology was not involved in the experience. (International Society for
Presene Research, 2000)

Presence is defined for this study asgheceptual illusion of nemediation
(Lombard & Ditton, 1997f.ombard et al., 2000) more broadly.€llmeaning of this
phrasecan be understood in the context®d®®, which includes two differenters of
information: that of thectualenvironment&ndthat of the virtual environment
Perceptual, according to Lombard et al. (2000), refers tpitbeomenon involving
user 6s omgairgiresponsas sénsory, cognitive, and affective processing
systemto virtual/actualobjects and entities in tlevironmernsin AR (Lombard et al.,

2000, p. 77). lllusion of nemediation refers to the psychological state in which a person
is temporarily at least partiallyyinaware of this virtuality in his oreh communication
environment so that he or she would, attsome level(sgs if virtuality is reality

(Lombard & Jones, 2015).

Otherscholarsalsoexplained presence as the perceptual illusion ofmediation
with two dimensionabrders of natural peeption and mediated perceptjdrasic
medi ation by our sense organs and technica
senses and technolo@iocca & Delaney, 1995; Lombard & Jones, 2038s &

O 06 Ha r eSlatel0L6tt8, ;Arnold, & Sanche¥ives, 2009;Steuer, 1992; Waterworth &
Waterworth, 2006). Biocca and Delaney (1995) supported these two processes by
separating theigher order mental processiftgm the processing developed only from
immediate sensory information while demonstrating that presexcesodepending on

the triggered extent of these constructive proceSssass and O6 Hare (2003)
presence of Lombard and Ditton (1997) with two orders of mediatibite explaining

the first mediation is centered upon the indirect mediation of our sense orgdhe and
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second mediation is more dependent upon bathhhuman senses and technold§as
& 00 Ha r)eSlateret @l.92809) conceptualizetthree necessary conditions for
presencavith a sensorimotor loop between sensory data and proprioception, statistical
perceptual interpretation of virtumhagesas plausiblevith a basis upon the probability
distribution of the images over their natucalinterpartsand correlationbee we en us er s ¢
behaviors and environmental responses followed by them as if they occurred in real
environment Steuer (1992¢quatedresence with natudgloccurring sensational process
of perceptiorvia sensory organs theimmediate physical stimulindtelepresence with
mediatedconstructiveperceptiorvia mental processto themediated stimuli beyond the
first naturaly occurringsensatiorof perception Waterworth and Waterworth (2006r
this reasonargued thaavailable communication devicesdinidual differences of users
in their physical and psychological state, &and ¢ h n oihtemded wese aihd context of
useallow presence to be experienced. In sum, the perceptual illusion -whediation
occurs as a continuous streamresponséo the nsory output from media/technologies
and psychological cognitive processes regarding those outputs (Lombard & Jones, 2015).
According to theeabovementioned presensezholars while VR generates a high level
of perceptual illusion by affecting more sesand immersing more sense orgaothier
forms of mediasuch asiorrinteractivefilm or television and interactive media including
AR, which affects audiovisual serss# least, create the perceptual illusion when
combined with the psychological procesthat occur due ttheir contents, which trigger
the memory and emotional aspeatshe pior/imaginary experiences

In this study, the concept of presence i

the desired stat® increase its survivalraeRi va et al ., 2015) not ¢
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to the media st ifimgwelnierkauti veel, s anrdesar teifovleea, st rvoea
involvement in it (Bandura, 200p.4). Therepresentatioof the stimulitrigger presence
occurring through naturaiiologicalmediation, which might be followed liie process
of perceptioraction coupling tats contents. This studyefinre s pr esence as USE
illusion of normediationfollowed by perceptuakesponses of sensory, cognitive, and
emotional processing systems to the given levekasoryimmersion (Lombard &
Ditton, 1997; Lombard & Jones, 2015). Additionally, this perceptiugion of nor
mediation is different frona perceptual or psychological malfunction (Lombard &
Ditton, 1997) since users who sempsesenc&an clearly report that they are using the
medium. Furthery s ecorsdous or selective attention to virtual ikorments or
subjects allows users tdentify the present moment more clearly so that they can
perceive the experienced events in the external world more signifi¢Bntby et al.,
2015; Waterworth & Waterworth, 2006). This notioiperceptual illusioms similar to
theni nstance of opti mal perceptual perfor man
the brainés use of opt i menstrhiythepaossitdei ned pri o
interpretations ohoisy sensory evidence
Since he retinal image of ARsers is twedimensional, depth and distance of the
threedimensional structuref theworld is naturally missing; thuhetwo
dimensionalitie®f the retina someholimitu s er s 6 abi |l i ties to perc
(Hamryn, 1957; Rogers, 201 Despite it, when the retinas of the left and the right eye
naturally construct thredimensional space where indirect cognitive and constructive
process of presence occursthisa s pect , us er dgs@naptpnalicanditibn st r uc

for presence as perceptsénsory, affective, and constructivi@)sion of nonmediation
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to naturallyoccur. However, there are few studies that deal with presence in AR displays,
mobile AR with tvo-dimensional small scresandan AR HMD with threedimensional
wide FOVsince AR displaysnight not be assumed to offer good quality for presence to
occur. More specifically, if a naturally occurring perceptual illusion of-noediation

were a basic medtion, it is not certain which roles technical mediation playpresence
as perceptual illusion of nemediation: does it maximize it or minimize It?this study,
mobile AR is assumed to attenugieesencandan AR HMD is assumed to maximize it
sincethe wideFOV of anAR HMD is suggested amimmersive media characteristic
thattriggers theextent of the constructive procesfispresencen this study (Bowman &
McMahan, 2007; Hoogen, IJsselsteijn, & Kort, 2009; Freeman, Meddis, Pearson, &
Jsselsteijn2000; |Jsselsteijn, Ridder, Freeman, Avons & Bouwhuis, 2001; Lombard,

Reich, Grabe, Bracken, & Ditton, 2000; Seay, Krum, Hodges, & Ribarsky, 2001).

Presencetheory

As described abovegksolars define presence different8iudents of literature,
arts, and media studies hasanceptualized presence for their studlesmbard et al.,
2017; Sheridan, 1992). For this reason, scholarly efforts are neefdethér a more
theoretical understanding pfesene (Lombard, 2018) by Jlelaborating relevant
terminologies and definitions, 2) detailing the preseswaaking characteristics of
technology, content, context, and user, 3) developing different ways to measure presence,
4) refininga more testable and comprehengivesence thegy, and 5) reflectingn

ethical issueghat presence illusion caus€ne of theséive theoretical effortsfi r e f i ni ng
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terminol ogy and disentangl i ng,iskkobenfoi t i ons

this study Lombard& Jones2015).

The first qeestion asksvhether presendavolvestechnology or notPresence that
does not involve technology termed corporeal presence (Zhao, 2003) and presence in
the physical environment (Kim & Biocca, 1997; Lombard & Jones, 2015; Steuer, 1992).
In contrast, tehnologically mediated human togetherness or presence in the mediated
environment is termed media presence or telepresamoe it occursvith thegiven
media or technologiescluding traditional and emerging electronic media, traditional
print media ad even traditional arts (International Society for Presence Research, 2000;
Lombard & Jones, 2015; Steuer, 1992). Since this study conceptusiizasa
technology, presence is definasiatechnologically evoked illusiothat augmerstu s er 6 s
perception bthe actual environment witks virtual, digital, or synthetic objects (Azuma,

1997; Liao, 2018; Liarokapis, 2004; Steuer, 1992).

The second issue is whethmesencés defined objectivig or subjectivéy
(Lombard & Jones, 2015; Bracken, 2005). An obye property concerns a physical
property ofatechnology or person (Biocca, Harms, & Burgoon, 2003; Lombard & Jones,
2015; Schloerb, 1995F.0or example, presence is used to refer to physical propertes of
telepresence robot or telepresence as a canferg technologyA subjective property is
a perception or experience of the individual person as a psychological phenomenon,
experience, subjective feeling or mental state, a perceptual illusion, or a psychological
state (Braken, 2005; Lombard & Jone812; Sheridan, 1992). In this study, presence is

conceptualized assubjective property, specifically as the perceptual illusion of non
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mediationoccurring abouthe virtual/mediated component AR (Lee, 2004; Lee &

Nass, 2005; Lombard et al., 2009).

The third concern is whether the sourcedRBfstimuli are exterraandinternal
(Jones, 2007; Lombard & Jones, 2015). Presence, when defined as a subjective property,
can be a direct perception bietexternal source of stimandindirect experience of it
through the internal process of users (Jones, 2007; Lombard & Jones, 2015). It can be a
direct response of human sensory, cognitive, and affective processing systems to the
offered medium/technogiy (Gibson, as cited in Steuer, 1992; Lombard & Jones, 2015;
Waterworth, Waterworth, Riva, & Mantovani, 2015). Or it can be the processing of the
mental models, mental simulation, the suspension of disbelief, anomalous suspension
caused by narrative wotldndthe subjective reality cfmotionsaroused regardless of
naturesofevents J one s, 2007, Lombard & Jones, 2015
subjective perception and interpretation of its miggternalstimuli (Lee, 2004;
Lombard & Jones, 2015; Milgramt al . |, 1995, Sas & OO6Har e,
study occurs when usedgectly perceivéAR stimuliand indirectly interpret them

throughinternal processes.

The fourth issue concerns how technology is percéiwgdether our perception
of technologyis accurate (Lombard & Jones, 2015). Since technological development
gradually allows users to experience technologically mediated experiences as if
technologydid not exist, the perception of technology is an important factor in explaining
t he us gencg ef presengee For this stugyesencereated byAR occurs when

usersincorrectlyperceive its mediated experiences asd¢hnologywerenot involved
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The final concern is the phenomenal aspects that encouwtiffasent types of
presence involvingpatial presence, social presencergagence, engagement, realism,
cultural presence, and pgpeesence. Among these types of presence, those which are
related toAR displays aresuggestedo befor this study &e realism, mental immersion,
spatial presence, and social richness. Realism occurs as social realism and perceptual
realism sincéR displaygpresentwvirtualimages n us er theactwali ew o f
environmensothat users perceive them in plausibly or peralely realways(Lombard
& Jones, 2015; Lombard & Ditton, 1997; Reeves & Nass, as cited in Bracken, 2005).
Mental immersionthe degree to whicperceptual response occurs whitenersed in the
mediated environmenbccurswhenAR is simulatedv h e n  pesceptual 8ystem is
submerged by what technology delivédguma, 1997; Bowman & McMahan, 2007;
Liao, 2018; Lombard & Jones, 2015; Milgram et al., 1995). Spatial presence occurs to the
mixed reality environmentsf AR via registratiorn(Biocca & Delaney, 999; Lombard &
Jones, 2015; Loomis et al., 1998pcial richnessthe extent to which medium,
technol ogy, or their physical mani festatio
personal, or i nti mat edaursiHemAR heaeadgly&imidates t o n ,
more ergonomic mediated experienedsle maximiang well-being and minimiing
discomfort(Argyle & Dean, 1965; Cappella, 1981; Lombard & Ditton, 1997; Patterson,
1973).Additionally, presence as a social actor within a medium is expectext tio
since AR simulated for this study augment s
indirect imagination or memory about patients or relevant other people and indirect
psychological connection with others (Lombard & Ditton, 1997; Lombard &sJone

2015).

38



In sum,as previously mentionethese five theoretical questions atsorelated
to two main types of presence definable within two concepts of perception: natural
perceptiorto external stimuland motivated perceptighrough internal/mental
processingAccording to several scholars, these two types of perceptual illusion-of non
mediation can be explained as meididucedand usefinducedillusions(Biocca &
Delaney, 1995; Lombard & Ditton, 1997; Pillai, Schmidt, & Richir, 2013; Slater, 2009;

Steuer, 1992; Waterworth & Waterworth, 2006).

Narrative transportation

Presence is the userds continuous affec
perceivemediated experiences as if their experiences were not mediated. The mediated
experience of AR is perceived as noediated as virtual objed¢e&nvironment and actual
objectgenvironments are combinashdregisteredvhile allowinginteracton between
them(Azuma, 1997}o evoke the perceptual illusion of nemediation. In contrast,
narrative transportatiosu s er s 6 emoti onal, cognitive, and
the narrative environment thAR as a medium, in this casngenderbased on its
contens (Green, Brock, 2000, 2002; Green, Brock, & Kaufman, 20%R Joffers users a
narrative environment through which thegnimagine hypothetical scenarios and
experience strong emotion by aligning virtual objects and the environment as one source
and its atual environment as another source of scen#niosigh their emotional,
cognitive, and emotional involvement in Adenerated narrativéézuma, 2015Rowe,

McQuiggan, Lester, 2007 aylor & Schneider, 1989).
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Bracken (2005hotedthat there are few stugh investigating the relationships
between presence and narrative transportation despite their close relationship. Both focus
on the wusersd I mmasthe seamleseakgoredmtivesnvidual. Al s o,
objects and thactualenvironmentandobjectsleackst o user s6é perceptual
seamlessly registered environment generates diverse opporttoritieeogueor
storytelling while affording users chances to percéiveeaningfully (Azuma, 1997
2015). Further, as usémcsharacteristicarefactors in evoking presence us er s 6
characteristics that facilitatearrativetransportation can be also categorized into
individual tendencies such as transportability, familiarity with the setting, prior
knowledge/expectation toward stories/narrativasilarities with characters of
stories/narratives, and regulatoryfétt by users based on their desires to relate to or
detach from the narrativé8ppel, Gnambs, Richteg Green 2015; Green, 2004;
McFerran et al., 2010; Vaughn, Hesse, Petkova, & daud2009).

Presence and narrative transportation are also different (Bracken, 2005). First,
presence is the continuous sensory, cognitive, and affective processasgonséo the
media so thaa perceptuaillusion of norrmediation occurs becausernédia
immersiveness (and its environment and con@xt)d t h immarssvetendemncy and
in this caseempathywhereagpresence agsansportation is the psychological respotwse
the media which occurs because of narrative potentials of media (and its environment and
context) and user s-processesa @oraon, Ciorcami, &d.aer, 2016h er s
Second, presenass transportatiomcludes three models: you are there{uées f eel i ng
being there in a virtual/ medi athevidtuaenvi ronm

being here in the physical environment), and we are together (user and others being
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together ilashared environment) (Lombard & Ditton, 1997). Hericicludes

spatial/physical presence (you are there,iischere) and social presence (we are

together) (Biocca, 1997; Biocca, Harm, & Burgoon, 2003; Heeter, 1992; Lee & Nass,

2005; Lombard et al., 201 Mlarrative tansportation, as distinct from pesge, uses

only the firstand secondf these, being there in the mediated/virtual environraedt

imaginary environment whi ch i s usersé sense of being
environment and being there in thetual orimaginary environment, and thrgiu the

narratives irthe case of narrative transportatiiiim & Biocca, 1997). Since there are

both similarities andlifferences betweepresence andarrativetransportation, scholars
haveargued that the theoretical understanding of transportationecdedpened with

existing presence research (Bracken, 2005). Bracken (2005) suggested that transportation
theory positively influences presence scholarship. These bemrefisssumed twome

from not onlythe narrative potential of media content charastéri cs wi t h user s
imagination of settings, plots, or charactiensthis study but also technological/scientific
mechani sm/ algorithm of media or technol ogi
psychological proces&or example, inhe narrative formsf AR, transportation can be

used to detail presence that occurs when users respond to physical environment, virtual
environment, and imaginary environment with their bodily acts, cognition, and feelings

of being thereln other words, the studies of peese and narrative transportation are
complementary to each other by furthering the understanding of each through

development of knowledge about technological or psychological mechanism behind it.
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Summary

This chapter defines presence generallyelalorates its theoretical concejts
the context oAR with thetheoretical framework anelevant concept of narrative
transportationPresence is defined agperceptuallusion of nonmediationthat happens
when users fail to perceive fully accept the existence of technology in the mediated
environmentindbehave as if technology were not involvétiese factors are explained
in the context oAR as an immersive medium. Based on similariws and differences
from presenceransportatioms suggested amnotherpresenceaelatedresearchopic that
expands narrative potentials of emerging media technologies sAé¢h &sthe
following chapter, presence will be discussed in its relationships to AR from three
different perspectives: expenigal learningthereality-virtuality continuum, and

characteristics of AR that evoke presence and lead to narrative transportation.
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CHAPTER 4
THE PSYCHOLOGY OF AUGMENTED REALITY (AR) AND PRESENCE

In the preceding chapter, presence ofasrationalize@ds a concept and a media
theorywith particular attention taugmented reality (ARAIso, therelevantconcepiof
narrative transportatiowasintroducedIn the current chaptemhése processes are
elaborated with experiential learning theandthe mixed reality continuumConcerning
this theory and continuunthreecharacteristicghat evoke presen@especified Media
characteristics, user characteristics, and environnieomdéxtualcharactesticsof AR
arethe featureshat not onlyevoke presendeut alsomakeits virtual learning
environmenmeaningful (Selverian & Lombard, 201@urther,within the framework of
humancomputer interactio(HCI), media immersiveness and immersive tenglere
suggeste@dsamedia feature anduser characteristiavhichinteractivelylead to
presence. Thesmvironmentahndcontextualkcharacteristics are considered essefuial
severakechnologiessuch as ARr mixed reality (MR)whichdisplayvirtual

objectgenvironmentandthe real environment.

Understandingi s er s p sy c h o Wwith péda see¢hnofpgiesc e ssi ng
essentiato design and find the optimal methd experience (Bartholow & Bolls, 2013;
Bolls, Weber, Lang & Potter, 2020; Callr 1997; Reeves et al., 2016; Reeves &
Anderson, 1991 further, n the study of presendgjs essential to seleatedia stimuli
so that theicharacteristicaremapped into the needstofh e  pesceptual 8ystems
and directly and indirectlyevoket h e  presencexperience¢Biocca, 1992;
Lombard & Ditton, 1997; Lombard & Jones, 2015; Slater, 2003; Steuer, 998, in

this chapter, presence is discussed in its connections to AR from three different
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perspectives: experiential learninlge reality-virtuality continuum, and characteristics of

AR that evoke presence and lead to narrative transportation.

AR and experiential learning theory

Experiential learning theorists suggtst effective learners haweetacognitive
learning capabilities (Fry & Kolb, 1979; Kolb & Kolb, 2009hesecapabilities include
1) concretgperceptuakkills to be involved in new experiences without bias, 2) reflective
observation skills to think about concrete experiences, 3aabsbservation skills to
create theories to integrate such observation logically, and 4) active experimentation
skills to use theories to make decisions and solve problems (Fry & Kolb, 1979). When
learners experience (féeérceivg, reflectively obsenre, think, and act on their specific
experienceanew type of knowledge is generated (Kolb & Kolb, 2009).

AR and its generated learning environmentratevantto these four experiential
learning processe®G e | i a, 2012, Huang, &Rdbuy2009;, & Li aw
Riva, Bafos, Botella, Mantovani, and Gagiolli, 2pTthe ARevokedlearning process
for concrete perceptual skikktarts when usersre engaged ithe mediatedexperience by
perceivng its mediastimulusand attenohg to the feelings and ssationsof media
characterssurroundingenvironments, and interactionetween themNext, thelearning
stage forreflective observation skills schievedvhen users perceive the stimuli from
anot her 6s pegperenenspathy¥hen, thdearning skills ofreflective
observatiom equi re userso6 capaci tTyelasttepof aEtiyvg e sent
experimentatiomncludesatest of the pevious threessteps n t he usersé act ua

environmentFor examplestudents can be involved in experiential learning process

44



through exercises or games. When dividing this experiential learning process into
concrete experiencabstract experienand twotransitioning processes (reflective
observation to reflect concrete experience and active experimentation to apply abstract
concept)the examples of concrete experience are found in internship experiences
experiential exercisesr others that require amtensely concrete experienard those of
abstract experience can be found in a classroom lemt@etion of programming a

computer.

Concrete

experi e
‘ Feeling ‘

Acti ve Reflective
experi men¥y observation
Doi ng Wat chi ng

Abstract ’
conceptu i i on

Thinking

TSQANS !}

’sing coj

)P OC

Figurel0. Experiential learning cycle (Kolb & Kolb, 2009; Riva et al., 2016)

Theexperiential learning process takes place in the immersive virtual
environment (IVE) of ARAhn & Fox, 2017; Loomis, Blascovich, & Beall, 1999;
Milgram et al., 1995)In general, IVE refers ttheimmersive experiences of being
surrounded by fully syntheic environment represented and stored in the computer
technology of VRILoomis et al., 1999)n this casewhen the IVE is simulated with
multiple layers of sensory information such as sight, sound, and touch as a volumetric

display, its users have thersory experience as if theserein their actual environment.
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In addition toVR, IVE can bealsosimulated in AR as an immersive, but transparent
displaythatallowsac | ear vi ew of t he ,aonstteaughsvhichtheyual e n

not only see layerkvirtual objects, but alsiheir actual environment

AR requires all four stgesof experiential learningout differently from the stages
of VR. While theIVE of VR is thefully synthetic sensory information through which
learners have theaxperienial learningin their fully mediated environmerhe mixed
reality environmenof AR affordsmixed sensory information through which users have
experientialearning in their immediate actual environmdnirther since IVE
subst it utpeceptibnetaar menedatéenvironment, anthe mixed reality
environment supplementiseir view ofthe ral environmentusers experienced different
experientialearning processes these two learning environmentss shown inFigure
10, AR uses might 1) feel the concrete media experiences thrd@pgesencein its
virtual/actualenvironment, 2) deepen their experience through reflective observation in
the window of mixed reality environment that is closer to theiaiactualenvironment,

3) further their experiences through abstract conceptualization into mixed reality
environment that is proximate to actvatual environment, and while 4) actively

experimenting their reflected concepts in their adtiréial environment repetitively.

In other words, esence can be suggested assaentiatrigger of this
experientialearning processspecifically, since a virtual environment or object creates a
|l earning exper i en cieasaphreohthéraetualedviroancente pt anc e
becomes an essential psychological process to generate new knowledge (Schaik,

Turnbull, Wersch, & Drummond, 2004; Steuer, 1992kuUncessfuVR, users choose
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virtual componentsather than actual onés have a concrete experienteifibard et al.,

2000; Slater, 2003; Steuer, 1992) AR, when it is effectiveusers combine actual

elenmentswith virtual components as one unitary experience by accepting its virtual

component as a part of their actual experiences (Azuma, 1997; Lor20ag],

Regenbrecht & Schubert, 2002). Presenciorshis reasonsuggested as a perceptual

process thdiacilitatesl e ar ner sé acceptance of virtual e
2007; Dbéelia, 2012; Lombard & UBoht1998n, 1997

Slater & Wilbur, 1997).

In the context omedical educatigrthe mixed reality environment &R induces
medicals t u d expetient@alearning process(Brown, Collins, & Duguid, 1989;
Milgram et al., 1995py helping the students focuson experienceso identify
significant elements for abstract knowledigmough seklreflectivenessandto have
personal changes through acti orefficadyased on
(Maudsley & Strivens, 2000; Riva et al., 2016). In thiglgtthroughout tkese
experiential learning process medical students are expected to transfibreir
theoretical understandisg f a bi ol ogi c al di sor areiliness nt o p e
without the actual contact with themvhich generates expential knowledgdgYardley,
Teunissen, & Dornan, 2012)Iso, presence is assumed as the effect or process to trigger
or mediate this metacognitiexperietial learningprocess by makingedical students

perceive mediated a t | expetieacés as nenedated.
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AR on the reality-virtuality continuum

AR is one type of mixed realita partly mediated environmeiindcan be
located withinareality-virtuality continuum A virtual environment is a fully modeled
environment, while a reanvironment represents a completely unmodeled and non
mediated environment (Milgram et al., B)9Compared to these two pure environmsent
mixed reality(MR) is a partially modeled environmerseg Figure 1). It is also
technologically facilitated by thieigh fidelity of streamed virtual imager graphicsand
goodknowledgeof designer, and thusf a computer about the actuwalvironmento
display it into the virtual worldMilgram et al., 199). This MR, according to Milgram et
al. (1995),includes bth AR and augmented virtualifAV). AV modifies ancextend
the virtual environment with real dandAR expand the real environment with virtual
images or informatiorin the MR continuum for this reason, a mediated environment of
AR is physically adjacent to the real environmehtle that of AV is physically closer to

the virtual environment.

As notedin the preceding chapteAR usually runs througbne oftwo different
devicesahandleld displayandanHMD, and these devices actualibe AR experience
in these two different environmer(dzuma, 1997; Billinghurst & Thomas, 2011,
Billinghurst & Kato, 2002; Dey et al., 2017; Liao, 2018; Milgram &HKino, 1994).
Users perceive AR withithe realityvirtuality continuum through their perceptual
processof preseneeo t hat their medi ated experiences
intuitive, comfortabl e, datgd20l8p.tldd)mMati c, Vv

AR, this process aursinu s e r s 6 pabautthe gugmierded gortion of virtuality
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Mixed Reality (MR)

Real environment —————————> 4= Virtual environme nt

Augmented reality (AR) Augmented virtuality (AV)

Mobile augmented reality (MAR) or
AR handheld display

AR head-mounted display (AR HMD)

World unmodelled World modelled
Low fidelity High fidelity
Low-presence High-presence

Figure 11. Realityvirtuality continuum

Through the process of presence, its users pertteawartuality of AR as a part
of their actual environment (Lombard, 2018; Regenbrecht & Schubert,. Z002R
handheld displagllows users tgerceive virtual objects ia small part otheir actual
environmentwhile an AR HMD affords userghancedgo interact withvirtual objects in
perceptuallymmersive views othdr wholerealenvironmeni{Bascovich et al., 2002;

Bem & Lord, 1979; Calder, Phillips, & Tybout, 1981; Loomis et al., 1999)

There are correlations betwesedia immersivenesas arobjective quality of
what technology conveyand presencexperiencedn AR. AR enhances reality with
virtual componentthat conveymedia immersiveness that evokes presence. In this
aspectan AR handheld display presentstual objects within itsmallflat low
immersive displayy exposng its users to the real environment (Richmond, 2019; Santos

et al., 2016; Slater, 2003; Squire & Klopfer, 2007; Steuer, 1992pntrastan AR
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HMD densely registers virtual objsainto an immersive view of éhreal environment
while allowing users to be immersed in its partially translucent immersive virtual
environmen{Blascovich et al., 2002; Cummings & Bailenson, 2015; Loomis et al.,
1999; Ren et al., 2016; Richmond, 2019; Santos et al., 2016; Slatey Skax@3 et al.,

1996; Slater & Wilbur, 2006; Slater et al., 2009).

Underlying this theoretical discussionistheviewalfRta s fAnot any one
technol ogy, but a set of criteria that peo
communication, Augst 14, 2018)In otherwords,this view combiesatraditional
material view of technology ass physical featurethat overlayirtual onto realandthe
c on st r uiddadf mahnolegy @ith a relational character of realitgt connects
virtual/implied presence of otheasd reabresence of use(kievrouw, 2014; Sterne,

2014; Steuer, 1992). According to Liao (2018R expert groups advocatike common

types ofAR displayasan AR handheld displapr anAR HMD; and hus, their definition

is not a |linear design but AdAan alternation
designso (p. 798). For e x notegtheepossiklisy ofthe | | er e
synergetic combination exists betwddhD and handheld dplaysinceanHMD allows

users to immediately sés displayednformation or imagehatis generated bthe

handheld displags a scene generator

A FOV is choseramong the components that augment the levetedia
immersivenessf AR (Bowman & McMaha, 2007; Lanier et al., 2016; Lombard &
Ditton, 1997)throughits visually immersive displayA FOV alsodifferentiatesan AR

handheld displajrom anAR HMD (Bowman & McMahan, 2007; Lombard & Ditton,
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1997, Slater, 20031t is definedn AR asthe size of the visual field thatabserved at

any given moment instantfBowman & McMahan, 20Q1.ombard & Ditton, 199Y. It
construcs the objective quality oimedia immersivenesssuallyalong with the field of
regardas total size of visual fieldowering native visual world experience hidden behind
us er 6, the dize andesolutionof display generated by scene genetrattareoscopy

that provides different images to left and right eyes with the binocular depthreage
display rendered basedn t h e u s e thé realismmfis ghtiagyrates ofits
framingand refree. AnNARHMDevokes user sdé s ¥R(Bavmanfet pr ese
al., 2007; Cummings & Bailenson, 2015; Lombard & Ditton, 1997; Slater, 2003) because
its FOV immediatelyallows users tgerceivevirtual objects/environment as if they used
their human visual system (Lanier et al., 2016; Rakkolainen et al., Z20%).
psychophysiologicdbgic behind this physical featurechangedccording tadhe
media/technologies that apply @&nd additionally according to users and their

environment.

Presence andscreen sizeof the television

Several scholars studied presence as the perceptual illusion-ofethationby
examiningthe effecs of the screen ge oftelevision(Botta & Bracken, 2002; Bracken,
2005; Kim & Biocca, 1997; Lombard et al., 2000; Lombard, 1995; Reeves & Nass, as
cited in Bracken, 2005; Sheridan, 199 e size ofl V &isual imagehas been found to
evokepresence angositive emotionaresponses (Lombard & Ditton, 1997; Shumie,
2001). Television viewers percetvenediated events as if they were actual when they
used a wide FOV, and thus, perceivews presentations or advertising as credible or
valuable. For example, Bracken (2005ygested viewers who watched the television
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with a wideFOV, and ahigh-definitionimage quality would perceive mediated events as
if they were realThis is becausthelarger image could closely simulate its readrld
counterpart anchakeits source anaverall qualityseencredible,thusevoking presence

and perceived credibility. Also, Kim and Biocca (1983)ndthattelevision viewers

with a wide visual angle of the display and a dark ambient illumination pedceive
mediated eventas moranemorable ath persuasive. Lombard and colleagues (1995;
2000) found that viewers who watched television witArgescreen perceived its

mediated environment as more active and its mediated figure as attractiveadmghat
image size was found to induaet only presence, but alpositive emotional responses.
Reeves, Detenber, and Steuer (as cited in Bracken, 2005) found viewers who watched
video with a greater visual/audio fidelgphowed a preference for it, dheir preference

did not lead to a significant increase in attention or memory. Schumie (2001) also said
that presence led to other psychological effects such as subjective sensatioved

task performancandintenseemotioral responsedn other words, cagequences of
presence were found in the userds perceptu
includingperceived credibility, memorability, persuasivensssise omovement,
attractiveness, realism, and even performance. Though these scbothrsted their
studies in the context of television, ttiéferentlogic of presencenightbe applicableo

the recently emerging technologies such as AR anMiRre users experience presence

in its threedimensional mediatechixed realityscenes.
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Presence andield of view (FOV) of AR

An optimallevel of presence is evoked in a small displap@fwhen simulated
through arHMD sinceHMD covers tle  u svisual syGtem wie renderinghe
stereoscopic image amccking feadposition(as in VR andits immersiveview allows
users to be exposed to virtual objeamtsithe actual environmennh visually immersive
ways(Azuma, 1997Cummings & Bailenson, 2016; IJsselsteijn, Ridder, Freeman, and
Avons, 2001; Lin, Duh, Parker, Alitached, & Furness0P2; Reeves & Nass, as cited
in Bracken, 2005; Seay, Krum, Hodges, & Ribarksy, 2001; Sheridan, 1992; Slater &
Usoh, 1993Slater & Wilbur, 1997. While VR and itsHMD render fully mediatednd
mutually exclusiverirtuality separated from actual environmeiR and its HMD
overlay a partially mediated virtualityeneratingnutually interactive mixed realityith
actual environmeniMilgram et al., 1995Steuer, 199p Steptoe, Julier, and Steed (2014)
suggested thieatures ofmmersiveAR displaythat evole presencas environmental
consistency and technologically facilitated immersiveness. Accordingde stholars
environmental consistency occurs when virtual objects cARhenvironmentre
consistent with the user OGatobjectsprenvitoaniestons ab
Immersiveness is technologically facilitated wizerAR display combines virtual objects

with the actual environment through seamless registration antimeainteraction.

Other presenceevoking characteristics of AR

The forms and content featuresAR, the internal or subjective characteristics of
its usersandenvironmental and contextual factors as presewo&ing characteristias

ARar e characterized in this sectiebsijn( Gal | os
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et al, 2000; Lessiter et al., 2001; Lombard & Ditton, 1997; Lombard, 2018; Sas & O
6Har e, 200 3; Selverian & Lombard, 2010;
Wilbur, 2006). Identifying these preseneeoking characteristics is an imparta

scholarly effort to refin@resenceheory (Lombard, 2018).

Mediaform characteristics

Media characteristics that evoke presence are categorized as form and content
(Isselsteijin, 2002; Lombard & Jones, 2015). Timediaform characteristicthatevoke
presencein generalinclude a visual display, sound qualiffactoryhaptic stimuli,
vection forcefeedbackthe level of interactivity or tracking, obtrusivenesshef
medi um, us er(s.@firg mersen pral thirdipersprive/recordel/
constructed experience, and the number of pabpleusers encounter during their media
use(Azuma, 1997; Biocca, 1992; Bowman & McMahan, 2007; Cummings & Balienson,
2015; Galloso et al., 2015; Kim & Biocca, 1997; IJsselsteijn et al, 2000; Lombard &
Ditton, 1997; Lombard et al., 2000; Reeves & Nass, as cited in Bracken, 2005; Reeves et
al., 1993; Sheridan, 1992; Slater, Usoh, & Steed, 1994; Slater & Usoh, 1993; Slater,
2003; Steuer, 1992). Sinpeopletendto believe whatheysee (Azuma, 1997; Biocca,
1992), scholars and program developers have made efforts to identify media form
characteristics that make a convincingly occurring perceptual, more specifisaly
illusion. VR scholarsoutlined the requirements a$ visual display characteristics that
evokepresenceas stereoscopic imagegide FOV, andhighimage quality (Cummings &
Bailenson, 2015; Galloso et al., 2015; Lombard & Ditton, 1997; Lombard et al., 2000).

Another group oR scholas addednteractivty as a requiremeriSheridan, 1992;
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Slater, Usoh, & Steed, 1994, Slater & Usoh, 1993; Steuer, 108#®rVR scholars

expanedthis to thetailored combinations of technological compondnts at mat ch us
sensory systesandform the optimal presencather than maximal presensi@ace

optimal presence is desirable for the performance of certaingasksas learning as in

this study, while maximal presence is usually preferred for entertair{Bieota, 1992;

|Jsselsteijn et 312000; Lombard & Jone&015; Slater, 2003).

Media content characteristics

The ontent characteristiaghich contribute to presendeclude not only stories,
narrative, messages, and thenied also objects, activities, events, and characters that
connect users to their feglis ofagency andamiliarity gradually(Azuma, 2015; Galloso
et al., 2015; IJsselsteijn et,&000; Lessiter et al., 2001; Sheridan, 1992; Usadl.,
1999). Media contents that evoke presence are explained with social rédatism,
plausibility illusion,avoidance omedia conventions, and the nature of tasks or activities
(Galloso et al., 2015; Lombard & Ditton, 1997; Sheridan, 1992; 2009ausible
combination of virtual objects aride actual environment evokes presencékhas a
cognitive feeling of being ispecificscenarios (Azuma, 2015; 1Jsselsteijn etz000;
Skarbez et al., 2017). Also, the naturatdskwithin AR influences presence
(IJsselsteinetal 2 00 0 ; Sheridan, 1992) . Ulti mately
objects become part of the pldtieey] a r e thrioughia more plausible combinatiaf
visual objects and actual environm@giim et al., 2017; Lombard, 2018. 99; Skarbez,
Brooks, & Whitton, 2018; Skarbez et al., 2017) and imagine narratitieshe
environmental consistency between usersoé p
environmen{Kim et al., 2017; Steptoe et al., 2014). Todherences achizzed when an
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AR environment as the media conteistvisually coordinatingo compatible actual
contents personally relevarib media usetrsand credible enough to make their
perceptual illusion convincing (Biocca, 1992; Foggs, 2003; Skarbez et al., RO#W3.
study,AR hasnarrativepotentialsince its users see through its wil@V as if they were
using their humanisualfield so that it includes the specific locatiandreattime
objects, trigges prior knowledgeandbr experience of its users, aadbws users to

constructexperiential narratives.

User characteristics

User s 8 c h a ridfleehcetmeisense ighcesencenblidéimmersive
tendency oempatlic tendeng (which will be termeghysician empathfor this study)
aswellasuser s motivation or willingness to su
experience with the medium (Galloso et al., 2015, pHbl;, Nam, Peng, & Le€012;
IJsselsteijn et 312000; IJsselsteijn et al., 1998; Lessiter et al., 2001; Lon&&idton,
1997; Sas, 2004; Slater & Usoh, 1994; Weibel & Wissmath, 2011; Weibel, Wissmath, &
Mast, 2010; Witmer & Singer, 1998 mmersive tendeyasd e f i ned as i1 ndi vi c
tendeng to be immersed in the media experiences or envirorgythiis, to expeence
presencéHou et al., 2012; Lombard & Ditton, 1997; Weibel & Wissmath, 2011; Weibel
et al., 2010; Witmer & Singer, 2003). iShlendeny is positively correlated with
individual personaliy characteristicsuch as openness, conscientiousness, exsiader
agreeableness, and neuroticism (Weibel & Wissmath, 2011; Weibel et al., 2010).
Empatlic tendeng is not onlyu s etendedy that determingemotional intensity or
valenceof empathythat occursluring mediated activitiesndaffect presence and but
also theirabilitiesto cognitivelyengageand d o pt anot her fbs per spect
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experience affective reactions to observed experiences of (tloenbard & Ditton,
1997; Sas, 200 . I n sum, userso6 chatendendyandi sti cs, s
empatlic tendeng, are tendencies &xperience presenaethe ARand subsequently
empathic responses/situational empatgreover, in medical education, these two traits
shouldenableme di c a l students t o etaggeaterdegreece pat i e
throughAR.
Environmental characteristics

There are environmental characteristica\Bfthat affectpresenceln television,
the media environmesareseparated into the mediated environment portrayed on its
screen and the actuahvironment where viewers watch television (Lombard et al., 2000;
Lombard, Ditton, Grabe, & Reich, 1997). The former environment is a virtual
environmentwhile the latter type is an actual environment. M. Lombard (personal
communication, July 2018) stsedthatthe form characteristics of tlaetual
environment of media users such as the size and shape of the room, and the content
characteristics of the context of media use suanasdical setting or a setting for
leisure activities, etc.racritical factors leading to presence. Additionally, he did not
limit the impact ofcharacteristics of the media environment to objeaivessince the
significancevarnesfor each usewhile allowing users to see, hear, and feel as if they were
in theactual environmentAhn & Fox, 2017;Lombard, 2018)His conceptualizationf
media environment as objectigadsubjective characteristicthus,canbe appliedo the
immersive virtual environmeg{IVE) and their content characteristickgomis, 2018;
Loomis, 199%. This is becauserpsencen IVEs might be experienced becausdtadir

easily observable and objectively confirmatitaracteristicsaswellasi s er sd subj ec
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experience of perceiving, feelingndsensingnediated/unmediated environmerasd
contexs (Lombard & Jones, 2015). Further, AR and its generated mixed reality
environment (Milgram et al., 1995), presence might be evoked when the virtual
environment is perceptually and meaningfully aligned with the actual environment
throughper cept ual i | constructivemengahpdocesssg (Azsinda, 1997;

Lombard, 2018; Milgram et al., 1995; Loomis et al., 1999; Slater, 2009).

In sum, media characteristics, user characteristics, and environtoemtzktual
characteristics in AR came sumnarizedagaininto media immersivenesds AR and its
mediatedenvironmend as objective qualities that directly evoke preseandimmersive
tendencyempatic tendeng, and media contexsinternal subjectiveharacteristicghat
supportthis process. Media immersiveness is definedlzst medidechnologiesleliver
from the objective pointofview n r el ati ons t eworldlsensory fiequi va
s t i niBolvihad & McMahan, 2007; Cummings & Bailenson, 2016; Lombard &

Ditton, 1997; Lomnis et al., 1999; Slater, 200Stater, 2003, p.1Slater & Usoh, 1993;

Slater & Wilbur, 1997; Weibel et al., 2010; Weibel & Wissmath, 2011). These scholars
define immersion as an objectively measurable or describable quality of technology that
creates inlusive, extensive, surrounding, and vivid virtual/mediated environments

allows users to focusnimmersive media characteristics, atdeast partiall\separats

their sense from the external stimuli. In this study, media immersivenasshe
immersionapplied to median particular AR is broadly defined as objective qualities of
theHMD andpatrtially viaits generate@&nvironmens since they do not fully shut down

but partial | y oftheextewma stimuli f§@nrthe dctual enmirerenent.
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For this reason, iIAR, presence is evoked when virtual objects and envirorament
are seamlessly combing@gisteredandallow their interactivity withactual environment
and objects (Azuma, 1997; Milgram et al., 1995) and wisams perceive this
technological alignmenh socially plausible way§Azuma, 2015; Lombard & Ditton,

1997, Slater, 2009An evoked sense of presenttaus,is influenced byuses 6 | mmer si v
tendency and empathtendeng. Those who have a high immersive tendency and

empatlic tendeng tend to perceive virtual objects or environments as if they were a part

of theirauthentic, real, and natural experien@@m et al., 2012; Kim eal., 2013; Lee,

2004; Lombard & Ditton, 1997; Weibel et al., 2010; Witmer & Singer, 19889.

following section explains the psychological processasfativetransportationwhich

occus when users subjectively interptbe contents chugmented redl stimuli asone

contents and environmeitontexias another content.

Narrative transportation in AR

Green Brock,andKaufman (2004) definedarrativetransportation as a
distinctive mental process, an integrative melding of attention, imagery, and feelings
based on Ge rof(hagdiie)trahspdrtatiomndtie psychological process of
book readingGreen and Brock (2000) argue thatcausearrative worlds can be more
broadly comprehenddd respect tanulti-modality, its freaders shouldinclude listeners,
viewers, or any recipieabf narrative information (Green & Brock, 2000, p. 7(Mgdia
environmerg where usergxperiencehis narrativetransportatiorarethereforediverse
thoughit only refers to sense of being there in contrast to presence as transportation that
consists okense of me being theirea virtual environment (distal mediatedgnse of it
being heren a physical environment (distal immediatahd sense of us being togethrer
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an imagined environment (reduced attention to distal stirfiiliy & Biocca, 1997,

Lombard & Ditton, 1997)Further,Kim and Biocca (1997lpbeledthe sense gresence
astransporationto its mediated environmeimtto two dimension®f farrivalo andfbeing

thera in the mediatedcenvironment anddepartureé from andfinot being her@in the
actualenvironmentThis form of transportaton e qui res t he usersd i ma
participationin this textualandimaginary environment (Kim & Biocca, 1997; Ryan,

2001) through the projection of &@lto the narrative media environment, participation in

it s c¢ har ac s admonentsmonent penformance of the narratives

(Blascovich, 2002; Dede, 2009; Green & Brock, 2000; Ryan, 2001).

In AR, themixed reality environment functions as a narrative learning
environment when vi rt ua percephogmétitetacualar e al i gn
environment seamlessindin socially plausible ways (Azuma, 2015; Kim & Biocca,

1997; Slater, 2009; Squire & #pfer, 2007) Thiscreates a text where transportation as
usersb6 response occurs and where users are
immersed (Ryan, 2001According to Ryanwho considered immersion and interactivity

of VR as its two literary/narteve devicesuses canexperience the immersive sense of
transportationn AR 1) inits mixed reality environment abesetting 2) through the

meaningful plotrelayed byirtual objects andheactual environrmepand 3) fr om us
different perspecties to observe and experiertbe narrative learning environment

(Ryan, 2001). Transportation also occurs not only because of these easily observable
characteristics AR as a storytelling tool, but also because of transportability as user

trait, as the aility to become transported into the narrative environrobEAR as in that
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of VR (Appel et al., 2015), which is positively correlated with empathy (Mazzocco,

Green, Sasotta, & Jones, 2010).

Narrative potential of AR and its effect

Scholaremphasizé¢hei mport ance of wusersé active ir
potential ofAR (Liestol, 2011; Nam, 2015; Vera & Sanchez, 2016) since 1) a specific
location and realvorld object ofanARenvi r onment tri gger userso
2015), 2) users perceive thdormation rendered through its environment as contents
(Liestol, 2011), and 3) these layers of informagomichu s er s perception o
(Vera & Sanchez, 2016). ®narrative potential makéAR aninteractive and inventive
medumf or usersé i ndi vi dheprédetermined contemtrcicadesl r at h e

by developers or designers (Nam, 2015).

The user s 6 esoénarratve trapspootatian argl preseaoeinvolved
in thisprocedurgLombard, 2018; Nam, 2015). &t two processes occbecause the
narrative environment AR functiors with its two different but associated natures
( Nam, 2015) : 1) the nature of story space
create individualized stories, and 2) the naturghyfical space which conveys the
information of realworld context about physical objects and locationgsEhtwo natures
of space areelated to the previous conceptualization ofAlieenvironment (Lombard,
2018) : 1) cont ext wonettor isiovehed, and 2) envimpmemt t i v e

where different layers of physical information are conveyed.

In thisaspect, narrative transportation enmdthe presence literatyrm its

relations taspatial presengearticularly, from the perspectives abgnitive psychology
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by strengthemg our understanding dhe effect of the content of the mediated

environment of emerging technologies (Blake, Nunez, & Labuschagne, 2007; Nunez,

2007; Nunez & Blake, 2006These scholansavesuggestdanother processf cognitive

presence with mental effarto focus ora mediated environment (Blake, Nunez, &

Labuschagne, 2007According to Nunez (2007)his procesof presencevas related to
contentrelated factors anedigandwellpr edi ct ed by the degree o
and familiarity withits contentsFurther,mediacontents affected presence through their
interactions with usswersféciliteted pyetheit cagnitve n, who s
tendenciegNunez& Blake, 2006) According toNunez and colleagugpresence was

influenced by thelegreematchingtou s er s 6 expectati ons.

According to Nunez (2004), userso6é actiwv
immersiveness and narrative potentialsimémerging technologgenvironmentThough
the highly immersive displagenders layers of correlated informatibiatnecessitate
little working memory to process it requires working memory to process the scene
when latency and temporal discrepancy devédmez, 2004)ln case of AR that
includes the stimuli from the actual environment that do not easily chunk with the stimuli
from the virtual environment, more working memory is required to process from users.
More specifically, userperceive and proce#dR stimuli as oe unitary stimulus through
the dual process automaticperceptiorto infer and decide about the virtual
environment based on alreadgnstructed representatiand cognitiorto transform the
perceptual stimuli to those abstract representationl h i ssactive sneotvément, in this
study, isrelated tammersive tendency and empiattendeng. These are human factors
to experiencéR differently in this study sincAR possesses different media
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immersiveness and narrative potentialghimcontext okxpe r i ent i al l ear ni

active involvementransformsconcrete experience into abstract concepts and concepts
into actions. Presence andrrativetransportation mediate this procdgsactivatingsuch
internaltendencies that already exist in medical studantsthiswill be discusseadh the

following chapter

Summary

In this chapter, preseneath AR was illustrated with experiential learning theory
andthereality-virtuality continuum of mixed realityFactos that evoke presenoesre
dividedinto characteristics of AR as a technologgers ananediatecandunmediated
environmers. Presenceavas alsoconceptually explicated witharrative transportation.
Presence, in this study, is a mediated experiencéritpgers and supposthe
experiential learningrocessedts learning environment is located within the reality
virtuality continuum of mixed realitfMR) betweeranimmersive virtual environment
andMR. A widefield of view (FOV)was suggested as a high immersive condition of AR
with immersive tendencgstheu s e r s 0y td experikeca mreseneaddispositional
empathy asheu s e r s 0y td experitieca @mpathyheimmersive virtual
environment, mixed reality environment, amddiacontext were suggested @ther
environmentabr contextualfeatures that evoke presentastly, narrative transportation
a s uametiorgldcognitive, and imaginairyvolvement in narrative potentials of AR
was suggested #se psychological proess that substantially explaipresence.

In the next chapter, empathyll be discusseas both a cause and a result of
presenceThe trait of fhysician empathy as a cause of presence conceptually includes an

affective component and a cognitive compon8ituational empathyesulting from
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presence refers to the predominant emotional respansksling three different
vicarious feelingssympathy, distress, and sadness. Also, physician empathy and
situational empathwill be discussed in relation to pessce as a psychological

phenomenon.
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CHAPTER 5
EMPATHY

Chapterfour defined presence in general and apglieto augmented reality
(AR). The rlationshipof AR displayto the field of view (FOV) ags oneimmersivekey
mediacharacteristiavas investigated with its kevantprocess of narrative transportation,
user so6 t ende nandummediated er/ironmesatin this chagter, empathy
is conceptualized aspresenceelated responsenda presencesvokingcharactestic to
sugges”R as a preseneevoking media technology ameh iempathy machine.

Empathy in the context of medical education has been defined as cognitive
abilities to comprehend patientsd experien
their perspectives witholeing assimilated into the experiences or feelingsaffective
capacities to feel involved in patientsd e
experiences or feelings, and communicative capigsitth convey such understanding to
patients (Decety & Jackson, 2004; Hojat, 2007; Hojat, Fields, & Gonnella, 20{23;dtlo
al., 2002; Hojat, Gonnella, Naska, Mangione, Vergare, & Magee, 2001; Scott, 2011;

Stepien & Baernstein, 2006; Wilmer, 1968).other words, mpathyhas been
differentiated intadispositionalempathy empathic elicitationandempathiacesponss
(Hojat, 2007; Hojat, Fields, & Gonnella, 2003; Hojat et al., 2002; Hojat, Gonnella,
Naska, Mangione, Vergare, & Magee, 200)e following sectioaexplore current
empathyprogramsand studies regardirtgeir effects on medical studenédfect and
cognition as conceptual frameworks, two types of em@athpathic tenderycand

empathic responsand their relationships to preseracednarrative transportation.
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Current studies and programs of empathytraining for medical students

There have beemany programs designed to strengthen the empathy of healthcare
professionalsStudiesof medical educatioregarding tis empathyreported improved
physiciansd e (K@maer, Bar, & Mooees1p89;rSmiith,sNorman, &

Decety, 2017Wundrich et al.2017. In most of them, empathy was defined as an
interpersonal communication skill to wunder
emotions, and take effective care for pati
2017) Medical studentbavepartidpated in the empathyaining program during their

first and secondhedical school yeal&ramer, Ber, & Moore, 1989; Windrich et al.,

2017).For example, an interpersonal communication skills workshop at the University of
Israel (Kramer, Ber, & Moore, 1989) consisted of meetings where medical students
discussed topics such as patient histaking while playing the roles of doctaaad

patierts as well as family members. Kramer et al. (1989) found that empathy was

improved when medical students directly participated in the work&hubppt when they

indirectly learned about the togiom medical instructors. Windrich et al. (2017)

explored vhether empathy can be taught via empathy skill training and simulated patients
(SPs). These scholars found that empathic skills were enhanced when medical students
received the empatHpcused seminar and empathy skills training compared to the

students wh received irrelevant courses. In sum, empathy trainésgbeershown to be

effective wherthe program isexplicitly designedo enhance empathy, when students

directly participate in the program, and wherntiigsning effect is assessed with

measurableldlls.
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According to several studies, specifically designed empathy training is necessary
since without it,empathy decreased or changed throughout the medicabicareer.
These studies concern t hetermmgddhdngesdnn medi c
emotional struggle to maintain their empathic tengiéBellini, Baime, & Shea, 2002,
Chen et al., 2007; Rosen et al., 2006). For example, thgdéiastresidents at the
University of Pennsylvania Hospital were tested throughout their internshipugsag
the Profile of Mood States (POMS) and the Interpersonal Reactivity Index (IRI) (Bellini,
Baime, & Shea, 2002). Accordingtothet u d vy , physiciansd POMS sc
depressiordejection, angehostility, fatigueinertia,and decreased vigor-activity.
Their IRI scores increased in personal distresdadthedin sympathy (Bellini, Baime
& Shea, 2002). Cheet al.(2007) used the Jefferson Scale of Physician Empathy (JSPE)
to evaluate the changesme d i c a | student sd& -geargdacationy dur i ng
Theyfound a significant decrease in empathy between the students in their preclinical
years and those in clinical years. Roseal.(2006) discovered thatdecreased level of
empathy or perspectiMaking of medical students was caubgdsleep deprivation or
other factors that lead to mood changes. The residents at Thomas Jefferson University
Hospital earned relatively stable empathy scores on the JSPE when these residents
advanced from one level of training to another (Mangione ,e2@02).Theseunchanged
empathyscores arealso shown in the study at Bowman Gray School of Medicine that
showed no significant differencestieempathy scorenHoganodés Empat hy Sca
(Diseker & Michielutte, 1981for studentavho participatd in a onesemesteempathy

trainingcourse.
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Several empirical studies have examinggtia interventiondesigned for
teaching empathy skills using novels, poems, art, film, or music (Blasco & Mareto,
2012),andvirtual patients, games, and VR (Bouchard et al. 320Ekladisma et al., 207).
Blasco and Mareto (2012) suggested the emotions displayed by the familiar movie scenes
o fShddowlands ( 19 98Beautifuldindi ( 2001) el icited medic
empathy by offering them eglingsthioughemotiorels t o a
intensity and to play their roles imaginatively. Bouchard et al. (2013) found that the
students felt empathic when they encountered the virtual patients embodied in immersive
VR and felt more empathic toward virtual patierg@presented realisticallyhrough social
presence Del ai dsma et al . (2018) found that me
authentic in actual patients than virtual patients. In sum, immersive media forms and
relevant/familiar media contents elicited am@m empathic response from medical students
than traditional media intervention, which is more enhanced with their participation.
However, few studies directly reported the role of presence in this empathic process.
Further, though the roles of presencéhis empathic response to VR were examined in a

few studies, no study has examined AR.

In the next sectiorgffect and cognition (Zajonc, 198a)eusedas the theoretical
component$o conceptualize empattisom which different constructs of empathy dan

developedwhich together achieve the full scope of empathy.

Affect and cognition

Affect and cognition have been considemrdkependent entities in understanding

human traitsuch as empathirorgas, 2001Storbeck & Clore, 20Q7Zajonc, 1980;
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Zajonc,2001) Those who argue their independence
overtheother (Storbeck & Clore, 2007).

According to Zajonc (1980), feeling and thinking are separate and difeardnt
feeling is primary over thinkingZajonc (2001}¥ad that cognition and affect are
independent systems since recognition and preference are localized in different parts of
the brain. Also, they are different. Though both involve energy and information, feeling
involves more energyvhile thinking involves more information. However, there is no
feeling without thinking and nthoughtwithoutemotion According to Zajonc (1980),
since affect is the first reaction of organisms to stimuli, we can like something without
knowing it or having information aboiit For example, one canjoy a painting or meal
without knowing anything about the artist or the chef. When we have thoughts about
something, we already have feelings about
or retrieve an episode, a persarpiece of music, a story, the affective quality of the
original i nput i s the Whencanteptaliziegffectasthee o e me
most elementary, pure, and isolated type of feehtgmoods and emotionsyoodis a
relativelylow-intense, diffusive, and enduring affective state and emasanintense,
shortlived, and conscious affective state, themeaningof affectis more adjacento
the concept of moosince both do not have salient cause and little cognitive content
(Ekkekaks, 2013;Forgas, 2001, p. 1Mabis, 202D

Lazarus 1981;198&), while arguingagainsZajond s t wo ma (1880)ar g u me 1
of primacy of affect over cognition and affect and cognition as independent sulsystem
argual that an appraisails an essential condition fon@motionandmentioredthat affect

and cognition aréfused 06 not operati ng A(p.23Ydraaztagluys®d si n

69



ideas have also beersupported bytherappraisal theorists of emotion (Smith & Lazarus,

1990) who have emphasizd two appraisal processes: primary apprgsatess
concerningvhetherand how t he per theenviameatiscavanntd er wi t
thepersonéwell-being and congruent witheir desire and secondary appraigabcess

regarding the perso@eesources and options for coping with that encou@mrith &

Kirby, 2001) Theyargiethath u man 6 s e mot i o nsdbdthaminstsqitgpea s e r e (
and intellectual type of apprais8lowerand Forga$2001)furthered thisargumenusing

the associative network model and affective infusion model for understanding the

mechanism thaklatesaffectto social cognitionwhile explaning thataffectivestates are

elicited by the activation of emotion through firecess oaip e r sappraisahbout

specific situationsAccording to themaffectiverelevance ocongruenceccusin a
particularcondition where peopleakeopen constuctive, and flexibleassociative
perspectivesiather than closecdutomaticand motivategberspectivesStorbeck and

Clore (2007) arguwkthataffecive andcognitive processs are highly interdependeartd
suggestedheir several featuresffect is nofprocessedeparatly from cognition, affect

does not precedmgnition, and affect is not automatically elicit€dirther they

contendedhat cognitive processing necessary tprocess, elicit, and experience

emotionby arguing against theotion thatdiscrete emotions have distinct areas in the

brain,but suggesting thamotions are led by the combined process of cognition and

affect. Thus, cognitive activity always underpins feelings as an essential ,aepect

emotion is always cognitaly mediated meaningentered reactions. Thiegnitively

appraiseca f f ecti ve state is closer to t-he conce

lived, and highly conscious affective states that typically have a salient cause and a great
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deal of cognitivecontent, featuring information about typical antecedents, expectations,
and behavioral plangForgas, 2001, p. 15By separating or combining affect and

cognition empathyhas beeronceptualizediifferently.

Definitions of empathy

Empathy, historicayl, was originated fronkinfiihlungaccording tdvischer
(1873, as cited in Duan & Hill, 1996) the context ofart and artworks and translated
into empathy by Titchener (1909, @saedin Preston & Waal, 2002p refer to the
procesof 6 f e e | j6somethingthtitlbappens when perceivers project themselves into
objects theyperceivelti s r el at ed t oof Birfiklenpnetordysapasdive u g ht s
seeingof objects but alsasactive lookinginto the outside worldo experience or reform
theknowledge about the objectslowak, 2011). The former refers to the unification of
the perceiver and the perceived objeatsl the lattemvolvesp er cei ver s6 acti v
participation in the work of art® perceive feelings and appearances of objects
creatively In thelattercase t h e precepticnand respdnse matter sintey
include the immersion of a viewer in the work of art that actualizes the mediated objects.
This processs enabled through the imagination that perceiberkl-up for mutual
empathic relationships with the objects.

After empathy as the emotional response was applied by media psychslogy
social sciencgt became related to three mutually exclusive meanidggdn, 1969;
Mehrabian & Epstein, 197Z)mdabhl, 1995)1) vicariousy shared feelingas emotional
empathywhich doeshot necessitate higher mental proess2) the intellectual skill of

perspective taking/role takingvhichdoes not require emotional responsasi3) the
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combination of shared feeling apdrspectivaaking. Empathy can also be discussed in
terms ofaffect, emotion, and mood (Ekkekakis, 20E8rgas, 2001; Ganzel, Rarick &
Morris, 2016;Konjin, 2013; Nabi, 2020 According to thee scholarsaffect is the most
conscious, objectless, anddioating feeling without cognitive or reflective process;
emotion is conceptualized agliscretefeeling arousedbout specifi@bjectsor events
througha process of cognitive appraisahdmood isthe mosenduringand diffusive
affective state occung to vague objects, evemthout particularobjectsor events
Empathy can also be conceptualized in these three different types of feelings. In other
words, empathy as affect occurs as affective matching, response, or mentalizing, empathy
as emotion owurs as selbther awareness, salther differentiation, selbriented or
otherorientedperspectivaaking, and empathy as mood occurs as experiential
understandingRatson, 2009; Coplan, 201%ggal, Gerdes, Liet¥yagaman, & Geiger,
2017).

Onegroup of scholars lsaleveloped empathy witthe most prirtive type of
emotional contagiothatoccuss throughmere observation and automatic, direct, and
natural process of imitatiofiHatfield, Cacioppo, & Rapson, 199pffman, 1977;
Hoffman, 2002; Leveson, 1996; Wermund, 1994; Nowak, 20Wermund, 1948 This
type ofempathwas ori gi nated from Humeds concept
automatic process (Copla2011). It refers tahedirect association animicry asthe
most primarypsychologicaktates of shared emotion that do not require higher mental
processesHoffman, 1977. Itisalsowellkc oncept ual i zed i n Vischer
Einfiihlung, whichemphasizep er cei ver sé uni fied feeling wi

objects/persons of artworkas(cited inNowak, 2011; Omdahl, 1995). This transitory
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emotional contagion is |l ed by the perceive
emotional expressions through their faces, voices, gestures, and instrumental behaviors
(Hatfield, Cacioppo, & Bnson, 1992; Levenson, 1996; Wermund, 1948).

Another group of scholars has developed the model of empathy as a subjectively
experienced phenomenohthehigher mental processes (Bandura, 2@a&plan, 2011
Davis, 1983; Dymond, 1949; Hogan, 1968ad, 1934, as cited in Hogan, 1969). This
type of empathyefers to preattitude and positive feelisgor others,ncludingthe high
level processf imagination(Coplan & Goldie, 2011p.103. Bandura (2002¢onsidered
this capacityas experientially dtivated perspectiveaking. Further,Davis (1983) and
Dymond (1949fefineditas i nt el | ect ual ability or soci
perspectivewithout making it their ownbutwith the neutral and detached attitude that
facilitates the judgmerdf accuracy and realityzor Hogan (1969)empathyis an
intellectualori magi nati ve understanding of othersé
consideregerspectivaakingor role-taking as theritical aspect of empathy. Omdabhl
(1995) classified thisype of empathy as a cognitive skill.

The final group of scholars combinect#e ideas ashared emotion and
perspectivaaking (Batson, 2009; Clark, 2016; Eisenberg & Eggum, 2009; Eisenberg &
Sulik, 2012;Segal, Gerdes, Lietz, Wagaman, & Geiger, 20B#tson (2009) defined
empathy with eight relateddut distinct psychological stateacluding natural feelings
toward others and cognitively active proce
situations. Clark (2016) suggested an integtenodelof empathy in the context of
counseloc | i ent rel ationships by defining empat

feelings and meanings throughrsonalinterpersonal, and objective engagement.

73



Eisenberg and Eggum (2009) stressed the role ofegglflationin empathyrelated
resporseswhile classifying empathyelatedrespomsesinto sympathy and personal
distress. Segat al.(2017) argud that a full synchronizing of affective response,-self
other awareness, perspectiaking, and affective mentalizing produces sympathy.

Recently, neuroscientists have endeavored to further this last concept of empathy
with two essential characteristickaidfective sharing and emotion identification (Coll et
al., 2017). According to Coll et al. (2017), affective sharing refers to the similar affective
state thatheempathizer has with targetshile emotion identification means tliegree
of accurate idetification that the empathizérs j udgment of enheti onal
targetds states. Al so, Col | et al . (2017)
between affective sharing and emotion identification in healthcare cficets of each
require different interventions to leadrespectivechangesand empathic responses in the
clinical situations is relevant to cognitive abilities to undersfaredt i esotiorsald

statesThis studyadoptshis last concept of empathy.

Empathic tendencyand empathic response

In a similar veinto the previous definition of empathy based on cognition and
affect empathyis reither onlya highly stable traibf dispositional empathgor only a
changeable stat# situational empathgHojat, 2007)In this studyaswill be discussed
later, dispositional empathy termedohysician empathgndr e f er s t o physi ci @
empathidendeng, while situational empathsefers toempathic responsés patienté
needsEmpathydevelops in its close relationsdttachment sincearly formed

attachment influences latéfe empathic behavior@uan & Hill, 1996; Hojat, 2016;
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Hojat, 2007) For this reasont is both réatively stable and difficult to chand®avis,

1980; Davis, 1983; Hogan, 1969; Hojat, 2016; Hd}@807; Mehrabian & Epstein, 1972)
andrelatively changeable responditaythe persons needs ad their situation with
distress, sadness, and sympathy (Batson et al., 1983; Batson et al., 1988; Batson et al.,
1991; Batson, 1995; Batson et al., 1997;sBat Early, & Salvani, 1997; Batson et al.,
2007; Eisenberg & Eggum, 2009; Siegal et al., 201 processed and expressed after
a complex proceséut also related intermediating processing st€pd et al., 2017,
Decety & Meyer, 2008; Decety, Yan§,Cheng, 2010; Eisenberg & Sulik, 2012;
Jackson, Meltsoff, & Decety, 2005; Shayxlsoory, 2011; Singer, 2009 pecifically,
these scholars have consideadzbttomup affective sharing process and-tbgvn
regulated cognitive perspective taking as twsidaomponents of human empathy. Also,
they emphasized that affective sharaigheemotion of others iamore automatically
activated process while cognitive perspective taking is a complex, but highly flexible
phenomeann that variesvith different relationships and environmental context. In the
same vein, physician empathy is considered as cognitive empathy while situational

empathy can be regarded as emotion cognition and emotional contagion.

Physician empathyas arelatively stable trait,predominantly consists of
physi ci anabiftiesccourperstangg a i ent 6 s f ee,andlogs and
communicate caring, concern, and emjafitbelings(Hojat, 2016; Hojat, 2007; Hojat,
Gonnella, Nasca, Mangione, Veloski, & Mag2@01; Hojat, Gonnella, Nasca,
Mangione, Vergone, & Magee, 200®). his book, Hojat (2016) differentiated cognition
from emotion, understanding from feeling, and empathy from sympathy to lessen the
conceptual confusioregardingphysician empathyror Hoja, cognition ischaracterized
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by appraisal and reasoning, and emotion is represented with spontaneity and arousal.
Based on these two coepts he conceptuallgeparated the understanding from the
feeling by suggesting the base of understanding as leaha@hgecessitates effortful

mental activities.

Empathicresponsgas aelativelychangeable statejore specifically refers to the
physiciands emoti onal response to patients
affective involvement, cognitive undganding, and their capacities to communicate
caring(Batson et al., 2007; Batson, Early, & Salvani, 1991tz, Schaller, & Cialdini,

1988 Hojat &Joseph, 2017; Hojat, 2016iegal et al., 2017). Thiesponsés

conceptualized as emotional empathy anggthy that Hojat, in his previous works, has
continuouslydifferentiated fromempathythat has a cognitive naturdojat anchis

colleagues, in the context of healthcare, have expressed concerns ghathiecm

response sincéis foundto beconstructive for the physicigmatient encounter to a

certain degreebutcan interrupt clinical objectivity and effectiveness beyond it (Hojat
&Joseph, 2017; Hojat, 2016). Batson et al. (2007) differendtldte ] at 6 s concept
empathic response into syathy, personal distress, and sadnesdaumad sympathy aa
positively toned empathic conceatrmatoccurs based on an understandingtbes 6

situatiors and altruistic motivation to helfinem According to Batson et .g11997)
antecedents of thisempatt concern are adopting otherséo
welfare, and perceiving others in need, in contrast to personal distress whacdelias

oriented direction caused by aversive arousal. While sympathy evokes altruistic

motivation to help, persl distress provokes egoistic motivation to help to lessen

distress. This study adds sadness as a temlgatapressing feelingtaro t her 6 s
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situations (Fultz, Schaller, & Cialdini, 1988) since it has a unique psychological
mechanisnio explainnot onlytheegoistic desire to relieve sadnglsst alsahe altruistic
motivation to help, which is related bait distinct from both personal distress and
sympathy.Thus, this study supports the conceptualizatiotn@émpathic response

Batson and colleagu@s sympathy, personal distress, and sadness.

Scales of physician empathyas enpathic tendeng

As a relatively stable trait, empathgs been measured with several scales (Davis,
1980; Davis, 1983; Hogan, 1969; Hojat, 2007; Mehrabian & Epstein, 119@8an
(1969) selected sixtfour questions fronthe psychological personality testdinnesota
Personality Inventory (MMPI) and CalifaenPersonality Inventory (CRHo evaluate the
cognitive aspect of epathy practically and theoretiba Mehrabian and Epstein (1972)
created thirtythree items &sed on seven categories to measure the emotional aspect of
empat hy or figeonuesriabli |einioytdoi o rbmly iaasrd s 2007 er per
Reactivity Index (Davis, 1980983) as a multidimensional measurement has four
different subscales: empathic concern, perspective taking, fantasy, and personal distress.
Empathic concern refers tope | e 6 -srierded feaimg of sympathy. Perspective
taking is a cognitive tendency to i magine
subscale is a tendency to imagine yourself as a character in books or movies or identify
with characters in mediatesituations. Personal distress is a-seiénted feeling of

distresghat is aroused whesbserving others in pain.

The Jefferson Scale of Empathy (J$&E)hemultidimensional scale that measures

empathy (Hojat, 2016; Hojat, 2007) in the specific cantéxnedical communication
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andhas three different subscales: perspedtivek i ng, standing in pat.
compassionate care. Perspectiaeing is a cognitive capacity to understamhtiend s
situation without makiprad iientdsedhoewnr eftea
capacity to communicate their caring froine patien6 perspective. Compassionate care
refers to the understanding of patientsd e
physician empathy isieasureavith the Jeffeson Scale of Empathy (JS&hceit is

defined as cognitive attribute to understa
perspectives and this study deals veitignitively appraised empathy and emotionally

appraised empathy separat@pjat, 2016). JSEsithe index of physician empathy

developed by clinical and academic physicienbaveface and content validity the

healthcare context (Hojat, 2016; Hojat, 2007). The reliability and validity of JSE indices

of perspectivedaking, standing in patient's shoegandcompassionate calave been

confirmedby manymedical studies (Hojat, 2016).

Scales of gtuational empathy as empathic responsse

Situational empaty, asachangeable statbas usually been measured vatself
reported response exgssed with adjectivabatpresentheus er 6 s vi cari ous f
sympathy, personal distress, or sadness (BaEdand, Chemok, et al2007; Batson
Early, Salvaranil997; BatsonTurk, Shawet al, 1995; BatsonDyck, Brandtet al,
1988; Fultz Schaller, & Cialdini, 1988). Thoughere areotherwaysto measure
situational empathysuch as facial indesand physiological indators this studyuses
selfreport indces(Eisenberg & Fabe4,990. The seHlreport indcesareselected

because t makes coll ection and mandahgsemgcess of p
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alsomeasure distinctive types of vicarious emotional respdisyespathy, personal
distress, and sadnésshile other indcesassessnore diffuse types of emotional
responsesThese indiceassumeahat research participants are accurately aware of their
feelings and can communicate them distinctively. There are two concerns about this
assumptionl) the degree to which participantsitifeelings accurately, 2) the degrto
whi ch par t-reporieg faetingssace free érdmf social desirability blasavoid
this social desirabilitybiasand to focus on impacts of empathy prograpmgsician
empathy isnot onlyexcluded asnexogenous variable toeasurehe effet of AR only
butis alsoincluded asnindependent variable seetheimpact of AR in thehealthcare
context.Lastly, indirect questioning imcorporatednto the interview design (Fisher,
1993).

The adjectives used self-report situational empathy are validated by principal
components analyses and are factored into the three distinct but related affective
responsegBatson Eklund, Chemok, et al2007 Batson Early, Salvaranil997 Batson
Turk, Shaw et a).1995; Batsn, Dyck, Brandt et a].1988 Eisenberg & Fabes, 2000
Fultz, Schaller, & Cialdini, 1988Six sympathy factors are delineatsgmpathetic,
softhearted, warm, compassionate, tenaledmoved Distress factors includglarmed,
grieved, troubled, distresseupset, disturbed, worriedndperturbed Sadness factors
encompassad, lowspirited, heawyheartedandfeeling low. For each adjective,
participants indicate on sewv@oint scaledy answering the questions baw extremely
they experienced feelingd sympathy distress, and sadness while being exposed to the
need situationwhere subjects @t study perceivanother in need situatioiBatson et

al., 1988) Their conceptualizatiors empirically supported by the study of Eisenbetrg
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al. (1994)who found that all the distress and sadness items loaded on the same factor
while sympathy items loaded on anotkeparatdactor. In addition to these items, they
used heart rate data afagtial reactions to measutigese vicarious emotional resges

This study includetheempathy, distress, and sadnisss to create tiee variables of

situational empathy.

Empathic tendeng/ and presence omnarrative transportation

Personality traitshatare expected tonpact presence, such as imagination,
immersive tendency, and empiattendency have received media scl
Immersive tendency was previously indicatedhea personality traithat leads to
presence sindeis atendeng to determine capabilitigs be immersed in
mediated/unmediated activitidsombard & Ditton, 1997; Parsons et al., 2015; Wiebel et
al., 2010; Wirth et al., 2007). Empathyaipersonality traithat affects the gerienceof
situations and persons. Img study, these two tendencies assumed to be
characteristics of users who experience presence (Lombard & Ditton, 1997). These two
user characteristics help users be differently motivated and willing to suspend their
disbelief Knowledgeandprior experience with the medium that displays
situations/activitiesndpersons in such situatioatsocan be expected tdfecttheir

psychological process of presence.

Many scholardave arguethatempathy facilitate presence (Biocca, Harms, &
Gregg 2001; Felnhofer, Kothgassner, Hauk, Beutl, & Hlavacs22D@mbard & Ditton,
1997; Nicovich, Boller, & Cornwell, 2006;

(2001)classifed empathy as one factor of psychological involvement that influences the
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sense of social presené®Inhofer et al. (201dpundt hat i ndi vi dual sé em
such associal interactioranxiety led to presence experienparticularly sense of being

there (spatial presencé)ombard and Ditton (1997) argdiéhat empathy ccurring

during mediated experiences influeat®e sense of presence. Nicovich et al. (2006)

foundthat empathythe ability to empathize and projectoneself o ot her s 6 exper
significantly influencel presenceSas (2004) and Sasesddthad OO0 Har ¢
empathyas the ability to engage iacognitive process to understand off@oints of

views and affective reactions to othexsperiences affect presenddoughonly a few
studies(Felnhofer et al., 20t Nicovich, Boller, & Cornwell, 2006Sas & OO6 HMar e, 2
empirically suppordthe significant influence aéxperiencinggmpathy on the sense of

presence onarrativetransportation, empatrgeems to bene of the usersognitive and

affective traitghat influene presence.

Presence omarrative transportation and empathic response

Several studieBaveinvestigate the effect of reading narrativeon sympathy
mediated through the process of narrative transportéBiand Veltkemp, 2013;
Johnson, 2012; OliveBDillard, Bae, & Tamul, 2012; Stansfield & Bunce, 2p14
According tothe authors of these studi#ise experience of reading narratifietions or
news story with narrative formandthefeelingof narrativetransporationinto them
were found ascorrelatedvith sympathy When readers reambntents with narrative
formats theywere emotionally transported into ihstories, and they fesympathyfor
thecharactss Bal and Vel tkemp (2013) identified t

enhanced when they were emotionally transported into the story. Johnson (2012) found
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t hat maratidegangpdrtation was highly correlated with their affective empathy
and prosocial behavior@liver et al. (2012) argued that narrative formatglto the

effect of stereotype correctian its reductiorthrough the process of narrative
engagementtansfield and Bunce (2014) identified that exposure to the narveds/e
related to cognitive empathwhile the experience oharrativetransportatiorwas

associated with storpnduced affective empathy. However, there are few scholarly efforts
to examine the effect of experiential narratives, which stresokhef users in
generatingstoliesor narratives onsituational empathynediaed througharrative

transportation

Recently, emerging technologies have besed to creatasimulaton to foster
situational empathfAhn, Le, & Bailenson, 2013; Billinghurst, 2014; Bollmer, 2017;
Masai, Sugimoto, Kunze Billinghurst, 2016; &in, 2018; Shutte & Stilinovic, 2017)
revealingthe mediatiomole of presence in this processhn et al. (2013¢ompared the
user s6 e mb o dasé¢hdfirsthang experieacesoédigitally recreated and
extended vivid sensory informationamimmersive virtual environment technology
(IVET) with the controlled and effortfyperspectivaaking experiencethat requires
substantial cognitive resourcasd found thatisers with embodied experiendesimore
vicarious feeling for others with colotblindnesghan those withhetraditional
perspectivaaking experiencesshin (2018) investigated the stories experienced through
immersive VR storytelling and fouradcognitive process by which users experienced
presencequality of experienceflow, empathy, and embodent Schutte and Stilinovic
(2017) founda VR documentaryed to a greater sense of presencediniteda higher
degree osituationalempathythan the traditional documentary fornfiat thecharacter in
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the expeence arefugee girl.The effects oAR on empathy and its relations to presence
have been studied in the areafhiomancomputer interactionHCI) (Billinghurst, 2014;
Masai, Sugimoto, Kunze, & Billinghurst, 2016; Pimsomboon, Lee, Lee, Dey &
Billinghurst, 2017).Billinghurst and his colleaguesguedAR allows its users to see,
hear, and feel frommtheb per specti ve and share each

them to perceivenediated experiences as if they were-noediated

Summary

In this chaptereffective media intervention designed to strengthen medical
student s 0 exploeddytahalyzing eusrent prograsrEmpathywasdefined as
affective processing of emoti@haring and cognitive processingparspectiveaking
Specifcally, it wasfurther categorized into physician empatsyastabletrait and
situational empathgis a changeable statde relationshipamongphysician empathy
situational empathypresenceand narrativéransportation were discusséal this study,
empathy is defined cognitiveBndaffectively to understand empathic resporegarding
migraineheadachas a situatioal empathy eventn the following chaptera migraine

and its characteristiagill be explained and related to the goatlok study
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CHAPTER 6
MIGRAINE
In the previous chapter, empathy was conceptually divided into dhewfs e r s 6

characteristics that contributepgcesencand a preseneeslated respons&pecifically, it
was conceptually differentiated inpohy si ci ans® empathy as their
under stand pat i e nonhasdnpashy dsempathicoresgonsated si t uat
interactions with patient§ o clarify this more, affect and cognition were usethas
conceptual framewodof empathyIn the current chapter, migraine is explaineds
importantcontentof ARs t i mu | i that evokes the anédi cal

situational empathy.

Mi graine is a ficommon disabling primary
Classificationof Headache Disorders (ICHD), 2018, p. 18)d itis categorized into the
migraine with aura and migraine without auvlgrainewith aura is characterized by its
transitory main neurological symptonghich occurusually previouslyor sometimes
simultareously with the headache (ICHD, 2018). Migraine without aura is the most
common clinical syndrome characterizgdrecurringheadache attacks (ICHD, 2018).
Compared to tension headaches or other general headsiobeanigraine usuall
accompanie by aura or othesensoy symptoms, its symptonisfluencetheordinary
lives and quality of life of persons with migraimerenegatively Despite its burden,
physicianand otheh eal t hcar e professionals often do

adequatsl.
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For this reason, there have been many effortelpphysiciansand other
healthcare professionals to understand difficultieming r a i n elivep (@eonasiret s 6
al., 2009). In this chaptemigraine prevalence escribedandmigraine with aura and
without auraareconceptually differentiatednd their symptoms are explainddhe
reason whymigraine is a goodontextfor neurological educatiois explained by
associatingnigrainesdrelevantvisual symptomswith presence agsydological

mechanisrmof mediated experiences

Migraine prevalence

Migraine is an episodic primary headache disorder influencing eleven percent of
adultsglobally (Vetvik & MacGregar, 2017). Its historical name, hemicrania, explains
thecritical aspecbf the symptomfipainthat affectshalf the head (Foxhall, 2009 p. 3.

The most prevalent type is migraine without awlose primary symptoms are reported
asfiheadache, nausea, vomiting, photophdlogat sensitivity) and phonophobigound
sensitivityp ( Vet vi k & Ma c.Gtheng migraine & Qat tieated pits attdich
continues from four to seventywo hourswhile devéopedinto migraine without aura as
recurrent headache disorder (ICHD, 20T8yenty-five percenbf thosewith migraine
suffer from visual symptomasf auraqVetvik & MacGregar, 201) fortification spectra

as a zigzag figurthat spreadgraduallyin a unilateral wayscintillating scotomas an
acute onset that enlarges graduallysensonauraasfeelings of pins and needles

moving slowlyand influencing the part of one sidetbébody, face, and tongu&he
pathological condition underlying this aurahe cortical spreading depressi¢@SD), a

graduallyperpetuatedvave of depolarizatiothatis led ky the suppression of brain
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activity. It is a wellestablishedact that thisCSD causes migraines with aura, but it is
debatablevhetherit also causes migraines without aura. The incidences of migraine
attacks vary aossindividuals. Also, the effect of migraine on disability or functionality
depends otheindividual and rangefrom mild impairment to severe impairmestich

as not beig able to undertake remunerative work or leisure activities. The higher
prevalence of migraine in women causes the presumption that migraine is a female

disorder and underdiagnosis of migraine in rffearikh & Young, 2019)

Migraine symptoms

Migraine without aurathe most frequently occurring type of migraine
(MacGregor, 2016), influemsabout seventy percent (70%)tbe population who suffer
from migraines. This migraine is called, thus, a common migraine (ICHD, 2018). When
at least five attackthatmeet thedollowing criteriaoccur, the headache is considered a
migraine without aura: headache attacks continue from four to setvemtyours;
headache includes more than two characteriatimengunilateral location, pulsating
quality, moderatisevere pin intensity andaggravatiofcausing avoidance of routine
physical activity;at least of one of theseausea and/or vomiting photghobia and

phonophobiahappen(syluring the headache (ICHD, 2018).

Migraine with aura is classic or classical migine. Itincludesat least two
attacksthat meectriteria 1 and 2f the diagnostic criteria suggested by the International
Classification of Headache Disorders (ICHID18. Criteria lhasone or more aura
symptoms such as visual, sensory, speech alaiguage, motor, brainstem, and retinal

symptoms Criteria 2hasat least three of the following characteristics: at least one aura
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symptom increasingly circulates for more than five minutes; more than two aura
symptoms happen successively; each aynaptom continues for five to sixty minutes; at
least one aura symptom is unilateral; at least one aura symptom is p@sitnation,
pins and needlesaura symptom is accompanied or followed by headache within sixty

minutes (ICHD, 2018).

Typical auras include visual aura, sensory aura, and language aura. Visual aura
happens to ninety percent of patients who suffer from migraines with aura (ICHD, 2018)
followed by sensory disturbances and speech disturbances. When aura syoamptoms
occur, they usudy follow one another in succession (ICHD, 2018). The duraif@aura
symptomsacceptedmongscientific communities who are interested in headashene
hour, and thabf amotor symptom is more than one hoimheadache sometimes
accompanies this agyrbut in other casegt, may occur without the headachevdsets of
symptomshappen beforandafter migraine with aura: prodromal symptoms and
postdrome symptoms (ICHD, 2018). First, the prodromal symgtemch occur for
hours, a day, or two days befosymptoms o& migraine attack with aura, include the
combination of sensitivity to light and/or sound, fatigue, neck stiffness, difficulty in
focusing, nausea, blurred vision, yawning and pallor (ICHD, 2018). This does not include
auraitself (ICHD, 2018). Second, postdrome symptoms include feeling tired or weary,

difficulty with concentration, and neck stiffness (ICHD, 2018).

The fortification spectrum is a typical migraine visaaraseena s fiangul at ed,
arcuate, and gr adu a lHagkanewhiteICHDI, 20180p. 289).d c ol o

This fortification spectrum is also specif
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that may gradually spread right or left and assume a laterally convex shape with an
angulated scintillating edge, leavingsalute or variable degrees of relative scotoma

[aura]i n its wakeo (| CHD, au2sofim@rainesuch & Oght. Since
sensitivity or blurred vision happghefore migraine with aura, they can be tistble

marker of the migraine with orithout aura. Also, when the aura is found before the

migraine with or without aura, its diagnosis ¢eatp topreventthe migraine andherisk

of ischemic stroke or other neurological disorders (MacGregor, 2016).

A migraine with vertigo is &estibular migraingone of the episodic syndromes
associated with migraine (ICHD, 2018). It is also called migrass®ciated vertigo,
dizziness, migraineelated vestibulopathy, and migraineous vertigo. Vestibular
symptoms last between five minutes aegentyfive hours. Its diagnostic criteria
include both migraine and vertigo (Abouzari, Goshtasbi, Mishtagi, Tan, Lin, & Djalilian,
2020; Celik, Toker, Fsklizmir, Incesulu, & Suyur, 2020; ICHD, 20Miyraine
headaches and vestibular vertiatpatiens experienceeparatelyo not fulfill the
criteria of vestibular migraine. Another unique aspect of this migrainous vertigo is that it
is aggravated by routine physical activity. Alagsessment ofie severity of vestibular
symptoms depends on theirini e nce on pat i en epsddicduaiohy act i
of symptomdhas high variability, which is defined as a total period during which short
attacks recurThis vestibular stimulation can cause migraine attaaid vestibular

disorders might alsoebaggravated by migraine attacks (ICHD, 2018).

Vestibular migraine associated with susceptibility to motion sickness includes

spontaneous vertigo, positional vertigo, visually induced vertigo,-imedihninduced
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vertigo, and heathotion induced dizzineg$CHD, 2018). Spontaneous vertigo is

categorized into internal vertigo and external vertigo: the former refers to the false

sensation of selfnotion and the latter is the false sensatiomepinning or flowing

visual environment. Positional vertigo acsafterpatients change their head positions.

Visually induced vertigo is provoked when complex or large moving visual stimulus

exists. Headnotiorrinduced vertigo occurduringp at i ent s6 head -moti ons
induced dizziness with nausea can bengef as a sensation of disturbed spatial

orientation.

Aside from these clinical definitions, migraine patients describe their experiences
asmore universaand diverse (Viana, Sances, Linde, Nappi, Khalig, Goadsby, &
Tassorelli, 2018; Viana, Sances, Lendshiotto et al., 2017; Viana, Linde, Sances,
Ghiotto et al., 2016; Viana, Tronvik, Do, Zecca, & Hourgaard, 2@y studiesof
patient experiencesere based on adoc diaries that involve features and aspects of
migraine aura symptoms that were nmatluded in the official list of visual symptoms
developed in the context of ICHD. Through analysethedemi gr ai ne pgti ent s

thescholars havanproved the classification of migraine visual aura symptoms.

Neurological educationand simulation

Because of its risk factors relevant to several biological disqritersnedical
education designed to allow students to learn about migraine auras is critical for their
future careers. More specifically, this is because aura and other visual syroptoms
migrainehave associations with risks of several cardiovascular disorders such as

ischemic and hemorrhagic stroke, myocardial infarction, atrial fibrillation, and
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perioperative stroke (Viana et al., 2019). Also, there is a possible misdiagnosis gaused b
difficulties in distinguishingmigraine symptomf&om other transient neurological

disorders such as stroke or epilepsy (Lai & Dilli, 202@¢ntification of mgraine auras

or other visual symptoms halpn accurate diagnosis of migraine without awtaich is
accompanied bgther sensory symptoms or pains tinfluencethe ordinary lives and

quality of life of migrainepatients as mentioned aboiadjikhaui & Vincent, 2019; Lai

& Dilli, 2020) and initated by cortical spreading depression (CSD) (Gaist et al., 2018;
Hadjikhani & Vincent, 2019; Vgotzas & Burch, 2018heofficial list of migraine auras

or other visual symptonghould be continuously updated since it has a striking-inter

patient and intrgatient variability (Hadjikhaui & Vincent, 2019; Lai & Dilli, 2020). As

one example of this, one single migraine patient reported one thousand episodes of visual
auras in eighteen years (Lai & Dilli, 2020). Fomoreaccurate diagnosis by physicians,

its neuroanatomicair clinical knowledgeabout migraineshouldbe integratechot only

with fundamentaheuroscience but al so with patimotsdéd repo

medical education (Zinchuk, Flanagan, Tubridy, Miller, & McCullough, 2010).

Several scblarshavepointedout difficulties that medical students and residents
havewhenworking with patients with neurological disorders and said that stereld
bea better training program that motivates theralitainmoreknowledgeof it
(Braksick, Kashain & Hocker, 2017; Danielle & Weber, 2018; Harrison & McCollum,
2019; Zinchuk et al., 2010). Zinchuk et al. (2010) said that an increasing number of
patients with neurological disordessntedphysicians to have general knowledge and
confidence about pati¢s with neurological symptoms. Theathorsalso outlined two
reasondor difficulties students and physicians faltoutpatients with neurological
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disorders: lack of their experiences with patientsrambssity to integrateeuroscience,

anatomy, and alical neurology. They argued that a transitioning period from preclinical

to clinical years igritical for physiciango gainneurological knowledge. Further, they

added that neur ol oaboutpatieatsvasduitivatedbyphawingnmofei d e n c e
exposure to the patients. Lastly, they suggested one example of a virtual neurological
patientand saidhe simulations based on carefully designed Hfidélity scenarios are

appropriate for neurological education (Braksick et al., 2017). Thisasedslired

becaus®f practicalneeds to solve newghobia and lack of confidence students and

residents feel (Danielle & Weber, 201Because of the invisility of neurological

disorders, residenthouldlistento patientspbservehem andtry to take their

perspectives (Harrison & McCollum, 2019).

According to several scholars (Leodardi & Raggi, 2019; Leonardi et al., 2009;
Raggi, 2015), migraine patients have difficulties in routines when they work, walk, drive,
carry,anddo the housework becasf their symptoms. i experienced everyday
difficulties indicate a need for healthcare professiot@aisnderstantni gr ai ne suf f e
lives and the influence of tkesymptoms on ther(Leonardi et al., 2009Migraine
symptoms need to be understondit he cont ext of patientsdé or
healthcare professionatanunderstand theymptomaot only agnere diseassor

symptoms but alsallnessandits effect on theieverydy lives.

Augmented reality (AR) mimicking migraine symptoms and presence

AR stimulus when itappliesHMDs as in this studyis an idealtechnologyto use

to displaymigrainevisualsymptomsonto thehumanfield of view of medical studentso
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that they can perceivand experiencthe visual symptoms as if they were thewth its

oval boundarie$Azuma, 1997Milgram et al., 1994)Thismimics migraine symptoms

because this stimulus generates mediated experitratesiowmedical student®

perceive and experiea visual symptoms, distress, and difficulties caused by symptoms

in patientsd everyday | i ves. bbthmigaindher wor d
symptomsmigraine with aura and migraine without guwesualizing invisiblemigraine

symptoms and egomunicatingp a t i feelingssA8 the technology that combines virtual

and real, registers virtual and real, and allows interactivity between Atewulisplay and

affordancesanlead to perceptual and experiential learning possibilities.

These two reprentative types of migraine are closely related to medical
s t u d eercéptd processing moigraine symptoms. This can be comprehended with
st u dwvodfferéntper specti ves to understand patien
beinterpreted as a sigandexamined from professional perspectives abowisisal
symptomsas a changed biological structurepsiychosociafunctioning (Coleman, 2015;
Kleinman, 1988). Second, migraine caneperiencecs a symptorand ontologically
seen from pat wihsubjectve epon of pateats ar thedr Eamily
members as afflicted persons about their difficultiesthaat di sor der gener at

lives (Coleman, 2015; Kleinman, 1988).

These two perspectives to understand migraine symptoms are relevant to extended
perspectivesr enhanced sensefferedby emerging technologies such as VR or AR.
Both VR and AR offe mediated experiences where their users experience perspective

taking. While VR affords one technologically dedicated mediated experience where this
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perspective taking process occurs relatively automatitabugh cognitive perceptual
processingsimulianeous occurrence tife perspective taking process in AR regaittee
mental processing and effat interactivity or other participatory psychological

processingo connect virtual and real.

Al so, userso6 psychol ogi camimicgmigraines ses t o
symptoms are related presencenarrativetransportation, and embodimeBased on
previous explanations, it is assumed that users can expevisnaesymptoms
represented by the AR stimulus throughphesence as perceptual illusiohnon
mediation, narrative potential of AR stimthroughnarrativetransportation as cognitive,
emotional, and imaginative involvemeanhdaction possibilities of the AR stimulus
throughembodiment as the senses of ownership, agency, addcaibnto illness

experienceanddifficulties patients experience.

Summary

This chapter explains the visuald othesymptomghat aremarkers of migraine
headaches and other neurological diseases such as ischemic/hemorrhagic stroke,
myocardial infarcon, atrial fibrillation, and perioperative strokalso, the reasons why
AR and its MR environment apotentially valuable for simulating the symptoms of
migraine or other neurological diseases explained. Ithe following chaptersa
summaryof literature reviewshypothesesesearch questionthe methodsand results of

the studywill be detailed.
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CHAPTER 7
HYPOTHESES AND RESEARCH QUESTIONS

Based on the information presented in the previous chapters, this gireged
formal hypotheses and research questidigs study investigates how AR as a
technology and its resulting psychological process of presence communicate the illness
experieres, and thysactivatethe empatit tendeng already existing imealthcare
professionalsvhile altering or reinforcing them into empathic respon$ésugh
empathy is an important attribute that shouldnotudedin the programs afedical
education, th time devoted tthe programsandnegative feelingsaused byhem
decrease the practical value of empathy education. The communication intervention using
AR in an intelligennarrativelearningsimulationmight address these concerns since it
creates awptimal learning environment that draws students into a situation while
achieving its pedagogicldarninggoalto strengthemmpathyin engagingvay (Azuma,

2015; Roweet al, 2007; Squire & Klopfer, 2007).

AR is defined as a technology that superimp@&sBsvirtual computergenerated
information/i magery onto usersdéd view of th
2011). AR in the ideal caseombines virtuality and reaty, allows reattime interaction
between virtuality and realifyand registey virtuality and realityn the three dimensions
(Azuma, 1997). Different types of displays, input devices, tracking devices, and wearable
computers can be assembleddonstructifferent types oAR experiencgCarmigniani,

& Furht, 2011). Since this studydesignedt@ u g me nt me d expeaidntials t udent
knowledgeof p a t i wsunat sgniptoms and their feelinggsualdisplay technologies

wereprimarily used Two experimental conditions of AR displays areighimmersive
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AR HMD and a lowimmersive AR handheld displayhe experimentaAR HMD
conditionwas designed to allow users to experience hypermedia presentditions
migrainevisualsymptoms as its conterttsat are registered with actual locati@mito
create situations that allow medical students to use affordances to reconstruct the
narratives of patients suffering from migraine visual symptoms indhext of medical
educationn ahospital. The AR handheld displagllowedusers only to locategpt i ent s 6
multimedia narratives in the physical locatioradfospital settingThus, this
manipulationapplied usingmedia immersiveness as the objective quality ofahRits
FOV thattechnologically suppostit.

Presence is defined as the perceptual illusion ofmediation since it is
appropriate for the context of AR (Azuma, 1997; Lombard & Ditton, 1997) that nitakes
mediated experienc@sore realimmersive spacious, and enrichedth virtual elements.
This definitionis alsoappropriatdbecauseffectiveAR allowsuserso perceive the
mediated nature of virtual elements as-noediatedhroughout this process presence
so that user s ®f npnenedatopthatithe two woklds cosxistasn
enhanced (Azuma, 1997; Lombard & Ditton, 199Marrative transportation, distinct
from presence as transportation, is defined as cognitive, emotional, imaginative
involvement in narrativeln the context of ARits narrativepotential (Green & Brock,
2000)makes presence experiences plausjl@adevoke a usetstrong emotion (Escalas,
2004; Green & Brock, 2000; Taylor & Schneider, 1988)le allowing the users to be
lost in their constructed and imagined narratives

Since AR combines virtuality and reglin one display, presence as not only the

perceptual process but also experiential learning processes are expected to allow medical
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students to | ear mmprsingthea sensesdn spyampiteonmss 6b ys y mp
and extending their perspectivespa i e nt s 6. Mediatimmarsivieress of FOV and

its different logics of perception, which are applied to-tlumensional displays of

television or threaglimensional displays of AR/VR, are explored. AR, when it allows an
immersive view of virtual objecti® the mediated/unmediated environment, evokes

us er 6 s apdnaratentraresportationot onlybecause of media immersiveness
andimmersive virtual environment as physical features of miedialsobecause of

immersive tendency, empathy, and media context as subjective experiences of users.

Further presence and narrative transportationugiesd to explain tamediated
experienco@f AR. As previously mentioned, presence
occurringbecause of media immersiveness and immersive virtual enviropament
narrativet r ansportation i s t heccuuisgbecadse ofpasrgticen ol o0 g i
potentals and media contextere via ARIn the context of this stugdyhere
technological immersiveness reinforces the plausibility of mediated AR experiences,
these two psychological processesexpected to belosely related. Thus, these two
psychologicatoncepts of presence andrrativetransportatiorareused to refer to
mediated experiences of AR.

Empathybothleads tgpresenceand is caused by presence. Hmegpositional
empathy thamakespresence experienceore likelyis, in this study, physiciaempathy.

Medical students with physicimmpathycognitively understand at i ent s 6 sy mpt o
affectively feelp a t i feefingssaddexperience presence narrative transportation in
AR that si mul at eAccoplagto Hojat(2007), tkisypspective taking

refers to the core cognitive aspect of physician empatayp pr e hend pati ent s ¢
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or states intellectually or imaginativelyi t hout assimil ating thems
feelings Compassionate care is emotions in patientcamertad e r st and pati ent s
experiences, feelings, and clues. Standing
process like the patients

When a empathic responss the result opresencend narrative transportatipn
this responseés termed as situatiohampathy, changeable statd medical students who
experience pat i e nSitwmtibnacempathiyn this comexis definedsag at e s
theempathiovays in which medical studentserceiveand respond tthedistressful
situationof patients wheuffer from migraine visual symptomis includesvicarious
feelings of sympathy, distress, and sadness. Sympathyriptiseive feeling towardhe
patientsbecause of altruistic motivation to lesgem t i distrelssdnécontrastdistress is
anegatve feelingarousedn medical studentsecause of egoistic motivationreduce
theirownfeelings ofdistressSadnesss anotherpositiveempathetic feelinghough its

motivation has not been identified.

Hypotheses, research questions, andsearch model

This studyaddressethe following research questions aedted the following
hypotheses to explore the media effects of immersiva#dRo know howpresence and
narrative transportatiomfluences thesituational empaththatmedicalstudents

experienceThe hypotheses were designed as-dioectional to be conservative.
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Media immersivenesand presence

The effect of immersive ARN presences the focus of the first two hypotheses.
The immediate ahdirect effect of immersive AR on eachfour types of presencevere
examinedAs previously mentioned, these hypothesedased on manipulation dfe
FOV, whichcreatesnedia immersiveness. Also, to focus on this immediate and direct
effect of immerwe AR on presence, user characterisbcsnmersive tenderncand
physician empathyyhich contribute to the longerm and indirect media effegcere

comsidered

Hypothesis 1aThere will be a significant effect of media immersiveness on
presencérealism, immersion, spatial presenargsocial richnessyvhen controlling for
physician empathy per specti ve taking, compassionat e

shoes)

Hypothesislb. There will be a significant effect of media immersiveness on
presencérealism, immersion, spatial presenargsocial richnessyvhen controlling for

immersive tendenc(focus,andinvolvement)

Media immersivenesand narrative transportation

As previously mentionedAR thatconstrucs one meaningful mediated experience
by combining the actual environment and virtual contents in one view cedftetances
of experiential narratives. Thisarrative transportation aser immersion into the
narrative world takea longer timahan presece since ibccus after thér first exposure

to AR during which presence is experienc€tis meaningful connection between virtual
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contents and locatigmoweverjs expected to bgenerategbarticularlywithin the FOV

of the immersiveAR since is wideview allowsenvironmental consistencthe degree of

consi stency between behaviors of gwenrtual o]
the contextSince immersive tendeyp@and physician empathy are exogenous variables

that indirectly influencenarrdive transportation, these variables are controlled to see the

additionaleffect oftheimmersive AR omarrativetransportation.

Hypothesis 2aThere will be a significant effect of media immersiveness on
narrativetransportatior{cognitive, general, emotional, and imaginative transportation)

when controlling for physician empatffpcus, and involvement)

Hypothesis 2bThere will be a significant effect of media immersiveness on
narrativetransportatior{cognitive, general, ematnal, and imaginative transportation)

when controlling for immersive tendgn(focus, and involvement)

Presencenarrative transportation,and situational empathy

Presence refers to the sens affective,or cognitivestate of users who perceive
mediatedexperiences as if they were norediatedNarrative tansportation means
u s eintegrtive psychological procetfsat occursvhenbeing immersed in the
narrative. When presence amarrativetransportation occur, users might percdhe
mediated eventsf AR as noamediatedhrough a continuous sensory, affective, and
cognitive processingnd involvementWhen users perceive mediated events as non
mediated fully and experientieemasa unified narrativeevent, theirssituational empathy

is assumed to belicited agdistress, sympathy, or sadngsspectively
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Hypothesis 3aPresencérealism, immersion, spatial presence, and social
richnessinpar t i ci p a nof AROwillanfiyeree thegtumtioral empathy
(sympathy, distress, and sadne$b®&y experience.

Hypothesis 3bNarrative tansportatior{cognitive, general, emotional, and
imaginative transportationpp ar t i ¢ i p a nwilkidflueace Mmesituatianal c e

empathy(sympathy, distress, and sadndbkg)y experience.

Internal tendencie®f immersive tendency and physician empathy

In this study, useinternal tendenciethat influence presencearrative
transportation, ansdituational empathgre immersive tenden@nd physician empathy
Immersive tendency referstoiam d i v indinatgoh td secome immersed or involved
in the mediated environmedtiring media exposui@nd fysician empathy is a
healthcare professiortalkendency to feel empathic toward patiéntss i t.Asat i on s
intrinsic parts of theipredispositionshat represent their identity, these two tendencies
might have significant relationships with each otlBarsed on this assumption, the

following research question was suggested.

Research questiof. Are theresignificant relations betwegrhysicianempathy
(perspective taking, compassionate car e, a
tendency (focusand involvement)?

Presence and narrative transportation
This study includes presence amatrativetransportation. In the context of AR,

users can imagine plausible hypothetical scenasibe perceivingvirtual contenas if

100



it were a part of their real environment. Based on this assumption, the following research
guestions areffered

Research question Are theresignificant relations between presence (realism,
mental immersion, spatial presence, and social richaesisjarrativetransportation

(cognitive, general, emotional, and imaginary transportation)?

Internal tendenciespresencenarrative transportation, andsituational empathy

As previously mentioned, many scholars statistically showed the relationships
between immersive tendency empatic tendencyand presencé_ombard & Ditton,
1997;Weibel et al., 2010yVitmer & Singer, 1998 However,few scholardhiave shown
the connectios betweerimmersive tendencgr physician empathy arsituational
empathyBased on these, three research questions are designed.

Research question 3Are theresignificant relationshipamongimmersive
tendeng (focus and involvemengnd presenc@ealism, immersion, spatial presence,
and social richnessharrativetransporation (cognitive, general, emotional, imaginative
transportation)andsituational empathgsympathy, distress, and sadn@ss)

Research question 4Are there significant relationshigsnongphysician
empathy(perspective taking, compassionate care, andistang i n paand ent s6 s
presencérealism, immersion, spatial presence, and social richnessative
transportatior{cognitive, general, emotional, and imaginative transportatanm
situational empathgsympathy, distress, and sadn@ss)

Research question.dHow do parti ci paryf{ffeds andnmer si ve

involvement)andphysicianempathy(perspective taking, compassionate care, and
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standi ng i n inferad to &fect pseden¢gealisne isnnersion, spatial
presence, and siat richness)narrativetransportatior{cognitive, general, emotional, and

imaginative transportationandsituational empath{sympathy, distress, and sadn@ss)

Environmentalcontextual characteristicgpresenceand narrative transportation

Since AR sbws both virtual objects artle actual environment, characteristics of
theenvironmentandcontext might be other facwthat facilitatetheu s er s sense of
presence. However, few schola/estuded these environmentalr contextual
characteristicsThe nature opresencendnarrativetransportatiorarealsorarely
examined in the context of ARhese gap the role of prior experience with AR, and
factors that mighprolong the effect chneducational program using AR simulation
par t i ci p a rsiggeSbneradditional yesearch quesson

Research question.@8Vhat are the mediatext unmediated characteristics of the
AR environmentndcontext that influence the sense of presemmnarrative
transportation?

Research gestion 7 How do participantslescribe their experiencespesence
andnarrativetransportation in the context of AR?

Research question.8How do participants feel or experience AR?

Research question %Vhat are emotional cues AR mediated experiences that
help participants recall/'remember experiend@sheemotional cueallow participants

to maintain empathy in their workplacé®o, how do they allow it?
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Research model

Figurel2 presentshe reldionships among each variable based on the hypotheses
and research questions for this stuglyvironmentalandcontextual characteristiese
explored and user characteriststech asmmersive tendencand physician empathare
explored and controlled &xogeneous variablesledia immersiveness nceptualized
as one independent variable that operationalizes two experimental condiitierently.

Three dependent variables adectedas dependent variablés this study: presence
(realism, immersionspatial presence, and social richnesajrativetransportation
(cognitive,emotional general, and imagary), and situational empathy (sympathy,

personal distress, and sadness).

I mmer si oM
Spatial
Soci al

Situat NQr
empathy
Sympathy
Distresg
Sadnes

Emotiona
Gener al
I maging

Figure12. Research Model

The following chapter describes the mixed method stadylucted to test
hypotheses and research questions outlined in this chaptesmedented in the research

model.
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CHAPTER 8
METHODS

Todd, Nerlich, and McKeown (2004) suggssthe possibility of anexperimental

psychologythatcombines qualitative psychology and quantitative psycholégya fit r u e

representation of whatoés going ono (p.
the greater validity of results has been criticized by social constructkhstsrguethat
there is no one correct version of rea(ifypddet al, 2004) this studywas designed
following the position thathe combinationor triangulationof differentmethods

illustrates more about phenomenat onlyprovidingincreased validity but also
reflecing different aspects of those phenoméhadd et al., 2004)For this reason,

mixed methods wenasedin this studyby combininganexperiment with serastructured
interviews. This chapteexplainsthe mixed methodesign andlescribeshe experiment
and intervievg. The procedure of the study was approved émple University IRB

committee.

Mixed method design

Sequential concurrentand identical sampling applied tothis study
(Onwuegbuzi& Collins, 2007). A sequential triangulation represents a subsequent
application of quantitative and qualitative madls while a ©ncurrent triangulation
mears a simultaneous application of quantitative and qualitative methods. According to
Onwuegbuzie and Collins (2007), if the goal of the mixed methoddasnplementwo
or more methodsboth concurrent and sequehtiasigrs can be applietbgether Since
the goal of this study is tdentifyt he psychol ogi cal process

empathy by using presenaadnarrativetransportation, its goal is to elaboratethis
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psychological process complemanita Thus,both concurrent designconducting
experiments and interviews on the sameddagpdsequential desigd conducting
experiments and interviews on different dayese applied.Also, identicalsampling
relationships were used for this study sinceigigantsin thequalitative phase of the
study were selected from the same members who partidijpatiee quantitative phase of

the study, while parallel, nested, and multilevel relationshigge not used.

Design werview

Twenty-seven medical students participated in two AR conditions that display
migraine visual symptom3he key nhdependent variable is media immersiventss
degreeto whictheaugment ed real ity display occupi es
(low andhigh). The experimental design was between subjeadtteenstudents
(male=10, female=4articipated irthe high immersiveAR HMD conditionand thirteen
differentstudentfmale=6, female=7participated irthelow immersive AR handheld
displaycondition Among these studentsyenty-threestudents (maleks, female=8)
participated in the followup interview.With one exception,lethe students who
participated in the interviews used AR HMD before the interviessisiding AR HMD
users and AD handheld dlayg userswhich was planned to focus on hearing their

experiences of presence in a high immersiRecondition.

Sampling

Since this studyvas conducted witla goalto generalize the psychological

processsof presencenarrative transportatiorand situional empathyf medical
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studentshot onlystatisticallygeneralizinghe opinions of thepopulationbut also
analyticallygainng insights intothose processessphenomes, aconveniencesampling
method was used by contactimgommunication specialistpaofessoin medical
educationa professor ira nursing departmengnd adirectorof narrative medicine as
authoritieswithin the group of medical students to recruit a representaimple of the
population (Onwuegbuzie & Collins, 2007). Alsoitially the sample sizéh=80 for the
experiment, and n=20 for the interviewas plannedo drawstatisticalandanalytic
generalization (Onwuegbuzie & Collins, 200HApwever, br the expamental design,
only twenty-sevenmedical studentsould berecruitedfrom the Temple University
Hospital,includingclinical studentspreclinical studentsand nursing student$o recruit
students, 1) emaiihcludingcover letters were setu all the students whdelong to the
departments of health science and nurslingctly by the professarin those departments
five timesin total, 2) theresearcher participated in semintrsecruitthe studentsive
times,and3) nineinvitation letters were posted in th& 2"% and ¥ floors of Student
Faculty Center on the health science cangfike Temple UniversityForthe follow-up
in-depth interview, twentyhree participants were recruitaght after 1-6 days lger, or
more than a wee#fter the experiment was ovguest, Bunce, & Johnson, as cited in
Onwuegbuzie & Collins, 2007Though a larger group was intended for this study, a
small group oparticipantgecruited for this studwasassumed as 1) professa, 2)
knowledgeable, 3) willing to communicate, and 4) objective and unbiased key
informants who canoffer quality opinionsand deeper insightsecause atheir personal
skills and positions of responsibility and influence as future healthcare professionals

(Marshall, 199%. Also, thissmall homogeneougroup of thebeginningmedical students
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had the advantagasthis key informant interviewincethe quaity of informationwas
obtained in a relatively short period of tiraed it can be good start for the future

studiegMarshall, 1996Thomas, Kern, Hughs, & Chen, 2016).

Experimental designand questionnaire

Overview

In the experiment, participants weendomly assigned to one of two AR display
conditions taneasure the effect of media immersiveness as independent variable on
presencandnarrative transportation as dependent vargbldle controlling for
immersive tendency or physician empathy as gates. Aso, the relationships among
physician empathy, immersive tendency, presence, narrative transportation, and
situational empathy were planned to be analyzed with different types of correlational
regression techniques. For the measurement of eaelblea Temple Presence Inventory
(TPlI'), The Transportation Scale Short Form

index were used.

Stimulus preparation and description

Theaugmented realitgpp used for this study included the virtual images that
featured three migraine symptoms, suckvhie sports, fortification spectra, and light
sensitivity (photosensitivity). This app calledtae Migraine Simulator was created in
2017 by E. S. Janikasey. This app was designed to educate about most frequent
migraine visual symptoms. The app visualizes migraine visual symptoms on the top of

userso view of actual environment .

107



Research setting

Presence is used for this study as a scientific theory gemdxialia arealworld
situation (Bem & Lord, 1979; Calder, Phillips, & Tybout, 1981). Thus, research setting is
chosen as a middle groundhich can benterpretedas the experimental labatory where
theorybased intervention igossibleand heterogeneous field setting that represent
pat i e nlifesitbationg k& this seMaboratory setting, the pursuit of ecological
validity depends on part i c onpreinimagifatichansicr i pt
memory.This research setting is meaningful not because of its external validity but with
internal structure of situation where subj

mixed motives toward heterogeneous situations.

Figure 13 Research setting (Ieﬁ:;éndheld display, righiMD)
Int he context of this study, medical stu

situations might vary according to their motivation to be cooperative or competitive

towar d pat i &wothesWords, they miglt attenmpista pay attention to

patientsd symptoms themselves as professio

patientsd situations more while standing i

roomlocated on the health science cammas chosen as the research settingther
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words, the study rooman be interpreted as the place of both medical education and

hospital

Independent variable

The primary independent variable wasdia immersivenesthe degree to which
the field of view (FOV) ofA R o0 c c u p i wssalfield. Ailsgh-immessive condition
and a low immersive conditiomere used rather than an immersive condition and a non
immersive condition becausigere arenediacharacteristicether tharthe FOV such as
resolution, lightingframe rate, or refresh ratieat can be assembled to construct media
immersivenesd-or a high immersivéR HMD, untetherednobile technologyapp and
handheld computing technologies)dhead tracked and séleroughlVE technologyare
combinedn a conteksetting that reminds medical students of both medical education
and hospital (Feiner, Maclntyre, Hollerer, & Webster, 1997; Hollerer, Feiner, Terauchi,
Rashid, & Hallaway, 1999; Holler & Feiner, 2004; Hollerer, Feiner, & Pavlik, 1999)
Only mobile technlmgy (app and handheld computing technologiesisisdas a control
condition, which is a low immersive, untracked, and opaque AR handheld diEp&ay.
experimental conditi@werecreated with Samsung Galaxy Notel&smartphone only
for a low immersiveAR handheld condition (camera field of view: @8gree&’7
degreesfront/rear), the same Samsung Galaxy Note 8 smartphone and Samsung Gear
VR 2018 fora high immersive, heatlacked, and setiaroughAR HMD condition (feld

of view: 110degreek
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Exogenous variables

Two measured independent variables represensegcharacteristicsere
immersive tendency and physician empathymersive tendencisd e f i ned as wuser
tendeng to be immersed iamediated environmenlkt wasmeasured witltiwo
categories odn immersive tendency questionnaire (IT@Qjtmer & Singer, 1998)focus
as openness to the mediated experiavitte seven itemsand involvement as
temperamental sentimentality to painful or negative stimith seven itemgsee Table
1). Physician empathig defined as healthcare professiortalempathicdendencyto
cognitivdy understand patieris e x per i e n ¢ e sconanaricatifegesgdressn g s a n d
them It wasmeasured withhe subset of items of tlikefferson Scale of EmpathySB
that assesgerspective takingith ten itemscompassionate cavéth eight itemsand

standing i n twhhawopems(Hogn 2086sHojatR200&ee Table 2)

110



Tablel.

Indices br subscales of immersive tendency

Key words

ltems

Focus
Automatic focus

Mental alertness
Physical fithess
Blocking out
distraction
Activity
involvement

Mediaarousal

Attentional focus

Involvement
Media
involvementTV/
book

Media
involvement
(movie)
Character
identification
Dream
involvement

Dreamarousal

Neuroticism

Neuroticism
sleeper effect

How easily do you become deeply involved in movies or TV
dramas?

How mentally alert do you feel at the present time?

How physically fit doyou feel today?

How good are you at blocking out extremal distraction when'y
are involved in something?

When playing sports, how involved do you become in the garnr
that you lose track of time?

How excited have you ever gotten during a chase or fight scetr
TV or on the movies?

How often do you become so involved in doing something tha
you lose all track of time?

How often do you become so involved in a television program
book that people have problems getting your attention?

How often do you become too involved in a movie to be aware
things happening around you?

How frequently do you find yourself closely identifying with the
characters in a story line?

How often do you become too involved in a daydream to be a
of things happening around you?

How often do you hae dreams that are so real that you feel
disoriented when you awake?

How often have you gotten scared by something happening o
TV show or in a movie?

How often have you ever remained apprehensieasful long
after watching a scary movie?
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Table2.

Indices for subscales of physician empathy

Key words

ltems

Perspective taking

Emotional status

Pati ent si
nonverbal cues
Therapeutic
component
Therapeutic skill

Therapeutic
validation
Well-being
Patient si
language
Imagination

Sense of humor

Think like patients

An important component of the relationship with my patients is
understanding of themotional status of the patients and their
families

|l try to understand what i s
paying attention to their nonverbal cues and body languages

| believe that empathy is amportant therapeutic factor in medicz
treatment

Empathy is a therapeutic skill without which my success as a
physician would be limited

My understanding of my patie
validationthat is therapeutic

My patients feel better when | understand their feelings.

| consider understanding my
as verbal communication in physictpatient relationships

Il try to imagine myself in m
to them.

| have a good sense of humor, which | think contributes to a be
clinical

| try to think like my patients in order tender better care

Compassionate care

Affectional ties

Attentiveness to
experience
Attention to
emotions

Belief in emotion

Emotional
relationships
Understanding of
feelings
Literature and arts
Physical
complaints
Standi ng
Affective
Cognitive

Patientso6 illnesses can be ¢
therefore, affectional ties to my patients cannot have a significe
place in this endeavor

Attentiveness to my patients
treatment effectiveness

|l try not to pay attention t
and history taking

| believe that emotion has no péain the treatment of medical
illness

| do not allow myself to be touched by intense emotional
relationships between my patients and their family members
My understanding of how my patients and their fasifeel is an
irrelevant factor in medical treatment

| do not enjoy reading nonmedical literature and the arts

| consider asking patients about what is happening in their lives
an unimportant factor innderstanding their physical complaints
in patientsd shoes

It is difficult for me to vi
Because people are different, it is almost impossible for me to :

thingsfrommy ati ent sé perspectives:c
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Dependent variables

The primary hree dependent variablegrepresencenarrative transportation,
andsituational empathyPresences defined as perceptual illusion of nemediation
and operationalizedsingthe sets of items fronthe Temple Presence Inventory
(Lombard, Ditton, & Weinstein, 20183ee Table 3)Presence agalismincludesthree
items ofsocial realismandone item ofperceptual@alian. Presence asnmersion is
conceptualized abe degree to which users are perceptually and psychologically
immersedoy AR displaysand includes fouritems Spat i al presence i s
of being in thanixed reality MR) environmenbf AR and includes two item&resence
as ®cial richness is the degree to which userstfemiedia (experienced be sociable,
warm, sensitive, personal, or intirravhen experiencingR and includes four items

Table3.
Indices for subscales of presence

Key words Items

Presence as realism

Certainty The events | saw would occur in the real world

Plausibility = The events | saw could occur in the real world

Credibility It is likely that the events | saw would occur in the real world

Perceptual Overall, how much did the things in the environment you saw look as

realism you experienced them directly in your actual environment?

Presence asnmersion

Engagement To what extent did you feel mentally immersed in the experience?

Involvement How involving was the media experience?

Absorption  How completely were your senses engaged?

Embodiment To what extent did you experienceensation of reality?

Spatial presence

Self-here How often, when migraine symptoms seemed to occur to you, did you wan
avoid?

Otherthere To what extent did you experience migraine inside the environment you sa'

Presence as social richness

Personal For each of the pairs of words below, please circle the number that b
Lively describes your evaluation of the media experience.

Emotional

Immediate
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Narrative transportation ionceptualizedd s t he user 6s experien

immersed irthe narrative potentiabf a media experiencg that they can construct
hypothetical scenaricabout itcognitively. Users of AR might experience narrative
transportation when the virtual objetiiey encouter are technologically aligned with

t he user 6s act u aeithereamrativerpatemtialeoitiexperiencawtines n
storytelling allows virtual objects to be connected gpecific locatioror environment in
plausible ways (Azuma, 1997; Azun2)15). It was measured with thee items of
revised Transportation ScaBhort Form(TS SF)(Appel et al., 2015]fe.g.,fiHow often
could you picture yourself in the environment through the augmented réalityriot at

all, 7=very often (see Table 4)

Table4.
Indices for subscales of narrative transportation
Key words Items

Narrative transportation

Cognitive transportation How often could you picture yourself in the environment

reflection through the augmented reality?

Cognitivetransportation How much were you mentally involved in the symptoms \

elaboration saw?

General transportation  How much do you want to know the situations or symptoi
of migraine more?

Emotional transportation How much did your experiences of migrainenggoms or
disorders affect you emotionally?

Imaginative While experiencing migraine symptoms or disorders throi

transportation this augmented reality, how vividly could you imagine
mi graine patientsod situat

Situational empathy is defineemotionalresponses of medical students that
occurafterthey perceive migraingymptoms via ARand respond tthe representation of
t he p situati@swithsegoisti¢altruistic motivatios. It was measured by adjectives
that represent three different vicarious feelings of sympathy, distress, and fadeess

Table 5)
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Table 5.

Indices forsubscales of situational empathy

Key words
Sympathy
Sympathetic
Softhearted
Warm
Compassionate
Tender

Moved

Distress
Alarmed

Grieved
Troubled
Distressed
Upset
Disturbed

Sadness
Worried

Perturbed
Sad
Low-spirited

Heavy-hearted

Low

ltems

How sympathetic did yoteel about migraine patients after viewing 1
mobile app?

How softhearted did you feel about migraine patients after viewing
mobile app?

How warm did you feel about migraine patients after viewing the
mobile app?

How compassionate did you feel about migraine patients after viev
the mobile app?

How tender did you feel about migraine patients after viewing the
mobile app?

How moved did you feel about migraine patients aftewing the
mobile app?

How alarmed did you feel about migraine patients after viewing the
mobile app?

How grieved did you feel about migraine patients after viewing the
mobile app?

How troubled did you feedbout migraine patients after viewing the
mobile app?

How distressed did you feel about migraine patients after viewing f
mobile app?

How upset did you feel about migraine patients after viewing the
mobile app?

How disturbed did you feel about migraine patients after viewing tr
mobile app?

How worried did you feel about migraine patients after viewing the
mobile app?

How perturbed did you feel about migraine patients after viewing tl
mobile app?

How sad did you feel about migraine patients after viewing the mo
app?

How low-spirited did you feel about migraine patients after viewing
mobile app?

How heavyhearted did you feel about migraine patgeafter viewing
the mobile app?

How low did you feel about migraine patients after viewing the mol
app?
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Procedures

When the participant arrived in tetudy room of Temple University Hospit#he
researcheexplained the study brieflyrhen, the participamead the consent forfor
five minutesand answered questions on immersive tendandyphysician empatHgr
ten to fifteen minutethrough the Qualtrics online survey prograkfter being
introduced tadhe experimenthe participant was randomly assigned to one of two
groups:the handheld displaygfoup 1) or HMD @roup 2).Next, the researcher provided
verbal instructions on three activities/tasks for the participants as they used the AR: 1)
experienmg (perceiwng) migrainesymptoms2) imaginng as if theywere a patienand
3) walking around the study roomvhile experi@cingthe symptomsParticipantshen
performed the task®lated tamigrainevisualsymptomdor ten minutes in the study
room Five minutes #er their participation in these tasksing AR, participants
responded to questionnaitems through the Quaits online survey program on
presence, narrative transportation, and situational empathy for ten miieshey
finished answering all the questionnaire items, those who were willing to participate in
the follow-up interviewwere asked to answer imgew questions for approximately one
hour 1) right after the experiment was over, 2§ tlays later, or 3) more than a week
later. Before participating in the interview,dke who hadot were asked if they wagdl
to use HMD, all the participanexcept medid. The collected data were exported to
SPSSand NVivo for data analgs. The dataverestoredanonymously on the programs

of Qualtrics and audio/AV
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| nterview

Application of semistructured interview

The reasonto choosdhein-depth interviewdor this studyareas follows. First,
in-depth interviews provida qualitative component of this stuttyatcomplemergits
experimental portion. Second, qualitative ressétguentiallycorroborate or reinforce the
results of quantitavely designed experimentSor examplewhen using identical
samples for both qualitative and quantitative componeggsits from those two methods
producecorroborativeresults.In thisstudy, medical studenfs answer s col |l ect e
in-depth inteviewswere expected teubstantiate the pigelected categories of the
Temple Presence Inventory in the context of AReway to substantiate each category
is a qualitativethematizatiorwhich appropriates and consolidates the naturaedical
studentépresencexperiencento its naturally occurringbottomupdperceptual and

0 t -0 p waog@nitive appra@al psychological process

Qualitative components amomplementargincetheir results explaimnother
aspecof presencehatquantitativemeasuresio not capture. Thedaternally connotative
factors might not be directly observable but be grayagsearcherat the latent level,
where thematizatiorevealsphenomeal aspects atheworld by the virtue of
r e s e a interpretatien®an Manen, 1990, p. 9). Sindke qualitativestudy is
conductebased on Husserl 6s dvarsManen, A990xvemesp h e n o me
found through data analgswere expected to function as threads around which the
phenomenological description of presengpegience can be deepened. In this study,

bothreasonsboveare applicable since they underscore howdepth interviews
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facilitate the description dhe presenc@&xperiencess a communication phenomenon
(Sanjek, 1990). For this study, a sestructurednterviewwaschosen to capture and
consolidate qualitative resulsmd tohelptheresearchenarrow down research topics to

specific areas or themes thptalitativeresearchs designed to cover.

Ethnographic skills and techniques

Skills and techniques were drawn froine ethnographic tradition to develdipe
semistructured interviews (Anderson & Jack, 1991; Fontana & Frey, 1994; Lindof &
Taylor, 2002; Rubin & Rubin, 2011). These ethnographic skills and techniques help
researcher® avoid a scholarly tendency to generalize and understand experiences from
theirownvantage poirg Specific ethnographic skills and techniques included designing
main questiongdentifying prompts that elicit follomup questions, using probing
guestiors to manage the interview conversation in the process of data collection, and
describing the explicit segment of data and the subtle process iehiselmenfor
thematic analysis (Anderson & Jack, 1991; Fontana & Frey, 1994; Lindof & Taylor,
2002; Rubin& Rubin, 2011).Theinterviews wereonductedrom one hour to two hours
in the study room located on the health science campus of Temple Unjveusiity
recorded, and transcribéaor the analysed'he interviews consist of five questions about
u s e endedcies, eleven questions about mediated or unmediated environmental or
contextual characteristics, thirteen quest
narrative transportation, three questions
augmented mdity, three questions about the effects of presence experience on the

students6é empathic responses.
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While collecting datatheresearchesustainedhe theoryorientedperspectiveo
corroboratgpresencase x per i ences fr om msindquali@mtiveand udent
descriptive work Murphy, 2008 Wolcott, 1990) Sheconducted theemistructured
interviews asongoing dialogué¢o continuously validat@resence experience from
st udent s 6to achieeevthis @nalgtic goal and thus, intervopyestions were
based on theoretical categories and discipbnented views of presence. Based on her
experience as medical researchvbo added patiertenterectategories to medically
established indiceshetried tosubstantiat@resence experienaseme d i ¢ a | student
own words and identify emerging categories.

Whenanalyzing datathe researcheealized that datevere rich enough to
indirectly participate inyalidate situatemedical studenfgpresencexperiencen
medical contextvhere they ustechnologies, learn medical skills, and meet patients
Thought hi s study did not plan researcherdds ac
jotting andpicturesenabled her tapproach t@thnographiwalidity through which she
imaginativelye x per i ence patientsd symptoms througl
memoriesWhile analyzing with NVivo, sheould validate and revalidaggesence
experiencdrom her perspectivene d i c a | studentsbé perspective
perspectiveswhd anal yzi ng, i ndirectly experiencin

descriptive accounts.
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CHAPTER 9
RESULTS I: QUANTITATIVE ANALYS ES

As the first chapter for resujtsypotheses and research questmstablished
based on the literature revieseexaminedn this chapteto explore the natusof
presencenarrative transportation, and situational empa®ayticularly, this chapter
shows 1) the main effect of media immersiveness on presence and narrative
transportation, and 2) relationships amangersive tendencyhysician empathy,
presence, narrative transportation, and situational empathy, while conducting ANOVAs,
ANCOVAs, multiple/hierarchical stepwise regressions, and canonical correlafitbns

the SPSS program.

Preliminary analyses
Missing values
Four out oftwenty-sevencaseq14.8%) andnine out ofeighty-six variables
(10.5%)(Q1-13, Q211-1, Q211-2, Q211-3, Q211-4, Q224, Q228, Q238, Q239)
weremissing.The reason for #se missing valuds happemmostlyin cases of
situational empathyn=18)is tha respondentsasilyfelt fatigue topay attention tehe
responses consisting of similar adjectiveth arelatively long list Missing values were
filled usingmean substitutionchoseras the most frequently used ways to deal with
missingvalues. However, it has limitations sintd) produces overly precise resuksd
2) does notonsider uncertainty occurring during the analggise its analyses are
conducted as if the imputed mean values were true vidties than statistically iputed

ones(Azur, Stuart, Frangakis, & Leaf, 2011)
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Normality

Normality was checked with the Shaphdlk test and KolmogoroxEmirnov test
(Chan, 2003; Rozali & Wah, 2010). These methods are asdorbedecessary though
non-normality is usually assurddor small samplesThis study had 27 participantsot
all raw dataindices, and dimensiomset the underlying assumptioosparametric
statistical analys& normaldistributiord since the prvalues ofthetwo tests were
below.05 (seeAppendixE). Thus, binomial sign tests as nparametric statistical
methods andeneral linear models suchragressionand ANCOVAsas parametric
methodswhich arerobust against theiolation of normality assumptionsvere

conducted for this study (Mfams, Grajales, & Kurkiewicz, 2013).

Reliability

Reliability was checked with Cwseasmbachos
itemsfor physician empathy, immersive tendency, presemaeativetransportation, and
situational empathy internallyeasured the same constructs across csese$gble8).
Reversely coded items of physician empathy as compassionate care were recoded for this
analysis and later analysé®liability of the subscale of immersive tendency as focus
was not high initially §=.564) when using all its seven items. Thus, fiveheimwere
deleted whi ch means that participantsé. answer

Reliabilities of all the scales and subscales were acceptable (ranging from .643 to .948).

Index corstruction
Sincepossiblethreatsto theinternal validity were eliminatedr identically

distributedthrough the random assignment of participantsvtoexperimental
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conditions andthe independent variableas manipulated to measure the real treatment
effect, construct validity was checkeddonfirmthe generalizability of those
relationshipgrom the research operatializationsto higherorder theoretical constructs.
Exploratory factor analyses were dar@ng principal axis factoring and ProMax rotation
within each latent variable as a theoretical construct (see Appendiactorscores

which locate each individuglarticipanton eacHatent variablewere calculateavith
regressiongor the construcvalidity of independent variabdéeaand dependent varialslat
the level of latent variablendfor subsequent analyses to shibmconvincing evidence

to hypothess and research questsat the theoretical leveloncisely(Devliger &

Rosseel, 2019; Distafo, Zhu, & Mandrila, 2009; Skrondal & Laake, 2Q@9rrelations
among factor scoresvhich represent the amount of variance shared amorgtéme
variables were calculated to check which associations exist amorigtdré variables
(Hikenmeier, Bohnitk, Bondick, & Hikenmeier, 2020).

Correlations were conductesinong the concepts of immersive tendency,
physician empathy, presence, narrative transportation, and situational empathy to show
their conceptual distinctiveness and identify their intermatstiregTable 6).Therewas
significant correlations between spatial presencepagsence aalism (=.436,
p=.023), betweepresence asocial richness and spatial presenee420, p=.029),
betweerpresence agnmersion angbresence asocialrichness i(=.707, p<.001),
between spatial presence grdsence asocial richnessr€.420, p=.029), between
narrativetransportation angresence asnmersion (=.680, p<.001), and between
narrativetransportation angdresence asocial richnessr€.746, p<.001). Lastly, there

were significant correlations between presence as social richimésstuational empathy
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(r=.389, p=.045) and between narrative transportation and situational empathy (r=.542,
p=.004).

Table6
Correlationsamongimmersive tendency, physician empathy, presence, narrative
transportation, and situational empathy
Subscale 1 2 3 4 5 6 7 8
1. Immersive tendency 1
2.Physician empathy .015 1

Presence
3. Realism .150 093 1
4. Immersion 248 -.158 016 1

5.Spatial presence .217 -.038 .188 .436* 1
6. Social richness 212 063 .137 707 428* 1
7. Narrativetransportation .299 -.085 .066 680" 255  .746™ ]
8. Situational empathy .227 -.081 .079 .362 .042 .389* .542* 1

Sociodemographicharacteristics ofparticipants

Twenty-seven medical students participated in the experi(seatTabler).
Among them, fourteen (52%) used HMNd thirteen (48%) used handheld display
Their agerange from 20to 32 with a mean o£5.3 (SD=2.25) Sixteen of them (59%)
were males, and eleven (41%) were females. Sixteen of them (59%) were White
Caucasian, four of them were African Americans (15%), three of them were Hispanic
(11%),andanother threef them were Asian (11%).wenty-four (89%) belonged to the
preclinical year of medical training, while three (11%) belonged to the clinical year with
specialties in internal medicine, emergency medicine, and rural meditaseof them
(96%)reported tat they haduised augmented realitiewerthan seven times in tdta
Twenty-two of them 81.4%) reportedsome knowledgabout augmented realitpll of

them except for oneised HMD before the interviear during the interviewincluding

123



handhelddisplay usersn this study, presence HMD condition was explored deeply

through the interview.

Table7
Sociodemographic characteristics of medical students at baseline
Baseline HMD Handheld display  Full sample
characteristics N % N % N %
Age
22-23 3 21.4 2 154 5 18.5
24-25 8 57.2 6 46.2 14 51.8
26-27 1 7.1 2 154 3 111
28-29 2 14.3 2 15.4 4 14.8
30 0 0 1 7.7 1 3.7
Gender
Male 10 62.5 6 46.2 16 59.3
Female 4 28.6 7 53.8 11 40.7
Race
Asian 1 7.1 2 15.4 3 11.1
African American 2 14.3 2 154 4 14.8
Hispanic 1 7.1 2 15.4 3 111
White 10 71.4 6 46.2 16 59.3
Other 0 0 1 7.7 1 3.7
AR experience
Never 3 214 4 30.8 7 25.9
1-4 times 9 64.3 7 53.9 16 59.2
5-times 2 14.3 2 15.4 4 14.8
AR knowledge
None 2 14.3 3 23.1 5 18.5
A little 11 78.6 8 61.6 19 70.3
A lot 1 7.1 2 15.4 3 11.1
Academic year
Preclinical 12 85.7 12 92.3 24 88.9
Clinical 2 14.3 1 7.7 3 11.1

Psychometric characteristi¢sesponse®f participants
Medical studentgpsychanetric characteristics wereeasuredsee TableB).
Students' immersive tendgn@Vi=4.42, 1=never 7=often SD=77) waslowerthan
anothertendengd physician empath{M=5.98 1=never, 7=0ftenSD=1.03. The

medical students experienctdgkfour types of presence: they perceived migraine
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symptoms simulated by augmented redi8RR) as real (M=5.571=strongly disagree,
7=strongly agreeSD=.72) the mediate@éxperiences as imnmgve (M=5.26, SD=.17),
thegenerated virtual/mixeckality asif they were intherepresented environment
(M=5.31, SD=.35)andAR stimulusas persona} intimate(M=5.10, SD=.39). Also,
they experienced a relatively highHevel of narrative transportatio(M=5.42, SD=.49)
than presenc@V=5.31, SD=50) except fompresence as realisfin=5.57, SD=72). They
responded to augmented reality stimuli wattuational empathy as sympatfif=5.57,
1=not at all, 7=very muclg§D=43), situational empathy alistress (M=3.81, SD=.51)
(Table8).

Table8

Psychometric properties of immersive tendesroyphysician empathynd
psychologicalesponsesf presencenarrativetransportation, and situational empathy

Scales & Subscales (n) M SD Range Cr onbach
Immersive tendency (9) 4.42 g7 3.595.78 762
Physician empathy (20) 5.98 1.03 2.046.81 728
Presence (14) 531 50 4.436.37 .849
Realism (4) 5.57 72 4.446.37 .801
Immersion (4) 5.26 17  5.075.52 .810
Spatial presence (2) 5.31 .35 4.965.67 .643
Social richness (4) 5.10 39 4.435.43 .730
Narrative transportation (5) 5.43 .39 4.446.15 .740
Situational empathy (18) 4.60 .89 3.276.19 .948
Sympathy (6) 5.57 43 5.076.19 .885
Distress (6) 441 54 3.565.11 .926
Sadness (6) 3.81 51 3.274.74 .890
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Hypothesis test
Hypotheses 1 and: AR effectson presence

Binomial sign tests were uséaltest the hypothesegsigned to know whether
medical students experience a higher level of presenceaarativetransportation when
they £esymptoms, behaviors, and environment through the HWID the handheld
display Also, regression, ANOVA, and ANCOVA weoemnductedo analyze the
portiors of the varianceof presencand narrative transportati@ccounted for by media
immersivenessexcluding immersive tendenand physician empattsince they are

correlated with prsence.

Effects of main treatment

Binomial sign tests were used to examine whether differengeesenceand
narrativetransportatiorbetween HMDusers and handheld display users occurred
systematically (Abdi, 2007; Boslaugh & Watters, 2008; Buskirk, Willoughby, &
Tomazic, 2013GraphPad, 202L)HMD users reported a highlewel of presence than
handheld display users in twelve out of the fourtemmparisonswhich means thahe
observed proportionf comparisorfavoring the HMDin presencevas .86 andthe
probability of this proportion occurring by chance (i.e., thejue) is .0129¢eTable
9). However, HMD users reported a higher levehafrativetransportation than handheld
display users in four out of five observatiomhich means thaheobserved proportion
of comparisos favoring the HMOn narrative transportatios .80 and a nossignificant

probabilityis .375 GeeTable10). Hence, HMD users experienced a higher level of
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presence than handheld users, bustatistically significantifference was found for

narrativetransportation.

Table9
Binomial sign test of present@ mediaimmersivenes§p-value=.0129)

Items Conditions N Mean Rank

Realism (certainty) HMD 14 15.50
Handheld 13

Realism (plausibility) HMD 14 14.25
Handheld 13

Realism (credibility) HMD 14 15.11
Handheld 13

Perceptual realism HMD 14 14.86
Handheld 13

Immersion (engagement) HMD 14 15.11
Handheld 13

Immersion (involvement) HMD 14 16.68
Handheld 13

Immersion (absorption) HMD 14 15.75
Handheld 13

Immersion (embodiment) HMD 14 13.32
Handheld 13 14.73

Spatial presence (sdikere) HMD 14 16.29
Handheld 13

Spatial presenc@therthere) HMD 14 14.96
Handheld 13

Social richness (personal) HMD 14 15.71
Handheld 13

Social richness (lively) HMD 14 16.50
Handheld 13

Social richness (emotional) HMD 14 12.89
Handheld 13 15.19

Social richness (immediate) HMD 14 15.21
Handheld 13

Note 2 This is the chance of observing either 12 or more successes, or 2 or fewer successes, in 14
trials
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Table 10
Binomial sign test afiarrative transportationfor media immersivene$®-value=.375)

Variables Conditions N Mean Rank

Cognitive transportation  HMD 14 16.29

(reflection) Handheld 13

Cognitive transportation HMD 14 14.75

(elaboration) Handheld 13

General transportation HMD 14 14.39
Handheld 13

Emotional transportation HMD 14 13.79
Handheld 13 14.23

Imaginative transportation MD 14 14.36
Handheld 13

Note 2This is the chance of observing either 4 or nsazesses, or 1 or fewer successes, in 5
trials

Effects ofmain treatment after canceling ouhe effects of covariates

In the previous sections, binomial sign tegtatshowed a highdevel of
presencef HMD users was systematically attributed to media immersiveness. The
problem is whether differences caused by media immersivemsstill valid when
controlling foruser tendencies as covariadéesl humarcomputer interaction (HCI)
effects between nata immersiveness and user tendendidsis,analyses of covariance
(ANCOVASs) wereconductedo investigatevhethemedia immersivenessfluenced
presenceas realism, presence as immersion, spatial presence, and presence as social
richnessand narrativéransportatiorafter controlling forimmersive tendengyhysician
empathy and the HCI effectAsits result, there were no main effects of media
immersiveness opresencand this heldruewhen controlling foicovariates such as

immersive tendengyhysician empathyandthe HCleffects(Table 1L).
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Table 11
ANCOVA testing differences in the dependent variahpeesfencdor the independent
variable of media immersivenessvariates and interactions

Handhe

Variable HMD users Id users ANOVA
M SD M SD Effect  Fratio df =3
Ml 584 1 .027
Presence as IT A31 1 .006
realism 166 .205 -.178 .315 PE 001 1 .000
MI*IT 1.288 1 .058
MI*PE 006 1 .000
Ml 3.366 1 .138
Presence as IT 2725 1 115
immersion 273 212 -.294 .283 PE 501 1 .023
MI*IT 1581 1 .070
MI*PE 508 1 .024
M 2468 1 .105
Spatial IT 2.027 1 .088
presence 188 .170 -.202 .260 PE 1.010 1 .046
MI*IT 1.405 1 .063
MI*PE 496 1 .023
M 1.850 1 .081
Presence as IT 1.447 1 .064
social 238 .233 -.256 .228 PE 044 1 .002
richness MI*IT 511 1 .024
MI*PE 002 1 .000

Note MIi=media immersivenesslT=immersive tendencyPE=physician empathy p-value

is .086, which means there was a suggestively significant effect of media immersiveness on

presence as immersion and this indicated that robust results might be produced with more data.
In sum,though theravere systematic differences in presedce to media

immersivenesas shown in the binomial sign tedtsis differenceadid notoccurwhen

internaltendencies that participants possess were not contedlsdown in ANCOVAS

Thus,hypothesis land2 about presencand narrative transportatiovererejected
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Hypotheses 3 and: AR-presence effectesn empathy

Multiple linear regressi@wereconductedy enteringheindicesof presence as
realism, presence as immersion, spatial presence, presence as social richness as
independent variables and by entering indices of situational empgpingvide
convincingevidenceo supporthypotheses &and3b, which were about the sigiaant

influence of presencandnarrativetransportation on situational empathy.

Presenceand narrative transportatioron situational empathy

Multiple linear egressions were conductiedexamine the predictive values of
presence and narrative transpootaton situational empathyith their indiceqTable
12). The regressions revealed tipa¢sence did not account for situational empathy
significantly (p>.05) andarrative transportation significantly predicted situational
empathy, F (1,25) =10.38<.004, and accounted for 27% of variation in situational
empathyThus, hypotheses 3a and 3b were partially approved.
Table 2

Regression for independent variables of presemcknarrative transportatioand
dependent variables of situatidrempathy

Variables B 95 %CI SE R?
Presenc& situational empathy
Constant -1.480E16 -.396-.396 .191 .054
Presence as realism .077 -.356 - .511 .209 .073
Presence as immersion .260 -.370-.890 .304 .239
Spatial presence -.257 -.833-.319 .278 -.203
Presence as social richness .349 -.328-1.026 .326 .297
Narrative transportatiod situational empathy
Constant -6.730E17 -.334-.334 .162 270
Narrative transportation 562 207-.917 172 .546

Note Rzrefers to adjusted R square

** <01
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Research questions

Research question:1nternal tendencies

For the researctuestionabout the relationships betweiemmersive tendencgnd
physician empathycanonical correlation analyses weraauoctedo produce pairs of
canonical variates (Bagozzi, Farnell, & Larcker, 1981; Fan, 1997; Kachigan, 1982).
These analyses were conducted since each canonical variabledad with its own
canonical variate androssloaded with canonical variate of anotivariable set. Specific
intrinsic traits of medical snctivelyedentifiedd t end
through the croskading patterns betweeémmersive tendencgnd physician empathy
(Bagozzi et al., 1981). In this study, since there i@redegrees of freedom within cells
for setsphysician empathwas divided into one set measwperspectivdaakingand
other sets measurirepmpassionate caemnds t andi ng i ntopavaid i ent sd sh
statistical errors, and two canonical correlatioeserconducted to find the maximal
bivariate correlations between linear combinationsnohersive tendencgnd physician

empathy

The first canonical correlation was conductedind the canonical combinations
of variables ofmmersive tendencgndphyscian empathysperspective takin¢see
Tables13 and14). There were no significant canonical correlation functions that

maximally characterize the bivariate associations of these two tendencies.
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Tablel13
Canonical correlations betweemmersive tendency and physician empathy as
perspective taking (significance level)

Canonical Canonical

correlation correlation Eigenvalue Wil ko F Df Significanc
S efficient Lambda €
1 .994 89.553 .000 1.322 140.00 149
2 .969 15.560 .000 .930 117.00 .629
3 952 9.688 .001 .7156 96.00 871
4 .814 1.964 .015 573 77.00 .984
5 75 1.502 .044 .565 60.00 979
6 .759 1.357 111 .549 45.00 974
7 .698 .948 .262 ATT7 32.00 981
8 .586 524 .509 .369 21.00 .990
9 354 143 776 247 12.00 992
10 .336 127 .887 .305 5.00 901

Table14

Canonical correlations between immersive tendency and physician empathy as
perspective taking (loadings and explained variance)

Immersive Loadings Varia_nce Loadings Physician
tendency (setl) explained empathy (set2)

Automatic focus 215

Mental alertness .399* -.087 Emotional status

Physical fitness .025 3.4%% (set 1

Blocking out -042 explained l:_)y

distractions ' set 1 canonical 137 Pati en

Activity -090 variate) ' nonverbal cues
involvement '

M:t(:la tallroulsal .072 3_42% (set1 a1 Therapeutic
entiona 034 explained by : component
I{/(I)gclijiz set 2 canonica

involvement 181 variate) -.144 Empathy asa

TV/book therapeutic skill
: 10.26% (set 2
Media : .
involvement- 419* explained t_)y -.131 The_rapt_euﬂc
movie set 1 canonical validation
Character variate) .
identification -.024 10,196 (sot -.481* Well-being
Dream 134 (set Pati ent ¢
involvement .060 explained by ~-296 language

Dreamarousal .074 set 2canonical -.349 Imagination

Neuroticism -.149 variate) -.492* Sense of humor

Neuroticism Think like

sleeper effect -141 ~419* patients

Note *p<.05.
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However, one statistically significant canonicalrelation function was found
the second canonical correlation analysis betvimemersive tendencgndphysician
empathyascompassionate caendphysician empathgss t andi ng i n(sgeati ent
Tablelb). In this function, the two variates mhmersive tendencgndphysician
empathyascompassionate caendphysician empathgss t andi ng i n patient
shared 99. 8% of the variance (Rc=.999). Th
significant through the chsquare tesfdf=140 and p=.037 The othe nine canonical
correlation functions were not significant.

Of the fourteen variables included in the setifiomersive tendencfsee Table
16), mental alertness, character identificatiand neuroticisrhad statistically significant
loadings (p<.05) in their own canigal variate. This canonical variateiofmersive
tendencyaccounted foll0.524% of the variance in their own set of variablekile the
canonical variate gbhysician emply ascompassionate caemds t andi ng 1 n pat.
shoesxplainedl0.52%6 of the vaiance in this set of variables. Of the eight variables
included in the set fgohysician empathyaffectional ties, attention to emotions,
emotional relationshipsind cogitive perspectivaakinghad significant loadings (p<.05)
in their own canonical variate. This canonical variatphofsician empathgccounted for
15.44% of the variance in their own set of variablekile the canonical variate of

immersive tendencgcounted forl5.42%6 of the variance in this set of variables.
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Table15
Canonical correlations between immersive tendency and physician empathy as
compassionate care and as standing in patients' shoes (significance level)

Canonical Canonical Eigenvalu Wi | k F Df Significan
correlatio correlatio e Lambda ce?
ns n efficient
1 .999 709.620 .000 1.615 140.00 .037*
2 .956 11.637 .000 .814 117.00 .807
3 .906 4.562 .002 .682 96.00 .939
4 871 3.141 .012 617 77.00 .968
5 784 1.597 .049 .539 60.00 .986
6 .730 1.140 128 .503 45.00 .986
7 .681 .867 275 456 32.00 .986
8 .502 .337 513 .365 21.00 .990
9 .480 299 .685 .381 12.00 957
10 331 123 .890 .296 5.00 .906
Note U This refers to the significance | evel of

presence is not linearly correlated with thahafrativetransportation* p>.05.

Table16
Canonical correlations between immersive tendencypduydician empathy as
compassionate care and as standing in patients' shoes (loadings and explained variance)

Immersive Loadinas Variance Loading  Physician empathy
tendency (setl) 9 explained S (set2)
Automatic focus -.216 : :

Mental alertness -.514** 10.526 (set 1 | 418" Affectional ties
Physicalfitness _127 | explained by S

Blocking out 084 1 canonica 192  Attentiveness t@xperiences

distractions : variate)

in\'?ocl;[/lgnr%lent 292 10.50%6 (set 1 496** Attention to emotions

Media arousal -.065 explained _by S€ 319 Belief in emotion
Attentional focus 127 2 canonical
Media involvement - 204 variate) 687 Emotionalrelationships
TV/ book '
Media involvement 15.44% (set 2 . _
movie -.063 explained by se .339  Understanding of feelings
Character L G2a% 1 canonical 353 Nonmedical literature and
identification i variate) ' the arts
. Pat i ent sphysital
Dreaminvolvement -.023 .074 :
| 15.42% (set 2 complaints
Dreamarousa _'374** explained by se 312 Affective perspective taking
Neuroticism -.654 2 canonical
Neurotleilfzr;sleeper -171 variate) 414* Cognitive perspective takin

Note *p<.05, **p<.01, **p<.001
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Researchguestion 2 Nature of presence

For this research question 2, which is about the relationships betwesssmce
andnarrativetransportationcanonical correlation analyses were conducted to identify
distinctive patterns of bivariate associations betwhesetwo psychological preesses
Since the significant levels of canonical relationships were not statistically significant
(Tablel?7), the set opresencavas not linearly related to that o&rrativetransportation
in statistically significant ways. However, considering gossibiliy of Type Il error
because of the small sample size (n=27), the results of the first canonical correlations

were explained.

In the first canonical functio(see Tablel8), of the fourteen variables of
presence, eight variabigperceptual realismmmersion (engagement), immersion
(involvement), immersion (embodiment), social richness (personal), social richness
(lively), social richness (emotional), and social richness (immedidtadl significant
loadings in their own canonical variate. This canahvariateof presencecounted for
22.93% variance in their own set of variables while another canonical variatgr@itive
transportatioraccounted fofl9.89% variance in these variables of presence. All five
variables oharrativetransportatiod cognitive transportatiomreflection, cognitive
transportatiorelaboration, general transportation, emotional transportation, and
imaginative transportatién had significant loadings (p<.05) in their own canonical
variate. This canonical variate wérrativetransportation accounted f48.73% of the
variance in its own set of variables while the canonical variate of presence 3h&a4

of the variance in this set of variablesafrrativetransportation.
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Tablel7
Canonical correlations between presence aadativetransportation (significance
level)

Canonical Canonical Eigenvalue Wi | k F Df Significan
correlation correlation Lambda ce
efficient

il 931 6.537 .004 1.274  70.000 .200

2 .824 2.110 .034 .994 52.000 515

3 772 1.473 .105 .962 36.000 .548

4 751 1.296 .260 .962 22.000 .536

5 .635 .676 .597 811 10.000 .624

Tablel8

Canonical correlations between presence aadativetransportation (loadings and
explained variance)

Presence (setl) Loadings Variance Loading Narrative
explained S transportation (set2)
Realism (certainty) ~079 Cognitive transportatior
Rea_lllsm (plagglplllty) -.151 22.93% (set 1 | -605*** g _reflection
Realism (credibility) 114 explained by
Perceptual realism B511** set 1 canonical
Immersion .763** variate) Cognitive
(engagement) * .678*** transportation
Immersion .625** | 19.8%% (set 1 elaboration
(involvement) explained by
Immersion (absorption,  .329 set 2 canonical
Immersion 796 variate)

(embodiment)
Spatial presence (self  -.070 43.7%% (set 2

.406* General transportation

Spaz)a}[lhzrriience 118 explained by
- set 1 canonica
Social richness 682+ variate)
(personal) .830***  Emotional transportatior
Social richness (lively) =~ 515
Social richness .406* 37'9:% (set 2
(emotional) explained _by P Imaginative
Social richness .526** set 2c§1non|cal i transportation
(immediate) variate)

Note.*p<.05, **p<.01, ***p<.001
Researchguestions 3 and 4Empathy asstabletraits influencing changeablestates
Regressions were conductieddetermine the relative contributions of immersive

tendency and physician empathy on situational empaitintheirindices As its results,
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there were no significant effecof immersive tendency and physician empathy on
situational empathgTable 19) Next, regressions were performeith the factor scores
with indicesof immersive tendency dscus,immersive tendency asvolvement,
physician empathy ggerspective takingphysician empathy asompassionate care,
physician empathy ast andi ng o n apdasituatienal enspathy sgmpathy. ,
As its resultsthere was a statistically significant effect of physician empathy as
perspective taking on situational empa#isysympathy (Tabl20).

Table 19

Regression for independent variables of immersive tendency and physician eanpathy
dependent variable aituational empathy

Variables B 95 %ClI SE R2
Immersive tendency and physician empathituational empathy

Constant -3.009E17  -.410-.410 .199 -.024
Immersive tendencfiT) 256 -.202-.714 222 .229
Physician empath(PE) -.064 -504-.375 .213 -.060

Note RZ2refers to adjusted R squaréhis means thakR square was not high enough to make
adjusted R square positivdT=immersive tendencyPE=physician empathy

Table20
Regression for independent variables of immersive tendency and phgsipathyand
dependent variables eftuational empathy as sympathy

Variables B 95 %CI SE R2
Immersive tendency and physician empathituational empathy as/mpathy
Constant -4.495E16  -.390-.390 .187 139
Focus(IT ) -.127 -.702- .448 276 -.105
Involvemen((IT) .368 -.155-.891 .252 .325
Perspective takingPE) - -.250 -.748-.248 .239 -.225
Compassionate caffE) -547*  -1.043--.051 .239 -.462

St anding in (PEt 161 -.331-.653 .237 .137

Note RZrefers to adjusted R squardT=immersive tendencyPE=physician empathy
*
p<.05

Another regression asconductedvith indices of immersive tendency @gus,
immersive tendency asvolvementphysician empathy gserspective takingghysician

empathy agompassionate carghysician empathy ast andi ng on apdati ent s
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situational empathy atistressAs its results, there was a statistically significant effect of
physician empathy as perspective taking on situational empathy as distres2{J.able

Table21
Regression for independent variablesnomersive tendency amihysician empathgnd
dependentariables of guational empathy as distress

Variables B 95 %ClI SE R?
Immersive tendency and physician empathituational empathy adistress
Constant -1.450E16 -.394-.394 190 .085
Focus(IT ) -.418 -.999-.164 .280 -.350
Involvemen((IT) .380 -.149- 910 .255 .342
Perspective takingPE) - -5200 -1.023--.016 .242 -.476
Compassionate caffE) -.404 -.906-.098 .241 -.348

St anding in (PEat .007 -491-.504 .239 .006

Note Rzrefers to adjusted R squarédT=immersive tendencyPE=physician empathy
*
p<.05

Last regression asconductedy using situational empathy sadnesss a
dependent valué\s its results, immersive tendency as focus, immersive tendency as
involvement, and physician empathy as compassionate care significantly predicted
situational empathy as sadness (Ta2e
Table22

Regression for independent variablesnomersive tendency and physician empaiing
dependent variables oitgational empathy as sadness

Variables B 95 %CI SE R?
Immersive tendency and physician empathituational empathy amdness
Constant 1.479E17 -.359-.359 .172 254
Focus(IT ) -572  -1.101--.043 .254 -.476
Involvemen((IT) 581 .099-1.063 .232 .519
Perspective takingPE) - -.398 -.856-.061 .220 -.361
Compassionate caffE) - 483 -.940--.026 .220 -.413

St anding in (PEt -.105 -.558-.347 .218 -.090

Note Rzrefers to adjusted R squarédT=immersive tendencyPE=physician empathy
*p<.05

Researchguestion 5 I nteractioneffects of covariates
Multiple linearregression was used with stepwise regregsioneduresto

exploreinteraction effects aimmersive tendencgnd physician empathgteracton
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presencenarrativetransportation, and situational empathge Tabl&3). All variables
[interaction termswere centered for thregression. In this casan unconstrained model,
which 1) centered indicators, 2) multgd them, and 3) omti¢dall the constraints, was
used to find interaction effe¢Bteinmetz, Davido® Schmidt, 2011). As its resultere
was one interactioaffectbetweenmmersive tendencgs involvement and physician
empathy as compassionate care in predicting presence as realism (plausibility).
Interactioneffects between dream (involvement) of involvement iraledattention to
emotionsof compassionate care inder presence as realism (plausibilityere found

with t=2.746, p<.05.

Table23
Interaction effect of immersive tendereyd physician empathgn presence
Variables B 95 %CI f SE

Immersive tendencysinvolvementand physician empathgs compassionate ca¥e
presence asealism(plausibility)

Constant 3.155 1.136 5.174 .976
Dreaminvolvement -4.086*** -5.833-2.339 .845 -1.553***
Attention to emotions -.650** .263 1.126 .258 -1.601**

Dreaminvolvement* attention to .695* -1.185 -.115 209 1.677*
emotions
Note *p<.05, *p<.01, **p<.001

Summary
This chapter analyzed the relationships betwesh presenceand situational
empathyand narrative transportation and situational empathy while controlling
immersive tendency and physician empathy. As shown in the figure déM@,as a
evokedpresencand narrative transportation more than handheld display, influencing

situational empathgsympathy, distress, and sadnetifferently.
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Figurel4. Summary of quantitative results
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CHAPTER 10
RESULTS II: QUALITATIVE ANALYSES

As the second chapter of results, this
answersacquired using key informant ethnographic technigure$)
mediated/unmediated characteristics of augmented reality (AR) environment, 2) user
experiences of presence, narrative transportation, and AR, and 3) emotional memory of
presence caused BR cueswith a basis upophilosophical premises of Husserl and

MerleauPonty.

Procedures

For this study, the researchemmersedherselfint he parti ci pantsodé ¢
(within-cases) and distancéérselffrom them (acrossases) constantly by using
different furctions ofthe software packadgVivo (Ayres et al., 2003; Bazel&y
Jackson, 2013; Charmaz, 20Bpradley, 20167Todd et al., 2004; Van Manen, 1990
First, the researcher immersadrself in the data as vividly as possieile hearing
parti ci pant scleckingaudio éles and huttransayiptgsee Table4).
Next, the researcher triedtoderstand he uni que nat usexperefice eac h
by coding themes anmmbntextualizing them through the crosstab functmin¥Vivo
(within each case). Then, she tried to find commonality across esisesinvivo
coding, autethematic coding, andutesentimental coding (across casegyoding
themes withindigenous termased by participants themselveslecting the whole set
coded under eadhemeto find semantic primes and affective primes that participants
use frequentlyand simultaneously paying attentiornth@ir own comments dsss

mechanical and interpretive wo Next, she recontextualized this commonality in
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participantsod i mMisiéngher memoriescabont situdtigsealncking
the statement s, remarkeamrddoing gxialgaingbauttheéirp ant s 6
experienceswhile specifying each themato its specified properties and dimensidos

validate them(within and across all cases).

While participating inthese analytic processeshe tried to make her initial
writing of early draft while presentindpe general thenseacross casedVhile writing, the
researcher realized thidue interview contents were richer than Eaeexpectedsoshe
tried to extract semantic relationshifsclusion, spatial, causeffect, ration&e, location
for action, function, meansnd, sequence, attributioto) gain insight to understand the
meaning of eacbf themes in medical cultuied ent i fi ed from particiop
Then she selected significant statemeahtst phenomenally presemte d i ¢ a | student
commentsabout AR, its environment, and their experienced presence and empathic
responseand, lastly, finished her writing througivocationto capturehe essential
structure okexperiencento its vivid presencandthroughintensificationto preserve the
phenomenal meanings of their commentssconant | 'y t o draw particip

richly as possible.

The analyses and writing took considerable tilhiok 1) three to four hours for
the researcher to check each amémscribed transcript manually, 2) one or two days to
becomaemmerseal in the comments dhetranscriptof each participant3) one weeko
compare those statements across caseselyveek to recontextualize statements, 5) two
weeks to intuit comments critically reflect on them, 6) one week to do the free writing,

7) another one week to select significantly representative statements, and 8) another two
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weeks to draw the original writing into a more phenomenally deepened writing through

evocation andhtensification.

The ruledollowed for the ethical reporting of interview dditar this studywere
based on the APA Publication manual ), which requires researchers to keep the
ethical agreements of confidentiality and anonymity with their ppaids and to include
participants®é comment s i thedridinalmearengscohr ch r ep
par ti ci p a nhbyussihg pseadomyms) dmbiguating identifiable information, and

including aggregate forms of personal information (p.278).

Table24

Procedures of qualitative analysgslopted from Ayres et al., 2003)
Analytic strategy Analytic focus Coding strategy Products
1. Analytic Within all cases  Auto-transcription  Sense of lived
immersion manual checking  experiences

and autecoding
2. Immersion in ~ Within each case Thematic coding & Significant

each interview (unigueness) contextualization  statements
3. Comparison of Across cases In-vivo coding & Common categories
statements (commonality) decontextualization of statements
4. Reconnection ot Within and across Re s e ar ¢ h e Specification of
statements to all cases coding and properties/dimension
interviews recontextualization of codes
5. Intuiting, critical Within and across Theoretical coding Identification of
reflection all cases based on category category relationship
relationships
6. Free writing Within and across Re s e ar c-h e Answer research
all cases writing based on  questions
the identified
semantic
relationships
7. Selections of Set of significant  Selection of Identification of
significant statements statements that essential structure
statements represent category

relationships
8. Return analysis Essential structure Re s e ar ¢ h e Evocation and
to participants writing & memoing intensification
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Researcle r ositionsand NVivo

The researchdransformecderperspectivesrom a purely descriptive perspective
towardan ontologicallyexperientiaberspectiveo observe angarticipate in
par t i qliegerc@xpesigice (Murphy, 2008Wolcott, 1990 by 1) havinganetic
position b conduct interviews opresencexperience ofmedical student) adopting an
observational positioto discover the presencexperience with analytic sensg
situatingherpositioni n par t i ci p amerastidely napture thetsérandipstous o
moment that the researcheuld not pick up during her initial encountand 4)
immersing herself iseries of ontological ewpointsreflexively betweerevocation and

intensification to graspndbe inthe experientiaimomens.

NVivo interactively guidedndfacilitated ths dialecticalprocess while 1)
substantiating and adding presence experiegeersrallyandlocally on adaily basis
through autetranscription, autdahematic coding, and ausentimental coding;luster
analysesandcrosstalanalyses2)anal yzi ng the medi cal studen
throughrich-text capabilities (texsearch functionsyord-frequency functions, and
coding queries)3) enliveningtheir experiences through multimedia functidkey-word
functionsto contextualizesensitizing conceptsvhichc oul d s par k resear che
in the context of r eamentseand 4pacticipatengio f parti c
research parti ci patingjatiag fieldnotes pneblootos(Bazely & by r e v
Jackson, 2003 1n other wordsNVivo helped the researchierimmerse irmedical
s t u d presénse&Xperience graduallgnd inteactivelythrough its multimodal

functionsthatl i nk researcherés jotting, fieldnotes:s
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medical journals (see Tabdd). Further throughout this process, the researcher carried
out manual analysessmultaneously to initively capture the moments with jotting,

fieldnotes, and photos.

Interview results

Researchguestion 6 Environmentalfactors

Research questighwas designed to know mediataddunmediated
characteristics of the media environment or media context that influence the sense of
presenceandnarrativetransportation. ARXperiencavas designed to present migraine
visual symptoms in the immersive views of medical students so thate¢hesiyed the
symptoms as if they wepart oftheir own experiences (Kleinman, 1988; Kolb & Kolb,
2009; Loomis et al., 1999). Thus, it was important to internally validate the presence
experiences so that students perceivatithsy werepatientsfor a ortterm perceptual
process. In this wayhe experiment was expected to test hypothetical links between
media immersiveness and preseattercontroling for immersive tendency and

physician empathy{see Table8-11in Chapter ).

Howeverthein-depthi nt er vi ew r eveal ed mepadyjful al
attentont o pati ent s & s yifmipehavionssin note natutalgséttings.eSande
studentaverealreadyfamiliar with the biomedical definitions diis diseasef migraine
they believed that their understanding of symptomsemaignceavhen theyenacted
reatlife behaviorsof patientan a morenatural settingghanthelab settingWhen asked
about environmental factovgith indirectopenquestios thatinduceparticipansd

responsesn presencethe participantsommented abouheimmersive virtual
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