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ABSTRACT  

When healthcare professionals perceive patients’ symptoms through media or 

media technologies, how do they respond to them? Many studies have explored the 

effects of the film, novels, music on empathy and recently a few studies started focusing 

on the virtual reality (VR) and augmented reality (AR) that visualize patients’ invisible 

symptoms and their effects on the empathy of medical students as future healthcare 

professionals; however, their psychological processes are not fully elaborated yet.  

This dissertation was designed to detail the psychological processes evoked by 

AR that visually mimics migraine symptoms and uses presence and narrative 

transportation to increase empathy. A mixed-method study was conducted to untangle the 

psychological processes of presence, narrative transportation, and empathy by exploring 

their existence, nature, strength, and meanings. Two treatment conditions were created: a 

head-mounted display (HMD) as a high immersive condition and a handheld display as a 

low immersive condition with a focus on media immersiveness as the degree to which 

AR submerges its users’ perceptual system.     

The study participants were a small (n=27), but motivated group of medical 

student learners. In the quantitative results, AR was not visually immersive enough to 

evoke presence as a perceptual illusion of non-mediation directly since there were 

systematic effects of media immersiveness of AR on presence, but there were no 

significant effects of media immersiveness on presence when controlling for medical 

students’ tendencies and abilities. It was assumed that presence occurred as a constructive 

perceptual process indirectly mediated through medical students’ tendencies and abilities. 

In a canonical correlation and stepwise regression, the maximal correlation among 
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immediate sense of presence and narrative transportation and situational empathy 

revealed an optimal degree of perceptual involvement that leads to situational empathy. 

Another canonical correlation and stepwise regression among the traits of immersive 

tendency and physician empathy and situational empathy showed that there is also an 

optimal degree of medical students’ sensitivity trait that leads to a relatively stable 

situational empathy. Since, as interview results showed, medical students’ motives were 

prosocial, it is possible to interpret distress as another type of situational empathy 

entailing caring about others. In the qualitative results, there were close relationships 

between media environment and presence. An immersive virtual environment (IVE) via 

AR, which affords users the perceptual or embodied feeling of physically being 

surrounded by its represented environment, was closely related to sensorimotor 

perceptual processing of presence. A continuous immersive mixed environment (IME) 

via AR, which affords users the imaginatively situated feeling by mixed reality, extended 

presence in the actual environment through the process of narrative transportation and 

affect.     

The contributions of the findings to the theory and research literature regarding 

presence are discussed along with recommendations regarding practical contributions to 

ongoing efforts to enhance healthcare professionals’ empathy and thereby effectiveness 

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 thirty-three-year-old woman with a 

degenerative nerve disease. Since this disease is a heredity disorder, the patient worries 

about her son. Her physician also understands these characteristics of her patient’s 

disease and worries about the son with this patient empathically (Charon, 2001).   

“How’s Phillip?” the physician asks on a routine medical follow-up visit. At the 

age of 7 years, Ms. Lambert’s son is vivacious, smart, and the center—and source 

of meaning—of the patient’s world. The patient answers. Phillip has developed 

weakness in both feet and legs, causing his feet to flop when he runs. The patient 

(Philip’s mother) knows what this signifies, even before neurologic tests confirm 

the diagnosis. Her vigil tinged with fear, she had been watching her son every day 

for 7 years, daring to believe that her child had escaped her family’s fate. Now 

she is engulfed by her sadness for her little boy. “It’s harder having been healthy 

for 7 years,” she says. “How’s he going to take it?” 

The physician, too, is engulfed by sadness as she listens 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 unfairness, and how much 

courage it takes to look it full in the face. (Charon, 2001, p. 1897) 

In this physician-patient communication, the physician is overwhelmed by the 

sadness of her patient and enters the patient’s painful situation to grieve together since 

she knows the impact of this disease on the patient’s life and her son’s life. Her honest 

attitude to establish rapport with patients might offer this patient a chance to share 

personal narratives about her anxiety (Charon, 2001; Duggan & Parrott, 2001). This 

occurs when healthcare professionals are present to receive the narratives of patients for 

them (Frank, 2013; Levinas, 2003; Van Manen, 2014). In this communication moment, 

healthcare professionals also react to objective and subjective aspects of patients’ illness 



 

2 

 

narratives (Duggan & Parrott, 2001). The objective aspects are the patients’ symptoms, 

structures, functions of tissues, and organs, which are recognizable with scientific 

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

Query, 1998; Larson, 1999). The subjective aspects are patients’ meaning and 

significance of their illness, which are understandable with 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 and cared for by trustful medical 

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

to enhance the quality of care through the value of mutual presence between physicians 

and patients.   

This study is, thus, initiated with the questions, “How can physicians best learn to 

perceive patients’ illness narratives and emotions?” “Which types and degrees of 

empathy are good for both physicians and patients?” and “Why and how is empathy 

good?” Several scholars have illustrated that the physicians who experience compassion 

fatigue, distress, a low sense of accomplishment, and severe emotional exhaustion are 

less sensitive to capturing the moment when patients make statements about their 

concerns, emotions, and stressors (Fredrickson, 2016; Gleichgerrcht & Decety, 2014; 

Morse, Edwardsen, & Gordon, 2008). These scholars explained that physicians with both 

positive and negative professional experiences have more, but not too much, perceptual 

sensitivity in these situations than those with only those negative experiences. 

Gleichgerrcht and Decety (2014) explained that physicians need to learn emotional skills 

to perceive patients’ pains but also regulate their own feelings. These skills will help 
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physicians assist patients sufficiently and protect themselves from burnout and 

compassion fatigue. Doctors in their medical school training traditionally have learned 

these skills through an interpersonal communication skill workshop; however, 

considering the emotional burnout the students might develop, a learning environment 

must be motivational enough to allow physicians to experience patients’ symptoms, 

feelings, and situations without too much perceptual sensitivity. For this learning 

experience or environment, media experiences that pair patients’ painful symptoms with 

perspective-taking tasks (Herrera, Bailenson, Welsz, Ogle, & Zald, 2018) can be 

simulated to help physicians perceive patients’ symptoms. One new medium to do this is 

augmented reality (AR).    

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

In broad terms, AR, and Virtual Reality (VR) evoke presence, a perceptual 

illusion of non-mediation (Lombard & Ditton, 1997) in which users overlook the 

existence of technology and its characteristics. Each technology has strengths and 

weaknesses in evoking presence, which will be examined in the context of this 

dissertation. VR substitutes users’ entire visual field with its rendered virtual scenes. In 

contrast, AR supplements the user’s perception of reality with streamed or overlaid 

virtual images and/or information. For this reason, VR is considered the ultimate empathy 

machine (Bollmer, 2017; Milk, 2015) since it replaces users’ visual input from their 

reality with that from virtuality. They can experience others’ subjective feelings of being 

inside of that reality and deeply understand their perspectives. In this case, presence is 
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evoked almost directly and automatically through its wide field of view (FOV) that 

covers users’ entire visual field so that its view fully mimics another person’s view.      

Presence also makes AR a potentially powerful empathy machine. AR evokes 

presence and empathy within the Reality-Virtuality continuum of mixed reality (MR) 

(Milgram, Takemura, Utsumi, & Kishino, 1995), where actual environment and virtual 

objects are combined, registered, and tracked together within one single display (Azuma, 

1997). Also, this display technology can combine mobile technology with immersive 

virtual environment (IVE) technology in a high immersive, but transparent HMD AR 

that, according to Milgram et al. (1995), allows a clear view of the users’ actual 

environment. In this way, users can perceive virtual scenes streamed by mobile 

technology with the translucent display so that they perceive the virtual objects in their 

visual field (Lombard & Jones, 2015; Slater, 2003; Steuer, 1992). This ultimately 

enhances and extends this perceived sense of presence in their virtual environment, 

including the real environment.  

Within the continuum between virtuality and reality, other factors that determine 

whether a user experiences presence and empathy include the user’s tendencies. Two of 

these user tendencies important in this context are immersive tendency, a tendency to be 

easily involved in mediated or unmediated activities, and physician empathy, a tendency 

to sympathetically experience patients’ feelings, symptoms, and experiences (Peddie, 

2017; Peters, 2018).  

In this study, AR is used to simulate patients’ experiences to enhance and extend 

medical students’ empathy. For its optimal display as an empathy machine, medical 
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students need to perceive patients’ experiences as if they were their own. This study tests 

whether and how an immersive AR allows medical students to perceive AR-simulated 

patient symptoms from the patients’ perspectives. Presence theory (Lombard & Ditton, 

1997) is applied to explain how healthcare professionals can enhance their understanding 

by perceiving patients’ symptoms as if these symptoms were their own experiences; 

another psychological theory, about narrative transportation—users’ cognitive, 

emotional, and imaginative involvement in narratives—is applied to explain how 

healthcare professionals extend and situate their perception in patients’ situations.   

Current studies on effects of programs on empathy 

Many studies have been conducted to examine the changed empathic tendency of 

medical students throughout their overall medical training and to evaluate the effect of 

empathy training programs specifically designed to teach, induce, change, or strengthen 

students’ empathy. Since empathy has been understood as a trait that cannot be changed 

easily, many studies have examined the effect of empathy training programs repetitively 

for the extended period as a type of longitudinal study (Hojat, 2016). Traditionally, 

empathy has been taught by medical educators through interpersonal communication skill 

workshops. However, diverse media training interventions have been developed to 

enhance students’ empathy using non-medical literature, arts, films, and music. Recently, 

VR experiences such as virtual patients embodied in an immersive virtual environment 

have been used to strengthen medical students’ empathy. Whereas a few studies examine 

AR and its potential impact on empathy conceptually, none investigate them directly. 

Moreover, while both VR and AR afford users chances for experiential learning 
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processes (perceptual, embodied, situational, and constructive) for empathy through 

hypothetical scenarios, few studies examine AR as an empathy machine through these 

learning processes. For these reasons, this study provides an empirical test of augmented 

reality as an empathy machine.     

Empathy and situational empathy as empathic responses 

This empathy machine refers to a technological attempt to let users make sense 

another’s experience, whose emotional effect can be understood with affective definition 

based on its arousal process and cognitive definition based on appraisal process (Boller, 

2017; Decety & Ickes, 2009; Sander, 2013). These two types of emotion contribute to 

empathically aroused response to a shared situation differently. It could be either a self-

focused physiological arousal of distress or other-focused optimal level of sympathic 

arousal. Especially in this latter case, it results from cognitive/emotional appraisal of 

physiological response triggered by external or internal stressful stimuli. Also, these two 

types of empathic arousal can activate 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 levels are considered. 

Three different types of situational empathy are used to represent these different valences 

and levels of empathic arousal: sympathy, distress, and sadness.   
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Migraine headaches as a neurological condition 

Migraine headaches are chosen for this study since migraine patients’ invisible 

symptoms, difficulties, and emotions need to be better perceived and understood by their 

healthcare providers. Migraine headaches represent a disease that affects sufferers’ 

everyday lives with a substantial physical, psychological, and socioeconomic impact 

(Leonardi et al., 2009; Parikh & Young, 2019). Migraine headaches “with aura” are 

preceded or sometimes accompanied by more severe pain or disturbing aura symptoms 

(ICHD, 2018). Further, migraine headaches sometimes lead to depression, stroke, 

dementia, and obesity throughout sufferers’ lifelong journey (ICHD, 2018). Invisibility 

and stigma implicitly affect social attitudes about migraines and migraine patients by 

putting additional physical, psychological, and socioeconomic burdens on patients and 

eventually isolating them from appropriate social support (Parikh & Young, 2019). Thus, 

migraine headaches require an accurate perception and understanding by sufferers 

themselves, healthcare providers, family members, and the public. There are many 

attempts to visualize the invisible symptoms of illness to enhance perception and 

appraisal of the symptoms with names such as, “Training the eye: Improving the art of 

physical diagnosis,” “Observation and uncertainty in art and medicine,” and “Art of 

clinical encounter” (Mukunda et al., 2019). AR is a promising tool because it has 

characteristics that visualize invisible things from the patients’ perspectives.   

Benefits of this study 

This research illuminates medical students’ psychological process of presence, 

narrative transportation, and empathy in AR as an experiential learning tool. Explaining 
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this process might benefit current training programs and studies for several reasons. First, 

medical students’ psychological process when they experience patients’ symptoms 

through immersive media technologies such as VR or AR has not yet been adequately 

explained. When the psychological process is fully illustrated with studies of media 

technologies, it will make it less complicated and less difficult for medical educators to 

measure the effectiveness of the empathy training programs that apply media 

technologies (Peters, 2018; Reeves, Yeykelis, & Cummings, 2016).  

Second, this study illuminates the role of presence in this process. As AR, VR, or 

other new media technologies and even art, film, and traditional 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, & Welch, 2018), presence 

can be suggested as a fundamental concept or developing media theory to evaluate and 

optimize their effect. However, little study has been done on AR and presence in either 

medical fields or non-medical fields. 

Third, this dissertation deepens the understanding of the nature of presence 

combined with narrative transportation. Since AR simulates virtual objects in the FOV 

through which users see their actual environment, the meaningful combination of virtual 

objects and real environment can be regenerated into a unique narrative type (Ryan, 

2001). In this study, patients’ symptoms and feelings can be regenerated into individual 

narratives through medical students’ active imagination to move fully into patients’ 

perspectives.  
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Fourth, since this study explores the effect of presence on situational empathy by 

applying presence and narrative transportation, the results of the study might offer 

medical educators a better understanding of the psychological mechanisms involved. This 

understanding will help them create or refine training programs using AR and presence to 

help students to approach patients’ situations attentively and to understand their situations 

accurately. When formed early in a physician’s career, these empathic attitudes become 

an essential component of successful long-term patient-physician relationships.   

Sociopsychological tradition in health communication 

This study suggests AR as a health communication tool that connects medical 

professionals and patients. Since the medical students psychologically process AR that 

simulates migraine symptoms through the process of presence, narrative transportation, 

and empathy, this study pursues the socio-psychological tradition within the discipline of 

health communication (Craig, 1999; Parrott & Kreuter, 2011). Additionally, this study 

details this process with perspectives of media effects and media psychology (Dill, 2013; 

Reeves & Anderson, 1991; Sundar, 2015) with AR that stimulates user’s visual field with 

the image, enhances their feelings with a virtual environment, and extends users’ 

perception into their mediated and unmediated environments.  

Philosophical premises 

The philosophical premises of the dissertation were drawn from Husserl’s 

phenomenology and Merleau-Ponty’s phenomenology (as cited in Van Manen, 1990, 

2014) to explore the nature or essence of presence as communication phenomena. 
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However, pursuits of ontological moments might require researchers’ empathic subtlety 

and artistic sensibility to write the living moment of presence and reconstruct it in a fuller 

sense. Specifically, this ontological moment occurs when researchers suspend their 

disbelief, fully commit themselves to patients’ vulnerability, and willingly share those 

moments through the writing.   

This study was initially designed to reveal these essential structures of 

psychological processing of presence based on Husserl’s phenomenology. Thus, the 

researcher intended to reveal the psychological processing of presence and empathy 

numerically, graphically, and verbally as a detached discoverer during the data analysis. 

Since the researcher thought this type of purely descriptive phenomenology shares its 

premise with quantitative methodology and positivistic grounded theory, the researcher 

tried to minimize her subjectivity and remain as a neutral observer during data collection 

and analysis. However, while collecting data and analyzing them, the researcher realized 

that empathic sensibility and thoughtful attentiveness are necessary to truly reveal such 

moments of presence and empathy since the interview data became more enriched than 

initially expected. Thus, to capture these enriched moments transparently and richly, the 

researcher decided to show and write participants’ lived experiences as not only a 

scientific discoverer but also an empathic listener and writer based on both Husserl’s and 

Merleau-Ponty’s perspectives.  

Summary and overview of each chapter 

This chapter introduced the premise of this study. It suggested presence as an 

interdisciplinary theoretical framework that elaborates medical students’ perceptual and 
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psychological processing to strengthen their empathy when exposed to AR stimuli and 

locates it in the socio-psychological traditions. Several benefits of this study were 

suggested including better understanding of the psychological process of AR-led 

experience of medical students, presence as its key mechanism, narrative transportation 

as another type of presence, and optimal degrees of presence and narrative transportation 

to induce empathy.    

In the following chapters, the psychological processing of AR is explained using 

the concepts of presence, narrative transportation, and empathy, and a study of AR is 

presented. Chapter 2 is about AR, its history, devices, and applications. In chapter 3, 

presence as a concept and a developing media theory is defined and explored. In chapter 

4, the features of AR as a presence-evoking medium are explained. The concept of 

empathy, both in its affective and cognitive aspects, is covered. Empathy is conceptually 

differentiated into physician empathy and situational empathy. Subsequently, its 

relationship to presence is discussed. The reasons why migraine headaches represent an 

appropriate context for studying medical students’ perception of patients’ symptoms, 

physical difficulties, and frustrated feelings, when using augmented reality, are illustrated 

in chapter 5. A summary of the previous chapters and a set of formal research questions 

and hypotheses are presented in chapter 6. Finally, the methods, results, and discussion 

are presented in chapters of 7, 8, and 9, respectively. 
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CHAPTER 2 

AUGMENTED REALITY (AR)  

Augmented reality (AR) is a technology that overlays computer generated virtual 

information onto the user’s direct or indirect view of the real environment. It is not 

limited to the sense of sight, but also includes other senses. AR has been applied fields 

including psychology, education, edutainment, games, rehabilitation, and engineering; its 

application in clinical psychology, medical training, surgery procedure and education has 

increased (Chen et al., 2017; Kim, Billinghurst, Bruder, Duh & Welch, 2018; Zhou et al., 

2008). It is used for medical fields such as surgery training by affording the view of 

patients’ internal body structure to their doctors. This chapter defines AR, overviews its 

historical development, and discusses its diverse forms and applications.  

AR as a technology 

Technology is defined as relatively fixed physical manifestations of its technical 

artifacts that allow action possibilities (Hughs, 1983, as cited in Lievrow, 2014; Winner, 

1980). Borrowing Winner’s (1980) argument, technology is defined with its fixed 

physical features that reorganize and influence individuals and social relations in specific 

ways. The concept of technological momentum by Hughs (1983) explains and expands 

these inherent technological possibilities into the mutual shaping between the physical 

materiality and participants’ attitudinal, affective, and cognitive involvement.  

In contrast to their arguments that technology is a way to influence our society 

(Hughs, 1983, as cited in Lievrow, 2014; Winner, 1980), physical manifestation, in this 

study, refers to media immersiveness as an objectively measurable quality of technology 
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with specific logics behind it (Biocca, 1992; Bowman, 2007; Carroll, 1997; Slater, 2003). 

In other words, this study expands these scholars’ arguments on physical manifestation 

with another focus on the materiality of technological devices and artifacts. In this sense, 

media immersiveness is defined as the measurable technological property of a medium 

(Biocca, 1992; Slater, 2003), which allows transparent, perceptual immediacy, and 

seemingly non-mediated experiences (Bollmer, 2017). The media immersiveness is 

conceptualized with scholars’ received views about the sensory fidelity of what 

technology itself retains and delivers about stimuli of real-world counterparts (Bowman, 

2007; Carroll, 1997; Slater, 2003).  

Media immersiveness is traditionally defined as the objective degree to which 

technology displays while shutting out visual stimuli from the real environment, which 

depends on rendering software and display technology and is maximized in virtual reality 

display (VR) that separates users’ vision from the real environment (Bowman, 2007; 

Cummings & Bailenson, 2016; Slater, 2003; Steuer, 1992). In AR, tracking and sensing 

might be stricter than rendering and display to enable seamlessly registered display 

(Azuma, 1997). In other words, tracking and sensing are necessary since AR includes 

environmental factors and users can see the real world with peripheral vision which are 

not separated from rendered virtual objects with its see-through display. In VR, when 

considering the environmental factors, its conditions include three exclusively 

conceptualized technological components (Cummings et al., 2016): 1) high fidelity 

rendering displayed through multiple sensory modalities, 2) users’ mediated behaviors 

that delicately mapped to their real counterpart behaviors, and 3) self-contained narratives 

that hinders users from being exposed to external world. In AR, 1) rendering and display 



 

14 

 

do not need to be realistic, 2) users’ behaviors are continuously tracked and registered, 

and 3) self-contained narratives still locks user’s stimuli within the mediated stimuli. 

AR display enhances user’s view of the actual environment with rendered virtual 

information based on tracking six degrees of freedom (6DOF) of users’ positional 

information and their locational information; the six are moving forward, backward, 

laterally, and vertically. This contrasts with a VR display that requires three degrees of 

freedom (3DOF) (moving head left/right, tilting it up/down, pivoted left/right) so that it 

tracks head motion to render a separate computer-generated virtual environment (Azuma, 

1997; Baus & Bouchard, 2014; Peddie, 2017). In other words, 6DOF can be used in both 

AR and VR to track and sense users’ movement inside their generated environments. 

While this tracking technique adds additional information about users’ movement in VR 

displays, it is a necessary condition in AR for its seamless display.  

AR, however, is limited to a display technology in this study, which renders a 

virtual image or virtual information through 3DOF onto its users’ view of the actual 

environment through different degrees of media immersiveness. In this case, this type of 

AR has been called as non-AR approaches or non-registered augmented reality (NRAR) 

(Baus & Bauchard, 2014; Wagner & Schmalstieg, 2009). Non-AR approaches detect 

user’s body movement and let the user aim and shot virtual objects into the virtual or 

actual location (Wagner & Schmalsteig, 2009). AR usually combines virtual and real, 

registers them as one combined immersive display, and allows interaction between virtual 

and real as one type of mixed reality (Azuma, 1997; Biocca, 1992; Milgram et al., 1995; 

Lievrouw, 2014). This AR and its fixed physical features, for this reason, are 
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technologically supported by a scene generator, display technology, and sensing/tracking 

technology (Azuma, 1997). However, non-AR approaches do not apply sufficient 

tracking technologies. Further, AR used for this study has just one functionality among 

these: combine real and virtual objects in the user’s visual view that displays the actual 

environment. Since this form of AR does not register virtual objects with real objects 

technologically, it is also called non-registered augmented reality (NRAR) (Baus & 

Bouchard, 2014). AR used for this study is included in cool media that requires users’ 

participation and completion (McLuhan, 1964). In the context of this study, when this 

form of AR is tailored as a more seamless display through media immersiveness, it might 

add additional rationale in its effect on human perception and cognition through the 

perceptual illusion of non-mediation (Biocca, 1992; Lombard & Ditton, 1997; Milgram et 

al., 1995). The following section summarizes the history of AR beginning with the 

development of the head-mounted display (HMD) in 1965 when a dedicated lab of AR 

was initiated (Peddie, 2017), through historical changes in physical features of AR 

displays (Azuma, 1997; Billinghurst & Thomas, 2011; Billinghurst & Kato, 2002; 

Höllerer & Feiner, 2004; Milgram et al., 1995; Wagner & Schmalstieg, 2009).  

Development of AR as a technology 

In 1965, Sutherland invented the first 

optical see-through HMD, which partially 

covers user’s view of the physical world with 

virtual information or images (Carmigniani & 

Furht, 2011; Peddie, 2017). Video Place was Figure 1. First see-through augmented 

reality (as cited in Peddie, 2017) 
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introduced in 1969 by Kreuger as a responsive 

display surrounding the user and interactively 

responding to them with virtual feedback 

(Kreuger, 1985; Peddie, 2017). 

 The technology started receiving 

scholarly attention, but it was not until the early 

1990s when Caudell and Mizell coined the 

phrase “augmented reality” to refer to the sets of 

technological displays that augment a worker’s 

perception of an actual work process with virtual 

information or imagery by sensing head-position 

(Carmigniani & Furht, 2011; Caudell & Mitzell, 

1992; Höllerer & Feiner, 2004). Since the 

invention of the reality-virtuality display 

continuum of Milgram et al. (1995) and Azuma’s most cited definition of AR (1997), AR 

has established its position for both academic solutions to the communication/information 

needs in practical fields such as industry, medicine, and education and the industrial 

models to actualize the solutions.                                      

AR that overlays virtual information has been developed to achieve many 

practical goals; for example, it assists users’ actual movement with tracked spatial 

information. In 1993, Loomis combined the outdoor AR tracking which records the 

location and direction of visually impaired people and the positions of all other objects 

Figure 3. Application of heads-up 

display technology to the 

manufacturing process (Caudell & 

Mizell, 1992) 

Figure 2. Video place (Krueger, 

1985) 
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and people in the environment through a geographic 

information system (GIS) and a virtual acoustic display to 

assist them to travel through familiar and unfamiliar 

environments without guidance (Arth et al., 2015; Liu et al., 

2018; Loomis et al., 1993). In the same year, Fitzmaurice 

invented Chameleon, 3D information spaces that visually 

situate spatial information in the users’ immediate actual 

environment using palmtop computers and small screen 

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

In 2000, AR-Quake was invented by Thomas as the 

first outdoor mobile game that used an HMD, mobile computer, head tracker, and global 

positioning system to display the input of human movement and spatial information 

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

as a generic platform that supports a dynamic spatial display about the user’s positions 

and the spatial data from a GIS using small handheld devices like personal digital 

assistants (PDAs) (Fritsch, Klinec, & Voltz, 2001). In 2001, the Columbia Touring 

Machine was introduced as an outdoor mobile AR that displayed graphical tour guide 

information onto the visitors’ views of actual environments (Höllerer & Feiner, 2004). As 

users’ position and orientation were tracked and communicated, users could collaborate 

through AR. In 1999, the pose tracking library was introduced to AR (see Figure 5: Kato 

& Billinghurst, 1999) through which users could collaboratively interact with the virtual 

objects through a shared virtual whiteboard.  

Figure 4. Touring 

machine (Feiner, 

MacIntire, Hollerer, 

Webster, 1997, as cited 

in Peddie, 2017) 
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As spatial information about the 

position of users was sensed, tracked, and 

projected upon the users’ views of the 

actual environment, more accurate 

registration of virtual graphics or 

information with the users’ views of the 

actual environment became possible. In 

2006, the invention of hybrid tracking 

systems such as the global positioning 

system (GPS) and inertial sensors enabled a 

full registration for outdoor AR in urban 

environments (Reitmayr & Drummond, 

2006). In 2007, the simultaneous localization 

and mapping (SLAM) approach tracked the 

real-world view and registered it with the 

virtual geometry (projected virtual 3D or 2D 

contents) concurrently (White & Feiner, 2009). In 2008, the first fully self-contained 

natural feature tracking was introduced using a solely built-in camera of mobile phones 

(Arth et al., 2015). In 2009, situated visualization techniques allowed users to visit urban 

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

2009).  

When Microsoft Kinect was launched in 2010, it enabled multimedia technologies 

to track body gestures and facial expression, assisting children with autism, and surgeons, 

Figure 5. SiteLens (White & Feiner, 2009) 

Figure 6. System configuration of pose 

tracking library (Kato & Billinghurst, 

1995)  



 

19 

 

and introducing tele-immersive conferencing (Zhang, 2012). As the information of users’ 

full body 3D movement and positions was tracked, sensed, and projected onto the virtual 

environment, this AR enabled its users to interact with a virtual environment with their 

body and to practice new ways to behave and interact. In 2011, KinectFusion enabled a 

dense 3-D AR surface with real-time surface geometry and robust tracking even in the 

darkness (Arth et al., 2015). 

 

Figure 7. Skeleton tracking (Zhang, 2012) 

 

Figure 8. Immersive teleconferencing (Zhang, 2012) 

AR gained popularity as mobile AR. In 2012, Google Glass was introduced to the 

public as a hands-free human-glass interface (HGI) AR that displays information based 

on a natural voice command; however, its beta testing explorer program ended in 2015 

since there was a privacy concern about its use (Luckerson, 2015). In 2013, mobile AR 

assistance was introduced to replace vehicle service manuals (Peddie, 2017). In 2014, the 

AR contact lens was introduced by Innovega, moving the visual display into the eye 
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(Peddie, 2017). In 2015, Microsoft announced Holographic, Hololens, and smart-glass 

headsets by which users could experience “mixed reality” through the completely self-

contained HMD devices that merge VR and AR features (Evans et al., 2017). The 

Pokemon Go AR game was launched in July 2016; it enabled users to participate by 

locating, catching, fighting, and taming virtual creatures as if the creatures were situated 

in the user’s real-world environment. Virtual objects and the development of tracking or 

sensing technologies enabled users to experience virtual objects almost seamlessly but 

leaving visual discrepancies to the user’s perceptual interpretation.     

Historically, the three key physical features of AR—combination, registration, 

and interaction between virtual components and actual components through AR display 

(Azuma, 1997)— have become more technologically seamless. Further, AR is formed as 

multiple points of immersed reality, which refers to a multidisciplinary collection of 

technological forms, applications, and opportunities (Peddie, 2017), within a mixed 

reality continuum (this is explained further in chapter 4) (Milgram et al., 1995).  

Current forms of AR and AR applications 

 As previously mentioned, AR, as hardware, in the ideal case, technologically 

supports seamless alignment when virtual components are rendered and registered with 

the users’ views of an actual environment, allowing the interactivity between virtual 

elements and the actual environment. Its virtual images and its registration with the users’ 

view of the actual environment are designed to produce diverse kinds of media 

experiences according to the AR application. In other words, current forms of AR and its 

applications can be explored in the system levels and with its basic rationale of 
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combination, ongoing interaction, and geometric registration between real and virtual 

(Azuma, 1997; Biocca, 1992). Thus, based on these physical components and abstract 

rationales of technology, this section outlines AR forms and AR applications.   

AR forms 

AR forms technologically augment reality with virtuality through display devices, 

sensing/tracking devices, and mobile computing devices (Azuma, 1997; Biocca, 1992; 

Carmigniani & Furht, 2011; Höllerer & Feiner, 2004; Lombard & Ditton, 1997; Milgram 

et al., 1995). As in a virtual reality system and its visible components (Biocca, 1992), AR 

display devices communicate the visual stimuli to users, its sensing or tracking devices 

convey users’ visual or other sensory responses to AR systems or interfaces and vice 

versa, and mobile devices situate this process within the interaction between users and 

media and the mediated/unmediated environment.  

Display devices (output) 

AR displays render the augmented view with virtual information or images for 

users. Usually, three types of displays are used in AR: an HMD, a handheld display, or a 

spatial display. First, an HMD is worn on the head to place virtual images and/or 

information over the user’s view of the world. An HMD as an AR display presents 

virtuality onto the users’ indirect and mediated views of the actual environment using a 

see-through video display or renders virtuality over the users’ translucent views of the 

actual environment using a see-through optical display and its optical combiner. It can 

utilize either a single monocular view through which the user’s two eyes are exposed to 
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two same views or binocular display optics through which the users’ right and left eyes 

are exposed to two different views with binocular depth cues. An HMD for AR is 

categorized as an immersive technology that contains a high level of media 

immersiveness since it fully renders virtual information or image through translucent 

displays, mirrors, lens, or miniature projectors (Bowman & McMahan, 2007; Candeloro 

et al., 2015; Peddie, 2017), with the images filling the user’s field of view. 

The second type of AR display is a handheld display, a display on a small 

computing device (Carmigniani & Furht, 2011; Squire & Klopfer, 2007, 2008; Wagner & 

Schmalstieg, 2009, 2006) whose portability, social interactivity, context sensitivity, 

connectivity, and individuality enable users to carry 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 

data, to connect handhelds to data collection device, other handhelds, and network, and to 

provide uniquely customized scaffolding to direct individuals’ paths. Though these 

characteristics allow the user to see virtual objects within their actual environment 

without disconnection, since a handheld AR display includes the same view of the 

physical environment in miniature format (Carmigniani & Furht, 2011; Wagner & 

Schmalstieg, 2007) while leaving its users holding the smartphone or tablet in their actual 

environment, it is categorized as a low immersive media technology for this study.  

The third type of AR display is a spatial augmented reality (SAR) display, a 

display that overlays virtual information directly on the physical objects or people 

without them carrying it (Carmigniani & Furht, 2011; Peddie, 2017). In contrast to the 



 

23 

 

other two types of AR displays, this display is applied to the surrounding environment 

rather than the users through the projectors, holograms, and other technologies so that it 

allows users to experience body-based simulations without the need for equipment 

(Kipper & Rampolla, 2013). For example, body-based SAR display and registration can 

be applied to medical imaging (Jung, Lee, Biocca, & Kim, 2019). A real-sized 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 

patient-oriented interventions designed to enhance patients’ understanding or alter their 

attitudes or behaviors about medical conditions. Jung et al. (2019) studied the effects of 

SAR intervention on participants’ attitudes or behaviors on smoking. SAR display exists 

not only for the sight but also for other senses such as hearing, touch, and smell 

(Carmigniani & Furht, 2011; Peddie, 2017). These sensory data are incorporated into an 

AR-generated environment to make the mediated experiences more dedicated to either 

the real environment or virtual environment while making the display a more volumetric 

one that provides visual, tactile, and audible three-dimensional contents (Hirayama, 

Plasencia, Masuda, & Subramanian, 2019). In this study, both HMD and handheld 

displays were used.   

Sensing/tracking devices (input) 

Input tools sense and track the information of users’ movement to be used in the 

augmented environment. They may take the forms of gloves, wireless wristbands, 

phones, gaze interaction input devices, or touch screen input devices (Lee et al., 2010; 

Reitmyr & Schmalstieg, 2003). Input tools make users’ interaction or movement 
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presented within the mediated environment as factors that influence users’ sense of 

presence (Mantovani & Riva, 1999; Riva et al., 2004; Slater & Usoh, 1993). When this 

input is visualized in the AR, it might lead to users’ embodied sense of presence in AR’s 

mixed reality environment. According to several scholars, tracking is divided into sensor-

based and vision-based tracking (Li, Nee, & Ong, 2017; Zhou et al., 2008). Sensor-based 

tracking tracks the location of users’ movement and position in the actual environment. 

Vision-based tracking uses image processing methods to locate the camera position in 

relation to the actual world. These two tracking techniques are used to create immersive 

media experiences by 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 move with users’ head movement for an HMD. 

Computing devices 

Since AR systems require a central processing unit (CPU) and a considerable 

amount of rapid access memory (RAM), the comparatively cumbersome “laptop in a 

backpack” configuration was once the only option to process sensor data (Carmigniani & 

Furht, 2011, p.12). The system consisted of a backpack laptop, a see-through head-worn 

display, and several input devices. Thankfully, much lighter, and more sophisticated 

mobile computing platforms are now available such as notebook computers, personal 

digital assistants (PDAs), tablets, ultra-mobile PCs, mobile phones, and AR glasses 

(Chatzopoulos et al., 2017). These computing devices facilitate users’ sense of presence 

by expanding the range of users’ perception, interaction, and movement from the virtual 

environment to users’ actual environment so that it enables users to interact with other 
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users and objects and move within a mixed reality, in other words in virtuality, reality or 

both (Billinghurst & Thomas, 2011; Mantovani & Riva, 1999; Riva et al., 2004; Slater & 

Usoh, 1993). For this study, small computing devices in the form of a mobile phone are 

used to display virtual objects in users’ views of the mediated/unmediated environment. 

AR applications 

AR has been applied in marketing and broadcasting, edutainment or education, 

and medicine (Azuma, 1997; Carmigniani & Furht, 2011; Kim et al., 2018; Peddie, 

2017), as well as many other areas. AR applications, indirectly, influence its actual or 

virtual contents—objects, human/nonhuman characters, personae, tasks, activities, 

messages, stories, etc.     

Marketing and broadcasting 

AR has been used to promote users’ visually immersive experiences of brand 

images or products or enhance users’ perception by visualizing virtual information. For 

example, MINI used AR to display a 3-D miniature car on the computer screen of a 

webcam in its advertisement (Carmigniani & Furht, 2011, see Figure 9). Also, virtual 

information has been visualized on the television display for sports broadcasting or 

weather forecasting (Feiner, Macintire, & Seligmann, 1993; Peddie, 2017) to augment 

audiences’ mediated experiences and to show weather situations to television audiences. 

Further, IKEA helps customers visualize how new furniture items might look in their 

homes by aligning virtual objects with their current room environment through 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 Milan (ITIA-CNR) also used AR to 

research industrial contexts and applications by developing, testing, and evaluating 

virtual products in alignment with actual objects/environments, with examples including 

motorcycle prototyping, virtual layout of a building, virtual light simulation, and virtual 

trial of shoes (Carmigniani & Furht, 2011).   

 

Figure 9. MINI advertisement (Geekology, 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 using AR by registering the ancient views with a current view of 

the historical site to offer its users educational visual experiences (Huang, Liu, & Wang, 

2009). AR was applied to The LDML (Louvre-DNP Museum Lab) to present a virtual 

information to help visitors appreciate the artwork and guide them around the virtual 

museum space in a sensible order (Miyashita et al., 2008). Also, the technology of AR 

was used for a learning purpose when Magic Book, developed by Mark Billinghurst, 

incorporated AR to make reading motivating for children (Carmigniani & Furht, 2011). 
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Using the regular book as the interface, users can read the book that registers virtual 

contents with its real pages through AR displays (Billinghurst, Kato, & Poupyrev, 2001). 

In the context of a game, Dow Day helped users play journalists’ roles and learn about 

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 

happened, as in Pokemon Go. This AR game experience allows its players to play the 

game without restraining a player’s movement to the equipped area since it uses the real 

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

Medicine  

AR enhances physicians’ surgical experiences with real-time locational 

intraoperative information and patients’ pre-operative data (Azuma, 1997; Bichlmeier, 

Wimmer, Heining, & Navab, 2007; Carmigniani & Furht, 2011; Manuri & Sanna, 2016; 

Nicolau, Soler, Mutter, & Marescaux, 2011; Peters, 2018; Volonte, Pugin, Bucher, 

Surimoto, Ratib, & Morel, 2011). These two different layers of information from 

physician workflow and patients’ body structure are registered into one AR display 

(Peters, 2018). As one recent example of this, the application of Microsoft HoloLens for 

pre-operative surgical planning using OpenSight was allowed by the Food Drug and 

Administration (FDA) (Shanahan, 2018). OpenSight is the first AR application that 

overlays 2D, 3D, and 4D images (such as ultrasound images) of pre-surgical information 

onto patients’ bodies on the AR screen to offer a perceptual guide for doctors’ pre-

operative planning for clinical decisions.  
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AR also assists surgeons with visualized 3D patient data through laparoscopic 

simulators for their surgery training and helps medical students to acquire the spatial 

knowledge of anatomical structures (Chen et al., 2017; Peters, 2018; Zhu, Hadadgar, 

Masiello, & Zary, 2014). When it is used in medical education or training, its learning 

effects can include the acquisition of medical knowledge and enhanced 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 

how AR can be involved in physicians’ communication skills, where reasoning is learned 

through these same processes. 

Summary 

AR has been developed as one type of mixed reality (MR) technology that 

registers reality with virtuality. The technology was first developed in the 1960s when 

Sutherland created an HMD system. AR and its registration have become more accurate 

with development of its rendering, tracking, and sensing techniques. Also, movement of 

its users are not constrained to an equipped area with the development of mobile 

computing techniques. AR functions as technology that communicates its display to its 

users, receives the users’ responses through sensing/tracking technologies, and situates 

this communicative interaction among media, its users, and mediated and unmediated 

environments. It is applied across many fields including medicine and medical training, 

but its effects and the psychological processing behind them are not clarified yet. In the 

following chapter, presence will be defined in the context of AR. Media variables, user 

variables, and environmental/contextual factors will be explained as the characteristics 
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that combine to evoke users’ sense of presence. Additionally, narrative transportation will 

be defined in the context of AR.  
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CHAPTER 3 

PRESENCE 

In the previous chapter, augmented reality (AR) was conceptualized as a 

technology with its physical features, historical development, and current devices. One 

potential effect of AR is a sense of presence. In this chapter, to understand presence as a 

concept and media theory, it is conceptually defined and explained with five theoretical 

frameworks. Narrative transportation is defined to further the understanding of presence 

through not only direct sensational perceptual processes but also indirect constructive 

mental processes of perception that involve inference, learning, and experience (Biocca, 

1997; Lombard et al., 2017; Riva, 2015; Rogers, 2017).   

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 presence. Presence has been defined 

as the perceptual effect of objective qualities of a medium, a subjective trait of users, and 

interactions between these. Bazin (1967), a film theorist, defined presence as “to be in the 

presence of someone…within the actual range of [a spectator’s] senses” (p. 96) which 

allows spectators to feel the presence of actors on the screen (Bazin, 1967; Lombard & 

Jones, 2015). Spectators perceive actors on the screen as present due to physical presence 

of an object or person, audiovisual techniques that reproduce an actor's presence in the 

screen, and the pseudo reciprocal actor-spectator relationship. Goffman (1959), as a 

sociologist, said that spectators perceive an actor as present as if they encounter them 

face-to-face through available physical tools, interaction, and the space of the 

communication (Faller, 1962) by perceiving each other co-present as accessible, 
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available, and subject to one another to be perceived in what they are and what they are 

doing (Lombard & Jones, 2015). Short, Williams, and Christie (1967), as 

telecommunication scholars, conceptualized presence as the objective quality of medium 

at first, and then subjective quality of the salient presence of the other person or 

interpersonal relationships, which depends on observable physical qualities of a medium 

(Albertson, 1980).  

Presence was described as telepresence of teleoperation technology as “a sense of 

being there” at [a] remote teleoperator site” (Lombard & Jones, 2015, p. 23) through the 

naturally and comfortably coupled coordination between “artificial devices” and “the 

sensory mechanism of human organisms” (Minsky, 1980, p.2). This definition of 

presence was differentiated from that of virtual presence, defined as the feeling of being 

in a computer-mediated virtual environment (Lombard & Jones, 2015; Schubert, 2009; 

Sheridan, 1992). Presence has, in general, been conceptualized as the subjective sensation 

or experience of “being there” in a scene described by a technology or 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 was launched in the MIT Press journal as presence in 1992 (Lombard & 

Jones, 2015). It was formally defined in 2000 by 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 current experience is generated by and/or filtered through human-

made technology, part or all of the individual’s perception fails to accurately 

acknowledge the role of the technology in the experience. Except in the most 

extreme cases, the individual can indicate correctly that s/he is using 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 

Presence Research, 2000) 

Presence is defined for this study as the perceptual illusion of non-mediation 

(Lombard & Ditton, 1997; Lombard et al., 2000) more broadly. The meaning of this 

phrase can be understood in the context of AR, which includes two different layers of 

information: that of the actual environment and that of the virtual environment. 

Perceptual, according to Lombard et al. (2000), refers to the phenomenon involving 

user’s continuous ongoing responses of sensory, cognitive, and affective processing 

system to virtual/actual objects and entities in the environments in AR (Lombard et al., 

2000, p. 77). Illusion of non-mediation refers to the psychological state in which a person 

is temporarily, at least partially, unaware of this virtuality in his or her communication 

environment so that he or she would act, at some level(s), as if virtuality is reality 

(Lombard & Jones, 2015).  

Other scholars also explained presence as the perceptual illusion of non-mediation 

with two dimensional orders of natural perception and mediated perception, basic 

mediation by our sense organs and technical medication that depends on both users’ 

senses and technology (Biocca & Delaney, 1995; Lombard & Jones, 2015; Sas & 

O’Hare, 003; Slater, Lotto, Arnold, & Sanchez-Vives, 2009; Steuer, 1992; Waterworth & 

Waterworth, 2006). Biocca and Delaney (1995) supported these two processes by 

separating the higher order mental processing from the processing developed only from 

immediate sensory information while demonstrating that presence occurs depending on 

the triggered extent of these constructive processes. Sas and O’Hare (2003) interpreted 

presence of Lombard and Ditton (1997) with two orders of mediation, while explaining 

the first mediation is centered upon the indirect mediation of our sense organs and the 
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second mediation is more dependent upon both such human senses and technology (Sas 

& O’Hare, 2003). Slater et al. (2009) conceptualized three necessary conditions for 

presence with a sensorimotor loop between sensory data and proprioception, statistical 

perceptual interpretation of virtual images as plausible with a basis upon the probability 

distribution of the images over their natural counterparts, and correlations between users’ 

behaviors and environmental responses followed by them as if they occurred in real 

environment. Steuer (1992) equated presence with naturally occurring sensational process 

of perception via sensory organs to the immediate physical stimuli and telepresence with 

mediated constructive perception via mental processes to the mediated stimuli beyond the 

first naturally occurring sensation of perception. Waterworth and Waterworth (2006), for 

this reason, argued that available communication devices, individual differences of users 

in their physical and psychological state, and technologies’ intended use and context of 

use allow presence to be experienced. In sum, the perceptual illusion of non-mediation 

occurs as a continuous stream in response to the sensory output from media/technologies 

and psychological cognitive processes regarding those outputs (Lombard & Jones, 2015). 

According to these above-mentioned presence scholars, while VR generates a high level 

of perceptual illusion by affecting more senses and immersing more sense organs, other 

forms of media such as non-interactive film or television and interactive media including 

AR, which affects audiovisual senses at least, create the perceptual illusion when 

combined with the psychological processes that occur due to their contents, which trigger 

the memory and emotional aspects of the prior/imaginary experiences.  

In this study, the concept of presence includes the agent’s intentionality to achieve 

the desired state to increase its survival rate (Riva et al., 2015) not only as users’ response 
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to the media stimuli but also as users’ “generative, creative, proactive, and reflective” 

involvement in it (Bandura, 2001, p.4). The representation of the stimuli trigger presence 

occurring through natural biological mediation, which might be followed by the process 

of perception-action coupling to its contents. This study defines presence as users’ 

illusion of non-mediation followed by perceptual responses of sensory, cognitive, and 

emotional processing systems to the given level of sensory immersion (Lombard & 

Ditton, 1997; Lombard & Jones, 2015). Additionally, this perceptual illusion of non-

mediation is different from a perceptual or psychological malfunction (Lombard & 

Ditton, 1997) since users who sense presence can clearly report that they are using the 

medium. Further, users’ conscious or selective attention to virtual environments or 

subjects allows users to identify the present moment more clearly so that they can 

perceive the experienced events in the external world more significantly (Riva et al., 

2015; Waterworth & Waterworth, 2006). This notion of perceptual illusion is similar to 

the “instance of optimal perceptual performance” (Ernst, 2010, p. 357), which refers to 

the brain’s use of optimally combined prior knowledge to constrain the possible 

interpretations of noisy sensory evidence. 

Since the retinal image of AR users is two-dimensional, depth and distance of the 

three-dimensional structure of the world is naturally missing; thus, the two 

dimensionalities of the retina somehow limit users’ abilities to perceive the real world 

(Hamryn, 1957; Rogers, 2017). Despite it, when the retinas of the left and the right eye 

naturally construct three-dimensional space where indirect cognitive and constructive 

process of presence occurs. In this aspect, users’ optical structure is an optimal condition 

for presence as perceptual (sensory, affective, and constructive) illusion of non-mediation 
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to naturally occur. However, there are few studies that deal with presence in AR displays, 

mobile AR with two-dimensional small screens and an AR HMD with three-dimensional 

wide FOV since AR displays might not be assumed to offer good quality for presence to 

occur. More specifically, if a naturally occurring perceptual illusion of non-mediation 

were a basic mediation, it is not certain which roles technical mediation plays in presence 

as perceptual illusion of non-mediation: does it maximize it or minimize it? In this study, 

mobile AR is assumed to attenuate presence and an AR HMD is assumed to maximize it 

since the wide FOV of an AR HMD is suggested as an immersive media characteristic 

that triggers the extent of the constructive process of presence in this study (Bowman & 

McMahan, 2007; Hoogen, IJsselsteijn, & Kort, 2009; Freeman, Meddis, Pearson, & 

Jsselsteijn, 2000; IJsselsteijn, Ridder, Freeman, Avons & Bouwhuis, 2001; Lombard, 

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

Presence theory 

As described above, scholars define presence differently. Students of literature, 

arts, and media studies have conceptualized presence for their studies (Lombard et al., 

2017; Sheridan, 1992). For this reason, scholarly efforts are needed to further a more 

theoretical understanding of presence (Lombard, 2018) by 1) elaborating relevant 

terminologies and definitions, 2) detailing the presence-evoking characteristics of 

technology, content, context, and user, 3) developing different ways to measure presence, 

4) refining a more testable and comprehensive presence theory, and 5) reflecting on 

ethical issues that presence illusion causes. One of these five theoretical efforts, “refining 
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terminology and disentangling definitions of types of presence” (p. 111), is chosen for 

this study (Lombard & Jones 2015).  

The first question asks whether presence involves technology or not. Presence that 

does not involve technology is termed corporeal presence (Zhao, 2003) and presence in 

the physical environment (Kim & Biocca, 1997; Lombard & Jones, 2015; Steuer, 1992). 

In contrast, technologically mediated human togetherness or presence in the mediated 

environment is termed media presence or telepresence since it occurs with the given 

media or technologies, including traditional and emerging electronic media, traditional 

print media and even traditional arts (International Society for Presence Research, 2000; 

Lombard & Jones, 2015; Steuer, 1992). Since this study conceptualizes AR as a 

technology, presence is defined as a technologically evoked illusion that augments user’s 

perception of the actual environment with its virtual, digital, or synthetic objects (Azuma, 

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

The second issue is whether presence is defined objectively or subjectively 

(Lombard & Jones, 2015; Bracken, 2005). An objective property concerns a physical 

property of a technology or person (Biocca, Harms, & Burgoon, 2003; Lombard & Jones, 

2015; Schloerb, 1995). For example, presence is used to refer to physical properties of a 

telepresence robot or telepresence as a conferencing technology. A 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 & Jones, 2015; Sheridan, 1992). In this study, presence is 

conceptualized as a subjective property, specifically as the perceptual illusion of non-
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mediation occurring about the virtual/mediated component of AR (Lee, 2004; Lee & 

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

The third concern is whether the sources of AR stimuli are external and internal 

(Jones, 2007; Lombard & Jones, 2015). Presence, when defined as a subjective property, 

can be a direct perception of the external source of stimuli and indirect 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/technology (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 world, and the subjective reality of emotions aroused regardless of 

natures of events (Jones, 2007; Lombard & Jones, 2015). Since AR requires users’ 

subjective perception and interpretation of its mixed external stimuli (Lee, 2004; 

Lombard & Jones, 2015; Milgram et al., 1995; Sas & O’Hare, 2003), presence in this 

study occurs when users directly perceive AR stimuli and indirectly interpret them 

through internal processes.  

The fourth issue concerns how technology is perceived—whether our perception 

of technology is accurate (Lombard & Jones, 2015). Since technological development 

gradually allows users to experience technologically mediated experiences as if 

technology did not exist, the perception of technology is an important factor in explaining 

the user’s experience of presence. For this study, presence created by AR occurs when 

users incorrectly perceive its mediated experiences as if technology were not involved.  
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The final concern is the phenomenal aspects that encompass different types of 

presence involving spatial presence, social presence, self-presence, engagement, realism, 

cultural presence, and para-presence. Among these types of presence, those which are 

related to AR displays are suggested to be for this study are realism, mental immersion, 

spatial presence, and social richness. Realism occurs as social realism and perceptual 

realism since AR displays/presents virtual images in user’s view of the actual 

environment so that users perceive them in plausibly or perceivably real ways (Lombard 

& Jones, 2015; Lombard & Ditton, 1997; Reeves & Nass, as cited in Bracken, 2005). 

Mental immersion, the degree to which perceptual response occurs while immersed in the 

mediated environment, occurs when AR is simulated when users’ perceptual system is 

submerged by what technology delivers (Azuma, 1997; Bowman & McMahan, 2007; 

Liao, 2018; Lombard & Jones, 2015; Milgram et al., 1995). Spatial presence occurs to the 

mixed reality environments of AR via registration (Biocca & Delaney, 1999; Lombard & 

Jones, 2015; Loomis et al., 1999). Social richness, the extent to which medium, 

technology, or their physical manifestation is perceived as “sociable, warm, sensitive, 

personal, or intimate” (Lombard & Ditton, 1997), occurs when AR increasingly simulates 

more ergonomic mediated experiences while maximizing well-being and minimizing 

discomfort (Argyle & Dean, 1965; Cappella, 1981; Lombard & Ditton, 1997; Patterson, 

1973). Additionally, presence as a social actor within a medium is expected to occur 

since AR simulated for this study augments user’s sense of social presence through user’s 

indirect imagination or memory about patients or relevant other people and indirect 

psychological connection with others (Lombard & Ditton, 1997; Lombard & Jones, 

2015).  
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In sum, as previously mentioned, these five theoretical questions are also related 

to two main types of presence definable within two concepts of perception: natural 

perception to external stimuli and motivated perception through internal/mental 

processing. According to several scholars, these two types of perceptual illusion of non-

mediation can be explained as media-induced and user-induced illusions (Biocca & 

Delaney, 1995; Lombard & Ditton, 1997; Pillai, Schmidt, & Richir, 2013; Slater, 2009; 

Steuer, 1992; Waterworth & Waterworth, 2006).  

Narrative transportation 

Presence is the user’s continuous affective, cognitive, sensory responses to 

perceive mediated experiences as if their experiences were not mediated. The mediated 

experience of AR is perceived as non-mediated as virtual objects/environment and actual 

objects/environments are combined and registered while allowing interaction between 

them (Azuma, 1997) to evoke the perceptual illusion of non-mediation. In contrast, 

narrative transportation is users’ emotional, cognitive, and imaginative involvement in 

the narrative environment that AR as a medium, in this case, engenders based on its 

contents (Green, Brock, 2000, 2002; Green, Brock, & Kaufman, 2004). AR offers users a 

narrative environment through which they can imagine hypothetical scenarios and 

experience strong emotion by aligning virtual objects and the environment as one source 

and its actual environment as another source of scenarios through their emotional, 

cognitive, and emotional involvement in AR-generated narratives (Azuma, 2015; Rowe, 

McQuiggan, Lester, 2007; Taylor & Schneider, 1989).  
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Bracken (2005) noted that there are few studies investigating the relationships 

between presence and narrative transportation despite their close relationship. Both focus 

on the users’ immersive experience. Also, as the seamless alignment between virtual 

objects and the actual environment and objects leads to users’ perceptual illusion, this 

seamlessly registered environment generates diverse opportunities for dialogue or 

storytelling while affording users chances to perceive it meaningfully (Azuma, 1997, 

2015). Further, as users’ characteristics are factors in evoking presence, users’ 

characteristics that facilitate narrative transportation can be also categorized into 

individual tendencies such as transportability, familiarity with the setting, prior 

knowledge/expectation toward stories/narratives, similarities with characters of 

stories/narratives, and regulatory fit felt by users based on their desires to relate to or 

detach from the narratives (Appel, Gnambs, Richter, & Green, 2015; Green, 2004; 

McFerran et al., 2010; Vaughn, Hesse, Petkova, & Trudeau, 2009).  

Presence and narrative transportation are also different (Bracken, 2005). First, 

presence is the continuous sensory, cognitive, and affective processing in response to the 

media so that a perceptual illusion of non-mediation occurs because of media 

immersiveness (and its environment and context) and the user’s immersive tendency and, 

in this case, empathy, whereas presence as transportation is the psychological response to 

the media which occurs because of narrative potentials of media (and its environment and 

context) and users’ imagination or other sub-processes (Gordon, Ciorciari, & Laer, 2016). 

Second, presence as transportation includes three models: you are there (user’s feeling of 

being there in a virtual/mediated environment), it is here (users’ feeling of the virtual 

being here in the physical environment), and we are together (user and others being 



 

41 

 

together in a shared environment) (Lombard & Ditton, 1997). Hence, it includes 

spatial/physical presence (you are there, and it is here) and social presence (we are 

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

2005; Lombard et al., 2017). Narrative transportation, as distinct from presence, uses 

only the first and second of these, being there in the mediated/virtual environment and 

imaginary environment, which is users’ sense of being not here in their actual 

environment and being there in the virtual or imaginary environment, and through the 

narratives in the case of narrative transportation (Kim & Biocca, 1997). Since there are 

both similarities and differences between presence and narrative transportation, scholars 

have argued that the theoretical understanding of transportation can be deepened with 

existing presence research (Bracken, 2005). Bracken (2005) suggested that transportation 

theory positively influences presence scholarship. These benefits are assumed to come 

from not only the narrative potential of media content characteristics with users’ 

imagination of settings, plots, or characters for this study, but also technological/scientific 

mechanism/algorithm of media or technologies and humanistic understanding of users’ 

psychological process. For example, in the narrative forms of 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 there. In other words, the studies of presence 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 generally and elaborates its theoretical concepts in 

the context of AR with the theoretical framework and relevant concept of narrative 

transportation. Presence is defined as a perceptual illusion of non-mediation that happens 

when users fail to perceive or fully accept the existence of technology in the mediated 

environment and behave as if technology were not involved. These factors are explained 

in the context of AR as an immersive medium. Based on similarities with and differences 

from presence, transportation is suggested as another presence-related research topic that 

expands narrative potentials of emerging media technologies such as AR. In the 

following chapter, presence will be discussed in its relationships to AR from three 

different perspectives: experiential learning, the reality-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 was operationalized as a concept and a media 

theory with particular attention to augmented reality (AR). Also, the relevant concept of 

narrative transportation was introduced. In the current chapter, these processes are 

elaborated with experiential learning theory and the mixed reality continuum. Concerning 

this theory and continuum, three characteristics that evoke presence are specified: Media 

characteristics, user characteristics, and environmental/contextual characteristics of AR 

are the features that not only evoke presence but also make its virtual learning 

environment meaningful (Selverian & Lombard, 2010). Further, within the framework of 

human-computer interaction (HCI), media immersiveness and immersive tendency are 

suggested as a media feature and a user characteristic, which interactively lead to 

presence. These environmental and contextual characteristics are considered essential for 

several technologies, such as AR or mixed reality (MR), which display virtual 

objects/environment and the real environment.  

Understanding users’ psychological processing with media technologies is 

essential to design and find the optimal mediated experiences (Bartholow & Bolls, 2013; 

Bolls, Weber, Lang & Potter, 2020; Carroll, 1997; Reeves et al., 2016; Reeves & 

Anderson, 1991). Further, in the study of presence, it is essential to select media stimuli 

so that their characteristics are mapped into the needs of the users’ perceptual systems 

and, directly and indirectly, evoke the users’ presence experiences (Biocca, 1992; 

Lombard & Ditton, 1997; Lombard & Jones, 2015; Slater, 2003; Steuer, 1992). Thus, in 

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

AR that evoke presence and lead to narrative transportation. 

AR and experiential learning theory 

Experiential learning theorists suggest that effective learners have metacognitive 

learning capabilities (Fry & Kolb, 1979; Kolb & Kolb, 2009). These capabilities include 

1) concrete perceptual skills to be involved in new experiences without bias, 2) reflective 

observation skills to think about concrete experiences, 3) abstract observation 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 (feel/perceive), reflectively observe, think, and act on their specific 

experience, a new type of knowledge is generated (Kolb & Kolb, 2009).  

AR and its generated learning environment are relevant to these four experiential 

learning processes (D’elia, 2012; Huang, Rauch, & Liaw, 2010; Kolb & Kolb, 2009; 

Riva, Baños, Botella, Mantovani, and Gagiolli, 2016). The AR evoked learning process 

for concrete perceptual skills starts when users are engaged in the mediated experience by 

perceiving its media stimulus and attending to the feelings and sensations of media 

characters, surrounding environments, and interactions between them. Next, the learning 

stage for reflective observation skills is achieved when users perceive the stimuli from 

another’s perspective and experience empathy. Then, the learning skills of reflective 

observation require users’ capacity to represent theoretical ideas. The last step of active 

experimentation includes a test of the previous three steps in the users’ actual 

environment. For example, students can be involved in experiential learning process 
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through exercises or games. When dividing this experiential learning process into 

concrete experience, abstract experience and two transitioning 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 exercises, or others that require an intensely concrete experience and those of 

abstract experience can be found in a classroom lecture or action of programming a 

computer. 

Figure 10. Experiential learning cycle (Kolb & Kolb, 2009; Riva et al., 2016) 

The experiential learning process takes place in the immersive virtual 

environment (IVE) of AR (Ahn & Fox, 2017; Loomis, Blascovich, & Beall, 1999; 

Milgram et al., 1995). In general, IVE refers to the immersive experiences of being 

surrounded by a fully synthetic environment represented and stored in the computer 

technology of VR (Loomis et al., 1999). In this case, when the IVE is simulated with 

multiple layers of sensory information such as sight, sound, and touch as a volumetric 

display, its users have the sensory experience as if they were in their actual environment. 
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In addition to VR, IVE can be also simulated in AR as an immersive, but transparent 

display that allows a clear view of the user’s actual environment, one through which they 

not only see layered virtual objects, but also their actual environment.    

AR requires all four stages of experiential learning, but differently from the stages 

of VR. While the IVE of VR is the fully synthetic sensory information through which 

learners have their experiential learning in their fully mediated environment, the mixed 

reality environment of AR affords mixed sensory information through which users have 

experiential learning in their immediate actual environment. Further, since IVE 

substitutes learners’ perception of their immediate environment, and the mixed reality 

environment supplements their view of the real environment, users experienced different 

experiential learning processes in these two learning environments. As shown in Figure 

10, AR users might 1) feel the concrete media experiences through “presence” in its 

virtual/actual environment, 2) deepen their experience through reflective observation in 

the window of mixed reality environment that is closer to the virtual/actual environment, 

3) further their experiences through abstract conceptualization into mixed reality 

environment that is proximate to actual/virtual environment, and while 4) actively 

experimenting their reflected concepts in their actual/virtual environment repetitively.  

In other words, presence can be suggested as an essential trigger of this 

experiential learning process. Specifically, since a virtual environment or object creates a 

learning experience, learners’ acceptance of it as a part of their actual environment 

becomes an essential psychological process to generate new knowledge (Schaik, 

Turnbull, Wersch, & Drummond, 2004; Steuer, 1992). In successful VR, users choose 
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virtual components rather than actual ones to have a concrete experience (Lombard et al., 

2000; Slater, 2003; Steuer, 1992). In AR, when it is effective, users combine actual 

elements with virtual components as one unitary experience by accepting its virtual 

component as a part of their actual experiences (Azuma, 1997; Lombard, 2018; 

Regenbrecht & Schubert, 2002). Presence is, for this reason, suggested as a perceptual 

process that facilitates learners’ acceptance of virtual experience (Bowman & McMahan, 

2007; D’elia, 2012; Lombard & Ditton, 1997; Riva et al., 2016; Slater & Usoh, 1993; 

Slater & Wilbur, 1997).   

In the context of medical education, the mixed reality environment of AR induces 

medical students’ experiential learning processes (Brown, Collins, & Duguid, 1989; 

Milgram et al., 1995) by helping the students to focus on experiences to identify 

significant elements for abstract knowledge through self-reflectiveness, and to have 

personal changes through actions based on an individual’s belief about self-efficacy 

(Maudsley & Strivens, 2000; Riva et al., 2016). In this study, throughout these 

experiential learning processes, medical students are expected to transform their 

theoretical understandings of a biological disorder into patients’ experiences of an illness 

without the actual contact with them, which generates experiential knowledge (Yardley, 

Teunissen, & Dornan, 2012). Also, presence is assumed as the effect or process to trigger 

or mediate this metacognitive experiential learning process by making medical students 

perceive mediated patients’ experiences as non-mediated.  
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AR on the reality-virtuality continuum 

AR is one type of mixed reality, a partly mediated environment, and can be 

located within a reality-virtuality continuum. A virtual environment is a fully modeled 

environment, while a real environment represents a completely unmodeled and non-

mediated environment (Milgram et al., 1995). Compared to these two pure environments, 

mixed reality (MR) is a partially modeled environment (see Figure 11). It is also 

technologically facilitated by the high fidelity of streamed virtual images or graphics, and 

good knowledge of designer, and thus of a computer about the actual environment to 

display it into the virtual world (Milgram et al., 1995). This MR, according to Milgram et 

al. (1995), includes both AR and augmented virtuality (AV). AV modifies and extends 

the virtual environment with real data, and AR expands the real environment with virtual 

images or information. In the MR continuum, for this reason, a mediated environment of 

AR is physically adjacent to the real environment while that of AV is physically closer to 

the virtual environment.  

As noted in the preceding chapter, AR usually runs through one of two different 

devices, a handheld display and an HMD, and these devices actualize the AR experience 

in these two different environments (Azuma, 1997; Billinghurst & Thomas, 2011; 

Billinghurst & Kato, 2002; Dey et al., 2017; Liao, 2018; Milgram & Kishino, 1994). 

Users perceive AR within the reality-virtuality continuum through their perceptual 

process of presence so that their mediated experiences are perceived as more “natural, 

intuitive, comfortable, easy, automatic, vivid, and realistic” (Lombard, 2018, p. 101). In 

AR, this process occurs in users’ perceptions about the augmented portion of virtuality.  
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Through the process of presence, its users perceive the virtuality of AR as a part 

of their actual environment (Lombard, 2018; Regenbrecht & Schubert, 2002). An AR 

handheld display allows users to perceive virtual objects in a small part of their actual 

environment, while an AR HMD affords users chances to interact with virtual objects in 

perceptually immersive views of their whole real environment (Bascovich et al., 2002; 

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

There are correlations between media immersiveness, as an objective quality of 

what technology conveys, and presence experienced in AR. AR enhances reality with 

virtual components that convey media immersiveness that evokes presence. In this 

aspect, an AR handheld display presents virtual objects within its small flat low 

immersive display by exposing its users to the real environment (Richmond, 2019; Santos 

et al., 2016; Slater, 2003; Squire & Klopfer, 2007; Steuer, 1992). In contrast, an AR 

 Figure 11. Reality-virtuality continuum 
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HMD densely registers virtual objects onto an immersive view of the real environment 

while allowing users to be immersed in its partially translucent immersive virtual 

environment (Blascovich et al., 2002; Cummings & Bailenson, 2015; Loomis et al., 

1999; Ren et al., 2016; Richmond, 2019; Santos et al., 2016; Slater, 2003; Slater et al., 

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

Underlying this theoretical discussion is the view about AR as “not any one 

technology, but a set of criteria that people agree (and disagree) about” (T. Liao, personal 

communication, August 14, 2018). In other words, this view combines a traditional 

material view of technology as its physical features that overlay virtual onto real, and the 

constructionist’s idea of technology with a relational character of reality that connects 

virtual/implied presence of others and real presence of users (Lievrouw, 2014; Sterne, 

2014; Steuer, 1992). According to Liao (2018), AR expert groups advocate the common 

types of AR display as an AR handheld display or an AR HMD; and thus, their definition 

is not a linear design but “an alternation of variation and selection among possible 

designs” (p. 798). For example, as Höllerer and Feiner (2004) noted, the possibility of the 

synergetic combination exists between HMD and handheld display since an HMD allows 

users to immediately see its displayed information or image that is generated by the 

handheld display as a scene generator.  

A FOV is chosen among the components that augment the level of media 

immersiveness of AR (Bowman & McMahan, 2007; Lanier et al., 2016; Lombard & 

Ditton, 1997) through its visually immersive display. A FOV also differentiates an AR 

handheld display from an AR HMD (Bowman & McMahan, 2007; Lombard & Ditton, 
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1997; Slater, 2003). It is defined in AR as the size of the visual field that is observed at 

any given moment instantly (Bowman & McMahan, 2007; Lombard & Ditton, 1997). It 

constructs the objective quality of media immersiveness, usually along with the field of 

regard as total size of visual field covering native visual world experience hidden behind 

user’s head, the size and resolution of display generated by scene generator, stereoscopy 

that provides different images to left and right eyes with the binocular depth cues, image 

display rendered based on the user’s movement, the realism of its lighting, rates of its 

framing and refresh. An AR HMD evokes users’ sense of presence as in VR (Bowman et 

al., 2007; Cummings & Bailenson, 2015; Lombard & Ditton, 1997; Slater, 2003) because 

its FOV immediately allows users to perceive virtual objects/environment as if they used 

their human visual system (Lanier et al., 2016; Rakkolainen et al., 2017). The 

psychophysiological logic behind this physical feature is changed according to the 

media/technologies that apply it, and additionally according to users and their 

environment.  

Presence and screen size of the television 

Several scholars studied presence as the perceptual illusion of non-mediation by 

examining the effects of the screen size of television (Botta & Bracken, 2002; Bracken, 

2005; Kim & Biocca, 1997; Lombard et al., 2000; Lombard, 1995; Reeves & Nass, as 

cited in Bracken, 2005; Sheridan, 1992). The size of TV’s visual image has been found to 

evoke presence and positive emotional responses (Lombard & Ditton, 1997; Shumie, 

2001). Television viewers perceived mediated events as if they were actual when they 

used a wide FOV, and thus, perceived news presentations or advertising as credible or 

valuable. For example, Bracken (2005) suggested viewers who watched the television 
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with a wide FOV, and a high-definition image quality would perceive mediated events as 

if they were real. This is because the larger image could closely simulate its real-world 

counterpart and make its source and overall quality seen credible, thus evoking presence 

and perceived credibility. Also, Kim and Biocca (1997) found that television viewers 

with a wide visual angle of the display and a dark ambient illumination perceived 

mediated events as more memorable and persuasive. Lombard and colleagues (1995; 

2000) found that viewers who watched television with a large screen perceived its 

mediated environment as more active and its mediated figure as attractive so that a big 

image size was found to induce not only presence, but also positive emotional responses. 

Reeves, Detenber, and Steuer (as cited in Bracken, 2005) found viewers who watched a 

video with a greater visual/audio fidelity showed a preference for it, but their 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 sensation, improved 

task performance and intense emotional responses. In other words, consequences of 

presence were found in the user’s perceptual response to the screen size of the television 

including perceived credibility, memorability, persuasiveness, sense of movement, 

attractiveness, realism, and even performance. Though these scholars conducted their 

studies in the context of television, the different logic of presence might be applicable to 

the recently emerging technologies such as AR or VR, where users experience presence 

in its three-dimensional mediated mixed reality scenes.          
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Presence and field of view (FOV) of AR 

An optimal level of presence is evoked in a small display of AR when simulated 

through an HMD since HMD covers the users’ visual system while rendering the 

stereoscopic image and tracking head position (as in VR) and its immersive view allows 

users to be exposed to virtual objects and the actual environment in visually immersive 

ways (Azuma, 1997; Cummings & Bailenson, 2016; IJsselsteijn, Ridder, Freeman, and 

Avons, 2001; Lin, Duh, Parker, Abi-Rached, & Furness, 2002; Reeves & Nass, as cited 

in Bracken, 2005; Seay, Krum, Hodges, & Ribarksy, 2001; Sheridan, 1992; Slater & 

Usoh, 1993; Slater & Wilbur, 1997). While VR and its HMD render fully mediated and 

mutually exclusive virtuality separated from actual environment, AR and its HMD 

overlay a partially mediated virtuality, generating mutually interactive mixed reality with 

actual environment (Milgram et al., 1995; Steuer, 1992). Steptoe, Julier, and Steed (2014) 

suggested the features of immersive AR display that evoke presence as environmental 

consistency and technologically facilitated immersiveness. According to these scholars, 

environmental consistency occurs when virtual objects or the AR environment are 

consistent with the user’s expectations about compatible actual objects or environments. 

Immersiveness is technologically facilitated when an AR display combines virtual objects 

with the actual environment through seamless registration and real-time interaction.  

Other presence-evoking characteristics of AR 

The forms and content features of AR, the internal or subjective characteristics of 

its users, and environmental and contextual factors as presence-evoking characteristics in 

AR are characterized in this section (Galloso, Feijo´o, & Santamarı´a, 2015; IJsselsteijn 
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et al., 2000; Lessiter et al., 2001; Lombard & Ditton, 1997; Lombard, 2018; Sas & O 

‘Hare, 2003; Selverian & Lombard, 2010; Slater et al., 1998; Slater, 1999; Slater & 

Wilbur, 2006). Identifying these presence-evoking characteristics is an important 

scholarly effort to refine presence theory (Lombard, 2018).    

Media form characteristics 

Media characteristics that evoke presence are categorized as form and content 

(Isselsteijin, 2002; Lombard & Jones, 2015). The media form characteristics that evoke 

presence, in general, include a visual display, sound quality, olfactory/haptic stimuli, 

vection, force feedback, the level of interactivity or tracking, obtrusiveness of the 

medium, users’ perspectives (e.g., first person and third person), live/recorded/ 

constructed experience, and the number of people that users 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). Since people tend to believe what they see (Azuma, 1997; Biocca, 

1992), scholars and program developers have made efforts to identify media form 

characteristics that make a convincingly occurring perceptual, more specifically visual, 

illusion. VR scholars outlined the requirements of its visual display characteristics that 

evoke presence as stereoscopic images, wide FOV, and high image quality (Cummings & 

Bailenson, 2015; Galloso et al., 2015; Lombard & Ditton, 1997; Lombard et al., 2000). 

Another group of VR scholars added interactivity as a requirement (Sheridan, 1992; 
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Slater, Usoh, & Steed, 1994; Slater & Usoh, 1993; Steuer, 1992). Other VR scholars 

expanded this to the tailored combinations of technological components that match users’ 

sensory systems and form the optimal presence rather than maximal presence since 

optimal presence is desirable for the performance of certain tasks such as learning as in 

this study, while maximal presence is usually preferred for entertainment (Biocca, 1992; 

IJsselsteijn et al., 2000; Lombard & Jones, 2015; Slater, 2003).  

Media content characteristics 

The content characteristics which contribute to presence include not only stories, 

narrative, messages, and themes, but also objects, activities, events, and characters that 

connect users to their feelings of agency and familiarity gradually (Azuma, 2015; Galloso 

et al., 2015; IJsselsteijn et al., 2000; Lessiter et al., 2001; Sheridan, 1992; Usoh et al., 

1999). Media contents that evoke presence are explained with social realism, the 

plausibility illusion, avoidance of media conventions, and the nature of tasks or activities 

(Galloso et al., 2015; Lombard & Ditton, 1997; Sheridan, 1992; 2009). A plausible 

combination of virtual objects and the actual environment evokes presence in AR as a 

cognitive feeling of being in specific scenarios (Azuma, 2015; IJsselsteijn et al., 2000; 

Skarbez et al., 2017). Also, the nature of a task within AR influences presence 

(IJsselsteijn et al., 2000; Sheridan, 1992). Ultimately, users feel/believe that “virtual 

objects become part of the place [they] are in” through a more plausible combination of 

visual objects and actual environment (Kim et al., 2017; Lombard, 2018, p. 99; Skarbez, 

Brooks, & Whitton, 2018; Skarbez et al., 2017) and imagine narratives with the 

environmental consistency between users’ perception of virtual objects and actual 

environment (Kim et al., 2017; Steptoe et al., 2014). This coherence is achieved when an 
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AR environment as the media contents is visually coordinating to compatible actual 

contents, personally relevant to media users, and credible enough to make their 

perceptual illusion convincing (Biocca, 1992; Foggs, 2003; Skarbez et al., 2017). In this 

study, AR has narrative potential since its users see through its wide FOV as if they were 

using their human visual field so that it includes the specific location and real-time 

objects, triggers prior knowledge and/or experience of its users, and allows users to 

construct experiential narratives.              

User characteristics 

Users’ characteristics that influence the sense of presence include immersive 

tendency or empathic tendency (which will be termed physician empathy for this study) 

as well as user’s motivation or willingness to suspend disbelief, prior knowledge or 

experience with the medium (Galloso et al., 2015, p. 11; Hou, Nam, Peng, & Lee, 2012; 

IJsselsteijn et al., 2000; IJsselsteijn et al., 1998; Lessiter et al., 2001; Lombard & Ditton, 

1997; Sas, 2004; Slater & Usoh, 1994; Weibel & Wissmath, 2011; Weibel, Wissmath, & 

Mast, 2010; Witmer & Singer, 1998). Immersive tendency is defined as individuals’ 

tendency to be immersed in the media experiences or environments, thus, to experience 

presence (Hou et al., 2012; Lombard & Ditton, 1997; Weibel & Wissmath, 2011; Weibel 

et al., 2010; Witmer & Singer, 2003). This tendency is positively correlated with 

individual personality characteristics such as openness, conscientiousness, extraversion, 

agreeableness, and neuroticism (Weibel & Wissmath, 2011; Weibel et al., 2010). 

Empathic tendency is not only users’ tendency that determines emotional intensity or 

valence of empathy that occurs during mediated activities and affect presence and but 

also their abilities to cognitively engage and adopt another’s perspective and to 
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experience affective reactions to observed experiences of others (Lombard & Ditton, 

1997; Sas, 2004). In sum, users’ characteristics, such as immersive tendency and 

empathic tendency, are tendencies to experience presence in the AR and subsequently 

empathic responses/situational empathy. Moreover, in medical education, these two traits 

should enable medical students to experience patients’ symptoms to a greater degree 

through AR.          

Environmental characteristics 

There are environmental characteristics of AR that affect presence. In television, 

the media environments are separated into the mediated environment portrayed on its 

screen and the actual environment where viewers watch television (Lombard et al., 2000; 

Lombard, Ditton, Grabe, & Reich, 1997). The former environment is a virtual 

environment, while the latter type is an actual environment. M. Lombard (personal 

communication, July 2018) stressed that the form characteristics of the actual 

environment of media users such as the size and shape of the room, and the content 

characteristics of the context of media use such as a medical setting or a setting for 

leisure activities, etc. are critical factors leading to presence. Additionally, he did not 

limit the impact of characteristics of the media environment to objective ones since their 

significance varies for each user while allowing users to see, hear, and feel as if they were 

in the actual environment (Ahn & Fox, 2017; Lombard, 2018). His conceptualization of 

media environment as objective and subjective characteristics, thus, can be applied to the 

immersive virtual environments (IVE) and their content characteristics (Loomis, 2018; 

Loomis, 1999). This is because presence in IVEs might be experienced because of their 

easily observable and objectively confirmable characteristics, as well as users’ subjective 
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experience of perceiving, feeling, and sensing mediated/unmediated environments, and 

contexts (Lombard & Jones, 2015). Further, in 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 

through perceptual illusion and users’ constructive mental processing (Azuma, 1997; 

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

In sum, media characteristics, user characteristics, and environmental/contextual 

characteristics in AR can be summarized again into media immersiveness of AR and its 

mediated environments as objective qualities that directly evoke presence, and immersive 

tendency, empathic tendency, and media context as internal subjective characteristics that 

support this process. Media immersiveness is defined as what media/technologies deliver 

from the objective point of view in relations to their “equivalent real-world sensory 

stimuli” (Bowman & McMahan, 2007; Cummings & Bailenson, 2016; Lombard & 

Ditton, 1997; Loomis et al., 1999; Slater, 2009; Slater, 2003, p.1; Slater & 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 inclusive, extensive, surrounding, and vivid virtual/mediated environments, 

allows users to focus on immersive media characteristics, and at least partially separates 

their senses from the external stimuli. In this study, media immersiveness, as the 

immersion applied to media in particular AR, is broadly defined as objective qualities of 

the HMD and partially via its generated environments since they do not fully shut down 

but partially include users’ sense of the external stimuli from the actual environment.  
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For this reason, in AR, presence is evoked when virtual objects and environments 

are seamlessly combined, registered, and allow their interactivity with actual environment 

and objects (Azuma, 1997; Milgram et al., 1995) and when users perceive this 

technological alignment in socially plausible ways (Azuma, 2015; Lombard & Ditton, 

1997; Slater, 2009). An evoked sense of presence, thus, is influenced by users’ immersive 

tendency and empathic tendency. Those who have a high immersive tendency and 

empathic tendency tend to perceive virtual objects or environments as if they were a part 

of their authentic, real, and natural experiences (Kim et al., 2012; Kim et al., 2013; Lee, 

2004; Lombard & Ditton, 1997; Weibel et al., 2010; Witmer & Singer, 1998). The 

following section explains the psychological process of narrative transportation, which 

occurs when users subjectively interpret the contents of augmented reality stimuli as one 

contents and environments/context as another content. 

Narrative transportation in AR 

Green, Brock, and Kaufman (2004) defined narrative transportation as a 

distinctive mental process, an integrative melding of attention, imagery, and feelings 

based on Gerrig’s definition of (narrative) transportation and the psychological process of 

book reading. Green and Brock (2000) argue that because narrative worlds can be more 

broadly comprehended in respect to multi-modality, its “readers” should include listeners, 

viewers, or any recipients of narrative information (Green & Brock, 2000, p. 702). Media 

environments where users experience this narrative transportation are therefore diverse 

though it only refers to sense of being there in contrast to presence as transportation that 

consists of sense of me being there in a virtual environment (distal mediated), sense of it 

being here in a physical environment (distal immediate), and sense of us being together in 
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an imagined environment (reduced attention to distal stimuli) (Kim & Biocca, 1997; 

Lombard & Ditton, 1997). Further, Kim and Biocca (1997) labeled the sense of presence 

as transportation to its mediated environment into two dimensions of “arrival” and “being 

there” in the mediated environment and “departure” from and “not being here” in the 

actual environment. This form of transportation requires the users’ imaginary 

participation in this textual and imaginary environment (Kim & Biocca, 1997; Ryan, 

2001) through the projection of self into the narrative media environment, participation in 

its characters’ emotions, and moment-to-moment performance of the narratives 

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

In AR, the mixed reality environment functions as a narrative learning 

environment when virtual objects are aligned with users’ perception of the actual 

environment seamlessly and in socially plausible ways (Azuma, 2015; Kim & Biocca, 

1997; Slater, 2009; Squire & Klopfer, 2007). This creates a text where transportation as 

users’ response occurs and where users are spatially, temporally, and emotionally 

immersed (Ryan, 2001). According to Ryan, who considered immersion and interactivity 

of VR as its two literary/narrative devices, users can experience the immersive sense of 

transportation in AR 1) in its mixed reality environment as the setting, 2) through the 

meaningful plot relayed by virtual objects and the actual environment, and 3) from users’ 

different perspectives to observe and experience the narrative learning environment 

(Ryan, 2001). Transportation also occurs not only because of these easily observable 

characteristics of AR as a storytelling tool, but also because of transportability as user 

trait, as the ability to become transported into the narrative environment of AR 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 

 Scholars emphasize the importance of users’ active involvement in the narrative 

potential of AR (Liestol, 2011; Nam, 2015; Vera & Sanchez, 2016) since 1) a specific 

location and real-world object of an AR environment trigger users’ imagination (Nam, 

2015), 2) users perceive the information rendered through its environment as contents 

(Liestol, 2011), and 3) these layers of information enrich users’ perception of context 

(Vera & Sanchez, 2016). This narrative potential makes AR an interactive and inventive 

medium for users’ individualized stories rather than the pre-determined content created 

by developers or designers (Nam, 2015).  

 The users’ mental processes of narrative transportation and presence are involved 

in this procedure (Lombard, 2018; Nam, 2015). These two processes occur because the 

narrative environment of AR functions with its two different but associated natures 

(Nam, 2015): 1) the nature of story space where users’ imagination and interpretation 

create individualized stories, and 2) the nature of physical space which conveys the 

information of real-world context about physical objects and locations. These two natures 

of space are related to the previous conceptualization of the AR environment (Lombard, 

2018): 1) context where users’ subjective interpretation is involved, and 2) environment 

where different layers of physical information are conveyed.  

 In this aspect, narrative transportation enriches the presence literature, in its 

relations to spatial presence particularly, from the perspectives of cognitive psychology 
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by strengthening our understanding of the effect of the content of the mediated 

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

2007; Nunez & Blake, 2006). These scholars have suggested another process of cognitive 

presence with mental efforts to focus on a mediated environment (Blake, Nunez, & 

Labuschagne, 2007). According to Nunez (2007), this process of presence was related to 

content-related factors of media, and well-predicted by the degree of a subject’s interest 

and familiarity with its contents. Further, media contents affected presence through their 

interactions with users’ expectation, whose effects were facilitated by their cognitive 

tendencies (Nunez & Blake, 2006). According to Nunez and colleagues, presence was 

influenced by the degree matching to users’ expectations.  

According to Nunez (2004), users’ active involvement influences media 

immersiveness and narrative potentials of an emerging technology environment. Though 

the highly immersive display renders layers of correlated information that necessitate 

little working memory to process it, it requires working memory to process the scene 

when latency and temporal discrepancy develop (Nunez, 2004). In 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, users perceive and process AR stimuli as one unitary stimulus through 

the dual process of automatic perception to infer and decide about the virtual 

environment based on already-constructed representation and cognition to transform the 

perceptual stimuli to those abstract representation. This user’s active involvement, in this 

study, is related to immersive tendency and empathic tendency. These are human factors 

to experience AR differently in this study since AR possesses different media 
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immersiveness and narrative potentials. In the context of experiential learning, users’ 

active involvement transforms concrete experience into abstract concepts and concepts 

into actions. Presence and narrative transportation mediate this process by activating such 

internal tendencies that already exist in medical students and this will be discussed in the 

following chapter.  

Summary 

In this chapter, presence with AR was illustrated with experiential learning theory 

and the reality-virtuality continuum of mixed reality. Factors that evoke presence were 

divided into characteristics of AR as a technology, users and mediated and unmediated 

environments. Presence was also conceptually explicated with narrative transportation. 

Presence, in this study, is a mediated experience that triggers and supports the 

experiential learning processes. Its learning environment is located within the reality-

virtuality continuum of mixed reality (MR) between an immersive virtual environment 

and MR. A wide field of view (FOV) was suggested as a high immersive condition of AR 

with immersive tendency as the users’ tendency to experience presence and dispositional 

empathy as the users’ tendency to experience empathy. The immersive virtual 

environment, mixed reality environment, and media context were suggested as other 

environmental or contextual features that evoke presence. Lastly, narrative transportation 

as users’ emotional, cognitive, and imaginary involvement in narrative potentials of AR 

was suggested as the psychological process that substantially explains presence. 

In the next chapter, empathy will be discussed as both a cause and a result of 

presence. The trait of physician empathy as a cause of presence conceptually includes an 

affective component and a cognitive component. Situational empathy resulting from 
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presence refers to the predominant emotional responses, including three different 

vicarious feelings: sympathy, distress, and sadness. Also, physician empathy and 

situational empathy will be discussed in relation to presence as a psychological 

phenomenon. 
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CHAPTER 5 

EMPATHY 

Chapter four defined presence in general and applied it to augmented reality 

(AR). The relationship of AR display to the field of view (FOV) as its one immersive key 

media characteristic was investigated with its relevant process of narrative transportation, 

users’ tendencies, and mediated and unmediated environments. In this chapter, empathy 

is conceptualized as a presence-related response and a presence-evoking characteristic to 

suggest AR as a presence-evoking media technology and an “empathy machine.”  

Empathy in the context of medical education has been defined as cognitive 

abilities to comprehend patients’ experiences or feelings and to view patients’ world from 

their perspectives without being assimilated into the experiences or feelings, as affective 

capacities to feel involved in patients’ experiences/feelings by entering into those 

experiences or feelings, and communicative capabilities to convey such understanding to 

patients (Decety & Jackson, 2004; Hojat, 2007; Hojat, Fields, & Gonnella, 2003; Hojat et 

al., 2002; Hojat, Gonnella, Naska, Mangione, Vergare, & Magee, 2001; Scott, 2011; 

Stepien & Baernstein, 2006; Wilmer, 1968). In other words, empathy has been 

differentiated into dispositional empathy, empathic elicitation, and empathic responses 

(Hojat, 2007; Hojat, Fields, & Gonnella, 2003; Hojat et al., 2002; Hojat, Gonnella, 

Naska, Mangione, Vergare, & Magee, 2001). The following sections explore current 

empathy programs and studies regarding their effects on medical students, affect, and 

cognition as conceptual frameworks, two types of empathy—empathic tendency and 

empathic response, and their relationships to presence and narrative transportation.   
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Current studies and programs of empathy training for medical students 

There have been many programs designed to strengthen the empathy of healthcare 

professionals. Studies of medical education regarding this empathy reported improved 

physicians’ empathic responses (Kramer, Ber, & Moore, 1989; Smith, Norman, & 

Decety, 2017; Wündrich et al., 2017). In most of them, empathy was defined as an 

interpersonal communication skill to understand patients, feel attuned to patients’ 

emotions, and take effective care for patients’ situations (Smith, Norman, & Decety, 

2017). Medical students have participated in the empathy training program during their 

first and second medical school years (Kramer, Ber, & Moore, 1989; Wündrich 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 history-taking while playing the roles of doctors and 

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

improved when medical students directly participated in the workshop, but not when they 

indirectly learned about the topic from medical instructors. Wündrich et al. (2017) 

explored whether 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 empathy-focused seminar and empathy skills training compared to the 

students who received irrelevant courses. In sum, empathy training has been shown to be 

effective when the program is explicitly designed to enhance empathy, when students 

directly participate in the program, and when its training effect is assessed with 

measurable skills.  
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According to several studies, specifically designed empathy training is necessary 

since, without it, empathy decreased or changed throughout the medical school career. 

These studies concern the empathy in medical students’ long-term mood changes and 

emotional struggle to maintain their empathic tendency (Bellini, Baime, & Shea, 2002; 

Chen et al., 2007; Rosen et al., 2006). For example, the first-year residents at the 

University of Pennsylvania Hospital were tested throughout their internship years using 

the Profile of Mood States (POMS) and the Interpersonal Reactivity Index (IRI) (Bellini, 

Baime, & Shea, 2002). According to the study, physicians’ POMS scores increased in 

depression-dejection, anger-hostility, fatigue-inertia, and decreased in vigor-activity. 

Their IRI scores increased in personal distress and declined in sympathy (Bellini, Baime 

& Shea, 2002). Chen et al. (2007) used the Jefferson Scale of Physician Empathy (JSPE) 

to evaluate the changes in medical students’ empathy during their four-year education. 

They found a significant decrease in empathy between the students in their preclinical 

years and those in clinical years. Rosen et al. (2006) discovered that a decreased level of 

empathy or perspective-taking of medical students was caused by sleep 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 et al., 2002). These unchanged 

empathy scores are also shown in the study at Bowman Gray School of Medicine that 

showed no significant differences in the empathy score on Hogan’s Empathy Scale 

(Diseker & Michielutte, 1981) for students who participated in a one-semester empathy 

training course.  
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Several empirical studies have examined media interventions designed for 

teaching empathy skills using novels, poems, art, film, or music (Blasco & Mareto, 

2012), and virtual patients, games, and VR (Bouchard et al., 2013; Deladisma et al., 207). 

Blasco and Mareto (2012) suggested the emotions displayed by the familiar movie scenes 

of “Shadowlands” (1993) and “A Beautiful Mind” (2001) elicited medical students’ 

empathy by offering them quick routes to access characters’ feelings through emotional 

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 patients represented realistically through social 

presence. Delaidsma et al. (2018) found that medical students’ empathic response is more 

authentic in actual patients than virtual patients. In sum, immersive media forms and 

relevant/familiar media contents elicited a more 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 presence in this empathic response to VR were examined in a 

few studies, no study has examined AR.  

In the next section, affect and cognition (Zajonc, 1980) are used as the theoretical 

components to conceptualize empathy from which different constructs of empathy can be 

developed, which together achieve the full scope of empathy. 

Affect and cognition 

Affect and cognition have been considered independent entities in understanding 

human traits such as empathy (Forgas, 2001; Storbeck & Clore, 2007; Zajonc, 1980; 
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Zajonc, 2001). Those who argue their independence also insist on one entity’s primacy 

over the other (Storbeck & Clore, 2007).  

According to Zajonc (1980), feeling and thinking are separate and different and 

feeling is primary over thinking. Zajonc (2001) said 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 energy, while thinking involves more information. However, there is no 

feeling without thinking and no thought without emotion. According to Zajonc (1980), 

since affect is the first reaction of organisms to stimuli, we can like something without 

knowing it or having information about it. For example, one can enjoy a painting or meal 

without knowing anything about the artist or the chef. When we have thoughts about 

something, we already have feelings about it. Further, when we “try to recall, recognize, 

or retrieve an episode, a person, a piece of music, a story, the affective quality of the 

original input is the first element to emerge” (p. 154). When conceptualizing affect as the 

most elementary, pure, and isolated type of feeling into moods and emotions, mood is a 

relatively low-intense, diffusive, and enduring affective state and emotion is an intense, 

short-lived, and conscious affective state, but the meaning of affect is more adjacent to 

the concept of mood since both do not have salient cause and little cognitive content 

(Ekkekakis, 2013; Forgas, 2001, p. 15; Nabis, 2020).    

Lazarus (1981; 1982), while arguing against Zajonc’s two main argument (1980) 

of primacy of affect over cognition and affect and cognition as independent subsystems, 

argued that an appraisal is an essential condition for an emotion and mentioned that affect 

and cognition are “fused,” not operating “separately” in this process (p. 223). Lazarus’s 
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ideas have also been supported by other appraisal theorists of emotion (Smith & Lazarus, 

1990), who have emphasized two appraisal processes: primary appraisal process 

concerning whether and how the person’s encounter with the environment is relevant to 

the persons’ well-being and congruent with their desire, and secondary appraisal process 

regarding the persons’ resources and options for coping with that encounter (Smith & 

Kirby, 2001). They argue that human’s emotional response requires both an instinct type 

and intellectual type of appraisal. Bower and Forgas (2001) furthered this argument using 

the associative network model and affective infusion model for understanding the 

mechanism that relates affect to social cognition, while explaining that affective states are 

elicited by the activation of emotion through the process of a person’s appraisal about 

specific situations. According to them, affective relevance or congruence occurs in a 

particular condition where people take open, constructive, and flexible associative 

perspectives, rather than closed, automatic, and motivated perspectives. Storbeck and 

Clore (2007) argued that affective and cognitive processes are highly interdependent and 

suggested their several features: affect is not processed separately from cognition, affect 

does not precede cognition, and affect is not automatically elicited. Further, they 

contended that cognitive processing is necessary to process, elicit, and experience 

emotion by arguing against the notion that discrete emotions have distinct areas in the 

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

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

emotion is always cognitively mediated meaning-centered reactions. This cognitively 

appraised affective state is closer to the concept of emotion, which is “intense, short-

lived, and highly conscious affective states that typically have a salient cause and a great 
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deal of cognitive content, featuring information about typical antecedents, expectations, 

and behavioral plans” (Forgas, 2001, p. 15). By separating or combining affect and 

cognition, empathy has been conceptualized differently.  

Definitions of empathy 

Empathy, historically, was originated from Einfühlung according to Vischer 

(1873, as cited in Duan & Hill, 1996) in the context of art and artworks and translated 

into empathy by Titchener (1909, as quoted in Preston & Waal, 2002) to refer to the 

process of ‘feeling into,’ something that happens when perceivers project themselves into 

objects they perceive. It is related to Vischer’s thoughts of Einfühlung not only as passive 

seeing of objects but also as active looking into the outside world to experience or reform 

the knowledge about the objects (Nowak, 2011). The former refers to the unification of 

the perceiver and the perceived objects, and the latter involves perceivers’ active 

participation in the work of arts to perceive feelings and appearances of objects 

creatively. In the latter case, the perceiver’s reception, and response matter since they 

include the immersion of a viewer in the work of art that actualizes the mediated objects. 

This process is enabled through the imagination that perceivers build-up for mutual, 

empathic relationships with the objects.  

After empathy as the emotional response was applied by media psychology as 

social science, it became related to three mutually exclusive meanings (Hogan, 1969; 

Mehrabian & Epstein, 1972; Omdahl, 1995): 1) vicariously shared feelings as emotional 

empathy, which does not necessitate higher mental processes; 2) the intellectual skill of 

perspective taking/role taking, which does not require emotional responses; and 3) the 



 

72 

 

combination of shared feeling and perspective-taking. Empathy can also be discussed in 

terms of affect, emotion, and mood (Ekkekakis, 2013; Forgas, 2001; Ganzel, Rarick & 

Morris, 2016; Konjin, 2013; Nabi, 2020). According to these scholars, affect is the most 

conscious, objectless, and free-floating feeling without cognitive or reflective process; 

emotion is conceptualized as a discrete feeling aroused about specific objects or events 

through a process of cognitive appraisal; and mood is the most enduring and diffusive 

affective state occurring to vague objects, even without particular objects or 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 occurs as self-other awareness, self-other differentiation, self-oriented or 

other-oriented perspective-taking, and empathy as mood occurs as experiential 

understanding (Batson, 2009; Coplan, 2011; Segal, Gerdes, Lietz, Wagaman, & Geiger, 

2017).  

One group of scholars has developed empathy with the most primitive type of 

emotional contagion that occurs through mere observation and automatic, direct, and 

natural process of imitation (Hatfield, Cacioppo, & Rapson, 1992; Hoffman, 1977; 

Hoffman, 2002; Levenson, 1996; Wermund, 1994; Nowak, 2011; Wermund, 1948). This 

type of empathy was originated from Hume’s concept of sympathy as a natural and 

automatic process (Coplan, 2011). It refers to the direct association or mimicry as the 

most primary psychological states of shared emotion that do not require higher mental 

processes (Hoffman, 1977). It is also well-conceptualized in Vischer’s passive concept of 

Einfiihlung, which emphasizes perceivers’ unified feeling with the perceived 

objects/persons of artworks (as cited in Nowak, 2011; Omdahl, 1995). This transitory 



 

73 

 

emotional contagion is led by the perceiver’s mere observation of the display of others’ 

emotional expressions through their faces, voices, gestures, and instrumental behaviors 

(Hatfield, Cacioppo, & Ranson, 1992; Levenson, 1996; Wermund, 1948).   

Another group of scholars has developed the model of empathy as a subjectively 

experienced phenomenon of the higher mental processes (Bandura, 2002; Coplan, 2011; 

Davis, 1983; Dymond, 1949; Hogan, 1969; Mead, 1934, as cited in Hogan, 1969). This 

type of empathy refers to pro-attitude and positive feelings for others, including the high-

level process of imagination (Coplan & Goldie, 2011, p.103). Bandura (2002) considered 

this capacity as experientially cultivated perspective-taking. Further, Davis (1983) and 

Dymond (1949) defined it as intellectual ability or social competence to take others’ 

perspectives without making it their own, but with the neutral and detached attitude that 

facilitates the judgment of accuracy and reality. For Hogan (1969), empathy is an 

intellectual or imaginative understanding of others’ situations or feelings. Mead (1934) 

considered perspective-taking or role-taking as the critical aspect of empathy. Omdahl 

(1995) classified this type of empathy as a cognitive skill.  

The final group of scholars combined these ideas of shared emotion and 

perspective-taking (Batson, 2009; Clark, 2016; Eisenberg & Eggum, 2009; Eisenberg & 

Sulik, 2012; Segal, Gerdes, Lietz, Wagaman, & Geiger, 2017). Batson (2009) defined 

empathy with eight related, but distinct psychological states, including natural feelings 

toward others and cognitively active processes of projection or imagination into another’s 

situations. Clark (2016) suggested an integrated model of empathy in the context of 

counselor-client relationships by defining empathy as the attunement with others’ 

feelings and meanings through personal, interpersonal, and objective engagement. 
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Eisenberg and Eggum (2009) stressed the role of self-regulation in empathy-related 

responses while classifying empathy-related responses into sympathy and personal 

distress. Segal et al. (2017) argued that a full synchronizing of affective response, self-

other awareness, perspective-taking, and affective mentalizing produces sympathy.  

Recently, neuroscientists have endeavored to further this last concept of empathy 

with two essential characteristics of affective sharing and emotion identification (Coll et 

al., 2017). According to Coll et al. (2017), affective sharing refers to the similar affective 

state that the empathizer has with targets, while emotion identification means the degree 

of accurate identification that the empathizer’s judgment of emotional states matches the 

target’s states. Also, Coll et al. (2017) said that a conceptual distinction should be made 

between affective sharing and emotion identification in healthcare since deficits of each 

require different interventions to lead to respective changes and empathic responses in the 

clinical situations is relevant to cognitive abilities to understand patients’ emotional 

states. This study adopts this last concept of empathy. 

Empathic tendency and empathic response 

 In a similar vein to the previous definition of empathy based on cognition and 

affect, empathy is neither only a highly stable trait of dispositional empathy nor only a 

changeable state of situational empathy (Hojat, 2007). In this study, as will be discussed 

later, dispositional empathy is termed physician empathy and refers to physicians’ 

empathic tendency, while situational empathy refers to empathic responses to patients’ 

needs. Empathy develops in its close relations to attachment since early formed 

attachment influences later-life empathic behaviors (Duan & Hill, 1996; Hojat, 2016; 
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Hojat, 2007). For this reason, it is both relatively stable and difficult to change (Davis, 

1980; Davis, 1983; Hogan, 1969; Hojat, 2016; Hojat, 2007; Mehrabian & Epstein, 1972) 

and relatively changeable responding to the persons in needs and 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; Batson, Early, & Salvani, 1997; Batson et al., 

2007; Eisenberg & Eggum, 2009; Siegal et al., 2017). It is processed and expressed after 

a complex process, but also related intermediating processing steps (Coll et al., 2017; 

Decety & Meyer, 2008; Decety, Yang, & Cheng, 2010; Eisenberg & Sulik, 2012; 

Jackson, Meltsoff, & Decety, 2005; Shamay-Tsoory, 2011; Singer, 2009). Specifically, 

these scholars have considered a bottom-up affective sharing process and top-down 

regulated cognitive perspective taking as two basic components of human empathy. Also, 

they emphasized that affective sharing of the emotion of others is a more automatically 

activated process while cognitive perspective taking is a complex, but highly flexible 

phenomenon that varies with 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 empathy, as a relatively stable trait, predominantly consists of 

physicians’ cognitive abilities to understand patient’s feelings and situations, and to 

communicate caring, concern, and empathic feelings (Hojat, 2016; Hojat, 2007; Hojat, 

Gonnella, Nasca, Mangione, Veloski, & Magee, 2001; Hojat, Gonnella, Nasca, 

Mangione, Vergone, & Magee, 2002). In his book, Hojat (2016) differentiated cognition 

from emotion, understanding from feeling, and empathy from sympathy to lessen the 

conceptual confusion regarding physician empathy. For Hojat, cognition is characterized 
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by appraisal and reasoning, and emotion is represented with spontaneity and arousal. 

Based on these two concepts, he conceptually separated the understanding from the 

feeling by suggesting the base of understanding as learning that necessitates effortful 

mental activities.  

Empathic response, as a relatively changeable state, more specifically refers to the 

physician’s emotional response to patients, their feelings, and situations based on 

affective involvement, cognitive understanding, and their capacities to communicate 

caring (Batson et al., 2007; Batson, Early, & Salvani, 1997; Fultz, Schaller, & Cialdini, 

1988; Hojat &Joseph, 2017; Hojat, 2016; Siegal et al., 2017). This response is 

conceptualized as emotional empathy or sympathy that Hojat, in his previous works, has 

continuously differentiated from empathy that has a cognitive nature. Hojat and his 

colleagues, in the context of healthcare, have expressed concerns about empathic 

response since it is found to be constructive for the physician-patient encounter to a 

certain degree, but can interrupt clinical objectivity and effectiveness beyond it (Hojat 

&Joseph, 2017; Hojat, 2016). Batson et al. (2007) differentiated Hojat’s concept of 

empathic response into sympathy, personal distress, and sadness and found sympathy as a 

positively toned empathic concern that occurs based on an understanding of others’ 

situations and altruistic motivation to help them. According to Batson et al. (1997), 

antecedents of this empathic concern are adopting others’ perspective, valuing others’ 

welfare, and perceiving others in need, in contrast to personal distress which has a self-

oriented direction caused by aversive arousal. While sympathy evokes altruistic 

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

distress. This study adds sadness as a temporarily depressing feeling to another’s 
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situations (Fultz, Schaller, & Cialdini, 1988) since it has a unique psychological 

mechanism to explain not only the egoistic desire to relieve sadness, but also the altruistic 

motivation to help, which is related to but distinct from both personal distress and 

sympathy. Thus, this study supports the conceptualization of the empathic response of 

Batson and colleagues as sympathy, personal distress, and sadness.    

Scales of physician empathy as empathic tendency 

As a relatively stable trait, empathy has been measured with several scales (Davis, 

1980; Davis, 1983; Hogan, 1969; Hojat, 2007; Mehrabian & Epstein, 1972). Hogan 

(1969) selected sixty-four questions from the psychological personality tests, Minnesota 

Personality Inventory (MMPI) and California Personality Inventory (CPI), to evaluate the 

cognitive aspect of empathy practically and theoretically. Mehrabian and Epstein (1972) 

created thirty-three items based on seven categories to measure the emotional aspect of 

empathy or “general emotional arousibility” (Hojat, 2007, p. 73). Davis’s Interpersonal 

Reactivity Index (Davis, 1980, 1983) as a multidimensional measurement has four 

different subscales: empathic concern, perspective taking, fantasy, and personal distress. 

Empathic concern refers to people’s other-oriented feeling of sympathy. Perspective-

taking is a cognitive tendency to imagine other people’s points of view. The fantasy 

subscale is a tendency to imagine yourself as a character in books or movies or identify 

with characters in mediated situations. Personal distress is a self-oriented feeling of 

distress that is aroused when observing others in pain.  

The Jefferson Scale of Empathy (JSE) is the multidimensional scale that measures 

empathy (Hojat, 2016; Hojat, 2007) in the specific context of medical communication 
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and has three different subscales: perspective-taking, standing in patient’s shoes, and 

compassionate care. Perspective-taking is a cognitive capacity to understand a patient’s 

situation without making it one’s own. Standing in a patient’s shoes refers to another 

capacity to communicate their caring from the patient’s perspective. Compassionate care 

refers to the understanding of patients’ experiences, feelings, and cues. In this study, 

physician empathy is measured with the Jefferson Scale of Empathy (JSE) since it is 

defined as cognitive attribute to understand patients’ experiences, concerns, and 

perspectives and this study deals with cognitively appraised empathy and emotionally 

appraised empathy separately (Hojat, 2016). JSE is the index of physician empathy 

developed by clinical and academic physicians to have face and content validity in the 

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

of perspective-taking, standing in a patient's shoes, and compassionate care have been 

confirmed by many medical studies (Hojat, 2016).  

Scales of situational empathy as empathic responses 

Situational empathy, as a changeable state, has usually been measured with a self-

reported response expressed with adjectives that present the user’s vicarious feelings of 

sympathy, personal distress, or sadness (Batson, Eklund, Chemok, et al., 2007; Batson, 

Early, Salvarani, 1997; Batson, Turk, Shaw, et al., 1995; Batson, Dyck, Brandt, et al., 

1988; Fultz, Schaller, & Cialdini, 1988). Though there are other ways to measure 

situational empathy, such as facial indices and physiological indicators, this study uses 

self-report indices (Eisenberg & Fabes, 1990). The self-report indices are selected 

because it makes collection and management of participants’ answers easy. These indices 
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also measure distinctive types of vicarious emotional responses (sympathy, personal 

distress, and sadness) while other indices assess more diffuse types of emotional 

responses. These indices assume that research participants are accurately aware of their 

feelings and can communicate them distinctively. There are two concerns about this 

assumption: 1) the degree to which participants their feelings accurately, 2) the degree to 

which participants’ self-reported feelings are free from social desirability bias. To avoid 

this social desirability bias and to focus on impacts of empathy programs, physician 

empathy is not only excluded as an exogenous variable to measure the effect of AR only 

but is also included as an independent variable to see the impact of AR in the healthcare 

context. Lastly, indirect questioning is incorporated into the interview design (Fisher, 

1993).        

The adjectives used to self-report situational empathy are validated by principal 

components analyses and are factored into the three distinct but related affective 

responses (Batson, Eklund, Chemok, et al., 2007; Batson, Early, Salvarani, 1997; Batson, 

Turk, Shaw et al., 1995; Batson, Dyck, Brandt et al., 1988; Eisenberg & Fabes, 2000; 

Fultz, Schaller, & Cialdini, 1988). Six sympathy factors are delineated: sympathetic, 

softhearted, warm, compassionate, tender, and moved. Distress factors include alarmed, 

grieved, troubled, distressed, upset, disturbed, worried, and perturbed. Sadness factors 

encompass sad, low-spirited, heavy-hearted, and feeling low. For each adjective, 

participants indicate on seven-point scales by answering the questions on how extremely 

they experienced feelings of sympathy, distress, and sadness while being exposed to the 

need situation, where subjects of a study perceive another in need situations (Batson et 

al., 1988). Their conceptualization is empirically supported by the study of Eisenberg et 
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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 another separate factor. In addition to these items, they 

used heart rate data and facial reactions to measure these vicarious emotional responses. 

This study includes the empathy, distress, and sadness items to create three variables of 

situational empathy.  

Empathic tendency and presence or narrative transportation 

Personality traits that are expected to impact presence, such as imagination, 

immersive tendency, and empathic tendency, have received media scholars’ attention. 

Immersive tendency was previously indicated to be a personality trait that leads to 

presence since it is a tendency to determine capabilities to be immersed in 

mediated/unmediated activities (Lombard & Ditton, 1997; Parsons et al., 2015; Wiebel et 

al., 2010; Wirth et al., 2007). Empathy is a personality trait that affects the experience of 

situations and persons. In this study, these two tendencies are 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. Knowledge and prior experience with the medium that displays 

situations/activities and persons in such situations also can be expected to affect their 

psychological process of presence. 

Many scholars have argued that empathy facilitates presence (Biocca, Harms, & 

Gregg, 2001; Felnhofer, Kothgassner, Hauk, Beutl, & Hlavacs, 2012; Lombard & Ditton, 

1997; Nicovich, Boller, & Cornwell, 2006; Sas, 2004; Sas & O’Hare, 2003). Biocca et al. 

(2001) classified empathy as one factor of psychological involvement that influences the 
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sense of social presence. Felnhofer et al. (2012) found that individuals’ emotional traits 

such as social interaction anxiety led to presence experience, particularly sense of being 

there (spatial presence). Lombard and Ditton (1997) argued that empathy occurring 

during mediated experiences influences the sense of presence. Nicovich et al. (2006) 

found that empathy, the ability to empathize and project oneself into others’ experiences, 

significantly influenced presence. Sas (2004) and Sas and O’Hare (2004) also said that 

empathy as the ability to engage in a cognitive process to understand others' points of 

views and affective reactions to others' experiences affect presence. Though only a few 

studies (Felnhofer et al., 2012; Nicovich, Boller, & Cornwell, 2006; Sas & O’Hare, 2003) 

empirically supported the significant influence of experiencing empathy on the sense of 

presence or narrative transportation, empathy seems to be one of the user's cognitive and 

affective traits that influence presence.  

Presence or narrative transportation and empathic responses 

 Several studies have investigated the effect of reading a narrative on sympathy 

mediated through the process of narrative transportation (Bal & Veltkemp, 2013; 

Johnson, 2012; Oliver, Dillard, Bae, & Tamul, 2012; Stansfield & Bunce, 2014). 

According to the authors of these studies, the experience of reading narrative fictions or 

news story with narrative format and the feeling of narrative transportation into them 

were found as correlated with sympathy. When readers read contents with narrative 

formats, they were emotionally transported into their stories, and they felt sympathy for 

the characters. Bal and Veltkemp (2013) identified that readers’ empathic skills were 

enhanced when they were emotionally transported into the story. Johnson (2012) found 
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that readers’ narrative transportation was highly correlated with their affective empathy 

and prosocial behaviors. Oliver et al. (2012) argued that narrative formats lead to the 

effect of stereotype correction or its reduction through the process of narrative 

engagement. Stansfield and Bunce (2014) identified that exposure to the narrative was 

related to cognitive empathy, while the experience of narrative transportation was 

associated with story-induced affective empathy. However, there are few scholarly efforts 

to examine the effect of experiential narratives, which stress the role of users in 

generating stories or narratives, on situational empathy mediated through narrative 

transportation.       

Recently, emerging technologies have been used to create a simulation to foster 

situational empathy (Ahn, Le, & Bailenson, 2013; Billinghurst, 2014; Bollmer, 2017; 

Masai, Sugimoto, Kunze, & Billinghurst, 2016; Shin, 2018; Shutte & Stilinovic, 2017) 

revealing the mediation role of presence in this process. Ahn et al. (2013) compared the 

users’ embodied experiences as the first-hand experiences of digitally recreated and 

extended vivid sensory information in an immersive virtual environment technology 

(IVET) with the controlled and effortful perspective-taking experiences that requires 

substantial cognitive resources and found that users with embodied experiences had more 

vicarious feelings for others with color-blindness than those with the traditional 

perspective-taking experiences. Shin (2018) investigated the stories experienced through 

immersive VR storytelling and found a cognitive process by which users experienced 

presence, quality of experience, flow, empathy, and embodiment. Schutte and Stilinovic 

(2017) found a VR documentary led to a greater sense of presence and elicited a higher 

degree of situational empathy than the traditional documentary format for the character in 
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the experience, a refugee girl. The effects of AR on empathy and its relations to presence 

have been studied in the areas of human-computer interaction (HCI) (Billinghurst, 2014; 

Masai, Sugimoto, Kunze, & Billinghurst, 2016; Pimsomboon, Lee, Lee, Dey & 

Billinghurst, 2017). Billinghurst and his colleagues argued AR allows its users to see, 

hear, and feel from another’s perspective and share each other’s experience by helping 

them to perceive mediated experiences as if they were non-mediated. 

Summary 

In this chapter, effective media intervention designed to strengthen medical 

students’ empathy was explored by analyzing current programs. Empathy was defined as 

affective processing of emotion sharing and cognitive processing of perspective-taking. 

Specifically, it was further categorized into physician empathy as a stable trait and 

situational empathy as a changeable state. The relationships among physician empathy, 

situational empathy, presence, and narrative transportation were discussed. In this study, 

empathy is defined cognitively and affectively to understand empathic response regarding 

migraine headache as a situational empathy event. In the following chapter, a migraine 

and its characteristics will be explained and related to the goal of this study.    
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CHAPTER 6 

MIGRAINE 

In the previous chapter, empathy was conceptually divided into one of the users’ 

characteristics that contribute to presence and a presence-related response. Specifically, it 

was conceptually differentiated into physicians’ empathy as their cognitive skills to 

understand patients’ situations and situational empathy as empathic responses to the 

interactions with patients. To clarify this more, affect and cognition were used as the 

conceptual frameworks of empathy. In the current chapter, migraine is explained as one 

important content of AR stimuli that evokes the medical students’ sense of presence and 

situational empathy.   

Migraine is a “common disabling primary headache disorder” (The International 

Classification of Headache Disorders (ICHD), 2018, p. 18), and it is categorized into the 

migraine with aura and migraine without aura. Migraine with aura is characterized by its 

transitory main neurological symptoms, which occur usually previously or sometimes 

simultaneously with the headache (ICHD, 2018). Migraine without aura is the most 

common clinical syndrome characterized by recurring headache attacks (ICHD, 2018). 

Compared to tension headaches or other general headaches, since migraine usually is 

accompanied by aura or other sensory symptoms, its symptoms influence the ordinary 

lives and quality of life of persons with migraine more negatively. Despite its burden, 

physicians and other healthcare professionals often do not understand these patients’ lives 

adequately. 
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For this reason, there have been many efforts to help physicians and other 

healthcare professionals to understand difficulties in migraine patients’ lives (Leonardi et 

al., 2009). In this chapter, migraine prevalence is described, and migraine with aura and 

without aura are conceptually differentiated and their symptoms are explained. The 

reason why migraine is a good context for neurological education is explained by 

associating migraines’ relevant visual symptoms with presence as psychological 

mechanisms of mediated experiences. 

Migraine prevalence 

 Migraine is an episodic primary headache disorder influencing eleven percent of 

adults globally (Vetvik & MacGregar, 2017). Its historical name, hemicrania, explains 

the critical aspect of the symptom: “pain that affects half the head” (Foxhall, 2009, p. 3). 

The most prevalent type is migraine without aura, whose primary symptoms are reported 

as “headache, nausea, vomiting, photophobia (light sensitivity), and phonophobia (sound 

sensitivity)” (Vetvik & MacGregar, 2017, p.76). When a migraine is not treated, its attack 

continues from four to seventy-two hours while developed into migraine without aura as 

recurrent headache disorder (ICHD, 2018). Twenty-five percent of those with migraine 

suffer from visual symptoms of auras (Vetvik & MacGregar, 2017): fortification spectra 

as a zigzag figure that spreads gradually in a unilateral way, scintillating scotoma as an 

acute onset that enlarges gradually, or sensory aura as feelings of pins and needles 

moving slowly and influencing the part of one side of the body, face, and tongue. The 

pathological condition underlying this aura is the cortical spreading depression (CSD), a 

gradually perpetuated wave of depolarization that is led by the suppression of brain 
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activity. It is a well-established fact that this CSD causes migraines with aura, but it is 

debatable whether it also causes migraines without aura. The incidences of migraine 

attacks vary across individuals. Also, the effect of migraine on disability or functionality 

depends on the individual and ranges from mild impairment to severe impairment, such 

as not being 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 men (Parikh & Young, 2019).  

Migraine symptoms 

 Migraine without aura, the most frequently occurring type of migraine 

(MacGregor, 2016), influences about seventy percent (70%) of the population who suffer 

from migraines. This migraine is called, thus, a common migraine (ICHD, 2018). When 

at least five attacks that meet the following criteria occur, the headache is considered a 

migraine without aura: headache attacks continue from four to seventy-two hours; 

headache includes more than two characteristics among unilateral location, pulsating 

quality, moderate/severe pain intensity, and aggravation/causing avoidance of routine 

physical activity; at least of one of these, nausea and/or vomiting or photophobia and 

phonophobia, happen(s) during the headache (ICHD, 2018).     

Migraine with aura is a classic or classical migraine. It includes at least two 

attacks that meet criteria 1 and 2 of the diagnostic criteria suggested by the International 

Classification of Headache Disorders (ICHD, 2018). Criteria 1 has one or more aura 

symptoms such as visual, sensory, speech and/or language, motor, brainstem, and retinal 

symptoms. Criteria 2 has at 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 aura symptom continues for five to sixty minutes; at 

least one aura symptom is unilateral; at least one aura symptom is positive (scintillation, 

pins and needles); aura 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 symptoms co-

occur, they usually follow one another in succession (ICHD, 2018). The duration of aura 

symptoms, accepted among scientific communities who are interested in headache, is one 

hour, and that of a motor symptom is more than one hour. A headache sometimes 

accompanies this aura, but in other cases, it may occur without the headache. Two sets of 

symptoms happen before and after migraine with aura: prodromal symptoms and 

postdrome symptoms (ICHD, 2018). First, the prodromal symptoms, which occur for 

hours, a day, or two days before symptoms of a 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 

aura itself (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 visual aura seen as “angulated, 

arcuate, and gradually enlarging” and colored or black and white (ICHD, 2018, p. 209). 

This fortification spectrum is also specified as “a zigzag figure near the point of fixation 
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that may gradually spread right or left and assume a laterally convex shape with an 

angulated scintillating edge, leaving absolute or variable degrees of relative scotoma 

[aura] in its wake” (ICHD, 2018, p. 20). Since visual auras of migraines such as light 

sensitivity or blurred vision happens before migraine with aura, they can be the visible 

marker of the migraine with or without aura. Also, when the aura is found before the 

migraine with or without aura, its diagnosis can help to prevent the migraine and the risk 

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

A migraine with vertigo is a vestibular migraine, one of the episodic syndromes 

associated with migraine (ICHD, 2018). It is also called migraine-associated vertigo, 

dizziness, migraine-related vestibulopathy, and migraineous vertigo. Vestibular 

symptoms last between five minutes and seventy-five hours. Its diagnostic criteria 

include both migraine and vertigo (Abouzari, Goshtasbi, Mishtagi, Tan, Lin, & Djalilian, 

2020; Celik, Toker, Fsklizmir, Incesulu, & Suyur, 2020; ICHD, 2018). Migraine 

headaches and vestibular vertigo that patients experience separately do not fulfill the 

criteria of vestibular migraine. Another unique aspect of this migrainous vertigo is that it 

is aggravated by routine physical activity. Also, assessment of the severity of vestibular 

symptoms depends on their influence on patients’ daily activities. The episodic duration 

of symptoms has high variability, which is defined as a total period during which short 

attacks recur. This vestibular stimulation can cause migraine attacks, and vestibular 

disorders might also be aggravated by migraine attacks (ICHD, 2018).  

Vestibular migraine associated with susceptibility to motion sickness includes 

spontaneous vertigo, positional vertigo, visually induced vertigo, head-motion induced 
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vertigo, and head-motion induced dizziness (ICHD, 2018). Spontaneous vertigo is 

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

sensation of self-motion, and the latter is the false sensation of a spinning or flowing 

visual environment. Positional vertigo occurs after patients change their head positions. 

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

exists. Head motion-induced vertigo occurs during patients’ head motions. Head motion-

induced dizziness with nausea can be defined as a sensation of disturbed spatial 

orientation.   

Aside from these clinical definitions, migraine patients describe their experiences 

as more universal and diverse (Viana, Sances, Linde, Nappi, Khaliq, Goadsby, & 

Tassorelli, 2018; Viana, Sances, Linde, Ghiotto et al., 2017; Viana, Linde, Sances, 

Ghiotto et al., 2016; Viana, Tronvik, Do, Zecca, & Hourgaard, 2019). Many studies of 

patient experiences were based on ad-hoc diaries that involve features and aspects of 

migraine aura symptoms that were not included in the official list of visual symptoms 

developed in the context of ICHD. Through analyses of these migraine patients’ reports, 

the scholars have improved the classification of migraine visual aura symptoms.  

    Neurological education and simulation 

Because of its risk factors relevant to several biological disorders, the medical 

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 symptoms of 

migraine have 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 caused by 

difficulties in distinguishing migraine symptoms from other transient neurological 

disorders such as stroke or epilepsy (Lai & Dilli, 2020). Identification of migraine auras 

or other visual symptoms helps an accurate diagnosis of migraine without aura, which is 

accompanied by other sensory symptoms or pains that influence the ordinary lives and 

quality of life of migraine patients as mentioned above (Hadjikhaui & Vincent, 2019; Lai 

& Dilli, 2020) and initiated by cortical spreading depression (CSD) (Gaist et al., 2018; 

Hadjikhani & Vincent, 2019; Vgotzas & Burch, 2018). The official list of migraine auras 

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

patient and intra-patient 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). For a more accurate diagnosis by physicians, 

its neuroanatomical or clinical knowledge about migraine should be integrated not only 

with fundamental neuroscience, but also with patients’ report on their symptoms into 

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

Several scholars have pointed out difficulties that medical students and residents 

have when working with patients with neurological disorders and said that there should 

be a better training program that motivates them to obtain more knowledge of it 

(Braksick, Kashani, & 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 disorders wanted physicians to have general knowledge and 

confidence about patients with neurological symptoms. The authors also outlined two 

reasons for difficulties students and physicians felt about patients with neurological 
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disorders: lack of their experiences with patients and necessity to integrate neuroscience, 

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

to clinical years is critical for physicians to gain neurological knowledge. Further, they 

added that neurology residents’ confidence about patients was cultivated by having more 

exposure to the patients. Lastly, they suggested one example of a virtual neurological 

patient and said the simulations based on carefully designed high-fidelity scenarios are 

appropriate for neurological education (Braksick et al., 2017). This is also required 

because of practical needs to solve neuro-phobia and lack of confidence students and 

residents feel (Danielle & Weber, 2018). Because of the invisibility of neurological 

disorders, residents should listen to patients, observe them, and try 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, and do the housework because of their symptoms. Their experienced everyday 

difficulties indicate a need for healthcare professionals to understand migraine sufferers’ 

lives and the influence of these symptoms on them (Leonardi et al., 2009). Migraine 

symptoms need to be understood in the context of patients’ ordinary lives, through which 

healthcare professionals can understand the symptoms not only as mere diseases or 

symptoms, but also illness and its effect on their everyday lives. 

 Augmented reality (AR) mimicking migraine symptoms and presence 

 AR stimulus, when it applies HMDs as in this study, is an ideal technology to use 

to display migraine visual symptoms onto the human field of view of medical students so 
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that they can perceive and experience the visual symptoms as if they were theirs with its 

oval boundaries (Azuma, 1997; Milgram et al., 1994). This mimics migraine symptoms 

because this stimulus generates mediated experiences that allow medical students to 

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

in patients’ everyday lives. In other words, AR is a technology tool for both migraine 

symptoms, migraine with aura and migraine without aura; visualizing invisible migraine 

symptoms and communicating patients’ feelings. As the technology that combines virtual 

and real, registers virtual and real, and allows interactivity between them, AR display and 

affordances can lead to perceptual and experiential learning possibilities. 

 These two representative types of migraine are closely related to medical 

students’ perceptual processing to migraine symptoms. This can be comprehended with 

students’ two different perspectives to understand patients’ symptoms. First, migraine can 

be interpreted as a sign and examined from professional perspectives about its visual 

symptoms as a changed biological structure or psychosocial functioning (Coleman, 2015; 

Kleinman, 1988). Second, migraine can be experienced as a symptom and ontologically 

seen from patients’ perspectives with subjective report of patients or their family 

members as afflicted persons about their difficulties that the disorder generate in patients’ 

lives (Coleman, 2015; Kleinman, 1988). 

 These two perspectives to understand migraine symptoms are relevant to extended 

perspectives or enhanced senses offered by emerging technologies such as VR or AR. 

Both VR and AR offer 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 automatically through cognitive perceptual 

processing, simultaneous occurrence of the perspective taking process in AR requires the 

mental processing and effort of interactivity or other participatory psychological 

processing to connect virtual and real.   

 Also, users’ psychological processes to the AR stimulus that mimics migraine 

symptoms are related to presence, narrative transportation, and embodiment. Based on 

previous explanations, it is assumed that users can experience visual symptoms 

represented by the AR stimulus through the presence as perceptual illusion of non-

mediation, narrative potential of AR stimuli through narrative transportation as cognitive, 

emotional, and imaginative involvement, and action possibilities of the AR stimulus 

through embodiment as the senses of ownership, agency, and self-location to illness 

experiences and difficulties patients experience.       

Summary 

 This chapter explains the visual and other symptoms that are markers of migraine 

headaches and other neurological diseases such as ischemic/hemorrhagic stroke, 

myocardial infarction, atrial fibrillation, and perioperative stroke. Also, the reasons why 

AR and its MR environment are potentially valuable for simulating the symptoms of 

migraine or other neurological diseases are explained. In the following chapters, a 

summary of literature reviews, hypotheses research questions, the methods and results of 

the study will be detailed.     
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CHAPTER 7 

HYPOTHESES AND RESEARCH QUESTIONS 

Based on the information presented in the previous chapters, this chapter presents 

formal hypotheses and research questions. This study investigates how AR as a 

technology and its resulting psychological process of presence communicate the illness 

experiences, and thus, activate the empathic tendency already existing in healthcare 

professionals while altering or reinforcing them into empathic responses. Though 

empathy is an important attribute that should be included in the programs of medical 

education, the time devoted to the programs, and negative feelings caused by them 

decrease the practical value of empathy education. The communication intervention using 

AR in an intelligent narrative learning simulation might address these concerns since it 

creates an optimal learning environment that draws students into a situation while 

achieving its pedagogical learning goal to strengthen empathy in engaging way (Azuma, 

2015; Rowe et al., 2007; Squire & Klopfer, 2007). 

AR is defined as a technology that superimposes 3-D virtual computer-generated 

information/imagery onto users’ view of the actual environment (Carmigniani, & Furht, 

2011). AR, in the ideal case, combines virtuality and reality, allows real-time interaction 

between virtuality and reality, and registers virtuality and reality in the three dimensions 

(Azuma, 1997). Different types of displays, input devices, tracking devices, and wearable 

computers can be assembled to construct different types of AR experience (Carmigniani, 

& Furht, 2011). Since this study is designed to augment medical students’ experiential 

knowledge of patients’ visual symptoms and their feelings, visual display technologies 

were primarily used. Two experimental conditions of AR displays are a high-immersive 
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AR HMD and a low-immersive AR handheld display. The experimental AR HMD 

condition was designed to allow users to experience hypermedia presentations of 

migraine visual symptoms as its contents that are registered with actual locations and to 

create situations that allow medical students to use affordances to reconstruct the 

narratives of patients suffering from migraine visual symptoms in the context of medical 

education in a hospital. The AR handheld display allowed users only to locate patients’ 

multimedia narratives in the physical location of a hospital setting. Thus, this 

manipulation applied using media immersiveness as the objective quality of AR and its 

FOV that technologically supports it.  

Presence is defined as the perceptual illusion of non-mediation since it is 

appropriate for the context of AR (Azuma, 1997; Lombard & Ditton, 1997) that makes its 

mediated experiences more real, immersive, spacious, and enriched with virtual elements. 

This definition is also appropriate because effective AR allows users to perceive the 

mediated nature of virtual elements as non-mediated throughout this process of presence 

so that users’ perceptual illusion of non-mediation that the two worlds coexist is 

enhanced (Azuma, 1997; Lombard & Ditton, 1997). Narrative transportation, distinct 

from presence as transportation, is defined as cognitive, emotional, imaginative 

involvement in narrative. In the context of AR, its narrative potential (Green & Brock, 

2000) makes presence experiences plausible, and evoke a users’ strong emotion (Escalas, 

2004; Green & Brock, 2000; Taylor & Schneider, 1989) while allowing the users to be 

lost in their constructed and imagined narratives.  

Since AR combines virtuality and reality in 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 learn patients’ symptoms by immersing their senses in patients’ symptoms 

and extending their perspectives to patients’ situations. Media immersiveness of FOV and 

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

television or three-dimensional displays of AR/VR, are explored. AR, when it allows an 

immersive view of virtual objects in the mediated/unmediated environment, evokes 

user’s presence and narrative transportation, not only because of media immersiveness 

and immersive virtual environment as physical features of media but also because of 

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

Further, presence and narrative transportation are used to explain the mediated 

experience of AR. As previously mentioned, presence is the user’s psychological process 

occurring because of media immersiveness and immersive virtual environment, and 

narrative transportation is the user’s psychological process occurring because of narrative 

potentials and media context, here via AR. In the context of this study, where 

technological immersiveness reinforces the plausibility of mediated AR experiences, 

these two psychological processes are expected to be closely related. Thus, these two 

psychological concepts of presence and narrative transportation are used to refer to 

mediated experiences of AR.  

Empathy both leads to presence and is caused by presence. The dispositional 

empathy that makes presence experience more likely is, in this study, physician empathy. 

Medical students with physician empathy cognitively understand patients’ symptoms, 

affectively feel patients’ feelings, and experience presence or narrative transportation in 

AR that simulates patients’ symptoms. According to Hojat (2007), this perspective taking 

refers to the core cognitive aspect of physician empathy to apprehend patients’ conditions 
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or states intellectually or imaginatively without assimilating themselves in patients’ 

feelings. Compassionate care is emotions in patient care to understand patients’ 

experiences, feelings, and clues. Standing in patient’s shoes refers to having a thought 

process like the patients. 

When an empathic response is the result of presence and narrative transportation, 

this response is termed as situational empathy, changeable states of medical students who 

experience patients’ conditions or states. Situational empathy in this context is defined as 

the empathic ways in which medical students perceive and respond to the distressful 

situation of patients who suffer from migraine visual symptoms. It includes vicarious 

feelings of sympathy, distress, and sadness. Sympathy is their positive feeling toward the 

patients because of altruistic motivation to lessen patients’ distress. In contrast, distress is 

a negative feeling aroused in medical students because of egoistic motivation to reduce 

their own feelings of distress. Sadness is another positive empathetic feeling though its 

motivation has not been identified.  

Hypotheses, research questions, and research model 

This study addressed the following research questions and tested the following 

hypotheses to explore the media effects of immersive AR and to know how presence and 

narrative transportation influences the situational empathy that medical students 

experience. The hypotheses were designed as non-directional to be conservative.  
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Media immersiveness and presence 

The effect of immersive AR on presence is the focus of the first two hypotheses. 

The immediate and direct effect of immersive AR on each of four types of presence were 

examined. As previously mentioned, these hypotheses are based on manipulation of the 

FOV, which creates media immersiveness. Also, to focus on this immediate and direct 

effect of immersive AR on presence, user characteristics of immersive tendency and 

physician empathy, which contribute to the long-term and indirect media effects, are 

considered.   

Hypothesis 1a. There will be a significant effect of media immersiveness on 

presence (realism, immersion, spatial presence, and social richness) when controlling for 

physician empathy (perspective taking, compassionate care, and standing in patient’s 

shoes).  

Hypothesis 1b. There will be a significant effect of media immersiveness on 

presence (realism, immersion, spatial presence, and social richness) when controlling for 

immersive tendency (focus, and involvement).  

Media immersiveness and narrative transportation 

As previously mentioned, AR that constructs one meaningful mediated experience 

by combining the actual environment and virtual contents in one view creates affordances 

of experiential narratives. This narrative transportation as user immersion into the 

narrative world takes a longer time than presence since it occurs after their first exposure 

to AR during which presence is experienced. This meaningful connection between virtual 
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contents and location, however, is expected to be generated particularly within the FOV 

of the immersive AR since its wide view allows environmental consistency, the degree of 

consistency between behaviors of virtual objects and users’ expectations of them given 

the context. Since immersive tendency and physician empathy are exogenous variables 

that indirectly influence narrative transportation, these variables are controlled to see the 

additional effect of the immersive AR on narrative transportation. 

Hypothesis 2a. There will be a significant effect of media immersiveness on 

narrative transportation (cognitive, general, emotional, and imaginative transportation) 

when controlling for physician empathy (focus, and involvement).  

Hypothesis 2b. There will be a significant effect of media immersiveness on 

narrative transportation (cognitive, general, emotional, and imaginative transportation) 

when controlling for immersive tendency (focus, and involvement). 

Presence, narrative transportation, and situational empathy 

Presence refers to the sensory, affective, or cognitive state of users who perceive 

mediated experiences as if they were non-mediated. Narrative transportation means 

users’ integrative psychological process that occurs when being immersed in the 

narrative. When presence and narrative transportation occur, users might perceive the 

mediated events of AR as non-mediated through a continuous sensory, affective, and 

cognitive processing and involvement. When users perceive mediated events as non-

mediated fully and experience them as a unified narrative event, their situational empathy 

is assumed to be elicited as distress, sympathy, or sadness, respectively.  
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Hypothesis 3a. Presence (realism, immersion, spatial presence, and social 

richness) in participants’ experience of AR will influence the situational empathy 

(sympathy, distress, and sadness) they experience.  

Hypothesis 3b. Narrative transportation (cognitive, general, emotional, and 

imaginative transportation) in participants’ experience will influence the situational 

empathy (sympathy, distress, and sadness) they experience. 

Internal tendencies of immersive tendency and physician empathy 

In this study, user internal tendencies that influence presence, narrative 

transportation, and situational empathy are immersive tendency and physician empathy. 

Immersive tendency refers to an individual’s inclination to become immersed or involved 

in the mediated environment during media exposure and physician empathy is a 

healthcare professional’s tendency to feel empathic toward patients’ situations. As 

intrinsic parts of their predispositions that represent their identity, these two tendencies 

might have significant relationships with each other. Based on this assumption, the 

following research question was suggested.  

Research question 1. Are there significant relations between physician empathy 

(perspective taking, compassionate care, and standing on patients’ shoes) and immersive 

tendency (focus, and involvement)?  

Presence and narrative transportation 

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

users can imagine plausible hypothetical scenarios, while perceiving virtual content as if 
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it were a part of their real environment. Based on this assumption, the following research 

questions are offered.         

Research question 2. Are there significant relations between presence (realism, 

mental immersion, spatial presence, and social richness) and narrative transportation 

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

Internal tendencies, presence, narrative transportation, and situational empathy 

As previously mentioned, many scholars statistically showed the relationships 

between immersive tendency or empathic tendency and presence (Lombard & Ditton, 

1997; Weibel et al., 2010; Witmer & Singer, 1998). However, few scholars have shown 

the connections between immersive tendency or physician empathy and situational 

empathy. Based on these, three research questions are designed.  

Research question 3. Are there significant relationships among immersive 

tendency (focus and involvement) and presence (realism, immersion, spatial presence, 

and social richness), narrative transportation (cognitive, general, emotional, imaginative 

transportation), and situational empathy (sympathy, distress, and sadness)? 

Research question 4. Are there significant relationships among physician 

empathy (perspective taking, compassionate care, and standing in patients’ shoes) and 

presence (realism, immersion, spatial presence, and social richness), narrative 

transportation (cognitive, general, emotional, and imaginative transportation), and 

situational empathy (sympathy, distress, and sadness)? 

Research question 5. How do participants’ immersive tendency (focus, and 

involvement) and physician empathy (perspective taking, compassionate care, and 
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standing in patients’ shoes) interact to affect presence (realism, immersion, spatial 

presence, and social richness), narrative transportation (cognitive, general, emotional, and 

imaginative transportation), and situational empathy (sympathy, distress, and sadness)? 

Environmental/contextual characteristics, presence, and narrative transportation 

Since AR shows both virtual objects and the actual environment, characteristics of 

the environment and context might be other factors that facilitate the users’ sense of 

presence. However, few scholars have studied these environmental or contextual 

characteristics. The nature of presence and narrative transportation are also rarely 

examined in the context of AR. These gap the role of prior experience with AR, and 

factors that might prolong the effect of an educational program using AR simulation in 

participants’ memory suggest one additional research questions.         

Research question 6. What are the mediated or unmediated characteristics of the 

AR environment and context that influence the sense of presence and narrative 

transportation?  

Research question 7. How do participants describe their experiences of presence 

and narrative transportation in the context of AR? 

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

Research question 9. What are emotional cues in AR mediated experiences that 

help participants recall/remember experiences? Do the emotional cues allow participants 

to maintain empathy in their workplace? If so, how do they allow it? 
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Research model 

Figure 12 presents the relationships among each variable based on the hypotheses 

and research questions for this study. Environmental and contextual characteristics are 

explored and user characteristics such as immersive tendency and physician empathy are 

explored and controlled as exogeneous variables. Media immersiveness is conceptualized 

as one independent variable that operationalizes two experimental conditions differently. 

Three dependent variables are selected as dependent variables for this study: presence 

(realism, immersion, spatial presence, and social richness), narrative transportation 

(cognitive, emotional, general, and imaginary), and situational empathy (sympathy, 

personal distress, and sadness).   

  

Figure 12. Research Model 

The following chapter describes the mixed method study conducted to test 

hypotheses and research questions outlined in this chapter and represented in the research 

model. 
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CHAPTER 8 

METHODS 

Todd, Nerlich, and McKeown (2004) suggested the possibility of an experimental 

psychology that combines qualitative psychology and quantitative psychology for a “true 

representation of what’s going on” (p. 8). Though this idea that triangulation brings about 

the greater validity of results has been criticized by social constructivists who argue that 

there is no one correct version of reality (Todd et al., 2004), this study was designed 

following the position that the combination or triangulation of different methods 

illustrates more about phenomena, not only providing increased validity but also 

reflecting different aspects of those phenomena (Todd et al., 2004). For this reason, 

mixed methods were used in this study by combining an experiment with semi-structured 

interviews. This chapter explains the mixed method design and describes the experiment 

and interviews. The procedure of the study was approved by Temple University IRB 

committee.  

Mixed method design 

Sequential, concurrent, and identical sampling is applied to this study 

(Onwuegbuzie & Collins, 2007). A sequential triangulation represents a subsequent 

application of quantitative and qualitative methods, while a concurrent triangulation 

means a simultaneous application of quantitative and qualitative methods. According to 

Onwuegbuzie and Collins (2007), if the goal of the mixed method is to complement two 

or more methods, both concurrent and sequential designs can be applied together. Since 

the goal of this study is to identify the psychological process of healthcare professionals’ 

empathy by using presence and narrative transportation, its goal is to elaborate on this 
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psychological process complementarily. Thus, both concurrent design—conducting 

experiments and interviews on the same day—and sequential designs—conducting 

experiments and interviews on different days were applied. Also, identical sampling 

relationships were used for this study since participants in the qualitative phase of the 

study were selected from the same members who participated in the quantitative phase of 

the study, while parallel, nested, and multilevel relationships were not used. 

Design overview 

Twenty-seven medical students participated in two AR conditions that display 

migraine visual symptoms. The key independent variable is media immersiveness, the 

degree to which the augmented reality display occupies a user’s complete field of view 

(low and high). The experimental design was between subject: fourteen students 

(male=10, female=4) participated in the high immersive AR HMD condition and thirteen 

different students (male=6, female=7) participated in the low immersive AR handheld 

display condition. Among these students, twenty-three students (male=15, female=8) 

participated in the follow-up interview. With one exception, all the students who 

participated in the interviews used AR HMD before the interviews including AR HMD 

users and AD handheld display users, which was planned to focus on hearing their 

experiences of presence in a high immersive AR condition.  

Sampling 

Since this study was conducted with a goal to generalize the psychological 

processes of presence, narrative transportation, and situational empathy of medical 
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students not only statistically generalizing the opinions of the population but also 

analytically gaining insights into those processes as phenomena, a convenience sampling 

method was used by contacting a communication specialist, a professor in medical 

education, a professor in a nursing department, and a director of narrative medicine as 

authorities within the group of medical students to recruit a representative sample of their 

population (Onwuegbuzie & Collins, 2007). Also, initially the sample size (n=80 for the 

experiment, and n=20 for the interview) was planned to draw statistical and analytic 

generalization (Onwuegbuzie & Collins, 2007). However, for the experimental design, 

only twenty-seven medical students could be recruited from the Temple University 

Hospital, including clinical students, preclinical students, and nursing students. To recruit 

students, 1) email including cover letters were sent to all the students who belong to the 

departments of health science and nursing directly by the professors in those departments 

five times in total, 2) the researcher participated in seminars to recruit the students five 

times, and 3) nine invitation letters were posted in the 1st, 2nd, and 3rd floors of Student 

Faculty Center on the health science campus of the Temple University. For the follow-up 

in-depth interview, twenty-three participants were recruited right after, 1-6 days later, or 

more than a week after the experiment was over (Guest, Bunce, & Johnson, as cited in 

Onwuegbuzie & Collins, 2007). Though a larger group was intended for this study, a 

small group of participants recruited for this study was assumed as 1) professional, 2) 

knowledgeable, 3) willing to communicate, and 4) objective and unbiased key 

informants, who can offer quality opinions and deeper insights because of their personal 

skills and positions of responsibility and influence as future healthcare professionals 

(Marshall, 1996). Also, this small, homogeneous group of the beginning medical students 
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had the advantage as this key informant interview since the quality of information was 

obtained in a relatively short period of time and it can be a good start for the future 

studies (Marshall, 1996; Thomas, Kern, Hughs, & Chen, 2016). 

Experimental design and questionnaire 

Overview 

In the experiment, participants were randomly assigned to one of two AR display 

conditions to measure the effect of media immersiveness as independent variable on 

presence and narrative transportation as dependent variables while controlling for 

immersive tendency or physician empathy as covariates. Also, 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 each variable, Temple Presence Inventory 

(TPI), The Transportation Scale Short Form (TS SF), and Batson’s situational empathy 

index were used.    

Stimulus preparation and description 

The augmented reality app used for this study included the virtual images that 

featured three migraine symptoms, such as white sports, fortification spectra, and light 

sensitivity (photosensitivity). This app called as the Migraine Simulator was created in 

2017 by E. S. Janikowscy. This app was designed to educate about most frequent 

migraine visual symptoms. The app visualizes migraine visual symptoms on the top of 

users’ view of actual environment. 
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Research setting 

Presence is used for this study as a scientific theory generalizable to a real-world 

situation (Bem & Lord, 1979; Calder, Phillips, & Tybout, 1981). Thus, research setting is 

chosen as a middle ground which can be interpreted as the experimental laboratory where 

theory-based intervention is possible and heterogeneous field setting that represent 

patients’ real-life situations. In this semi-laboratory setting, the pursuit of ecological 

validity depends on participants’ description of the setting based on their imagination and 

memory. This research setting is meaningful not because of its external validity but with 

internal structure of situation where subject’s interpretation varies according to their 

mixed motives toward heterogeneous situations.  

In the context of this study, medical students’ interpretation of migraine patients’ 

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

toward patients’ situations. In other words, they might attempt to pay attention to 

patients’ symptoms themselves as professionals or intend to apply the symptoms to 

patients’ situations more while standing in patients’ standpoint. For this reason, the study 

room located on the health science campus was chosen as the research setting. In other 

Figure 13. Research setting (left: handheld display, right: HMD) 
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words, the study room can be interpreted as the place of both medical education and 

hospital. 

Independent variable 

The primary independent variable was media immersiveness, the degree to which 

the field of view (FOV) of AR occupies a user’s visual field. A high-immersive condition 

and a low immersive condition were used rather than an immersive condition and a non-

immersive condition because there are media characteristics other than the FOV such as 

resolution, lighting, frame rate, or refresh rate that can be assembled to construct media 

immersiveness. For a high immersive AR HMD, untethered mobile technology (app and 

handheld computing technologies) and head tracked and see-through IVE technology are 

combined in a context setting that reminds medical students of both medical education 

and hospital (Feiner, MacIntyre, Hollerer, & Webster, 1997; Hollerer, Feiner, Terauchi, 

Rashid, & Hallaway, 1999; Holler & Feiner, 2004; Hollerer, Feiner, & Pavlik, 1999). 

Only mobile technology (app and handheld computing technologies) is used as a control 

condition, which is a low immersive, untracked, and opaque AR handheld display. The 

experimental conditions were created with Samsung Galaxy Note 8, the smartphone only 

for a low immersive AR handheld condition (camera field of view: 80 degrees/77 

degrees, front/rear), the same Samsung Galaxy Note 8 smartphone and Samsung Gear 

VR 2018 for a high immersive, head-tracked, and see-through AR HMD condition (field 

of view: 110 degrees).   
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Exogenous variables 

Two measured independent variables representing user characteristics were 

immersive tendency and physician empathy. Immersive tendency is defined as users’ 

tendency to be immersed in a mediated environment. It was measured with two 

categories of an immersive tendency questionnaire (ITQ) (Witmer & Singer, 1998): focus 

as openness to the mediated experience with seven items, and involvement as 

temperamental sentimentality to painful or negative stimuli with seven items (see Table 

1). Physician empathy is defined as a healthcare professional’s empathic tendency to 

cognitively understand patients’ experiences and feelings and communicatively express 

them. It was measured with the subset of items of the Jefferson Scale of Empathy (JSE) 

that assess perspective taking with ten items, compassionate care with eight items, and 

standing in the patient’s shoes with two items (Hojat, 2016; Hojat, 2007) (see Table 2). 
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Table 1. 

Indices for subscales of immersive tendency 

Key words Items 

Focus   

Automatic focus 
How easily do you become deeply involved in movies or TV 

dramas? 

Mental alertness How mentally alert do you feel at the present time? 

Physical fitness How physically fit do you feel today? 

Blocking out 

distraction 

How good are you at blocking out extremal distraction when you 

are involved in something?  

Activity 

involvement 

When playing sports, how involved do you become in the game 

that you lose track of time? 

Media arousal 
How excited have you ever gotten during a chase or fight scene on 

TV or on the movies? 

Attentional focus 
How often do you become so involved in doing something that 

you lose all track of time? 

Involvement   

Media 

involvement-TV/ 

book 

How often do you become so involved in a television program or 

book that people have problems getting your attention? 

Media 

involvement 

(movie) 

How often do you become too involved in a movie to be aware of 

things happening around you? 

Character 

identification 

How frequently do you find yourself closely identifying with the 

characters in a story line? 

Dream-

involvement 

How often do you become too involved in a daydream to be aware 

of things happening around you? 

Dream-arousal 
How often do you have dreams that are so real that you feel 

disoriented when you awake? 

Neuroticism 
How often have you gotten scared by something happening on a 

TV show or in a movie? 

Neuroticism-

sleeper effect 

How often have you ever remained apprehensive or fearful long 

after watching a scary movie? 
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Table 2. 

Indices for subscales of physician empathy 

Key words Items 

Perspective taking  

Emotional status An important component of the relationship with my patients is my 

understanding of the emotional status of the patients and their 

families 

Patients’ 

nonverbal cues 

I try to understand what is going on in my patients’ minds by 

paying attention to their nonverbal cues and body languages 

Therapeutic 

component 

I believe that empathy is an important therapeutic factor in medical 

treatment 

Therapeutic skill Empathy is a therapeutic skill without which my success as a 

physician would be limited 

Therapeutic 

validation 

My understanding of my patients’ feelings gives them a sense of 

validation that is therapeutic 

Well-being My patients feel better when I understand their feelings. 

Patients’ body 

language 

I consider understanding my patients’ body language as important 

as verbal communication in physician-patient relationships 

Imagination I try to imagine myself in my patients’ shoes when providing care 

to them. 

Sense of humor I have a good sense of humor, which I think contributes to a better 

clinical 

Think like patients I try to think like my patients in order to render better care 

Compassionate care 

Affectional ties Patients’ illnesses can be cured only by medical treatment: 

therefore, affectional ties to my patients cannot have a significant 

place in this endeavor 

Attentiveness to 

experiences 

Attentiveness to my patients’ personal experiences is irrelevant to 

treatment effectiveness 

Attention to 

emotions 

I try not to pay attention to my patients’ emotions in interviewing 

and history taking 

Belief in emotion  I believe that emotion has no place in the treatment of medical 

illness 

Emotional 

relationships 

I do not allow myself to be touched by intense emotional 

relationships between my patients and their family members 

Understanding of 

feelings 

My understanding of how my patients and their families feel is an 

irrelevant factor in medical treatment 

Literature and arts I do not enjoy reading nonmedical literature and the arts 

Physical 

complaints 

I consider asking patients about what is happening in their lives as 

an unimportant factor in understanding their physical complaints 

Standing in patients’ shoes 

Affective  It is difficult for me to view things from my patients’ perspectives 

Cognitive Because people are different, it is almost impossible for me to see 

things from my patients’ perspectives 
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Dependent variables 

The primary three dependent variables were presence, narrative transportation, 

and situational empathy. Presence is defined as a perceptual illusion of non-mediation 

and operationalized using the sets of items from the Temple Presence Inventory 

(Lombard, Ditton, & Weinstein, 2013) (see Table 3). Presence as realism includes three 

items of social realism and one item of perceptual realism. Presence as immersion is 

conceptualized as the degree to which users are perceptually and psychologically 

immersed by AR displays and includes four items. Spatial presence is the user’s feeling 

of being in the mixed reality (MR) environment of AR and includes two items. Presence 

as social richness is the degree to which users feel the media (experience) to be sociable, 

warm, sensitive, personal, or intimate when experiencing AR and includes four items. 

Table 3.  

Indices for subscales of presence 

Key words Items 

Presence as realism 

Certainty The events I saw would occur in the real world 

Plausibility The events I saw could occur in the real world 

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

Perceptual 

realism 

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

you experienced them directly in your actual environment? 

Presence as immersion 

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 experience a sensation of reality? 

Spatial presence 

Self-here How often, when migraine symptoms seemed to occur to you, did you want to 

avoid? 

Other-there To what extent did you experience migraine inside the environment you saw? 

Presence as social richness 

Personal For each of the pairs of words below, please circle the number that best 

describes your evaluation of the media experience. Lively 

Emotional 

Immediate 
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Narrative transportation is conceptualized as the user’s experience of feeling 

immersed in the narrative potential of a media experience so that they can construct 

hypothetical scenarios about it cognitively. Users of AR might experience narrative 

transportation when the virtual objects they encounter are technologically aligned with 

the user’s actual environment or when either narrative potential of the experience or the 

storytelling allows virtual objects to be connected to a specific location or environment in 

plausible ways (Azuma, 1997; Azuma, 2015). It was measured with the five items of 

revised Transportation Scale-Short Form (TS SF) (Appel et al., 2015) (e.g., “How often 

could you picture yourself in the environment through the augmented reality?”, 1=not at 

all, 7=very often) (see Table 4). 

Table 4. 

Indices for subscales of narrative transportation 

Key words Items 

Narrative transportation 

Cognitive transportation-

reflection 

How often could you picture yourself in the environment 

through the augmented reality? 

Cognitive transportation-

elaboration 

How much were you mentally involved in the symptoms you 

saw? 

General transportation How much do you want to know the situations or symptoms 

of migraine more? 

Emotional transportation How much did your experiences of migraine symptoms or 

disorders affect you emotionally? 

Imaginative 

transportation 

While experiencing migraine symptoms or disorders through 

this augmented reality, how vividly could you imagine 

migraine patients’ situations? 

Situational empathy is defined as emotional responses of medical students that 

occur after they perceive migraine symptoms via AR and respond to the representation of 

the patients’ situations with egoistic/altruistic motivations. It was measured by adjectives 

that represent three different vicarious feelings of sympathy, distress, and sadness (see 

Table 5).  
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Table 5. 

Indices for subscales of situational empathy 

Key words Items 

Sympathy 

Sympathetic  How sympathetic did you feel about migraine patients after viewing the 

mobile app? 

Softhearted  How softhearted did you feel about migraine patients after viewing the 

mobile app? 

Warm  How warm did you feel about migraine patients after viewing the 

mobile app? 

Compassionate  How compassionate did you feel about migraine patients after viewing 

the mobile app? 

Tender  How tender did you feel about migraine patients after viewing the 

mobile app? 

Moved  How moved did you feel about migraine patients after viewing the 

mobile app? 

Distress 

Alarmed  How alarmed did you feel about migraine patients after viewing the 

mobile app? 

Grieved  How grieved did you feel about migraine patients after viewing the 

mobile app? 

Troubled  How troubled did you feel about migraine patients after viewing the 

mobile app? 

Distressed How distressed did you feel about migraine patients after viewing the 

mobile app? 

Upset How upset did you feel about migraine patients after viewing the 

mobile app? 

Disturbed How disturbed did you feel about migraine patients after viewing the 

mobile app? 

Sadness 

Worried How worried did you feel about migraine patients after viewing the 

mobile app? 

Perturbed How perturbed did you feel about migraine patients after viewing the 

mobile app? 

Sad How sad did you feel about migraine patients after viewing the mobile 

app? 

Low-spirited How low-spirited did you feel about migraine patients after viewing the 

mobile app? 

Heavy-hearted How heavy-hearted did you feel about migraine patients after viewing 

the mobile app? 

Low  How low did you feel about migraine patients after viewing the mobile 

app? 
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Procedures 

When the participant arrived in the study room of Temple University Hospital, the 

researcher explained the study briefly. Then, the participant read the consent form for 

five minutes and answered questions on immersive tendency and physician empathy for 

ten to fifteen minutes through the Qualtrics online survey program. After being 

introduced to the experiment, the participant was randomly assigned to one of two 

groups: the handheld display (group 1) or HMD (group 2). Next, the researcher provided 

verbal instructions on three activities/tasks for the participants as they used the AR: 1) 

experiencing (perceiving) migraine symptoms, 2) imagining as if they were a patient, and 

3) walking around the study room while experiencing the symptoms. Participants then 

performed the tasks related to migraine visual symptoms for ten minutes in the study 

room. Five minutes after their participation in these tasks using AR, participants 

responded to questionnaire items through the Qualtrics online survey program on 

presence, narrative transportation, and situational empathy for ten minutes. After they 

finished answering all the questionnaire items, those who were willing to participate in 

the follow-up interview were asked to answer interview questions for approximately one 

hour 1) right after the experiment was over, 2) 1-6 days later, or 3) more than a week 

later. Before participating in the interview, those who had not were asked if they wanted 

to use HMD, all the participants except one did. The collected data were exported to 

SPSS and NVivo for data analyses. The data were stored anonymously on the programs 

of Qualtrics and audio/AV.      
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Interview 

Application of semi-structured interview 

The reasons to choose the in-depth interviews for this study are as follows. First, 

in-depth interviews provide a qualitative component of this study that complements its 

experimental portion. Second, qualitative results sequentially corroborate or reinforce the 

results of quantitatively designed experiments. For example, when using identical 

samples for both qualitative and quantitative components, results from those two methods 

produce corroborative results. In this study, medical students’ answers collected through 

in-depth interviews were expected to substantiate the pre-selected categories of the 

Temple Presence Inventory in the context of AR. The way to substantiate each category 

is a qualitative thematization which appropriates and consolidates the nature of medical 

students’ presence experience into its naturally occurring ‘bottom-up’ perceptual and 

‘top-down’ cognitive appraisal psychological process. 

Qualitative components are complementary since their results explain another 

aspect of presence that quantitative measures do not capture. These internally connotative 

factors might not be directly observable but be grasped by researchers at the latent level, 

where thematization reveals phenomenal aspects of the world by the virtue of 

researchers’ interpretation (Van Manen, 1990, p. 9). Since the qualitative study is 

conducted based on Husserl’s descriptive phenomenology (Van Manen, 1990), themes 

found through data analyses were expected to function as threads around which the 

phenomenological description of presence experience can be deepened. In this study, 

both reasons above are applicable since they underscore how in-depth interviews 
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facilitate the description of the presence experiences as a communication phenomenon 

(Sanjek, 1990). For this study, a semi-structured interview was chosen to capture and 

consolidate qualitative results and to help the researcher narrow down research topics to 

specific areas or themes that qualitative research is designed to cover. 

Ethnographic skills and techniques 

Skills and techniques were drawn from the ethnographic tradition to develop the 

semi-structured interviews (Anderson & Jack, 1991; Fontana & Frey, 1994; Lindof & 

Taylor, 2002; Rubin & Rubin, 2011). These ethnographic skills and techniques help 

researchers to avoid a scholarly tendency to generalize and understand experiences from 

their own vantage points. Specific ethnographic skills and techniques included designing 

main questions, identifying prompts that elicit follow-up questions, using probing 

questions to manage the interview conversation in the process of data collection, and 

describing the explicit segment of data and the subtle process behind the segment for 

thematic analysis (Anderson & Jack, 1991; Fontana & Frey, 1994; Lindof & Taylor, 

2002; Rubin & Rubin, 2011). The interviews were conducted from one hour to two hours 

in the study room located on the health science campus of Temple University, audio-

recorded, and transcribed for the analyses. The interviews consist of five questions about 

users’ tendencies, eleven questions about mediated or unmediated environmental or 

contextual characteristics, thirteen questions about users’ experiences of presence and 

narrative transportation, three questions about users’ feelings or experiences of 

augmented reality, three questions about the effects of presence experience on the 

students’ empathic responses.  
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While collecting data, the researcher sustained the theory-oriented perspective to 

corroborate presence as experiences from medical students’ words using qualitative and 

descriptive work (Murphy, 2008; Wolcott, 1990). She conducted the semi-structured 

interviews as ongoing dialogue to continuously validate presence experience from 

students’ viewpoints to achieve this analytic goal and thus, interview questions were 

based on theoretical categories and discipline-oriented views of presence. Based on her 

experience as medical researcher who added patient-centered categories to medically 

established indices, she tried to substantiate presence experience in medical students’ 

own words and identify emerging categories.   

When analyzing data, the researcher realized that data were rich enough to 

indirectly participate in, validate, situate medical students’ presence experience in 

medical context where they use technologies, learn medical skills, and meet patients. 

Though this study did not plan researcher’s active engagement in the fieldwork initially, 

jotting and pictures enabled her to approach to ethnographic validity through which she 

imaginatively experience patients’ symptoms through their views, voice, and her 

memories. While analyzing with NVivo, she could validate and revalidate presence 

experience from her perspective, medical students’ perspective, and patients’ 

perspectives while analyzing, indirectly experiencing, and imagining medical students’ 

descriptive accounts.       
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CHAPTER 9 

RESULTS I: QUANTITATIVE ANALYSES 

As the first chapter for results, hypotheses and research questions established 

based on the literature review are examined in this chapter to explore the natures of 

presence, narrative transportation, and situational empathy. Particularly, this chapter 

shows 1) the main effect of media immersiveness on presence and narrative 

transportation, and 2) relationships among immersive tendency, physician empathy, 

presence, narrative transportation, and situational empathy, while conducting ANOVAs, 

ANCOVAs, multiple/hierarchical stepwise regressions, and canonical correlations with 

the SPSS program.  

  Preliminary analyses 

Missing values 

Four out of twenty-seven cases (14.8%) and nine out of eighty-six variables 

(10.5%) (Q1-13, Q2-11-1, Q2-11-2, Q2-11-3, Q2-11-4, Q2-24, Q2-28, Q2-38, Q2-39) 

were missing. The reason for these missing values to happen mostly in cases of 

situational empathy (n=18) is that respondents easily felt fatigue to pay attention to the 

responses consisting of similar adjectives with a relatively long list. Missing values were 

filled using mean substitution, chosen as the most frequently used ways to deal with 

missing values. However, it has limitations since it 1) produces overly precise results, and 

2) does not consider uncertainty occurring during the analysis since its analyses are 

conducted as if the imputed mean values were true values rather than statistically imputed 

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

Normality was checked with the Shapiro-Wilk test and Kolmogorov-Smirnov test 

(Chan, 2003; Rozali & Wah, 2010). These methods are assumed to be necessary though 

non-normality is usually assumed for small samples. This study had 27 participants. Not 

all raw data, indices, and dimensions met the underlying assumptions of parametric 

statistical analysis—normal distribution— since the p-values of the two tests were 

below .05 (see Appendix E). Thus, binomial sign tests as non-parametric statistical 

methods and general linear models such as regressions and ANCOVAs as parametric 

methods, which are robust against the violation of normality assumptions, were 

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

Reliability 

Reliability was checked with Cronbach’s alpha to investigate how well the sets of 

items for physician empathy, immersive tendency, presence, narrative transportation, and 

situational empathy internally measured the same constructs across cases (see Table 8). 

Reversely coded items of physician empathy as compassionate care were recoded for this 

analysis and later analyses. Reliability of the subscale of immersive tendency as focus 

was not high initially (a=.564) when using all its seven items. Thus, five of them were 

deleted, which means that participants’ answer to tendency to focus was not consistent. 

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

Index construction 

Since possible threats to the internal validity were eliminated or identically 

distributed through the random assignment of participants to two experimental 
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conditions, and the independent variable was manipulated to measure the real treatment 

effect, construct validity was checked to confirm the generalizability of those 

relationships from the research operationalizations to higher-order theoretical constructs. 

Exploratory factor analyses were done using principal axis factoring and ProMax rotation 

within each latent variable as a theoretical construct (see Appendix F). Factor scores, 

which locate each individual participant on each latent variable, were calculated with 

regressions for the construct validity of independent variables and dependent variables at 

the level of latent variable and for subsequent analyses to show the convincing evidence 

to hypotheses and research questions at the theoretical level concisely (Devliger & 

Rosseel, 2019; Distefano, Zhu, & Mandrila, 2009; Skrondal & Laake, 2001). Correlations 

among factor scores, which represent the amount of variance shared among the latent 

variables, were calculated to check which associations exist among the latent variables 

(Hikenmeier, Bohndick, Bondick, & Hikenmeier, 2020).  

Correlations were conducted among the concepts of immersive tendency, 

physician empathy, presence, narrative transportation, and situational empathy to show 

their conceptual distinctiveness and identify their internal structures (Table 6). There was 

significant correlations between spatial presence and presence as realism (r=.436, 

p=.023), between presence as social richness and spatial presence (r=.420, p=.029), 

between presence as immersion and presence as social richness (r=.707, p<.001), 

between spatial presence and presence as social richness (r=.420, p=.029), between 

narrative transportation and presence as immersion (r=.680, p<.001), and between 

narrative transportation and presence as social richness (r=.746, p<.001). Lastly, there 

were significant correlations between presence as social richness and situational empathy 



 

123 

 

(r=.389, p=.045) and between narrative transportation and situational empathy (r=.542, 

p=.004).  

Table 6  

Correlations among immersive 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. Narrative transportation .299 -.085 .066 .680** .255 .746** 1  

8. Situational empathy .227 -.081 .079 .362 .042 .389* .542** 1 

 

Sociodemographic characteristics of participants 

 Twenty-seven medical students participated in the experiment (see Table 7). 

Among them, fourteen (52%) used HMDs, and thirteen (48%) used handheld displays. 

Their age ranged from 20 to 32 with a mean of 25.3 (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%), and another three of them were Asian (11%). Twenty-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 medicine. Most of them 

(96%) reported that they had used augmented reality fewer than seven times in total. 

Twenty-two of them (81.4%) reported some knowledge about augmented reality. All of 

them except for one used HMD before the interview or during the interview, including 



 

124 

 

handheld display users. In this study, presence in HMD condition was explored deeply 

through the interview.  

Table 7 

Sociodemographic characteristics of medical students at baseline 

Baseline 

characteristics 

HMD Handheld display Full sample 

N % N % N % 

Age       

  22-23 3 21.4 2 15.4 5 18.5 

  24-25 8 57.2 6 46.2 14 51.8 

  26-27 1 7.1 2 15.4 3 11.1 

  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 15.4 4 14.8 

  Hispanic 1 7.1 2 15.4 3 11.1 

  White 10 71.4 6 46.2 16 59.3 

  Other 0 0 1 7.7 1 3.7 

AR experience       

  Never 3 21.4 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 characteristics/responses of participants 

Medical students' psychometric characteristics were measured (see Table 8). 

Students' immersive tendency (M=4.42, 1=never, 7=often, SD=.77) was lower than 

another tendency—physician empathy (M=5.98, 1=never, 7=often, SD=1.03). The 

medical students experienced the four types of presence: they perceived migraine 
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symptoms simulated by augmented reality (AR) as real (M=5.57, 1=strongly disagree, 

7=strongly agree, SD=.72), the mediated experiences as immersive (M=5.26, SD=.17), 

the generated virtual/mixed reality as if they were in the represented environment 

(M=5.31, SD=.35), and AR stimulus as personally intimate (M=5.10, SD=.39). Also, 

they experienced a relatively higher level of narrative transportation (M=5.42, SD=.49) 

than presence (M=5.31, SD=.50) except for presence as realism (M=5.57, SD=.72). They 

responded to augmented reality stimuli with situational empathy as sympathy (M=5.57, 

1=not at all, 7=very much, SD=.43), situational empathy as distress (M=3.81, SD=.51) 

(Table 8). 

Table 8 

Psychometric properties of immersive tendency and physician empathy, and 

psychological responses of presence, narrative transportation, and situational empathy  

Scales & Subscales (n) M SD Range Cronbach’s alpha 

Immersive tendency (9) 4.42 .77 3.59-5.78 .762 

Physician empathy (20) 5.98 1.03 2.04-6.81 .728 

Presence (14) 5.31 .50 4.43-6.37 .849 

  Realism (4) 5.57 .72 4.44-6.37 .801 

  Immersion (4) 5.26 .17 5.07-5.52 .810 

  Spatial presence (2) 5.31 .35 4.96-5.67 .643 

  Social richness (4) 5.10 .39 4.43-5.43 .730 

Narrative transportation (5) 5.43 .39 4.44-6.15 .740 

Situational empathy (18) 4.60 .89 3.27-6.19 .948 

  Sympathy (6) 5.57 .43 5.07-6.19 .885 

  Distress (6) 4.41 .54 3.56-5.11 .926 

  Sadness (6) 3.81 .51 3.27-4.74 .890 
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Hypothesis test 

Hypotheses 1 and 2: AR effects on presence 

Binomial sign tests were used to test the hypotheses designed to know whether 

medical students experience a higher level of presence and narrative transportation when 

they see symptoms, behaviors, and environment through the HMD than the handheld 

display. Also, regression, ANOVA, and ANCOVA were conducted to analyze the 

portions of the variances of presence and narrative transportation accounted for by media 

immersiveness, excluding immersive tendency and physician empathy since they are 

correlated with presence.    

Effects of main treatment 

Binomial sign tests were used to examine whether differences in presence and 

narrative transportation between HMD users and handheld display users occurred 

systematically (Abdi, 2007; Boslaugh & Watters, 2008; Buskirk, Willoughby, & 

Tomazic, 2013; GraphPad, 2021)). HMD users reported a higher level of presence than 

handheld display users in twelve out of the fourteen comparisons, which means that the 

observed proportion of comparison favoring the HMD in presence was .86, and the 

probability of this proportion occurring by chance (i.e., the p-value) is .0129 (see Table 

9). However, HMD users reported a higher level of narrative transportation than handheld 

display users in four out of five observations, which means that the observed proportion 

of comparisons favoring the HMD in narrative transportation is .80 and a non-significant 

probability is .375 (see Table 10). Hence, HMD users experienced a higher level of 
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presence than handheld users, but no statistically significant difference was found for 

narrative transportation. 

Table 9 

Binomial sign test of presence for media immersiveness (ªp-value=.0129)   

Items Conditions N Mean Rank 

Realism (certainty) HMD 14 15.50 

Handheld 13 12.38 

Realism (plausibility) HMD 14 14.25 

Handheld 13 13.73 

Realism (credibility) HMD 14 15.11 

Handheld 13 12.81 

Perceptual realism HMD 14 14.86 

Handheld 13 13.08 

Immersion (engagement) HMD 14 15.11 

Handheld 13 12.81 

Immersion (involvement) HMD 14 16.68 

Handheld 13 11.12 

Immersion (absorption) HMD 14 15.75 

Handheld 13 12.12 

Immersion (embodiment) HMD 14 13.32 

Handheld 13 14.73 

Spatial presence (self-here) HMD 14 16.29 

Handheld 13 11.54 

Spatial presence (other-there) HMD 14 14.96 

Handheld 13 12.96 

Social richness (personal)  HMD 14 15.71 

Handheld 13 12.15 

Social richness (lively) HMD 14 16.50 

Handheld 13 11.31 

Social richness (emotional) HMD 14 12.89 

Handheld 13 15.19 

Social richness (immediate) HMD 14 15.21 

Handheld 13 12.69 
Note. ª 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 of narrative transportation for media immersiveness (ªp-value=.375) 

Variables Conditions N Mean Rank 

Cognitive transportation 

(reflection) 

HMD 14 16.29 

Handheld 13 11.54 

Cognitive transportation 

(elaboration) 

HMD 14 14.75 

Handheld 13 13.19 

General transportation 
HMD 14 14.39 

Handheld 13 13.58 

Emotional transportation 
HMD 14 13.79 

Handheld 13 14.23 

Imaginative transportation 
HMD 14 14.36 

Handheld 13 13.62 
Note. ªThis is the chance of observing either 4 or more successes, or 1 or fewer successes, in 5 

trials 

Effects of main treatment after canceling out the effects of covariates 

In the previous sections, binomial sign tests that showed a higher level of  

presence of HMD users was systematically attributed to media immersiveness. The 

problem is whether differences caused by media immersiveness were still valid when 

controlling for user tendencies as covariates and human-computer interaction (HCI) 

effects between media immersiveness and user tendencies. Thus, analyses of covariance 

(ANCOVAs) were conducted to investigate whether media immersiveness influenced 

presence as realism, presence as immersion, spatial presence, and presence as social 

richness, and narrative transportation after controlling for immersive tendency, physician 

empathy, and the HCI effects. As its result, there were no main effects of media 

immersiveness on presence and this held true when controlling for covariates such as 

immersive tendency, physician empathy, and the HCI effects (Table 11). 

  

  



 

129 

 

Table 11 

ANCOVA testing differences in the dependent variable of presence for the independent 

variable of media immersiveness, covariates, and interactions 

Variable 
HMD users 

Handhe

ld users 

 
ANOVA 

M SD M SD Effect F ratio df ƞ² 

Presence as 

realism 
.166 .205 -.178 .315 

 MI ᵃ .584 1 .027 

 IT ᵇ .131 1 .006 

 PE ͨ .001 1 .000 

 MI*IT 1.288 1 .058 

 MI*PE .006 1 .000 

Presence as 

immersion 
.273 .212 -.294 .283 

 MI 3.366 ᵈ 1 .138 

 IT 2.725 1 .115 

 PE .501 1 .023 

 MI*IT 1.581 1 .070 

 MI*PE .508 1 .024 

Spatial 

presence 
.188 .170 -.202 .260 

 MI 2.468 1 .105 

 IT 2.027 1 .088 

 PE 1.010 1 .046 

 MI*IT 1.405 1 .063 

 MI*PE .496 1 .023 

Presence as 

social 

richness 

.238 .233 -.256 .228 

 MI 1.850 1 .081 

 IT 1.447 1 .064 

 PE .044 1 .002 

 MI*IT .511 1 .024 

 MI*PE .002 1 .000 
 

Note. ᵃ MI=media immersiveness. ᵇ IT=immersive tendency. ͨ PE=physician empathy. ᵈ 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 there were systematic differences in presence due to media 

immersiveness as shown in the binomial sign tests, this difference did not occur when 

internal tendencies that participants possess were not controlled as shown in ANCOVAs. 

Thus, hypothesis 1 and 2 about presence and narrative transportation were rejected. 
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Hypotheses 3 and 4:AR-presence effects on empathy 

Multiple linear regressions were conducted by entering the indices of presence as 

realism, presence as immersion, spatial presence, presence as social richness as 

independent variables and by entering indices of situational empathy to provide 

convincing evidence to support hypotheses 3a and 3b, which were about the significant 

influence of presence and narrative transportation on situational empathy.  

Presence and narrative transportation on situational empathy 

Multiple linear regressions were conducted to examine the predictive values of 

presence and narrative transportation on situational empathy with their indices (Table 

12). The regressions revealed that presence did not account for situational empathy 

significantly (p>.05) and narrative transportation significantly predicted situational 

empathy, F (1,25) =10.39, p<.004, and accounted for 27% of variation in situational 

empathy. Thus, hypotheses 3a and 3b were partially approved. 

Table 12 

Regression for independent variables of presence and narrative transportation and 

dependent variables of situational empathy 

Variables B 95%CI for ꞵ SE ꞵ R² ᵃ 

Presence → situational empathy  

Constant  -1.480E-16 -.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 transportation → situational empathy  

Constant  -6.730E-17 -.334 - .334 .162  .270 

Narrative transportation .562** .207 - .917 .172   .546 
Note. ᵃ R² refers to adjusted R square.  

**p<.01 
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Research questions 

Research question 1: Internal tendencies 

For the research question about the relationships between immersive tendency and 

physician empathy, canonical correlation analyses were conducted to produce pairs of 

canonical variates (Bagozzi, Farnell, & Larcker, 1981; Fan, 1997; Kachigan, 1982). 

These analyses were conducted since each canonical variable is loaded with its own 

canonical variate and cross-loaded with canonical variate of another variable set. Specific 

intrinsic traits of medical students’ tendencies were expected to be distinctively identified 

through the cross-loading patterns between immersive tendency and physician empathy 

(Bagozzi et al., 1981). In this study, since there were few degrees of freedom within cells 

for sets, physician empathy was divided into one set measuring perspective-taking and 

other sets measuring compassionate care and standing in patients’ shoes to avoid 

statistical errors, and two canonical correlations were conducted to find the maximal 

bivariate correlations between linear combinations of immersive tendency and physician 

empathy.  

The first canonical correlation was conducted to find the canonical combinations 

of variables of immersive tendency and physician empathy as perspective taking (see 

Tables 13 and 14). There were no significant canonical correlation functions that 

maximally characterize the bivariate associations of these two tendencies.  
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Table 13 

Canonical correlations between immersive tendency and physician empathy as 

perspective taking (significance level) 
Canonical 

correlation

s 

Canonical 

correlation 

efficient 

Eigenvalue 
Wilk’s 

Lambda 
F Df 

Significanc

e 

1 .994 89.553 .000 1.322 140.00 .149 

2 .969 15.560 .000 .930 117.00 .629 

3 .952 9.688 .001 .756 96.00 .871 

4 .814 1.964 .015 .573 77.00 .984 

5 .775 1.502 .044 .565 60.00 .979 

6 .759 1.357 .111 .549 45.00 .974 

7 .698 .948 .262 .477 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 

 

Table 14 

Canonical correlations between immersive tendency and physician empathy as 

perspective taking (loadings and explained variance) 
Immersive 

tendency (set1) 
Loadings 

Variance 

explained 
Loadings 

Physician 

empathy (set2) 

Automatic focus   .215 

3.45% (set 1 

explained by 

set 1 canonical 

variate) 

 

3.42% (set 1 

explained by 

set 2 canonical 

variate) 

 

10.26% (set 2 

explained by 

set 1 canonical 

variate) 

 

10.15% (set 2 

explained by 

set 2 canonical 

variate) 

-.087 Emotional status Mental alertness   .399* 

Physical fitness .025 
Blocking out 

distractions 
-.042 

  .137 
Patients’ 

nonverbal cues  Activity 

involvement 
-.090 

Media arousal  .072 
-.318 

Therapeutic 

component 
Attentional 

focus 
 .034 

Media 

involvement-

TV/book 
 .181 -.144 

Empathy as a 

therapeutic skill 

Media 

involvement-

movie 
  .419* -.131 

Therapeutic 

validation 

Character 

identification 
-.024 -.481* Well-being 

Dream-

involvement 
 .060 -.296 

Patients’ body 

language 

Dream-arousal  .074 -.349 Imagination 

Neuroticism -.149 -.492* Sense of humor 

Neuroticism-

sleeper effect 
-.141 -.419* 

Think like 

patients 

Note. *p<.05.  
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However, one statistically significant canonical correlation function was found in 

the second canonical correlation analysis between immersive tendency and physician 

empathy as compassionate care and physician empathy as standing in patients’ shoes (see 

Table 15). In this function, the two variates of immersive tendency and physician 

empathy as compassionate care and physician empathy as standing in patients’ shoes 

shared 99.8% of the variance (Rc=.999). The Wilk’s Lambda statistic was found to be 

significant through the chi-square test (df=140 and p=.037). The other nine canonical 

correlation functions were not significant.  

Of the fourteen variables included in the set for immersive tendency (see Table 

16), mental alertness, character identification, and neuroticism had statistically significant 

loadings (p<.05) in their own canonical variate. This canonical variate of immersive 

tendency accounted for 10.52% of the variance in their own set of variables, while the 

canonical variate of physician empathy as compassionate care and standing in patients’ 

shoes explained 10.51% of the variance in this set of variables. Of the eight variables 

included in the set for physician empathy, affectional ties, attention to emotions, 

emotional relationships, and cognitive perspective-taking had significant loadings (p<.05) 

in their own canonical variate. This canonical variate of physician empathy accounted for 

15.44% of the variance in their own set of variables, while the canonical variate of 

immersive tendency accounted for 15.42% of the variance in this set of variables.  
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Table 15 

Canonical correlations between immersive tendency and physician empathy as 

compassionate care and as standing in patients' shoes (significance level) 

Canonical 

correlatio

ns 

Canonical 

correlatio

n efficient 

Eigenvalu

e 

Wilk’s 

Lambda 

F Df Significan

ceª 

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. ª This refers to the significance level of Wilks’ lambda about null hypothesis that a set of 

presence is not linearly correlated with that of narrative transportation. * p>.05. 

Table 16  

Canonical correlations between immersive tendency and physician empathy as 

compassionate care and as standing in patients' shoes (loadings and explained variance) 

Immersive 

tendency (set1) 
Loadings 

Variance 

explained 

Loading

s 

Physician empathy 

(set2) 

Automatic focus -.216 
10.52% (set 1 

explained by set 

1 canonical 

variate) 

 

10.51% (set 1 

explained by set 

2 canonical 

variate) 

 

15.44% (set 2 

explained by set 

1 canonical 

variate) 

 

15.42% (set 2 

explained by set 

2 canonical 

variate) 

.418* Affectional ties 
Mental alertness    -.514** 

Physical fitness -.127 
.192 Attentiveness to experiences Blocking out 

distractions 
 .084 

Activity 

involvement 
 .292 .496** Attention to emotions 

Media arousal -.065 .319 Belief in emotion  

Attentional focus  .127 
.687*** Emotional relationships Media involvement-

TV/ book 
-.204 

Media involvement-

movie 
-.063 .339 Understanding of feelings  

Character 

identification 
  -.624** .353 

Nonmedical literature and 

the arts 

Dream-involvement -.023 .074 
Patients’ lives and physical 

complaints 

Dream-arousal -.374 
.312 Affective perspective taking 

Neuroticism    -.654** 
Neuroticism-sleeper 

effect 
-.171 .414* Cognitive perspective taking 

Note. *p<.05, **p<.01, ***p<.001  
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Research question 2: Nature of presence 

For this research question 2, which is about the relationships between presence 

and narrative transportation, canonical correlation analyses were conducted to identify 

distinctive patterns of bivariate associations between those two psychological processes. 

Since the significant levels of canonical relationships were not statistically significant 

(Table 17), the set of presence was not linearly related to that of narrative transportation 

in statistically significant ways. However, considering the possibility of Type II error 

because of the small sample size (n=27), the results of the first canonical correlations 

were explained.  

In the first canonical function (see Table 18), of the fourteen variables of 

presence, eight variables—perceptual realism, immersion (engagement), immersion 

(involvement), immersion (embodiment), social richness (personal), social richness 

(lively), social richness (emotional), and social richness (immediate)—had significant 

loadings in their own canonical variate. This canonical variate of presence accounted for 

22.93% variance in their own set of variables while another canonical variate of narrative 

transportation accounted for 19.89% variance in these variables of presence. All five 

variables of narrative transportation—cognitive transportation-reflection, cognitive 

transportation-elaboration, general transportation, emotional transportation, and 

imaginative transportation—had significant loadings (p<.05) in their own canonical 

variate. This canonical variate of narrative transportation accounted for 43.73% of the 

variance in its own set of variables while the canonical variate of presence shared 37.93% 

of the variance in this set of variables of narrative transportation.  
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Table 17 

Canonical correlations between presence and narrative transportation (significance 

level) 

Canonical 

correlation 

Canonical 

correlation 

efficient 

Eigenvalue 

 

 

Wilks’ 

Lambda 

F Df Significan

ce 

1 .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 

Table 18 

Canonical correlations between presence and narrative transportation (loadings and 

explained variance) 

Presence (set1) Loadings Variance 

explained 

Loading

s 

Narrative 

transportation (set2) 
Realism (certainty) -.079  

22.93% (set 1 

explained by 

set 1 canonical 

variate) 

 

19.89% (set 1 

explained by 

set 2 canonical 

variate) 

 

43.73% (set 2 

explained by 

set 1 canonical 

variate) 

 

37.93% (set 2 

explained by 

set 2 canonical 

variate) 

.605*** 
Cognitive transportation 

-reflection 
Realism (plausibility) -.151 

Realism (credibility)  .114 
Perceptual realism     .511** 

.678*** 
Cognitive 

transportation-

elaboration 

Immersion 

(engagement) 
   .763**

* 
Immersion 

(involvement) 
   .625*** 

Immersion (absorption) .329 

.406* General transportation 

Immersion 

(embodiment) 
   .796*** 

Spatial presence (self) -.070 
Spatial presence 

(others) 
.118 

Social richness 

(personal) 
    .682*** 

.830*** Emotional transportation 
Social richness (lively)    .515*** 

Social richness 

(emotional) 
.406* 

.713*** 
Imaginative 

transportation Social richness 

(immediate) 
 .526** 

Note. *p<.05, **p<.01, ***p<.001 

  

Research questions 3 and 4: Empathy as stable traits influencing changeable states 

Regressions were conducted to determine the relative contributions of immersive 

tendency and physician empathy on situational empathy with their indices. As its results, 
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there were no significant effects of immersive tendency and physician empathy on 

situational empathy (Table 19). Next, regressions were performed with the factor scores 

with indices of immersive tendency as focus, immersive tendency as involvement, 

physician empathy as perspective taking, physician empathy as compassionate care, 

physician empathy as standing on patients’ shoes, and situational empathy as sympathy. 

As its results, there was a statistically significant effect of physician empathy as 

perspective taking on situational empathy as sympathy (Table 20).  

Table 19 

Regression for independent variables of immersive tendency and physician empathy and 

dependent variable of situational empathy 

Note. ᵃ R² refers to adjusted R square. ᵇ This means that R square was not high enough to make 

adjusted R square positive. ᵇ IT=immersive tendency. ͨ PE=physician empathy. 

 

Table 20 

Regression for independent variables of immersive tendency and physician empathy and 

dependent variables of situational empathy as sympathy 

Note. ᵃ R² refers to adjusted R square. ᵇ IT=immersive tendency.  ͨPE=physician empathy. 

* p<.05 

Another regression was conducted with indices of immersive tendency as focus, 

immersive tendency as involvement, physician empathy as perspective taking, physician 

empathy as compassionate care, physician empathy as standing on patients’ shoes, and 

Variables B 95%CI for ꞵ SE ꞵ R² ᵃ 

Immersive tendency and physician empathy → situational empathy 

Constant -3.009E-17 -.410 - .410 .199  -.024 ᵇ 

Immersive tendency (IT) .256 -.202 - .714 .222 .229  

Physician empathy (PE) -.064 -.504 - .375 .213 -.060  

Variables B 95%CI for ꞵ SE ꞵ R² ᵃ 

Immersive tendency and physician empathy → situational empathy as sympathy 

Constant  -4.495E-16 -.390 - .390 .187  .139 

Focus (IT ᵇ)  -.127 -.702 - .448 .276 -.105 

Involvement (IT)  .368 -.155 - .891 .252 .325 

Perspective taking (PE ͨ) -.250 -.748 - .248 .239 -.225 

Compassionate care (PE) -.547* -1.043 --.051 .239 -.462 

Standing in patients’ shoes (PE) .161 -.331 - .653 .237 .137 
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situational empathy as distress. As its results, there was a statistically significant effect of 

physician empathy as perspective taking on situational empathy as distress (Table 21).  

Table 21 

Regression for independent variables of immersive tendency and physician empathy and 

dependent variables of situational empathy as distress  

Variables B 95%CI for ꞵ SE ꞵ R² ᵃ 

Immersive tendency and physician empathy → situational empathy as distress 

Constant  -1.450E-16 -.394 - .394 .190  .085 

Focus (IT ᵇ) -.418 -.999 - .164 .280 -.350 

Involvement (IT) .380 -.149 - .910 .255 .342 

Perspective taking (PE ͨ)  -.520* -1.023 --.016 .242 -.476 

Compassionate care (PE) -.404 -.906 - .098 .241 -.348 

Standing in patients’ shoes (PE) .007 -.491 - .504 .239 .006 
Note. ᵃ R² refers to adjusted R square. ᵇ IT=immersive tendency.  ͨPE=physician empathy. 

*p<.05 

Last regression was conducted by using situational empathy as sadness as a 

dependent value. As its results, immersive tendency as focus, immersive tendency as 

involvement, and physician empathy as compassionate care significantly predicted 

situational empathy as sadness (Table 22).   

Table 22 

Regression for independent variables of immersive tendency and physician empathy and 

dependent variables of situational empathy as sadness  

Variables B 95%CI for ꞵ SE ꞵ R² ᵃ 

Immersive tendency and physician empathy → situational empathy as sadness 

Constant  1.479E-17 -.359 - .359 .172  .254 

Focus (IT ᵇ) -.572* -1.101 --.043 .254 -.476 

Involvement (IT) .581* .099 - 1.063 .232 .519 

Perspective taking (PE ͨ) -.398 -.856 - .061 .220 -.361 

Compassionate care (PE) -.483* -.940 --.026 .220 -.413 

Standing in patients’ shoes (PE) -.105 -.558 - .347 .218 -.090 
Note. ᵃ R² refers to adjusted R square. ᵇ IT=immersive tendency.  ͨPE=physician empathy. 

*p<.05 

Research question 5: Interaction effects of covariates 

Multiple linear regression was used with stepwise regression procedures to 

explore interaction effects of immersive tendency and physician empathy interact on 
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presence, narrative transportation, and situational empathy (see Table 23). All variables 

[interaction terms] were centered for the regression. In this case, an unconstrained model, 

which 1) centered indicators, 2) multiplied them, and 3) omitted all the constraints, was 

used to find interaction effect (Steinmetz, Davidov & Schmidt, 2011). As its results, there 

was one interaction effect between immersive tendency as involvement and physician 

empathy as compassionate care in predicting presence as realism (plausibility). 

Interaction effects between dream (involvement) of involvement index and attention to 

emotions of compassionate care index on presence as realism (plausibility) were found 

with t=2.746, p<.05.   

Table 23 

 Interaction effect of immersive tendency and physician empathy on presence 

Variables B 95%CI for ꞵ SE ꞵ 

Immersive tendency as involvement and physician empathy as compassionate care→ 

presence as realism (plausibility) 

Constant  3.155  1.136-  5.174 .976  

Dream-involvement -4.086*** -5.833--2.339 .845 -1.553*** 

Attention to emotions   -.650**    .263- 1.126 .258 -1.601** 

Dream-involvement * attention to 

emotions 

   .695* -1.185- -.115 .209  1.677* 

Note. *p<.05, **p<.01, ***p<.001 

Summary 

 This chapter analyzed the relationships between both presence and situational 

empathy and narrative transportation and situational empathy while controlling 

immersive tendency and physician empathy. As shown in the figure below, HMD as a 

evoked presence and narrative transportation more than handheld display, influencing 

situational empathy (sympathy, distress, and sadness) differently. 
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Figure 14. Summary of quantitative results 
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CHAPTER 10 

RESULTS II: QUALITATIVE ANALYSES 

 As the second chapter of results, this section analyzed participants’ interview 

answers acquired using key informant ethnographic techniques on 1) 

mediated/unmediated characteristics of augmented reality (AR) environment, 2) user 

experiences of presence, narrative transportation, and AR, and 3) emotional memory of 

presence caused by AR cues with a basis upon philosophical premises of Husserl and 

Merleau-Ponty.  

Procedures 

 For this study, the researcher immersed herself in the participants’ comments 

(within-cases) and distanced herself from them (across-cases) constantly by using 

different functions of the software package NVivo (Ayres et al., 2003; Bazeley & 

Jackson, 2013; Charmaz, 2014; Spradley, 2016; Todd et al., 2004; Van Manen, 1990). 

First, the researcher immersed herself in the data as vividly as possible while hearing 

participants’ voices through checking audio files and auto-transcripts (see Table 24). 

Next, the researcher tried to understand the unique nature of each participant’s experience 

by coding themes and contextualizing them through the crosstab functions of NVivo 

(within each case). Then, she tried to find commonality across cases using in-vivo 

coding, auto-thematic coding, and auto-sentimental coding (across cases) by coding 

themes with indigenous terms used by participants themselves, selecting the whole set 

coded under each theme to find semantic primes and affective primes that participants 

use frequently, and simultaneously paying attention to their own comments as less 

mechanical and interpretive work. Next, she recontextualized this commonality in 
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participants’ interview comments by revisiting her memories about situations, searching 

the statements, rehearing participants’ remarks, and doing axial coding about their 

experiences, while specifying each theme into its specified properties and dimensions to 

validate them (within and across all cases).  

While participating in these analytic processes, she tried to make her initial 

writing of early draft while presenting the general themes across cases. While writing, the 

researcher realized that the interview contents were richer than she had expected, so she 

tried to extract semantic relationships (inclusion, spatial, cause-effect, rationale, location 

for action, function, means-end, sequence, attribution) to gain insight to understand the 

meaning of each of themes in medical culture identified from participants’ own words. 

Then, she selected significant statements that phenomenally present medical students’ 

comments about AR, its environment, and their experienced presence and empathic 

response and, lastly, finished her writing through evocation to capture the essential 

structure of experience into its vivid presence and through intensification to preserve the 

phenomenal meanings of their comments constantly to draw participants’ experiences as 

richly as possible.  

The analyses and writing took considerable time. It took 1) three to four hours for 

the researcher to check each auto-transcribed transcript manually, 2) one or two days to 

become immersed in the comments of the transcript of each participant, 3) one week to 

compare those statements across cases, 4) one week to recontextualize statements, 5) two 

weeks to intuit comments to 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 and intensification.  

The rules followed for the ethical reporting of interview data for this study were 

based on the APA Publication manual (7th ed), which requires researchers to keep the 

ethical agreements of confidentiality and anonymity with their participants and to include 

participants’ comments in the research report by respecting the original meanings of 

participants’ comments by using pseudonyms, ambiguating identifiable information, and 

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

Table 24 

Procedures of qualitative analyses (adopted from Ayres et al., 2003) 

Analytic strategy Analytic focus Coding strategy Products 

1. Analytic 

immersion 

Within all cases Auto-transcription, 

manual checking, 

and auto-coding 

Sense of lived 

experiences 

2. Immersion in 

each interview 

Within each case 

(uniqueness) 

Thematic coding & 

contextualization 

Significant 

statements 

3. Comparison of 

statements 

Across cases 

(commonality) 

In-vivo coding & 

decontextualization 

Common categories 

of statements 

4. Reconnection of 

statements to 

interviews 

Within and across 

all cases 

Researcher’s axial 

coding and 

recontextualization 

Specification of 

properties/dimensions 

of codes 

5. Intuiting, critical 

reflection 

Within and across 

all cases 

Theoretical coding 

based on category 

relationships 

Identification of 

category relationships 

 

6. Free writing Within and across 

all cases 

Researcher’s pre-

writing based on 

the identified 

semantic 

relationships 

Answer research 

questions 

7. Selections of 

significant 

statements 

Set of significant 

statements 

Selection of 

statements that 

represent category 

relationships 

Identification of 

essential structure 

8. Return analysis 

to participants 

Essential structure Researcher’s 

writing & memoing 

Evocation and 

intensification 
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Research  ’  positions and NVivo 

The researcher transformed her perspectives from a purely descriptive perspective 

toward an ontologically experiential perspective to observe and participate in 

participants’ presence experience (Murphy, 2008; Wolcott, 1990) by 1) having an etic 

position to conduct interviews on presence experience of medical students, 2) adopting an 

observational position to discover their presence experience with analytic sense, 3) 

situating her position in participants’ narratives to interactively capture the serendipitous 

moment that the researcher could not pick up during her initial encounter, and 4) 

immersing herself in series of ontological viewpoints reflexively between evocation and 

intensification to grasp and be in the experiential moments.  

NVivo interactively guided and facilitated this dialectical process while 1) 

substantiating and adding presence experiences generally and locally on a daily basis 

through auto-transcription, auto-thematic coding, and auto-sentimental coding, cluster 

analyses, and crosstab analyses, 2) analyzing the medical students’ interview remark  

through rich-text capabilities (text-search functions, word-frequency functions, and 

coding queries), 3) enlivening their experiences through multimedia functions (key-word 

functions to contextualize sensitizing concepts, which could spark researcher’s memory, 

in the context of recorded voice of participants’ comments), and 4) participating in 

research participants’ perspectives by revisiting jotting, fieldnotes and photos (Bazely & 

Jackson, 2013). In other words, NVivo helped the researcher to immerse in medical 

students’ presence experience gradually and interactively through its multimodal 

functions that link researcher’s jotting, fieldnotes, photos, transcriptions, audio files, 



 

145 

 

medical journals (see Table 24). Further, throughout this process, the researcher carried 

out manual analyses simultaneously to intuitively capture the moments with jotting, 

fieldnotes, and photos. 

Interview results 

Research question 6: Environmental factors 

Research question 6 was designed to know mediated and unmediated 

characteristics of the media environment or media context that influence the sense of 

presence and narrative transportation. AR experience was designed to present migraine 

visual symptoms in the immersive views of medical students so that they perceived the 

symptoms as if they were part of their own experiences (Kleinman, 1988; Kolb & Kolb, 

2009; Loomis et al., 1999). Thus, it was important to internally validate the presence 

experiences so that students perceived as if they were patients for a short-term perceptual 

process. In this way, the experiment was expected to test hypothetical links between 

media immersiveness and presence after controlling for immersive tendency and 

physician empathy (see Tables 9-11 in Chapter 9). 

However, the in-depth interview revealed medical students’ motivation to pay full 

attention to patients’ symptoms through real-life behaviors in more natural settings. Since 

students were already familiar with the biomedical definitions of this disease of migraine, 

they believed that their understanding of symptoms was enhanced when they enacted 

real-life behaviors of patients in a more natural settings than the lab setting. When asked 

about environmental factors with indirect open questions that induce participants’ 

responses on presence, the participants commented about the immersive virtual 
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environment (IVE) that displayed symptoms in their FOVs and the natural field settings 

where students extended their enhanced sense of symptoms with the see-through display. 

These comments were made by students because experimental studies using AR in nature 

located the nature of research setting between laboratory experiments where they can 

only pay more attention to symptoms and field experiments where they can imagine the 

real-world situations of migraine patients. Medical students who perceived AR 

simulation as artificial settings did not apply its affordances fully, while other students 

who thought that a natural setting is desirable for this study used its affordances fully. In 

the connection map that connects participants to themes acquired through analyses of 

their own comments, all participants (right) have connections to themes (left). The 

semantic relationships that are presented with bullet points illustrated the semantic 

relationships that are presented with the bullet points. For example, in Figure 15, this 

means that participants commented about immersive virtual environment or immersive 

mixed environment. In total (see Figure 15), seventeen participants (74%) [A, B, C, D, E, 

F, J, K, N, O, P, R, S, T, U, V, W] commented that a well-controlled environment made 

the medical students feel fully immersed in migraine symptoms. Sixteen participants 

(70%) [A, B, C, D, E, F, G, K, L, M, N, O, P, Q, R, S] commented that real-life like 

context would make them to feel fully immersed in patients’ situations. 
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Figure 15. Connection map between participants and media environment  

● An immersive virtual environment accelerated the physiological process of 

presence.  

● An immersive mixed environment accelerated the psychological (affective or 

cognitive) process of presence. 

Environmental factor 1: Immersive virtual environment and physiological presence 

When environments were perceived as well-controlled, i.e., away from the 

external stimuli except for the environmental factors such as light that optimally represent 

symptoms, medical students said that they were fully exposed to patients’ symptoms 

from a professional stance. For example, participants O and V noted that a well-

controlled study room helped them attend to the simulated visual symptoms as opposed 
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to the external stimuli of more natural settings:  

Oh, I would say, I feel. Also, the room being quieter allow[ed] me to get into it 

more, having to experience this. (Participant O, HMD user) 

[I] guess, in this room, since it is pretty quiet and isolated, there are no outside 

stimuli to take away from it. So, you [can] get more focused on that. Versus if we 

were doing this out in the hallway when people were talking, everything else 

would be a lot more difficult to be more immersed. Yeah, focus on it. (Participant 

V, HMD user) 

Further, they also perceived media stimuli as patients’ symptoms distinctively from 

external stimuli. For example, as participant K commented, when medical students 

perceived symptoms distinctively from feelings and not extending their perception 

toward the actual environment in the outside of the FOV of the HMD, it enhanced their 

sense of presence in symptoms irrespective of unrealistic representation of the symptoms: 

I felt like, I was immersed in this virtual space, but I was fully aware of being 

here, and like I said, there is a disconnect between the visual of what I was seeing 

and what I was feeling around me. So, it did not feel like it was real. I felt 

immersed in this kind of synthetic world, though. (Participant K, HMD user) 

Also, when there were no incoming sensory or media stimuli that caused the perceptual 

differentiation, it enhanced medical students’ sense of presence. As participant Q said, 

the absence of other sensory cues that connected the participants’ perception to the 

mediated experiences, such as mobile phone or video, enhanced their sense of presence: 

Is this a video or is this my actual vision? It is more tilted towards my actual  

vision because all the cues I have of videos were not there. I was lack in all  

of these cues whereas, when I have the phone, having a phone is one cue, having  

the phone from a distance, that is another cue, and seeing this move on the screen  

that is the third cue. With the headset on, I was not holding anything. So, that is 

one of the cues that are associated with the video that was eliminated. It was not a  

distance that it was my actual vision would be. So, there was not anything  

between that. There was not anything between what I would see and myself. So,  

that was another cue that was eliminated. And yes, it actually felt pretty real.  

(Participant Q, handheld display user) 

In other words, even in a well-controlled study room, some sensory stimuli broke the 
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sense of presence since they reminded participants of their actual environment while 

overriding their full sense of presence. For example, as participant J said, medical 

students’ feelings to grab the mobile phone and other incoming visual stimuli from the 

real environment deterred their full sense of presence in the migraine symptoms, when 

using the handheld displays, while HMDs afforded them chances to focus on visual 

symptoms:  

Okay, so again, with the phone, I was just too aware that I was holding a phone,  

 and since I could still see around the phone where my vision was normal, it was  

not as immersive that way. And, again, with the headset, since I could not see  

anything but the screen, it was more immersive, and I did not have to focus on  

holding anything right. (Participant J, handheld display user) 

This is also shown in the comments of Participant P whose involvement in walking 

behaviors interrupted his sense of presence while creating other perceptual needs for 

navigation:   

It was immersive. It was a little bit clumsy because I think the room is so small. 

That is why my attention was so divided. I could not walk around freely. It was 

like, I had to focus on not running into the wall or falling. you know, so I think if 

it was a little bit easier to move around, you might be able to be more immersed 

because you do not have to worry about falling over. (Participant P, HMD user) 

Environmental factor 2: Immersed mixed environment and psychological presence 

When medical students participated in activities while perceiving themselves and 

paying more attention to the patients’ symptoms, they felt engaged in the symptoms. For 

example, as participant C said, participants perceived patients’ mundane activities as if 

they were patients until they felt slowly present in patients’ symptoms and forgot the 

HMDs:  

I tried to apply my every, daily living activities as much as I could with the 

setting. I was trying to see how a person with migraine feels. By doing that, I got 

more and more immersed. I forgot and I tried to forget that I was having the HMD 
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set. It did not happen right away, but after ten or fifteen minutes, I started less 

thinking about it as a set and on my head. I was having the symptoms. Also, I was 

trying to imagine having a headache and all this. So, I also tried to work on to add 

to and see how far I can get closer to a person with migraines. (Participant C, 

HMD user) 

According to participant L, imagination, and visual memory came into play in this 

process:   

So, I was just trying to imagine, if that was, if I woke up today and that was, how, 

what happened when I got into this room, just really trying to. That is why I 

opened my pill bottle because I have to take a pill every day. Would I be able to 

do that? You know, I was trying to do things that I would regularly do. I could 

write my name, read the news, and so I think, trying to make it as realistic for 

myself as possible, but also with the mindset of like, OK, I woke up this morning 

and this is what happened. And now, here we are. And, you know, what is this 

going to be like? I think that is what made me completely immerse [myself]. And 

then, I mean this app itself was, I think, very well made in that. It still felt like I 

was, you know, totally my normal [self] in this environment. (Participant L, HMD 

user)  

Further, participant S expected that medical students’ ongoing perception of the 

symptoms in a more natural environment, not only their imagination or memory, might 

give them a validated understanding about what it would be like being in patients’ 

situations: 

I think, just the fact that we are in like a small room and, it is not like, I am going 

to everyday life. It is not like we are outside like in a normal scenario and I am 

walking around and experiencing the symptoms. So, I feel like, that is obviously 

very difficult to do especially with the current weather. But, if I was like walking 

around outside, or something like that, then I would get a better understanding of 

what it is like in actual real life and not just in like a test setting (Participant S, 

handheld display user). 

Research question 6: Contextual factors 

As previously discussed, the media context is physiologically, affectively, and 

cognitively perceived, remembered and retrievable media experiences. In the context of 

the medical setting, the media context refers to perceived media experience of AR as 
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form and that of migraine as content. AR, in this study, can be perceived not only as rich 

or vivid because of AR embodying symptoms itself, but also as plausible, conventional, 

and natural because of message of patients’ symptoms embedded in AR (Biocca, 1993; 

Lombard & Ditton, 1997; Slater, 2003; Steuer, 1992). In total (see Figure 16), eight 

participants’ comments (30%) (C, D, G, J, M, O, R, V) were coded into the theme of 

professional experience of migraine. Ten participants’ comments (43%) (A, E, H, I, K, N, 

P, Q, S, T, U) were coded into the theme of personal experiences of migraine (see Figure 

16). Among the twenty-three participants, ten participants (43%) had had direct 

experiences using AR (B, C, D, H, K, L, N, R, S, T, V), for example they directly 

experienced medical AR for anatomy training or AR gaming, and six participants (26%) 

(F, G, M, P, U, W) had had indirect experiences of AR, for example they heard about it. 

Five participants (A, E, H, I, O) had no experience with AR.   
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Figure 16. Connection map between participants and media context  

● Medical students with less experiences of AR and/or migraine felt distant to them 

and experienced physiological presence.  

● Medical students with more experiences of AR and/or migraine felt proximate to 

them and experienced psychological presence. 

Contextual factor 1: Less experience of AR/migraine and physiological presence  

Participants with fewer experiences of AR perceived augmented reality itself as 

real with high perceptual sensitivity. For example, participant F, with no AR experiences, 

had an overwhelmed sense of presence:  

Yeah. I mean it was just very bright, kind of, almost slightly overwhelming, 

which is what I would have, somewhat, what I would have imagined. And the fact 

you, kind of, oscillated. It was a little bit different, but I think that it was very 

representative in terms of like, “Oh, wow, this is a little bit overwhelming” 

(Participant F, HMD user).  
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Further, participants U, with few AR experiences, was perceptually caught up with visual 

symptoms through the egocentric AR display: 

I guess, mainly because I feel like AR is kind of immersion, forcing you to 

immerse in the experience because there is no way you could just look away, and 

like, how you could stop studying by just looking away and not looking at your 

book anymore (Participant U, HMD user). 

However, participants with no migraine experience perceived patients’ symptoms, 

physical difficulties, and frustrated feelings with emotional sensitivity as if they were 

their own. For example, with no migraine experiences, participant L felt AR simulation 

as engaging or immersed enough to have patients’ own perspectives and experience 

differently things from their perspectives. 

But I was trying to, and I and I felt like I really was experiencing what was going 

on. And it was like you know it could have gone on for—It could have changed at 

any point. It could have. You know what I mean like it was kind of I was 

immersed to a point of like I wanted to try to do different things and try to 

experience more with it because it was very engaging (Participant L, HMD user). 

Contextual factor 2: More experience of AR/migraine and psychological presence  

In contrast, participants with more experiences of AR or migraine processed 

patients’ feelings, symptoms, and situations through AR simulation with a sense of 

efficacy. According to participant K, a sense of efficacy enabled him to compare 

currently incoming feeling aroused by media stimuli to his remembered feelings caused 

by headaches: 

I think it is not quite realistic. Well, let’s say, like I said before I would say the 

feelings that the media experience initiated, like the feeling that I had of 

headache, nausea, vertigo, were realistic to what patients suffering from migraines 

would feel like. So, I think that was real (Participant K, HMD user). 

Some participants commented that AR simulation conveys messages they could grasp. 

For example, participant V said that he could catch the messages conveyed by the 
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simulation. The same result was shown in the comments of participant R. Further, he said 

that his feeling of immersion let him receive the message across two conditions:            

Because the whole point of it is not supposed to necessarily make such high-tech 

simulation of things. It is just, must be like something similar enough that you get 

the point... Most likely, with the aura, experiencing kind of like blurriness and it 

was coming towards you, rather than just like a background flashing stuff 

(Participant V, HMD user). 

I was able to get immersed enough to get the message across. So, I think it was 

immersive. (Researcher: The message across?) The understanding of what 

migraine’s symptoms are like. (Researcher: You said that as a message) Yes, 

message (Participant R, handheld display user). 

Moreover, some students brought about their memories of migraine patients to 

experience patients’ symptoms. For example, participant J retrieved her memory of 

patients, whom she encountered when going on rounds of visits as a medical student:  

We didn't really study that yet in-depth but from what I saw from patients, [It] 

like varies. So, there is one patient that was always wearing sunglasses and we 

had to turn the lights off, but she was like really severely light sensitive. And then, 

other ones, it's like it comes and goes. So, I kind of was already exposed to like a 

variety of different migraines and like severities just from my clinic and stuff 

(Participant J, handheld display user) 

Also, participant E said that his perceptual process of presence toward a visual symptom 

was mediated by his memory of light sensitivity as a patient: 

Yeah, yeah, Like I said. I think [about] my experiences with migraines. I have not 

had a migraine for a long time. But, like I said, I think the most relevant 

symptom[s] I have ever had were the sensitivity to light and my feeling of 

wooziness, and not [being] able to be in a bright area. The first one is, very like 

yeah, I was, I thought, was realistic to me [compared] to things that I had 

previously experienced having those, like, intense like [the] light fit, I don't even 

know how to describe it, but just like the light blurs everything around you. And it 

is not good. But yeah, I thought that it matched well with what I have experienced 

(Participant E, HMD user).  

As another example, participant D retrieved her memory about her mother’s migraine 

experiences to be in the patient’s perspective and mindset: 
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I have never had a regular aura, incredibly long-lasting spells of it. Personally, I 

know my mother suffered from migraines for a long time and they left her 

incredibly dizzy feeling, vertigo. She just stayed at the bed with lights off through 

the day when those struck. And that was something that shapes my perception of 

migraines for a long time. Yes, I think that just the fact that it happens to me and I 

react differently from other people, so in that way, I would think that everybody 

has the semi-different reactions to stimuli. I felt pretty immersed in the situation. I 

was put in that perspective and mindset (Participant D, handheld display user). 

Research question 7: Nature of presence 

This research question asked presence experiences that participants had at the 

time of experiment. The results showed that their psychological process of presence 

occurred not only as the automatic sensory response, deliberate metacognitive process, or 

affective congruent process. These processes occurred because of incoming experimental 

stimuli, but also perceptual memory, medical knowledge, imagination, and aspiration 

retrieved from personal memories or learned through their professional experiences. In 

total (see Figure 17), ten participants (43%) (A,E,H,I,J,N,O,T,U,W) answered that they 

felt spatial presence (self-here) and fifteen participants (65%) 

(B,C,D,E,G,K,L,M,O,P,Q,R,S,T,V) answered that they felt spatial presence (other-there). 

Fifteen (65%) (A,B,C,E,G,I,K,L,M,N,O,R,S,T,V) participants felt AR as professionally 

personal while sixteen (70%) (A,C,D,F,H,I,K,N,O,P,Q,S,T,U,V,W) participants felt AR 

as personally intimate. Seventeen participants felt mediated symptoms as if they were 

plausibly real (74%) (A,C,D,E,G,H,I,K,L,N,O,P,Q,S,T,U,V) while nineteen participants 

(83%) (A,B,C,D,E,F,I,K,L,M,N,O,P,Q,S,T,U,V,W) felt mediated symptoms as 

perceptually real. Fourteen participants (61%) (A,B,F,G,I,J,K,L,M,N,O,P,R,S) felt 

psychologically involved in mediated symptoms while seventeen participants (74%) 
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(A,B,C,D,E,F,G,H,I,M,N,Q,S,T,U,V,W) felt perceptually immersed in mediated 

symptoms.  

 

 

Figure 17. Connection map between participants and different states of presence 

● Physiological (sensory) process and psychological (affective and cognitive) 

process are two attributes of presence and narrative transportation process in AR. 

● Realism, immersion, spatial presence, and richness are located within the 

continuum of social presence as its different steps in AR. 
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Nature of presence 1: Physiological-psychological response of presence 

In this study, medical students perceived the patients’ symptoms as physical 

alteration of pathological disorders and discomfort feelings via physiological or 

perceptual pathways of presence (Bruner, 1957). The results showed that medical 

students perceived the mediated migraine symptoms as if they were their own symptoms 

through 1) incoming sensory stimuli, 2) retrieved memory or imagination (Summerfield, 

Lepsien, Giteiman, Mesulam, & Nobre, 2006; Zeidman & Maguire, 2016), and 3) self-

conscious goal-directed behavioral involvement (Pessoa, 2017). They were also 

experiencing incoming stimuli based on the total size of the immersive FOV and 

migraine symptoms, their behaviors, and environment they viewed through the see-

through display. They also continued imagining and remembering to fill in perceptual 

gap. In other words, they continuously construct the physiological presence experience 

into a more psychological one through affective and cognitive process.  

Presence as realism (psychological). Participants perceived the simulated spatial 

and temporal dynamics of AR stimuli of migraine symptoms as real based on memories. 

For example, participant I rapidly associated photosensitivity with light as one 

environmental barrier by retrieving biomedical knowledge and autobiographical memory:  

And so, that was like very realistic to me. And it was so, that was pretty, pretty, 

real. And then, because it would change as you would move, that was also very 

realistic because the way the amount of light was coming in was adjusting. So, it 

wasn't super bright all the time or I had [experienced] a pulsating nature at one 

point which I identified with pretty, pretty well (Participant I, handheld display 

user. 

Participant N perceived temporal patterns of simulated AR stimuli as not realistic since 

app stimuli did not present irregular characteristics of migraine symptoms: 
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I can't imagine it being exactly the same because, at the end of the day, there is a 

set pattern that you could see, with the VR, the aura coming in a set time and 

leaving it a set time to tell that it's kind of like a running loop program. [The] 

same thing [occurs] with the flashing lights. You can, kind of tell, that it's not like 

fully realistic, but, in my opinion, it's realistic enough to get the message across 

what the symptoms are like to a certain degree (Participant N, HMD user). 

Participant I said that her personal experience gave her more in-depth understanding of 

varied symptoms of patients though they could form another bias in addition to the bias 

formed between patients’ symptoms and medical information: 

I guess I was biased towards my own experiences. So, I think, for me, I knew that 

there were like other ways in which people experienced migraine. But since I only 

know what had happen[ed] to myself, I was very focused on the like light, sound 

sensitivity, the positional like stuff. So, for me, if I were experiencing migraines 

and I would bend down and pick something up off the floor, all my symptoms get 

like really worse. And then if I were to, like, stand up that would get better or if I 

like moved really quickly they would get worse but if I stayed really still and 

relax[ed] then they would get a little bit better (Participant I, handheld display 

user) 

While walking and doing other things, students perceived patients’ symptoms by feeling 

patients’ emotional difficulties from the patients’ points of views. For example, 

participant C filled in the sensorial gaps between current perception and learned percepts 

with his perceptual understanding of patients’ feelings:  

Yes, though the medium alone didn't, but your instructions [such as] to go around 

and walk or trying to do things with this is what cemented or helped me getting 

more empathetic or more understanding of how it feels. So, putting it on and just 

sitting down, I don't think it would do much good (Participant C, HMD user). 

As another example, participant E perceived the AR simulation as authentic since its 

affordances allowed her to ontologically participate in the experiential learning process to 

validate patients’ feelings, thoughts, perceptions, and symptoms:  

When I experience something that a patient has [the] experience, yeah, I mean, 

like I said, I think that having the general understanding of what a patient is 

feeling and think[ing], [what] they're seeing, or the symptoms that they're 
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experiencing, I think, (it) is very valuable because, I think, it gives validity and 

truth to what they're saying (Participant E, HMD user). 

Participant U commented about the discomfort that she experienced as other students did. 

This expected, but unplanned effect, which usually breaks the presence as simulator 

sickness, made her presence experience more plausible:                

The experiences that I did have were slightly similar, but still different in many 

ways. So, I feel like the way that I felt gave me that certain kind of discomfort 

that I remembered, but in a different way. So, it was kind of like showing me how 

people experience things differently. So, it was believable to me that that could be 

the way someone else is perceiving [a] migraine (Participant U, handheld display 

user). 

In sum, as in the results of quantitative analysis, participants thought that AR 

stimuli themselves did not represent migraine visual symptoms realistically. Thus, their 

experiences of realism were not shown as perceptual realism, but as plausibility. In other 

words, they tried to experience them ontologically as if they were patients by retrieving 

their personal or professional memories, feelings, and imagination.   

Presence as immersion (physiological). Participants were physiologically 

immersed in patients’ migraine symptoms simulated with AR by perceiving the 

symptoms as if they were experiencing them with actual visual fields, not as immersive 

virtual displays. Participant O felt the HMD as natural, and participant T said that she felt 

proximate to it. Participant T also said that its egocentric display made her feel more 

immersed in the mediated symptoms:  

Just because the headset was more so more of a natural feel. So, it was only like 

the cliché here, that through my own eyes, through my own eyes. It felt through 

[the] actual case with [the] headset (Participant O, HMD user). 

I think it's kind of like the proximity. And then also, it does it, is kind of, made so 

that it's like really your focus just with the way that it's around your eyes and kind 

of pulls your periphery out of it a little bit. So, it's kind of just like 



 

160 

 

straightforward. I think that that was probably mostly why (Participant T, 

handheld display user). 

Participant M also said her immersed feeling in the symptoms through the HMD enabled 

her to feel as if she experienced visual symptoms in her vision: 

But I think, having the headset, having that right up in your face, and having 

nothing in your other vision, none of your other senses can look towards like the 

normal part of the world, I think, that's what I think that's why the headset would 

be a lot more immersive than the phone (Participant M, handheld display user). 

Participant V furthered this notion saying that he felt as if the virtual symptoms were 

coming toward him since visual symptoms were proximately perceived within the HMD 

that he wore:   

Most likely, just like again with the aura, like experiencing kind of like blurriness 

and like, like, it was coming towards you rather than just like a background 

flashing stuff that I could just tune out of my brain (Participant V, HMD user). 

Participant L indicated that the driving force for a deeper level of immersion comes from 

the quality human computer interactions (HCIs) that closely matches technological 

interfaces with her mindsets as the user for technological affordances and contents, which 

means that physiological presence automatically comes from this matching aspect 

between technological affordances and her mind as a user:    

I really wanted to believe that that was my reality, which I couldn't be helped. 

Yeah, and just like [I] believe that that was what I was experiencing at that 

moment. And I think that's probably also why I was so immersed in it. I was 

trying to imagine like, “Okay, wow this is, if this is my reality, what am I gonna 

[do]. Let me now explore my environment. Let me try and do different things. So, 

I think it's a combination of the app being very well designed and the simulated 

symptoms being realistic as well as the mindset going into it of I'm gonna take 

this. You know, and really believe that this is my reality (Participant L, HMD 

user). 

Presence as immersion (psychological). Participants were involved in the 

patients’ behaviors through affordances of AR that located virtual symptoms in the 
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participants’ view of the actual environment geometrically in a real-time. This was also 

directed by participants’ goal-directed engagements, which eventually led to a deeper and 

more absorbed degree of immersion in patients’ mediated situations. Participant E said 

that walking and navigating with the HMD allowed him to feel immersed in its FOV by 

perceiving his movements of hand and body through the wide view of the HMD as if he 

saw them with his field of view:    

Like I said, I think, having your whole field of vision, walking around in the 

room, I think, helped make it even feel more immersive, and navigating through 

real things, and walking around a room helped me get very into it and feeling 

things and seeing my hand and my body with all of these things going on 

(Participant E, HMD user). 

Participant O said that a devoted long-time behavioral engagement in patients’ situations 

would lead to a more deepened level of involvement:  

Yeah, but I feel like, for it to be like fully immersive, maybe if I walked more or 

had it for a longer period of time. So, I actually had like more experiences since, I 

mean, I really just kind of walked from that wall back and, that kind of, wrote on 

the board. I did the same thing all three times. Maybe, if I, if there was like a long 

experience where I had it for 30 minutes and [if] I had to do like schoolwork, 

maybe, if I had to study while having it on, I feel like it definitely would be a little 

more immersive (Participant O, HMD user). 

Participant E thought that real-life situations that are more connected to the situations of 

patients with symptoms would induce a more involved response from medical students:  

But I think that's another potential environment that maybe could have made it 

more realistic. [It] is like if, you and I, we're just in this room [versus] if we were 

down in the lobby? Maybe, you know like kind of, around other people so you 

could see what it was like, you know, to have activity going on around you and 

you'd be trying to go about your daily day. I think that would be helpful 

(Participant F, HMD user). 

Spatial presence (physiological). Since this study combines the IVE display and 

see-through AR display, participants felt two different forms of spatial presence: feeling 

symptoms as if they were in patients’ situations and actively experiencing them as if they 
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were their own symptoms. First, they felt as if they were in the virtual environment since 

their visual field was covered almost entirely. For example, participant H explained that 

her sense of space was prominent in the HMD compared to the handheld display since a 

more immersive view of the HMD is the only way to see through the actual environment. 

Participant I also explained the reason why he did not feel the spatial presence with a 

handheld display was that he was exposed to its non-mediated environment without 

looking through its lens fully: 

Yeah. Did I feel like I was in that environment? Yes. With the headset much 

more. Yeah. Well not so much with the phone. But definitely, [with] the headset, 

because that was all. That was the only reference for my environment. When I 

have a phone, I'm holding it [and] I'm looking at the screen (Participant H). 

With the headset, I felt like 100 percent on. The phone, maybe like, you feel like 

80 percent. Because I could, still like, look away from the phone screen and be 

like, “Oh yeah, that's a window. Okay.” Like you know, [I know] where I am in 

space without looking through the like lens of the phone right (Participant I, 

handheld display user). 

Participant D felt spatial presence as a feeling of being put in patients’ mindsets. 

Yes, I think that’s just the fact that it happened to me, and I react differently from 

other people. So, in that way, I would think that if everybody has the semi-

different reactions to stimuli, I felt pretty immersed in the situation. I was put in 

that perspective and mindset (Participant D, handheld display user).  

Spatial presence (psychological). Each participant felt spatial presence 

differently. For example, participant G pictured himself as patients through his sense of 

spatial presence:  

Because I knew that I wanted to go into it, hoping to get more understanding, I 

really tried to picture myself as somebody experiencing symptoms. And I think 

that was helpful (Participant G, HMD user). 

Participant E said that his involvement in patients’ activities and perception of them 
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helped him to imaginatively transform the study room into migraine patients’ real-life 

natural settings.  

Yes, very much, so yeah. Okay. And I think that that was aided by having you 

telling me to walk around and yeah see where the chair is and the board in, kind 

of walking around, and just interacting with the environment with also AR and 

seeing all these symptoms and things like that (Participant E, HMD user). 

Presence as social richness (physiological). Participants perceived AR stimuli 

instantly or unconsciously accepted them as their own symptoms in patients’ situations 

through AR stimuli designed to mimic their own physiological conditions. For example, 

participant I felt AR as personal so that she experienced its presence immediately:   

So, it's personal. And I think the word [for] is; it's happening. So, you're like a 

little bit prepared for it. But then, when you're in it, and experiencing it, the 

realness factor of it is more overpowering than the fact that this is like fake, but 

when it's presented in such a realistic way, you forget, and I don't want to say 

surprising but, it's powerful I guess (Participant I, handheld display user). 

Presence as social richness (psychological). Participant R found the reason why 

AR was personal was that an egocentric nature of HMD affords him possibilities to see 

what it is like to meet patients with migraine by taking a professional’s perspective:              

I mean, I've never had a migraine, thankfully, but I feel like it's personal in the 

sense that now I know. And like while it was going on, it felt personal because I 

was actually seeing what it's like. And I feel like, in the future, I'll be able to like 

if I deal with a patient with migraine, I'll be able to create a more personal 

connection because now I have a better idea about what it's like (Participant R, 

handheld display user). 

According to participant L, the HMD that visualizes patients’ invisible symptoms through 

its egocentric nature was closely related to her altruistic motivation as a professional to 

perceive and appraise patients’ symptoms, feelings, and situations fully:  

I don't get migraines, but I think it was relevant in the fact that you know, I 

wanted to know and I will encounter people in my life who suffer from migraines 

and so I wanted to know, I wanted to fully experience it because I wanted to be 

able to understand more patients. Yeah. And so, in that sense, you know, because 
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that's what I'll be doing for the rest of my life. It's totally personal and relevant 

(Participant L, HMD user). 

Narrative transportation (physiological). Participants felt transported into 

patients’ symptoms by the vivid mental imagery spatially relevant to the actual 

environment. For example, participant J said that the migraine visual symptoms in AR 

simulation offered the vivid and sensory imagery that she could use to understand 

patients’ situations in her future:  

Yeah. Because most migraine patients say things like light sensitivity and flashing 

light, that's like the most two commons. So now, I feel like, I again have a picture 

in my head when they use those terms (Participant J, handheld display user). 

Narrative transportation (psychological). Some participants tried to imagine 

patients’ pains with other sensory experiences coming from other visual, tactile, and 

affective stimuli. Participant F spoke about difficulties in imagining the patients’ pain 

since it is individual and subjective:  

Yeah, I mean, it's pretty hard to simulate pain right. I think that's pain is a pretty 

personal experience. I think a lot of health care providers have that opinion. So, 

and you know [people in] different cultures may experience pain in different 

ways. So, I think that that's kind of different (Participant F, HMD user). 

Further, participant P commented about visual-affective correlations by saying that 

perceptual experiences of patients’ situations and pains as emotions would help him and 

other medical students to understand patients more:       

Their situation and pain are emotions. You can better understand their pain if you 

have seen it. I know you can't feel it, but at least you can, you can see what they're 

going through, and I think that can help you be a better doctor in different ways 

(Participant P, HMD user). 
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Nature of presence 2: Physiological-psychological involvement of presence 

As presence as a perceptual illusion of non-mediation evokes naturally occurring 

affect or induces constructive emotional responses through the experiential learning 

process, the presence is suggested as different media exposure states (Biocca, 2003; 

Coplan & Goldie, 2011; Decety & Meyer, 2008; Forgas, 2008; Howe, 2013; Lombard & 

Ditton, 1997; Lombard & Jones, 2015; Milgram et al., 1995; Nabi, 2020; Omdahl, 1995; 

Potter, 2013; Riva, 2015; Russell, 2013; Segal et al., 2017; Turner, 2015). The former 

part, which illustrates its affective processing, supplemented the quantitative results on 

presence and affect, and the latter part that illustrates its emotional processing included 

additional qualitative results about presence, experiential learning process, and emotional 

response. In this section, based on these scholars’ opinions, the findings of users’ 

presence experience during the exposure of AR are coded while mapped to four different 

qualitative states of presence: realism, immersion, spatial presence, and social richness.  

An automatic state of presence (realism). When medical students were asked 

about migraine symptoms, they reported that they physiologically perceived migraine 

symptoms in AR as real and processed them automatically. For example, participant E 

perceived migraine symptoms as real, automatically forget their mediated experiences, 

and experienced the symptoms as his own (perceptual realism). However, he was 

uncertain if the symptoms were plausible from patients’ perspectives (social realism):   

I think it was pretty, pretty realistic like I said, I think especially using, cause you 

show me like what it was with just a phone and then… But I originally had the 

goggles. I would say, with the goggles, it was very it was very realistic to be 

walking in like that is. Everywhere I looked, that was my field of vision, and it 

was the symptom so. (Researcher: can you describe that more?) I mean I can't 
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speak to maybe the symptoms. I'm not sure if the symptoms, like the aura and the 

light flashes, and things look exactly like that to someone who has a migraine. But 

to me, it seemed like that was a very real part of my vision when I was walking 

around. I would see an aura and I, like, look up at it, and it would make you know 

I'm moving my head a lot would make me a little bit dizzy. I just like I literally 

felt all of that. That's why, you know, I had to stop sometimes because I felt, it felt 

very real to me, that I [felt as if] were experiencing all these symptoms 

(Participant E, HMD user). 

An attentional state of presence (immersion). During the exposure, medical 

students experienced immersion as the attentional exposure state while perceiving 

migraine symptoms as patients’ experiences consciously and interacting with them 

actively within the IVE. They were attentive to virtual symptoms and behaviors (head-

movement) and perceptually integrated them into patients’ migraine symptoms. In this 

state, participants felt as if they were in patients’ situations and experienced the same 

intense emotions as patients. Participant A said if he did more tasks than just walking 

around the room, he would feel more immersed:  

I wouldn't say it was that immersive, maybe, because I was sort of like walking 

around the room rather than if I do some sorts of tasks while that was going on, 

you know. [If I do more things], I feel more immersive. (Participant A, HMD 

user). 

A transported and self-reflexive state of presence (spatial presence). When these 

medical students perceive symptoms, behaviors (head movement and walking), and 

mixed reality (MR) stimuli (virtuality and reality), they interactively interpreted them as 

patients’ experiences by positioning themselves in patients’ perspectives (being there) or 

experiencing the symptoms from their perspectives (having it here), while adjusting the 

psychological distances between themselves and implied/imagined presence of patients. 

In other words, they perceived this MR as one reality by accepting symptoms as their 

own experience or another’s experience. For example, participant L said that she was so 
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immersed until she felt as if she were a patient and acted as the patient, but while 

maintaining her objective position as a learner or researcher:  

But I was trying to, and I and I felt like, I really was experiencing what was going 

on. And it was like you know it could have gone on for [that experience]. It could 

have changed at any point. It could have, you know, what I mean, like, it was, I 

was, kind of, I was immersed to the point of like I wanted to try to do different 

things and try to experience more with it because it was very engaging 

(Participant L, HMD user). 

An embodied/identified state of presence (social richness). Throughout this 

process, medical students perceived AR and its affordances by being in the patients’ 

experiences (embodiment) or taking their perspectives (identification). For example, 

participant H felt herself in the mediated experience while immersing herself in it and 

interacting with the experiences. Participant O tried to identify with patients by taking his 

own professional perspective to appraise patients’ situations:    

Like that. That was me in that experience. Yeah. I think so. So (Participant H, 

HMD user) 

So, because I'm seeing it from like a little bit from how I like work when I'm 

looking, I'm seeing the effects. It, kind of like, changes the way I'm thinking a 

little bit. So I feel like, you know, if I didn't have it, then, I mean I wouldn't be 

thinking about it, but because it's in my view then, I'm thinking about it more, and 

I'm thinking and then it, kind of, makes me think this is what patients have to feel. 

So it’s, kind of like just, changing the way I'm thinking about like migraines a 

little bit, is, kind of, changing the way I think about like if I was gonna treat 

someone, how I would treat them, maybe I would prescribe like a different 

medication for example. So yeah, I think it's, just I just kind of, changing maybe 

like, what I will maybe if I was like a physician and I had to put those on, It 

would change the way I would treat someone a little bit (Participant O, HMD 

user). 

Research question 8: AR experience 

On this research question, students were asked to illustrate their augmented reality 

experiences, but the researcher tried to generate its variety in relations to the main 
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concept of this study—presence in the actual interview situations by investigating the 

perceptual distance they felt to AR. In this case, their perspectives of AR and feelings 

about it became important. They experienced medical AR for their learning experiences 

from emic viewpoints based on experiences as users intuitively or etic viewpoints based 

on knowledge as learners intellectually. In total (Figure 18), however, all participants did 

not perceive medical AR as users while twelve of them (52%) 

(A,C,D,H,I,L,M,N,Q,R,T,U,V) used AR as users in general, while describing their 

gaming or other AR experiences. 
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Figure 18. Connection map between participants and AR experiences 

• Participants’ comments about medical AR were used to categorize participants 

into two groups: emic accounts and etic accounts.  

● Also, emic users have their own emotion of medical AR, and etic observers form 

the emotion about medical AR. 

AR experience 1: Em       u  s, us r’s p rsp    v ,  xp r        u d rs   d     

When medical students perceived themselves as emic users of AR, they 

experienced presence automatically and had used these mediated experiences to 

understand patients’ difficulties, symptoms, and feelings. For example, participant had D 
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experienced medical AR in anatomy education, which made him respond in this study not 

to AR itself but feel transported to patients’ pain:  

Experiencing the headache, experiencing how hard it would be to do everyday 

things, makes me understand what the mildest case would be. From there, I can 

imagine what a really horrible experience would be like. And I can, kind of, use 

my past experiences of feeling very ill and combine the disorienting effects, the 

visual disturbances with past feelings of incredible headache or nausea, or 

dizziness or so to that degree I understand something. I also understand that, if a 

patient comes in with these symptoms, I have to imagine it's, even if I can't 

imagine what they are going through, I can understand that it's debilitating 

(Participant D, handheld display user). 

Participant E said that his feeling of immersion helped him to experience mediated 

migraine symptoms of patients’ as if they were their own real experiences and enhanced 

the medical knowledge that he learned from books or paper to the practical knowledge: 

I get very involved, in person, with what the experience was like rather than 

reading a book about it or reading a paper about it or seeing a diagram about 

what, that's something, migraines symptom might look like. I think, being the 

person like with AR and being, like I said immersed in the environment, 

immersed in that the technology is to me what made it so much more. It made it 

very real and more real, like I said, than anything, I think, has been shown to me 

before. More real than reading a paper about the migraine symptoms. Cause you, I 

mean, in class, you might hear about a person [patient] has symptoms of an aura 

or light sensitivity and you just write it down on your notes and then the patient 

comes in and says, “I can't see,” “Okay, you have light sensitivity.” But, I don't. I 

know it's hard to say what that actually means until you're the person walking 

around in this [and] seeing it. And you know, like I said, it's not, it's not too real 

where you are so sensitive to light after you take it off. But, it's just insight into 

what it's like to have that the symptoms I think (Participant E, HMD user). 

Participant H, who used AR previously, explained this more clearly that AR recreated 

migraine experiences visually and it made her feel transported to patients’ perspectives 

more easily. Specifically, participant H responded to migraine experiences simulated by 

AR and took patients’ perspective intuitively, not to AR itself:     

So again, I think like, the visual experience was probably the biggest thing. Like 

that's not something I could really get tangibly just by listening or reading about 

it. So, the technology was helpful by recreating an experience for me. And 
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transporting me into a patient's perspective. And I think that I have a pretty good 

imagination like I can visualize things pretty well. But this was something that 

was still challenging for me, and I think that technology was helpful in making 

that more available (Participant H, handheld display user). 

AR experience 2: E        u  s,  u s d r’s p rsp    v ,      p u   u d rs   d    

In contrast to the users who deepened their experiential understanding about 

migraine symptoms with AR, those who accounted for AR experiences from an 

outsider’s perspective said that the experience of AR added conceptual understanding 

about patients’ invisible symptoms as the reference point for their future clinical 

experience. For example, participant A said that he got an additional understanding of 

symptoms by perceiving more visual symptoms:  

Yes. I wouldn't say that it is changed. But my perception has been built upon it by 

adding more. Sure, you have experienced this. But there are more experiences [of 

others, which are different from yours] (Participant A, HMD user). 

Participant G said that his experience of migraine symptoms through AR afforded him a 

physical sensation, but it was not visually similar enough to evoke a feeling of 

connection, thus, also a feeling of sympathy:    

I think I won't fully understand if I don't experience a physical sensation, but does 

it make it a little more connectable? That's a bad phrasing. Am I? Is it a little 

easier for me to connect with somebody because I've seen similar visual 

symptoms? Maybe, maybe. But, again, I think I was already empathetic towards 

migraines sufferers. So. It's not like. I'm more or less empathetic (Participant G, 

HMD user).     

Research question 9: Presence-related cues and memory. Several participants 

said that they would be able to recall how they felt about the migraine experience as an 

affective visual memory to use for their future careers. They also said that this affective 

memory would trigger their subconscious and automatic behavioral responses. Other 

participants said that their experience would help their future career if they remembered 
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the event as a type of autobiographic memory. They answered that this episodic memory 

about the experiment would substantively induce their behavioral changes. According to 

them, these two cognitive and emotional appraisal processes seemed to be related to 

sensory memory and episodic memory:  

● According to participants, AR experience will function as sensory memory 

(sensory cues) for short-term effects or episodic memory (experience) for long-

term effects. 

Presence-related cues and memory 1: Sensory memory and its long-term effects 

Several medical students suggested that presence visually experienced in the 

experiment would evoke non-verbal behaviors implicitly as a long-term perceptual 

memory while their involved emotion would not last. According to these participants, 

they would remember visual stimuli by associating them with relevant information 

neutrally. For example, participant B said that the association formed between migraine 

and light sensitivity would lead to his behaviors automatically and quickly after two 

years:  

[The] main effect that I can have is being able to adjust the environment better for 

somebody who has migraines [because of] having an intuitive understanding of 

what that person would like to have based on symptoms I had, particularly [the] 

light sensitivity one. I mean theoretically, I would think, if I walked into the 

bright room and if this person has a migraine, then I remember that demo that I 

did two years ago. I remember that light had been annoying, and I will turn off the 

lights. I would have read it in a book, you know, symptoms of migraine, light 

sensitivity, I would know that. But I might not be quick to apply [it]. I think I can 

quickly apply those [pieces of] knowledges after observing this direct experience 

(Participant B, handheld display user). 

Also, participant K said that his presence experience of patients’ visual symptoms would 

form an association between his memory and subconsciously followed communicative 
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behaviors:        

It wouldn't change my approach to like my conscious approach to how I dealt 

with a patient. With [this] migraine [study], I would do the same thing before and 

after this experience, I think. What would potentially change is my nonverbal 

communication or things that you can't quite put into words. It's not like this one 

thing would change. Maybe the tone of my voice would change when I was 

telling a patient because of the situation because of this improved depth of 

understanding of what they're going through. So, it wouldn't be like a conscious 

change that I'd make. Rather, I can imagine some subconscious changes would 

take place because of this (Participant K, HMD user). 

Presence-related cues and memory 2: Episodic memory and its long-term effects 

Several medical students thought that their experiences of migraine stimuli would 

function as an emotional memory, while helping the students validate patients’ 

experiences as their own and take patients’ perspectives. They expected that this memory 

would function as the internal mechanism in both semantic and episodic ways. For 

example, participant E said that his presence-mediated understandings of patients would 

help him to validate the patients’ symptoms, experiences, and feelings and to find ways to 

reduce patients’ real concerns by being in their viewpoints: 

Like I said, I think responding to patients with invalidating what they feel and 

what they're telling you, because I think that their symptoms and things you read 

in a textbook and those are like the classic parts of illness. But sometimes, there 

are patients that have other symptoms, as part of an illness [and] a disease, that 

aren't in line with what you learn. And so sometimes you just say oh yeah that's 

whatever I think this is a way to validate what people feel, validate what people 

tell you, and then most importantly try to alleviate these real concerns that 

patients have in whatever illness or disease it is that they have (Participant E, 

HMD user). 

Participant M said that presence experiences of migraine symptoms would motivate her 

to be empathic enough to understand the patients’ experiences in their perspectives. 

However, she also added that her sense of presence and resulting episodic memory would 

require additional behaviors since they, as episodic memory, did not reveal the 
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declarative medical information necessary for her workflow: 

Overall, I think, in terms of motivation, it definitely made me feel more motivated 

to be a more empathetic person [to] try to understand what they're experiencing in 

their shoes. And I think, that's, like, an important, like, important key important 

point and, right, the relationship between the two [stimuli] and getting better 

treatment because sometimes they might not reveal everything and it's up to you 

to help identify that (Participant M, handheld display user).  

Further, participant J said that even her less immersive presence experience of migraine 

simulation might offer the information about patients’ feelings, but function less as 

standard for her future opinions about patients since the experience does not offer the 

information declaratively enough as conceptual points:  

I think they are just more like a reference because I do not feel like, it is truly 

immersive enough for me to feel what they feel. OK. So, definitely, with 

migraines, it will change because I, kind of, have a little reference for an idea of 

what they feel (Participant J, handheld display user).   

Summary 

 In this chapter, environmental or contextual factors, the nature of presence, and 

emotional memory induced by presence experience were explored. In sum, 

environmental characters were divided into the immersive virtual environment (IVE) and 

immersive mixed environment (IME). Also, their presence experience was categorized 

into physiological response and psychological response. Lastly, when participants felt 

more psychological type of presence, their emotional memory was expected to function 

as episodic autobiographic memory that induce substantial behavioral changes while their 

physiological presence elicit their subconscious attitudinal changes by functioning as 

sensory visual (working) memory. 
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Figure 19. Summary of qualitative results 
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CHAPTER 11 

RESULTS III: INTEGRATIVE ANALYSES 

 As the third chapter of results, this section reveals the results that corroborates and 

relates different results from quantitative and qualitative analyses with structural equation 

model, ANOVA transforming qualitative interview data into binary codes, and a short 

ethnographic writing using fieldnotes and researchers’ memories. Especially, structural 

equation model was conducted to explore whether the effect of independent and 

concomitant variables had significant effects on dependent variable through moderator or 

mediator variable.   

Analysis I: Structural equation modeling (SEM) 

Procedure 

In this study, the SEM was developed using five steps (Bollen & Long, 1992). 

First, an initial model was specified using experiential learning theory, presence theory, 

transportation theory, empathy theory, and relevant studies. Second, based on the 

theories, the measurement model and the structural model were specified. Third, while 

conducting quantitative analysis and qualitative analysis, the initial model was identified 

based on the results produced locally to each hypothesized relation, globally figuring out 

whether the structural equation modeling could sum up the relationships among these 

variables, and transforming each actual result into the solutions and parameters uniquely 

suited for SEM. Since the SEM combines regressions among latent variables and 

between observed and latent variables, the first local identification was conducted with 

regressions among latent variables using latent variables (factor scores), the regressions 

between independent variables and dependent variables, and canonical correlations that 
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maximize the relationships among independent variables (Bowen & Guo, 2011). Fourth, 

based on the regression among latent variables and between latent variables and observed 

variables, the structural equation model that sums up these hypothetical relationships was 

figured out globally. Lastly, each result was transformed into the solutions and 

parameters appropriate for SEM. Throughout this process, SEM was constructed with 

empirically achieved causal relationships. However, it did not produce a significant SEM. 

Next, an exploratory specification search was used to find all possible nested (subset) 

SEM solutions for figuring out inadmissible, unidentified, and plausible theoretical 

models of presence, narrative transportation, and situational empathy using AMOS 26 

(Schumacker, 2006). However, it did not produce a significant SEM.    

For this reason, initial models were re-identified and estimated with the local fit 

testing by analyzing the equation for a single exogenous variable and a single 

endogenous variable at a time (Kline, 2015) since all free model parameters cannot be 

estimated simultaneously when considering the small sample size of this study. Also, the 

SEMs were conducted to identify the mediation model that measures the indirect effect of 

media immersiveness or physician empathy or immersive tendency on situational 

empathy through presence (Edwards & Lambert, 2007; Ryu & Cheng, 2017). After this, 

multigroup analyses were conducted to identify whether the hypothesized multigroup 

mediation model was identically or differentially specified across two groups. Several 

initial mediation models of presence were reidentified as identical across two different 

groups through these processes. The fit indices used to test and modify this model include 

ꭓ² (chi-square) as an absolute fit index, CFI (comparative fit index) as one of the relative 

fit indices, and BIC (Bayesian information criterion) as one of the fit indices appropriate 
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for the interpretation of dummy variables. These indices were chosen since they are not 

sensitive to the sample size, but for the ꭓ². CFA models were yielded based on principal 

axis factoring (see Appendix F) since the results of principal axis factoring can be built 

into the structural equation modeling (Garson, 2013). Principal axis factoring was 

conducted by fixing each theoretical construct as one factor (see Appendix E). For 

example, variables that belong to the construct of focus were entered together by setting 

the extracted number of factors as one.   

Findings 

Three sets of results of path were found between 1) user tendencies, media 

immersiveness and presence (and narrative transportation), 2) user tendencies, media 

immersiveness and situational empathy, and 3) presence (and narrative transportation) 

and situational empathy to explore whether the effects of two independent variables (user 

tendencies and media immersiveness) on a dependent variable (situational empathy) are 

transmitted through the third mediator/moderator variable (presence). The p-values used 

for this section belong to categories of “near-significance: meaning that 

“almost/approaching statistical significance” since it is assumed that seemingly failure to 

detect a real effect occurs because of the insufficient sample size and more data make p-

values more significant (Wood, Freemantle, King, & Nazareth, 2014). For this reason, 

though the standard rule of thumb was that the p-value must be less than .05, the results 

received from the following analyses were not rejected for this study since this study is 

based on its small sample size. Also, goodness-of-fit indices did not show good results; 

thus, results were interpreted with limitations. 
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As its results, significant (and near-significant) structural regression values were 

found as the paths from physician empathy as compassionate care to presence as realism 

(ꞵ=-1.059, p=.058), from immersive tendency as focus to spatial presence (ꞵ=-1.059, 

p=.029), and from media immersiveness to spatial presence (ꞵ=.841, p=.098) (see table 

25).  

Table 25 

Path coefficients (Immersive tendency, physician empathy, media immersiveness, 

presence, and narrative transportation)  

Paths ꞵ B SE t-value p-value 

User tendencies, media immersiveness→ presence as realism 

Focus → Presence as realism -.004 -.023 .247 -.015 .988 

Involvement → Presence as 

realism 

.186 .256 .160 1.160 .246 

Perspective taking → Presence 

as realism 

.215 .108 .432 .499 .618 

                   → 

Presence as realism 

-1.059 -.360 .558 -1.896 .058 

Standing in patients’ shoes → 

Presence as realism 

-.340 -.225 .333 -1.020 .308 

Media immersiveness → 

Presence as realism 

.382 .192 .402 .950 .342 

User tendencies, media immersiveness→ presence as immersion 

Focus → Presence as immersion .388 .101 .342 1.137 .256 

Involvement → Presence as 

immersion 

.210 .254 .191 1.100 .271 

Perspective taking → Presence 

as immersion 

-.722 -.270 .507 -1.424 .154 

Compassionate care → Presence 

as immersion 

.740 .031 .647 1.144 .253 

Standing in patients’→ Presence 

as immersion 

-.104 -.094 .412 -.252 .801 

Media immersiveness → 

Presence as immersion 

.434 .299 .490 .885 .376 

User tendencies, media immersiveness→ spatial presence 

F     → S                .788 .115 .361 2.183 .029 

Involvement → Spatial presence .201 .255 .200 1.005 .315 

Perspective taking → Spatial 

presence 

-.462 -.113 .562 -.823 .410 
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Table 25 (continued)      

Paths ꞵ B SE t-value p-value 

Compassionate care → Spatial 

presence 

.014 .006 .609 .024 .981 

Standing in patients’ shoes → 

Spatial presence 

-.217 -.310 .457 -.475 .635 

M d                 → 

Spatial presence 

.841 .272 .508 1.655 .098 

User tendencies, media immersiveness→ social richness 

Focus → Social richness .220 .214 .299 .735 .463 

Involvement → Social richness .156 .192 .197 .793 .428 

Perspective taking → Social 

richness 

-.028 -.015 .459 -.062 .951 

Compassionate care → Social 

richness 

-.336 -.252 .485 -.693 .488 

Standing in patients’ shoes → 

Social richness 

-.016 -.011 .352 -.046 .964 

Media immersiveness → Social 

richness 

.607 .312 .416 1.459 .145 

User tendencies, media immersiveness →narrative transportation 

Focus → Narrative 

transportation 

.141 .198 .265 .532 .595 

Involvement → Narrative 

transportation 

.224 .324 .152 1.476 .140 

Perspective taking → Narrative 

transportation 

-.399 -.217 .400 -.996 .319 

Compassionate care → Narrative 

transportation 

.420  .466 .902 .367 

Standing in patients’ shoes → 

Narrative transportation 

.113 .079 .315 .360 719 

Media immersiveness → 

Narrative transportation 

-.067 -.035 .391 -.171 .865 

Though the mediation effect of presence consists of relationships between media 

immersiveness—low immersive and high immersive, user tendencies—immersive 

tendency and physician empathy, and presence—presence and narrative transportation 

(Ryu & Cheng, 2017), another set of structural paths were found between media 

characteristics, user characteristics, and situational empathy (see Table 26): between 

immersive tendency as involvement and situational empathy as sympathy (ꞵ=.171, 
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p=.059), between physician empathy as compassionate care and situational empathy as 

sympathy (ꞵ=-.653, p=.039), and physician empathy as compassionate care and 

situational empathy as sadness (ꞵ=-.635, p=.089). 

 

Table 26 

Path coefficients (immersive tendency, physician empathy, media immersiveness, and 

situational empathy) 

Paths ꞵ B SE t-value p-value 

User tendencies, media immersiveness→ sympathy 

Focus → Sympathy .137 .213 .153 .892 .372 

I           → Sy    hy .171 .425 .091 1.885 .059 

Perspective taking → Sympathy -.069 -.055 .277 -.249 .803 

                   →Sy    hy -.653 -.519 -.317 -2.063 .039 

Standing in patients’ shoes → Sympathy .044 .046 .213 .208 .835 

M d                 → Sy    hy .459 .362 .256 1.794 .073 

User tendencies, media immersiveness→ distress 

Focus → Distress -.047 -.038 .287 -.165 .869 

Involvement → Distress .238 .291 .175 1.359 .174 

Perspective taking → Distress -.630 -.258 .528 -1.192 .233 

Compassionate care → Distress -.539 -.239 .610 -.884 .377 

Standing in patients’ shoes → Distress -.173 -.094 .396 -.437 .662 

Media immersiveness → Distress -.243 -.098 .497 -.488 .626 

User tendencies, media immersiveness→ sadness 

Focus → Sadness -.087 -.129 .156 -.559 .576 

Involvement → Sadness .187 .396 .114 1.646 .100 

Perspective taking → Sadness .026 .020 .286 .093 .926 

                   → S d     -.635 -.440 .373 -1.702 .089 

Standing in patients’ shoes → Sadness -.333 -.344 .220 -.1515 .130 

Media immersiveness → Sadness -.118 -.087 .270 -.436 .663 

The last set of structural paths were found in the linear relationships between 

presence and situational empathy (see Table 27): between presence as immersion and 

situational empathy as sympathy (ꞵ=.360, p=.011), presence as social richness and 

situational empathy as sympathy (ꞵ=.343, p=.017), narrative transportation and 

situational empathy as sympathy (ꞵ=.527, p=.042), presence as immersion and situational 
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empathy as distress (ꞵ=.438, p=.071), and narrative transportation and situational 

empathy as distress (ꞵ=1.453, p=.006).  

Table 27 

Path coefficients (presence, narrative transportation, and situational empathy) 

Paths ꞵ B SE t-value p-value 

Presence→ sympathy 

Realism → Sympathy .105 .166 .136 .772 .440 

I         → Sy    hy .360 .522 .141 2.547 .011 

Spatial presence → Sympathy .173 .326 .195 .886 .376 

S         h     → Sy    hy .343 .657 .144 2.378 .017 

Narrative t              → Sy    hy .527 .468 .259 2.034 .042 

Presence→ distress      

Realism → Distress .042 .034 .261 .162 .872 

I         → D        .438 .428 .243 1.804 .071 

Spatial presence → Distress -.076 -.064 .294 -.258 .796 

Social richness → Distress .361 .437 .280 1.288 .198 

Narrative t              → D        1.453 .662 -.531 2.735 .006 

Presence→ sadness      

Realism → Sadness .062 .091 .142 .437 .662 

Immersion → Sadness .090 .118 .138 .654 .513 

Spatial presence → Sadness -.069 -.105 .160 -.430 .667 

Social richness → Sadness .062 .089 .161 .387 .699 

Narrative transportation → Sadness .329 .274 .271 1.215 .224 

Multigroup analyses used to examine the group difference in indirect effect first. 

However, since the differences were not significant, alongside this multigroup analysis, 

single group analysis was conducted by dummy-coding its group memberships of HMD 

users as 1 and handheld users as 0 (Ryu & Cheng, 2017). Since the effects of media 

immersiveness, immersive tendency, and physician empathy on presence, narrative 

transportation, and situational empathy were found as same for the HMD users and 

handheld users through multigroup analyses, the searched models were found as invariant 

across conditions. As another approach to incorporate media immersiveness as the 

categorical mediator to compare mediation effects between groups, single group analysis 

was conducted by assuming structural paths to be equal between groups. The effects of 
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user tendencies and media immersiveness on situational empathy as dependent variables 

were assumed to be mediated through presence. For example, the effect of media 

immersiveness on situational empathy as sympathy and the effect of media 

immersiveness on situational empathy as distress were assumed to be transmitted through 

presence as immersion.  

The results indicated that the relationships between media immersiveness and 

sympathy or distress were mediated through presence as immersion (see Table 28). 

Media immersiveness had an indirect effect on situational empathy as sympathy and 

distress through presence as immersion, whose bootstrapping results supported their 

statistical significance. 

Table 28 

Results from the structural equation modeling using presence as immersion as a mediator 

of the path from media immersiveness to situational empathy 

Model B p-

value 

SE ꭓ²  CFI BIC 

Media immersive→ Immersion .385 .069 .425 71.072 .812 111.699 

Immersion→ Sympathy .365 .052 .135   

Media immersive→ Sympathy(D) .177 .282 .248    

Media immersive→ Sympathy(I) .141 .056¹ .110²    

Media immersive→ Sympathy(T) .362 .128³ .180

⁴ 

   

M d             → I         .412 .064 .418 29.194 .972 94.194 

I         → D        .407 .061 .284   

Media immersive→ Distress(D) -.266 .220 .536    

M d            → D       (I) .167 .075 .136    

Media immersive→ Distress(T) -.099 .636 .201    

Note. p-values and standard error for indirect effects and total effects were calculated 

with bootstrapping method. 

 Also, there was a significant connection between presence as immersion and 

situational empathy as distress (p=.056), which showed a good fit as a model (Table 29). 
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Also, the total effect of physician empathy as compassionate care and situational empathy 

as sympathy was significant.  

Table 29 

Results from the structural equation modeling using presence as immersion as a mediator 

of the path from immersive tendency/physician empathy to situational empathy  

Model B p-

value 

SE ꭓ²  CFI BIC 

Involvement→ Immersion .174 .357 .113 72.967   .809 155.363 

Immersion→ Sympathy .456 .016 .131   

Involvement→ Sympathy(D) .344 .078 .080    

Involvement→ Sympathy(I) .079 .195¹ .127²    

Involvement→ Sympathy(T) .424 .065³ .209

⁴ 

   

Compassionate² → Immersion .159 .429 .493 68.821 .781 148.554 

Immersion → Sympathy .620 .003 .125   

Compassionate→ Sympathy(D) -.546 .011 .321    

Compassionate→ Sympathy(I) .147 .239 .121    

Compassionate→ Sympathy(T) -.670 .015 .206    

Compassionate → Immersion .190 .183 .622 35.286 .979 115.020 

I         → D        .447 .056 .234   

Compassionate→ Distress(D) -.157 .247 .592    

Compassionate→ Distress(I) .370 .104 .465    

Compassionate→ Distress(T) -.072 .878 .239    

 There was no significant indirect effect of media immersiveness on situational 

empathy as sympathy through presence as social richness (Table 30).  

Table 30 

Results of structural equation modeling using presence as social richness as a mediator 

of the path from media immersiveness to situational empathy 

Model B p-

value 

SE ꭓ² CFI BIC 

Media immersive→ Social richness .228 .270 .504 45.211 .832 110.211 

Social richness→ Sympathy .608 .023 .141   

Media immersive→ Sympathy(D) .221 .203 .223    

Media immersive→ Sympathy(I) .139 .412 .296    

Media immersive→ Sympathy(T) .360 .158 .186    

 Also, immersive tendency as involvement was not significantly related to 

presence as social richness and situational empathy as sympathy (see Table 31). Presence 
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as social richness was only predictive of situational empathy as sympathy, whose global 

fit indices did not support its appropriateness as a model.    

Table 31 

Results from structural equation modeling using presence as social richness as a 

mediator of the path from immersive tendency/physician empathy to situational empathy 

Model B p-

value 

SE ꭓ²  CFI BIC 

Involvement→ Social richness .214 .303 .163 69.213 .815 162.070 

Social richness→ Sympathy .592 .024 .137   

Involvement→ Sympathy(D) .289 .118 .076    

Involvement→ Sympathy(I) .126 .217 .126    

Involvement→ Sympathy(T) .416 .050 .209    

Compassionate → Social richness -.048 .815 .638 71.505 .745 148.554 

Social richness → Sympathy .612 .018 .122   

Compassionate→ Sympathy(D) -.414 .031 .281    

Compassionate→ Sympathy(I) -.043 .826 .230    

Compassionate→ Sympathy(T) -.651 .042 .201    

Lastly, narrative transportation led to situational empathy as distress (p<.05), 

which was supported as a model (Table 32). 

Table 32  

Results from structural equation modeling using narrative transportation as a mediator 

of the path from media immersiveness to situational empathy 

Model B p-

value 

SE ꭓ²  CFI AIC 

Media immersive→ Narrative 

transportation 

-.035 .866 .393 55.681 .847 99.681 

Narrative transportation→ 

Sympathy 

.481 .016 .136   

Media immersive→ Sympathy(D) .378 .037 .233    

Media immersive→ Sympathy(I) -.017 .760 .125    

Media immersive→ Sympathy(T) .362 .156 .185    

Media immersive→ Narrative 

transportation 

-.043 .832 .375 48.592 .912 92.592 

Narrative t              → 

Distress 

.660 .002 .289    

Media immersive→ Distress(D) -.074 .642 .397    

Media immersive→ Distress(I) -.029 .763 .154    

Media immersive→ Distress(T) -.103 .688 .216    
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 Further, the path coefficient found between narrative transportation and 

situational empathy as distress strongly supported the fact that there were significant 

relationships between them (Table 33). 

Table 33 

Results from structural equation modeling using narrative transportation as a mediator 

of the path from immersive tendency/physician empathy to situational empathy 

Model B p-

value 

SE ꭓ²  CFI BIC 

Involvement→ Narrative 

transportation 

.311 .134 .129 88.361 .800 196.361 

Narrative transportation→ 

Sympathy 

.370 .077 .138   

Involvement→ Sympathy(D) .305 .139 .084    

Involvement→ Sympathy(I) .047 .224 .127    

Involvement→ Sympathy(T) .421 .059 .218    

Compassionate → Narrative 

transportation 

.190 .350 .494 88.727 .750 181.584 

Narrative transportation → 

Sympathy 

.556 .007 .129   

Compassionate→ Sympathy(D) -.532 .017 .337    

Compassionate→ Sympathy(I) .105 .142 .113    

Compassionate→ Sympathy(T) -.427 .050 .212    

Compassionate → Narrative 

transportation 

.174 .252 .462 56.516 .920 149.373 

Narrative t              → 

Distress 

.698 .002 .299   

Compassionate→ Distress(D) -.203 .124 .545    

             → D       (I) .121 .084 .152    

Compassionate→ Distress(T) -.082 .946 .246    

Analysis II: ANOVA using binary codes 

Procedure 

Using both NVivo and SPSS, qualitatively coded data from interviews were 

transformed into opposite binary or conjunctory binary variables. The opposite binary 

variables were considered as discrete variables, while conjunctory binary variables were 

considered as continuous variables. For example, AR experience was coded as yes and 



 

187 

 

no, and its codes were also transformed into a binary code. Since there is no grey area 

between these two answers, this code is regarded as the opposite binary code. Also, 

presence was coded as its perceptual state and psychological state, and its codes were 

transformed into the binary code. However, since there are middle grounds in their 

continuum, this code is considered a conjunctive binary code. The reason why there are 

only two values is that these binary codes are based on qualitatively coded data. In 

contrast to this, Also, the structural questions hypothesized during the analysis of the 

interview data were transformed into testable ones. This analysis was conducted to 

approve emerging hypotheses from qualitative interview data with quantitative logic. The 

results of a mixed-effects ANOVA model, with two experimental variables of HMD 

condition and handheld condition, were used for these structural questions: Did media 

immersiveness influence presence during the media exposure? Did the inclusion of 

ecological validity (media context, the user’s perspective, and previous perception of 

migraine) influence presence? Did media immersiveness and ecological validity interact 

to influence presence? Did presence evoke deep change?  

Findings 

As for presence as realism and social richness, there were no statistically 

significant main effects or interaction effects. Thus, this section includes general linear 

models of presence as immersion and spatial presence. The linear model of presence as 

immersion (see Table 34) accounted for its variance 82.5% and produced one main effect 

for in the media environment, F (1,11) =23.166, p=.001. The effect of the previous 

perception of migraine depended on media immersiveness, F (1,11) =9.517, p=.010. The 
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direction of the main effect showed that those who perceived migraine symptoms 

distinctively from the actual environment experienced more sensory state of presence as 

immersion than those who perceived them in their continuity with the actual 

environment. The direction of interaction effect showed that HMD users who had 

medical knowledge about migraine symptoms experienced more psychological states of 

presence as immersion than handheld users who had sensory information/memory about 

them.   

Table 34 

ANOVA testing differences in dependent variables of presence as immersion for the 

environmental/contextual factors as independent variables 

 
Sum of 

squares 
df 

Mean 

square 
F 

p-

value 

Partial 

ƞ² 

Intercept .269 1 .269 2.988 .112 .214 

Media immersiveness (fixed)ᵅ .021 1 .021 .231 .640 .021 

Media environmentᵇ 2.088 1 2.088 23.166 .001 .678 

Media context ͨ .165 1 .165 1.835 .203 .143 

Media context (work)ᵈ .244 1 .244 2.702 .128 .197 

User’s perspectiveᵉ .006 1 .006 .064 .805 .006 

Previous perception of 

migraineᶠ 
.124 1 .124 1.375 .266 .111 

Media immersiveness * media 

environment 
.001 1 .001 .010 .922 .001 

Media immersiveness * media 

context 
.165 1 .165 1.835 .203 .143 

Media immersiveness * media 

context (work) 
.244 1 .244 2.702 .128 .197 

Media immersiveness * user’s 

perspective 
.006 1 .006 .064 .805 .006 

Media immersiveness * 

previous perception of 

migraine 

.858 1 .858 9.517 .010 .484 

Note. ᵃMedia immersiveness (1: high immersive HMD condition, 2: low immersive handheld 

condition), ᵇ Media environment (1: internally valid, 2: ecologically valid), ͨ Media context (AR 

experience 1: yes, 2: no), ᵈ Media context (work) (AR at work, 1: yes, 2: no), ᵉ Users’ perspective 

(1: emic, 2: etic), and ᶠ Previous perception of migraine (1: automatic association, 2: logical 

reasoning), R²=.825 (Adjusted R²=.649). 
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The linear model of spatial presence (see Table 35) explained its variance by 

79.0%, and one main effect was found in the previous perception of migraine, whose p-

value showed that those who tended to associate migraine with visible symptoms quickly 

experienced a more sensory sense of spatial presence than those who logically associated 

them with medical knowledge F (1,11) =24.386, p<.001.  

Table 35 

ANOVA testing differences in the dependent variables of spatial presence for the 

environmental/contextual factors as independent variables 

 Sum of 

squares 

df Mean 

square 

F p-

value 
Partial ƞ² 

Intercept .097 1 .097 1.047 .328 .087 

Media immersiveness (fixed) .097 1 .097 1.047 .328 .097 

Media environment .003 1 .003 .027 .871 .002 

Media context .240 1 .240 2.576 .137 .190 

Media context (work) .126 1 .126 1.355 .269 .110 

User’s perspective .001 1 .001 .009 .928 .001 

Previous perception of 

migraine 

2.270 1 2.270 24.386 .000 .689 

Media immersiveness * media 

environment 

.003 1 .003 .027 .071 .002 

Media immersiveness * media 

context 

.240 1 .240 2.576 .137 .190 

Media immersiveness * media 

context (work) 

.126 1 .126 1.355 .269 .110 

Media immersiveness * user’s 

perspective 

.001 1 .001 .009 .929 .001 

Media immersiveness * previous 

perception of migraine 

.052 1 .052 .560 .470 .048 

Note. R²=.790 (Adjusted R²=.580) 

 In sum, by using ANOVA with binary codes, interview results were corroborated. 

Especially, the results that showed the relationships between immersive virtual 

environment, immersive mixed environment and presence were shown, which means that 

results survived potential falsification using different methods.    
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Analysis III: Ethnographic description 

Procedure 

In the analysis of the interview data, each type of presence was categorized into 

perceptual (sensory) states and psychological (cognitive and affective) states and located 

within the continuum. To examine the incremental soundness of these attributes and the 

degree to which they acquired ecological validity in the light of participants’ embodied 

notions and empathic feelings, each type of presence was examined with medical 

students’ accounts while comparing them with results of the previous phase of analysis of 

media conditions and medical context. Previously, the binomial sign test showed that 

members of the HMD group experienced almost all types of presence more than the 

members of the handheld group. However, the results of ANOVA did not show 

statistically significant differences among each type of presence experienced by these two 

groups. Thus, this third set of integrated analyses was designed to validate emerging 

categories of each type of presence and add new categories in these two contexts (media 

and medical) while comparing them with previous results and researchers’ memory that 

retain the vivid visual and aural qualities that fieldnotes alone cannot convey fully 

(Sanjek, 1990; see also Appendix G). This is also because the fullest, most complex, and 

most subtle sense of perception that participants showed but did not describe cannot be 

present in the fieldnotes. Jackson (1990) explained that fieldnotes could not become real 

until they are combined with the researcher’s memory.    
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Findings 

A virtual field and technologically facilitated presence 

A virtual field is the virtual learning environment where medical students 

perceived patients’ invisible visual symptoms and visually learned their aroused 

physiological responses of distress from patients’ views (Lindgren, Moshell, & Hughs, 

2014). Its experience-near effect was technologically facilitated through telepresence by 

the virtual symptoms aligned with the immersive see-through display, so that migraine 

symptoms were affectively primed with their aroused negative feelings. Specifically, 

based on the researcher’s notes and memory, distress felt by medical students might be 

neurologically and psychologically interpreted as distress, but sympathetic distress 

(Hoffman, as cited in Batson, 2009). While distress is aroused based on the egoistic 

motive, sympathetic distress has prosocial/altruistic motive to help the person in distress 

(Battaly, 2011). In other words, the distress is not only an automatic feeling experienced 

physiologically, but also a sympathetic feeling experienced for patients intentionally. 

This sympathetic distress was felt for patients habitually from patients’ perspectives in 

the medical context. Distress occurs as the neural resonance to this sensorimotor/visceral 

representation of migraine symptoms and mentalizing about it based on brain activities 

mediated through autobiographical memories and/or imagination (Zaki & Ochsner, 

2018). For example, participant N confessed that his uneasiness occurred since he was 

physically put in the patients’ experience. Later, he also mentioned that when he thought 

about the situations, he felt compassion for patients. This tendency of sympathetic 

distress occurred to participants in general as both neural response and habitual 

intentionality: 
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But so, I guess. What makes it feel real was the fact that some parts, like I still 

had some parts that seemed like regular vision and then especially the light 

sensitivity thing—how it kept going in and out of just being normal. So, I feel like 

I could be like, “Okay, I feel a little all right.” But then, it would just keep shifting 

and it was just noticeable enough that I felt uneasy. Yeah, I think that's kind of the 

main thing (Participant N, HMD user). 

So. It just made me think. All right, we need to have someone come in with a 

migraine. I definitely had to be more. I don't know the word for it. But so I have 

that compassion for them but also understand that they can give me the 

information or talk to me as quickly as I want them to or anything like that. Like I 

would understand that they need to take their time because it might take a lot just 

to get a little bit out (Participant N, HMD user). 

This sympathetic distress as a virtual field-effect did not occur in handheld 

display since participants rarely experienced presence. Instead, they learned visual 

symptoms of migraine through handheld display conceptually. For example, participant R 

said that he could perceive the migraine symptoms while judging its unrealistic 

representation. The affective and semantic priming of the message based on presence did 

not occur in handheld display users:  

I can't imagine it being exactly the same because, at the end of the day like, there 

is a set pattern that you could see with the VR, the aura coming in a set time and 

leaving it a set time to tell that it's kind of like a running loop program. Same 

thing with the flashing lights you can kind of tell that it's not like fully realistic 

but I in my opinion it's realistic enough to get the message across like what the 

symptoms are like to a certain degree (Participant R, handheld display user). 

Real-life like fields and self-presence 

According to participants, AR users’ sympathy occurs based on their appraisal 

process when they felt present in their mediated environment by imagining it as a 

patient’s situation. In particular, presence occurred as a type of self-presence through 

which participants ontologically experienced themselves in patients’ experience while 

perceiving symptoms, their movement, and actual environment through the total view of 
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see-through HMD as if it were their own field of view. In other words, in this case, 

perceptual integration occurred slowly and intentionally from physicians' perspectives to 

the degree to which they were psychologically involved in the situations as if they were 

the persons with symptoms. When they conditionally associate symptoms with 

environmental stimuli based on their memory of patients, they felt distressed throughout 

this process. However, when they reflectively positioned themselves as the person who 

encountered patients in the situations, they tended to feel more sympathetic. This spatial 

presence occurred since they could see actual environment and virtual environment 

together which forms the primary environment and secondary environment that required 

their attention separately. Their feeling of mixed affect is also influenced by the presence 

through which they considered mediated environment differently. For example, 

participant O said that her exocentric perspective to see migraine symptoms and the 

environment, which was seen through the simulation, made her learn and think about 

patients’ feelings.  

So, because I'm seeing it from like a little bit from how I work when I'm looking. 

I'm seeing the effects. It changes the way I'm thinking a little bit. So, I feel like 

you know if I didn't have it. Then, I mean I wouldn't be thinking about it but 

because it's in my view, then I'm thinking about it more and I'm thinking and then 

it kind of makes me think this is what patients have to feel (Participant O). 

Summary 

Most of results acquired from analyses of this chapter were conducted to test 

whether previous results acquired from the small sample size survived many 

falsifications. Especially, the results about the relationships between presence and 

situational empathy and their additional relationships with other covariates and main 

treatment effect were shown through structural equation model (SEM). Also, the results 
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of environmental and contextual factors and types of presence were shown through 

ANOVA using binary codes. Lastly, additional ethnographic writing based on 

researcher’s memory identified nature of distress and sympathy. Specifically, distress, 

sympathy, and sadness were assumed to occur as observer’s affective arousal as a parallel 

response to the situations through more physiological presence at the first place. In this 

step of assumptions, distress was assumed as a more physiological affective arousal. 

However, based on fieldnotes and researcher’s memory, distress and sadness were found 

as empathic feelings as in sympathy. In other words, all types of situational empathy, 

distress, sympathy, and sadness might have occurred as types of cognitive empathy 

mediated through psychological presence or narrative transportation (see Figure 20).  

 

Figure 20. Summary of integrative results 
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CHAPTER 12 

                                                DISCUSSION 

 This study examined the effects of augmented reality (AR) on physicians’ 

empathy based on presence theory in the context of medical education. It employed a 

mixed-method approach combining an experimental study and an interview study. For 

this dissertation, invisible migraine symptoms were visualized in an AR handheld display 

with its mobile camera technologies as the low-presence condition, which was expected 

to evoke a low level of users’ presence due to its low media immersiveness. A see-

through AR HMD was used to locate those synthetically combined virtual symptoms in 

medical students’ view, through which the users were immersed in the symptoms and the 

virtual and actual environments with high media immersiveness. Additionally, since this 

study was designed to not only capture a pre-reflective and immediate presence moment 

of healthcare professionals but also illuminate its psychological processing, detailed 

interview questions were designed to capture presence as a phenomenal moment and 

psychological process in its relations to narrative transportation and the ultimate goal, 

empathy.   

This study investigated the ways in which: 1) AR offers an immersive virtual 

learning environment that affords users action possibilities for concrete experience, active 

implementation, abstract conceptualization, and reflective observation (experiential 

learning theory), 2) media immersiveness of AR and presence technologically facilitate 

this learning process (theories of presence and narrative transportation), 3) immersive 

tendency and physician empathy motivate learners through a sense of self-efficacy and 

reflective capabilities, and 4) situational empathy occurs conditionally according to the 
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degree of the sensory, affective, and cognitive process of presence and narrative 

transportation.  

Finally, this study aimed to address the influence of mediated and unmediated 

environmental factors on medical students’ responses of presence with AR simulations of 

migraine symptoms and to outline the nature of presence. Methodologically, this study 

was based on a mixed method approach by considering media immersiveness and 

presence as experimentally manipulatable variables whose learning effects on empathy 

can be understood with their relations to concomitant variables and environmental 

factors. The perspectives of philosophers Husserl and Merleau-Ponty were taken to 

explore the phenomenological nature of presence in the continuum between the virtual 

environment and the actual environment. 

This chapter summarizes findings of previous analyses, implications of presence 

as theory and effects, practical application of the implications, and suggestions for future 

studies that further understandings of presence as communicative phenomena applicable 

to medical education from a media psychology perspective.        

Summary of study 

Quantitative results 

This study used a small sample size (n=27), which subjects the hypothesis testing 

to Type I and/or Type II errors. These errors might allow misinterpretation of treatment 

effects. This means that having a larger number of participants would likely produce 

more robust and reliable results. 

In the tests for hypotheses 1 and 2, HMD users experienced a higher level of 

presence than handheld users (p=0.013). However, the following analyses of variance 
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(ANOVAs) did not show convincing evidence that there were significant relationships 

between media immersiveness itself and presence or narrative transportation.  

In the tests for hypothesis 3, while significant regression correlation was not 

found between presence and situational empathy, narrative transportation significantly 

predicted situational empathy. Canonical correlations for research question 1 showed that 

there were significant correlations between immersive tendency and physician empathy 

as compassionate care and standing in patients’ shoes. Tests for research question 2 on 

the canonical correlation between presence and narrative transportation were not 

statistically significant.  

Next, the results of multiple linear regression showed that there were significant 

regression correlations between internal tendencies and situational empathy. Specifically, 

physician empathy as compassionate care predicted situational empathy as sympathy. 

Physician empathy as perspective taking accounted for situational empathy as distress.  

When immersive tendency as focus and immersive tendency as involvement were added 

to physician empathy as compassionate care, it led to situational empathy as sadness. 

Lastly, for research question 5, the interaction effect between physician empathy and 

immersive tendency was found only between dream (involvement) and attention to 

emotions as two variables to predict presence as realism (plausibility).  

In sum, there were systematic effects of media immersiveness on presence. 

However, when controlling users’ tendencies, these effects were not found. When 

medical students felt presence, they did not respond to the media stimuli with situational 

empathy. When the students felt narrative transportation, they responded to the media 

stimuli with empathic feelings. Presence and narrative transportation did not significantly 
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account for each other while immersive tendency was significantly related to physician 

empathy as compassionate care and physician empathy as standing in patients’ shoes . 

Also, physician empathy as compassionate care alone predicted situational empathy as 

sympathy and when immersive tendency as focus and immersive tendency as 

involvement were added to it, they elicited situational empathy as sadness. Lastly, 

physician empathy as perspective taking accounted for situational empathy as distress.  

Qualitative results 

When participants perceived symptoms within the immersive virtual environment 

(IVE) distinctively from external environmental stimuli, they experienced the perceptual 

process of presence; when they perceived the symptoms as if participants were patients’ 

situations, their sensory state of presence was experienced in an ecologically valid way 

since they perceptually grouped the visual stimuli associated with tactile stimuli with 

their activities or felt transported to the patients’ situations emotionally.    

Further, when medical students had fewer visual memories of using AR or having 

actual migraine symptoms (see also: Breedlove, St-Yves, Olman & Naselaris, 2020; 

Gazzaley & Nobre, 2011; Olivers, Peters, Houtkamp, & Roelsema, 2011), they directly 

experienced presence with perceptual vigilance and sensitivity; however, when medical 

students had more visual memories or imagined patients’ feelings and situations, their 

response was mediated by such memories or imagination.  

Two states of presence were found: perceptual states of presence as a direct 

response to media stimuli and affective and cognitive states of presence as an indirectly 

mediated processing between media stimuli and responses. In most types of presence, the 
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perceptual state of presence occurred heuristically while the cognitive and affective state 

of presence took place through participants’ processes of empathy.   

When medical students already formed empathic feelings attached to AR, they 

experienced its learning environment as a more self-relevant context and positioned 

themselves as patients from the emic perspective of users. When medical students 

emotionally detached themselves from the learning environment and experienced AR 

from the etic perspective of observers with the sense of self-efficacy, they accepted the 

learning environment as a less self-relevant context while maintaining their positions as 

learners.    

Next, the possible long-term effect of presence was found throughout the in-depth 

interview process. Interview comments of medical students suggested that presence 

experience was expected to function as visual sensory memory or as meaningfully 

episodic memory. They expected sensory memory would lead to subconscious changes in 

their attitudes, while episodic memory would induce deeper behavioral changes. 

In sum, the qualitative results showed that presence as a perceptual state occurred 

within a technologically facilitated IVE momentarily while presence as a psychological 

process occurred in the extended mixed environment through attached feelings, visual 

memories, and imaginations. Though narrative transportation was not a focus in the 

interview questions, its process was inferred from this psychological process of presence.     

Integrative results 

Lastly, structural equation models were conducted to summarize the results of 

quantitative analyses. Media immersiveness had an indirect but fully mediated effect on 

situational empathy as distress through presence as immersion. Presence as immersion 
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and narrative transportation influenced situational empathy as distress, respectively. In 

the following ethnographic analysis, this empathy was considered as a sympathetic 

distress aroused from medical students’ prosocial motives. 

Additionally, ANOVA using binary variables showed that those who perceived 

migraine symptoms within the IVE distinctively experienced a physiological state of 

presence as immersion, and those who perceived migraine symptoms with its continuity 

of actual environment experienced more psychological states of presence as immersion. 

Another ANOVA result showed that HMD users experienced migraine symptoms more 

deliberately through the experienced psychological states of presence as immersion, 

while handheld users experienced them more heuristically through the physiological 

states of presence as immersion automatically. Those who had perceptual memory about 

migraine symptoms experienced the perceptual state of spatial presence while perceiving 

migraine symptoms from their own perspectives. 

In sum, the integrative results offered similar preliminary results suggesting that 

the perceptual process of presence occurred within an IVE automatically while the 

psychological process of presence occurred in its extended mixed environment 

deliberately. 

 Five psychological processes were found about presence evoked by media 

immersiveness; an indirect process of presence mediated through concomitant 

characteristics of users and environment; relationships between two internal tendencies 

and the two states of presence and narrative transportation; situational empathy led by 

presence; and the long-term effect of presence on emotional memory. As a result, 

presence perceived within an IVE led to perceptual-cognitive learning process while 
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presence felt in the actual environment, through a process similar with narrative 

transportation, led to experiential-emotional learning process.   

Theoretical contribution 

The results of this study provide preliminary evidence and theoretical support for 

the roles of presence, narrative transportation, and situational empathy in AR (see 

Azuma, 1997; Bartholow & Bolls, 2013; Lombard & Jones, 2015; Steuer, 1992). 

Specifically, presence, as a perceptual illusion of non-mediation to incoming AR stimuli 

within the IVE, did not lead to feelings of situational empathy while narrative 

transportation, as a human’s cognitive, emotional, or imaginary involvement in 

symptoms or situations, led to feelings of situational mixed feeling empathy.  

As scholars of presence and narrative transportation discussed (see also Green, 

Brock, & Kaufman, 2004; Lombard & Ditton, 1997; Lombard & Jones, 2015), presence 

was experienced directly as the ongoing perceptual processing of the mediated stimuli 

and environmental stimuli and their simultaneously or sequentially experienced narrative 

transportation made them feel more proximate to the patients’ feelings and situations 

through internal tendencies, attached feelings, imagination, and memory. Based on the 

results, two preliminary neurological models are suggested for presence with dorsal-

ventral visual stream and for narrative transportation with amygdala-hippocampal 

dynamics (see Figure 21; Appel, Gnambs, Richer, & Green, 2015; Barrett, Lewis, & 

Haviland-Jones, 2016; Farviar, 2009; Ferretti, 2017; Lombard & Jones, 2015; Pessoa, 

2017; Segal et al., 2017; Sim, Helbig, Graf, & Kiefer, 2007; Zaidman & Maguire, 2016; 

Zheng et al., 2015). Dorsal-ventral visual pathways might be primarily involved in the 

direct sensory, cognitive, and affective processing of presence to AR stimuli, which was 
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not found to lead to medical students’ empathic feelings. The in-depth interview showed 

that the medical students’ perceptual feelings of symptoms became accurate to patients’ 

feelings when they perceived migraine symptoms and their own behaviors together 

within mediated environment. Amygdala-hippocampal dynamics might be involved in 

the cognitive, emotional, and imaginative process of narrative transportation into 

patients’ painful situations and feelings empathically, which was found to cause 

situational empathy as mixed feelings.   

  

Figure 21. Pathways of narrative transportation and presence 

    

In this study, AR generated the learning environment where the experiential 

learning process took place. This experiential learning process is facilitated by AR and 

presence and is motivated by users’ tendencies to experience, act, think, and reflect. 

During the media exposure, participants perceived mediated stimuli through 

physiological presence (concrete experience), walked and explored as if they were 

Transportation -situational empathy Presence
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patients through psychological presence (active implementation), imagined with feelings, 

imagination, and memory through narrative transportation (reflective observation) and 

learned new knowledge (abstract conceptualization). The findings of this study suggest 

that this experiential learning process is technologically triggered and facilitated, while 

matched to the above-mentioned process of experiential learning, by 1) participants’ 

experience of presence, 2) affordances of AR simulation and their action possibilities, 3) 

participants’ sense of efficacy toward technologically facilitated experiences and 4) their 

tendency to understand patients’ experiences. In other words, perceptual processing of 

presence and psychological processing of narrative transportation are combined to create 

an experiential learning program.  

 The results can be used to evaluate the affective responses of presence through 

which medical students perceive themselves (see also Cohen, Appel, & Slater, 2020; 

Gibson, 2015; Grigorovichi, 2003; Riva, Banos, Botella, Mantovani, & Gaggioli, 2016; 

Riva & Mantovani, 2014). During the interview process, students said that AR led to 

feelings as a presence-mediated message. Further, their perceptual involvement in 

patients’ symptoms determined the valence of their situational empathy. Overall, 

students’ perceptual understanding did not lead to empathic feelings of sympathy, while 

their imaginary narrative transportation in patients’ symptoms led to situational empathy. 

They perceived themselves differently throughout this process, while modifying or 

strengthening their perception of themselves as future healthcare professionals who 

perceived and understood patients’ situations professionally or who were concerned 

primarily with patients’ feelings and with alleviating the negative feelings from patient-

centered standpoints.  
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 This study enhances the interdisciplinary understanding of presence and AR from 

the human-computer interaction (HCI) perspective. In this study, presence was 

understood as an ongoing directly experienced perceptual processing to AR and narrative 

transportation as the indirect psychological involvement in patients’ situations through 

empathetic feelings, vivid imagination, and visual working memory through AR. This 

result can contribute to a valid understanding of AR as a technology that evokes presence 

as an immediate perception and as mediated experiences that involve presence and 

narrative transportation as cognitively and emotionally appraised processes (see also: 

Carroll, 1997; Lombard & Ditton, 1997; Reeves, Yekelis & Cummings, 2016; Sundar & 

Oh, 2020; Turner, 2017). This can be used to elaborate our understanding of presence 

within the actual mixed-virtual reality continuum from the HCI perspective (see: Biocca, 

1992; Turner, 2017).   

Mixed methods in presence study affords a theoretically valid understanding of 

presence in medical context (Calder, Phillips & Tybout, 1981; Lombard, Ditton, & 

Weinstein, 2009; Lombard & Weinstein, 2018; Onwuegbuzie & Collins, 2007; Todd et 

al., 2004). In presence studies, presence has been understood as the specific effects 

observed in the lab setting, averaged out of individual and cultural differences, and 

measured with experimentally determined categories from researcher’s minds. However, 

Lombard and Weinstein (2018) stressed the needs of the theoretically plausible studies 

about presence experience seen and imagined from participants’ own perspectives. 

Especially, this study chose medical contexts where presence experience could be 

constructed from medical students’ perspectives. By integrating different 

phenomenologists’ perspectives, this study refined the nature of presence as not only 
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what appeared in medical students’ awareness but also what was experienced with their 

minds, feelings, and actions. Also, combination of two methods from experimental 

psychology and qualitative psychology afforded a more valid understanding of presence 

experience in medical contexts where presence could be understood within the physical-

psychological continuum.  

Lastly, in the interview, medical students commented on the role of presence 

experience as either perceptual visual memories or episodic autobiographical memories 

(see also: Bower & Forgas, 2001; Brews, 2014; Coleman, 2015; Gallace & Spence, 2009; 

Olivers Peters, Houtcamp, & Roelfsema, 2011). For example, when the students 

perceived the virtual visual symptoms as if they were theirs, they expected them to 

subconsciously influence their behaviors as visual working memories (Tollenarr, Elzinga, 

Spinhoven, Everaerd, 2008). When students perceive visual symptoms as if they were 

part of their own unmediated experience while participating in patients’ expected 

behaviors, they expect the experiences of symptoms to be remembered emotionally as if 

it were their own autobiographical memory (Bower & Forgas, 2001; Kensinger & 

Schacter, 2018; Tollenarr et al., 2008). Based on participants’ interview comments, two 

neurological pathways of presence-mediated memory are assumed, where in both 

amygdala and hippocampus play roles (see Figure 22).  
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Figure 22. Pathways of emotional memory processing 

  

Practical implications 

This study suggests several practical implications. It presents the educational 

potential of AR when it creates an immersive virtual environment (IVE) and it maximizes 

presence by offering medical students high immersive experiences within the reality-

virtuality continuum (see Azuma, 1997; Blascovich et al., 2002; Loomis et al., 1999; 

Dunlevey & Dede, 2014; Lindgren et al., 2014; Lombard & Ditton, 1997; Milgram et al., 

1995). This IVE allows users to have the learning experience of VR and AR by 

compensating for each other’s advantages while including the clear view of the users’ 

actual environments. For example, in this study, medical students learned virtual 

symptoms within an IVE and the actual medical context where their situational, 

conceptual, perceptual, and embodied types of learning were afforded. This experiential 

learning potential has some practical implications in medical education, patient 

education, and treatment/rehabilitation.   

Presence

A long-term low -arousal episodic/emotional memory

A long-term vivid perceptual memory, but a 

short-term emotional memory

Transportation empathy
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AR HMD applying IVE, IME, presence, and narrative transportation can be used 

in training programs of clinical reasoning and communicative empathy for medical 

students (see also Chen et al., 2017; Foggs, 2003; Kim et al., 2018; Lombard & Jones, 

2015; Peters, 2018; Schumi, 2001; Zhou et al., 2008). Education interventions using AR 

HMD can be implemented toward the specific goals with the analysis of the healthcare 

needs in general and the needs of the medical students as learners (Thomas et al., 2016). 

In this study, medical students could acquire perceptual skills or conceptual knowledge 

through the visual representation of migraine symptoms layered on AR HMD or 

strengthen empathy as communicative skills through AR affordances for imaginary or 

actual scenarios about patients’ feelings and illness experiences. For example, medical 

students can practice perceptual skills or acquire knowledge to detect the alteration of 

patients’ symptoms (Peters, 2018) or sympathize with patients’ frustrated feelings by 

experiencing their physical limitations (Foggs, 2003).  

Further, the results that presence and narrative transportation were not directly 

evoked by AR, but indirectly induced by medical students’ internal tendencies implied 

that their internal tendencies should be considered as key aspects in practically designing 

AR as educational technologies or medical technologies in human-centric ways (see also 

Carroll, 1997; Soeggard, 2018; Steuer, 1992). Students’ medical years might allow them 

to have the schemas of information and association among patients/tools, actions, and 

thoughts that function as their internal tendencies so that they can be triggered and 

stimulated in their minds and bodies when medical students encounter those stimuli. 

When these things are acknowledged as meaningful aspects in designing AR, AR can be 

constructed as not only device but also user experience where their internal tendencies 
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and psychological processing can be granted as essential psychological traits and 

procedure that magnify or optimize its effect.    

As emotional responses evoked by presence and narrative transportation, empathy 

have practical implications in patient education, patient rehabilitation, and patient 

treatment. For example, migraine symptoms layered on the AR and aroused feelings can 

help patients attend to their own emotional experiences, appraise them, and accept them 

as part of their lives. Different empathic feeling states aroused within the reality-virtuality 

continuum can help patients with neurodegenerative dementias to overcome apathy or 

depression by retrieving emotional memory with vivid imagery. Specifically, repetitive 

exposures to personally contextualized stimuli through attached feelings, memory, and 

imagination can help the patients with neurodegenerative dementias to re-consolidate 

their emotional memories through narrative transportation (see Azuma, 2015). Also, 

presence evoked by the media stimuli and its aroused feelings are applicable to correct 

the perceptual bias, memory bias, or prediction bias of patients with depression (see also: 

Yee & Bailenson, 2007; Webb & Pizagalli, 2016).   

The visual-affective process of presence and aroused emotion to the virtual 

symptoms in this study can be applied to virtual humans, such as virtual patients or 

robots, which exhibit emotional behavior, evoke users’ pseudo-natural behaviors, and 

promote desirable behaviors (see also Bailenson & Yee, 2005; Carroll, 1997; 

Fredrickson, 2016; Konjin, 2013; Lombard & Jones, 2015; Reeves & Nass, 1996; Riva et 

al., 2016; Turner, 2017; Yee & Bailenson, 2007; Zhang, Lawson, Guo, & Jiang, 2006). 

Since positively toned empathic feelings of sympathy to virtual symptoms are formed in 

the context of safe and positive long-term relationships with patients, virtual patients 
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designed with visual affective mapping allow healthcare professionals to form positively 

cultivated affective ties with the virtual patients and to feel an attachment to the implied 

presence of patients. Also, a social robot and its affective mapping, in case it reminds 

patients of their healthcare providers, could enable actual patients with dementia to self-

soothe, validate, and regulate their emotions based on their positively cultivated 

relationships with healthcare providers so that they can participate in therapeutic 

practices continuously.  

This study suggests narrative potential of location-based AR in medical education 

with the process of narrative transportation through which medical students 

hypothetically combine migraine or other symptoms with the experimental room in 

plausible and convincing ways (see also: Azuma et al.,2015; Azuma, 2016; Azuma, 2017; 

Azuma, 2018; Biocca, 1997; Lombard & Ditton, 1997; Slater, 2009). The results of this 

study confirm that medical students furthered their presence experience through narrative 

transportation and with three modes of AR storytelling (Azuma et al., 2015). They 

perceived patients’ symptoms by reinforcing the meanings of the study room as a 

learning environment, enhanced their feelings affectively by remaking the meaning of the 

study room as patients’ environments and extended their perspectives imaginatively by 

retrieving their personal memories about the patients’ situations. This same process could 

be used to build awareness and empathy for other conditions and illnesses.    

Methodological limitations 

As previously mentioned, since the researcher initially planned to collect a bigger 

sample (n>80), quantitative results (n=27) and follow-up integrative results (n=23) that 

used quantitative logics, had limited potential to produce statistically reliable patterns. 
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The small sample (n=27) might subject the study to the Type I error or Type II error 

where treatment effects can be misinterpreted. Further, this small group of the first-year 

medical students, as shown in the measure of physician empathy (p. 126), was fully 

motivated to perceive patients’ symptoms, experience their feelings, and imagine their 

situations (e.g., pain) so that statistically significant differences were not found between 

two AR conditions. However, immersive tendency and physician empathy might be 

different according to the levels of training of the students since they determine the prior 

knowledge of using technology and meeting patients (Ambrose, Bridges, Dipietro, 

Lovett, & Norman, 2010). It might be expected that the level of immersive tendency 

among beginning medical students is lower than that among senior students and the level 

of physician empathy among the beginning students is higher than that among senior 

students. Thus, the results from this small sample study can be tested in a larger sample 

study or in another small sample study to see whether the AR has a statistically 

significant effect on the group of medical students.  

The following studies require pilot studies of medical students’ perceptual/spatial 

skills and prior knowledge so that symptoms can be simulated for the purpose of medical 

training. Other visually immersive characteristics of HMD AR, such as field of regard, 

display size, display resolutions, the realism of lighting, etc. can be considered in the 

study. Lastly, effects of medical education would require more nuanced and appropriate 

psychophysiological indicators through their triangulation with other methods such as 

self-report, behavioral observations, and physiological (even neurological) real-time 

measures. 
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Suggestions for the future study 

In this section, relevant future studies are suggested based on the general results 

emerging from the previous analyses in not only medical context but also non-medical 

context. First, the results of this study indicated that the device-driven definition of AR 

was not enough. As in previous studies of VR, an optimal research design using AR is 

possible when considering not only its technological qualities, but also the sensory, 

cognitive, and affective process of presence, cognitive, emotional, and imaginative 

involvement of narrative transportation, and consequential effects of empathy 

accordingly for the purpose of the study (see Azuma, 1997; Bascovich & McCall, 2013; 

Biocca et al., 2003; Höllerer & Feiner, 2004; Milgram et al., 1995; Steuer, 1992). Thus, 

the future studies that defines AR not only as device but as a particular type of experience 

considering the purpose of the study can be done. 

Second, media selection is important in designing mediated experiences in media 

psychophysiology studies of presence (see Azuma, 1997; Biocca, 1992; Coleman, 2015; 

Lombard & Ditton, 1997; Slater, 2003; Reeves et al., 2016). As in these scholars’ 

previous studies, this study supports the systematic effects of media immersiveness on 

presence. However, since this study limits its stimuli to the visual, it is not certain how 

different sensory modalities can be optimally involved in this process of presence 

(Coleman, 2015; Lombard & Ditton, 1997). A future study might concern the perceptual 

response evoked by this visual process with other sensory responses (e.g., auditory, 

olfactory, tactile stimuli, or even vection and force feedback) and their psychological 

processing interactions (Azuma, 1997; Lombard & Ditton, 1997; Lombard & Jones, 

2015).  
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Third, empathy can be understood as different presence-led emotional states in 

future studies (see: Coplan, 2011; Eisenberg & Eggum, 2009; Ekkekakis, 2013; Forgas, 

2001; Konjin, 2013; Nabi, 2020; Omdahl, 1995; Pessoa, 2017; Segal et al., 2017; Zaki & 

Ochsner, 2016). Future research will have to clarify how emotional responses of 

sympathy, distress, and sadness are correspondingly led by different states of presence 

such as presence as realism, immersion, spatial presence, social richness, as well as 

narrative transportation. This can be done to explore the perceptual thresholds for optimal 

degrees of presence experiences that contribute to different goals of learning such as 

perceptual-cognitive learning process or experiential-emotional learning process. 

Emotional states of distress and sadness can also be identified to know if they include 

sympathetic components and prosocial motives or self-oriented aversive feelings to 

predict their educational effects. 

Fourth, the findings of this study can be extended by examining different types of 

presence-led memories and their long-term effects (Johnston & Olson, 2015; Schorr, 

2001; Nieenthal & Ric, 2017; Zachi & Ochsner, 2016; Zeidman & Maguire, 2016). 

Based on the results of this study as phase-in study, the future study can be designed as a 

longitudinal study to explore the causal relationships between presence and narrative 

transportation, and empathic response of medical students. Specifically, participants of 

the longitudinal study can be asked to retrieve vivid emotional aspects of experimental 

situations while getting active in their emotional experiences so that they can reactivate 

the original empathetic feelings. This study can be also done by exploring whether 

differently designed presence experiences function as sensory memories, which would 

induce accurate descriptions from participants, and/or episodic memories, which would 
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reactivate their initial feelings over time by measuring their effects repetitively while 

asking participants about real-life factors that influence these long-term effects.              

The results also indicate a perceptually optimal degree of presence of AR that 

leads to affective valences (see: Billinghurst, 2014; Carroll, 1997; Fredrickson, 2016; 

Konjin, 2013; Turner, 2017). This study suggests that empathy occurred when medical 

students felt transported to the situations and it did not occur when they perceived and 

understood the visual representation of symptoms (Konjin, 2013; Nabi, 2020). In future 

interventions, the process of presence of AR and affect (Billinghurst, 2017) can be 

applied to medical communication systems such as electronic medical records (EMR) to 

afford physicians chances to enhance their perception of patients’ symptoms or extend 

their perspective about patients’ situations with an optimal degree of affective arousal and 

valence. Emotional interventions such as virtual museum can be embedded in EMR as a 

short media intervention to optimally resolve the compassion fatigue medical students 

feel and to simultaneously achieve its genuine information processing goal. The effect of 

this intervention can be measured with presence and affect so that it evokes affective 

arousal within the range that does not deter its original purposes.       

Associations among presence, narrative transportation, and situational empathy 

observed in this study can be used to make the framework for designing theory-based 

interventions that are practically adjustable in various contexts. (see also: Azuma, 1997; 

Bracken, 2000; Hollerer & Feiner, 2004; Ijsselsteijn et al., 2000; Lombard & Jones, 2015; 

Milgram et al., 1994; Niedenthal & Ric, 2017; Peters, 2018; Sternberg & Sternberg, 

2017; Zeidman & Maguire, 2016). For example, presence intervention can be designed in 

the context of medical education based on the visual imageries that can be seen with eyes 



 

214 

 

and mentally pictured in minds so that they can evoke metacognitive responses in visual 

brain areas and visual primary cortex. More specifically, presence in this study occurred 

as an associative illusion simultaneously between virtual objects and AR environments 

and sequentially among those AR environments. In this study, medical students 

cognitively associate these processes based on knowledge-based imagination, but not 

excluding emotional memory. This theory-based intervention is appropriate for the group 

of medical students who experience empathy fatigue. However, in case when medical 

students’ empathy needs to be strengthened, transportation-based interventions can be 

designed together based on affordances that induce activities and imagination as in this 

study, while considering the effect of positive affect, which induce constructive thinking 

process, and negative affect that leads to closed and directed information process on its 

design.  

Additionally, this study might suggest the directions toward which the future 

study of medical education should go (see also Chen et al., 2017; Peters, 2018; Riva et 

al., 2016). With this study, the effect of medical education using AR on physician 

empathy and its psychological processing was measured with presence. A similar 

approach using AR and presence can be used to allow medical students or physicians to 

be perceptually and experientially exposed to more diverse migraine-related symptoms 

and those of other diseases such as stroke, dementia, depression, and obesity. For 

example, visual symptoms of dementia, such as double vision or complex vision illusion, 

can be simulated to allow physicians to experience them. Further, virtual experiences can 

be created using life-size spatial AR and telepresence to measure the effect of patients’ 

being in the synthetic experience on their visual affective distortion and social cognition.  
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Lastly, a more practical pedagogical training can be applied to the actual context 

of medical/non-medical education. This study can be replicated with a sufficiently larger 

(across-universities) sample or in another small sample study. Since medical experiences 

might produce different results, their levels of training can be specified for the following 

studies. Further, there are needs among patients and their family caregivers to be aware of 

the symptoms that patients suffer from. These subjective media /technological stimuli of 

disorders reported by patients from their standpoints can help them to understand their 

own or their family members’ symptoms to receive or offer sympathetic care. Also, the 

AR stimulus used for this study itself can be used for a pilot study to show medical 

educators the effect of empathy training program using the immersive technologies. 

Further, the results of this study can be utilized not only for the medical education 

targeting medical students or healthcare professionals, but also for the patient education 

targeting patients and their caregivers, and for the public health education targeting 

public across different populations.  

More broadly, (immersive) media technologies, presence, and narrative 

transportation can be applied to non-medical contexts in which perceptual and 

experiential reasoning influences empathy or other multicomponent emotions such as joy, 

love, nostalgia. The context of this study is the medical education for empathy, whose 

contents inherently are made with their focus on the students’ eudemonic motivation and 

appreciation and optimal presence is suggested as an appropriate level for this context 

(Ijsselsteijn et al., 2000; Raney, Oliver, & Bartsch, 2020). For this reason, similar 

presence manipulation might work in non-medical contexts such as entertainment 

applications where user’s hedonic motivation and pleasure as a positive emotional 
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reaction were pursued and maximal sense of presence experience can be designed. For 

example, immersive media technologies and immersive virtual/mixed (narrative) 

environment that evoke presence and narrative transportation can be used to construct 

AR/VR/MR experiences for the study or program so that it lead to the joy felt toward 

mediated environment as if it were real, love felt with the interaction with the 

unmediated/mediated people actually displayed unto or virtually embodied in the 

mediated environment as if it were actual interaction, nostalgia from emotional memory 

retrieved from the conversation so that those who live far from each other, but already 

shared emotional memory can reduce their psychological distance irrespective of physical 

distance. Or they can be applied to construct AR/VR/MR experiences for the study or 

program of return-to-work (RTW) or work-life-balance (WBL) that naturally 

connect/disconnect lives at home with the lives at work for those who are preparing to 

return to work or those who work from home. Also, the results of this study can be 

applied to the game environment that is designed to enhance the sense of pleasure 

through game activities and beauty through avatars for those who want to spend money 

and time to purchase relevant material or experiences.  
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APPENDICES 

A. PRE-EXPERIMENT SURVEY QUESTIONNAIRES 

I am a Ph.D. Student from Klein College of Media and Communication at Temple 

University and the student investigator of this study. The principal investigator for this 

study is Matthew Lombard, who is an Associate Professor in the department of Media 

Studies and Production at Temple University. We are conducting the study to examine 

how healthcare professionals experience patients’ migraine symptoms via the augmented 

reality using a mobile phone and writing this to invite healthcare professionals to 

participate in the survey. It will take about 15-20 minutes for you to complete the 

questionnaires. You will be asked to give your first impressions based on your feeling 

rather than your knowledge. Throughout the questions, the phrases “objects or events you 

saw” refer to the migraine symptoms or disorders that were presented in this media 

experience. Your participation is completely voluntary, and we will not collect any 

identifiable information from you. If you have any question, please do not hesitate to 

contact the student investigator of this study (Hyunji Doh: hyunji.doh@temple.edu). 

Please indicate your preferred answer below.  

1-1. How easily do you become deeply involved in movies or TV dramas? (automatic 

focus) 

Not easily 1 2 3 4 5 6 7 Very easily 

1-2. How mentally alert do you feel at the present time? (mental alertness) 

Not alert 1 2 3 4 5 6 7 Very alert 

1-3. How physically fit do you feel today? (physical fitness) 

Not fit  1 2 3 4 5 6 7 Extremely fit 

1-4. How good are you at blocking out extremal distraction when you are involved in 

something? (blocking out distraction) 

Not good 1 2 3 4 5 6 7 Very good 

1-5. When playing sports, how involved do you become in the game that you lose track 

of time? (activity involvement) 

Not involved  1 2 3 4 5 6 7 Very involved  

1-6. How excited have you ever gotten during a chase or fight scene on TV or on the 

movies? (media arousal) 

Not excited 1 2 3 4 5 6 7 Very excited 

1-7. How often do you become so involved in doing something that you lose all track of 

time? (attentional focus) 

Never  1 2 3 4 5 6 7 Often 

 

*Please circle the responses that best represent your answers. 

1-8. How often do you become so involved in a television program or book that people 

have problems getting your attention? (media involvement-TV/book) 

Never  1 2 3 4 5 6 7 Often 

1-9. How often do you become too involved in a movie to be aware of things happening 

around you? (media involvement-movie) 

mailto:hyunji.doh@temple.edu
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Never  1 2 3 4 5 6 7 Often 

1-10. How frequently do you find yourself closely identifying with the characters in a 

story line? (character identification) 

Never  1 2 3 4 5 6 7 Very frequently 

1-11. How often do you become too involved in a daydream to be aware of things 

happening around you? (dream-involvement) 

Never  1 2 3 4 5 6 7 Often 

1-12. How often do you have dreams that are so real that you feel disoriented when you 

awake? (dream-arousal) 

Never  1 2 3 4 5 6 7 Often 

1-13. How often have you gotten scared by something happening on a TV show or in a 

movie? (neuroticism) 

Never  1 2 3 4 5 6 7 Often 

1-14. How often have you ever remained apprehensive or fearful long after watching a 

scary movie? (neuroticism-sleeper effect) 

Never  1 2 3 4 5 6 7 Often 

 

Please check how much you agree with the following statements. 

1-15. An important component of the relationship with my patients is my understanding 

of the emotional status of the patients and their families (emotional status) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-16. I try to understand what is going on in my patients’ minds by paying attention to 

their nonverbal cues and body languages (patients’ nonverbal cues) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-17. I believe that empathy is an important therapeutic factor in medical treatment 

(therapeutic component) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-18. Empathy is a therapeutic skill without which my success as a physician would be 

limited (therapeutic skill) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-19. My understanding of my patients’ feelings gives them a sense of validation that is 

therapeutic (therapeutic validation) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-20. My patients feel better when I understand their feelings (well-being) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-21. I consider understanding my patients’ body language as important as verbal 

communication in physician-patient relationships (patients’ body language) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-22. I try to imagine myself in my patients’ shoes when providing care to them 

(imagination) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 
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1-23. I have a good sense of humor, which I think contributes to a better clinical outcome 

(sense of humor) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-24. I try to think like my patients in order to render better care (think like patients) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

 

Please check how much you agree with the following statements. 

1-25. Patients’ illnesses can be cured only by medical treatment: therefore, affectional 

ties to my patients cannot have a significant place in this endeavor (affectional ties) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-26. Attentiveness to my patients’ personal experiences is irrelevant to treatment 

effectiveness (attentiveness to experiences) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-27. I try not to pay attention to my patients’ emotions in interviewing and history taking 

(attention to emotions) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-28. I believe that emotion has no place in the treatment of medical illness (belief in 

emotion) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-29. I do not allow myself to be touched by intense emotional relationships between my 

patients and their family members (emotional relationships) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-30. My understanding of how my patients and their families feel is an irrelevant factor 

in medical treatment (understanding of feelings) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-31. I do not enjoy reading nonmedical literature and the arts (nonmedical literature and 

the arts) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-32. I consider asking patients about what is happening in their lives as an unimportant 

factor in understanding their physical complaints (physical complaints) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

 

Please check how much you agree with the following statements. 

1-33. It is difficult for me to view things from my patients’ perspectives (affective 

perspective taking) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

1-34. Because people are different, it is almost impossible for me to see things from my 

patients’ perspectives (cognitive perspective taking) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

 

Thank you! 
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B. POST-EXPERIMENT SURVEY QUESTIONNAIRES 

Thank you for your participation in this experiment. From now on, as you did before, you 

will be asked to answer to each question based on your first impression. The phrases 

“objects or events you saw” throughout the questions refer to the migraine symptoms or 

disorders that were presented in this media experience. Your participation is completely 

voluntary, and we will not collect any identifiable information from you. If you have any 

question, please do not hesitate to contact the student investigator of this study (Hyunji 

Doh: hyunji.doh@temple.edu). 

*Please indicate how much you disagree or agree with each statement below. 

2-1. The events I saw would occur in the real world (certainty) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree  

2-2. The events I saw could occur in the real world (plausibility) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree  

2-3. It is likely that the events I saw would occur in the real world (credibility) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree  

2-4. Overall, how much did the things in the environment you saw …look as if you 

experienced them directly in your actual environment? (perceptual realism) 

Strongly disagree 1 2 3 4 5 6 7 Strongly agree 

 

*Please circle the responses that best represent your answers. 

2-5. To what extent did you feel mentally immersed in the experience? (engagement)  

Not at all 1 2 3 4 5 6 7 Very immersed 

2-6. How involving was the media experience? (involvement) 

Not at all 1 2 3 4 5 6 7 Very involving 

2-7. How completely were your senses engaged? (absorption) 

Not at all 1 2 3 4 5 6 7 Very completely 

2-8. To what extent did you experience a sensation of reality? (embodiment) 

Not at all 1 2 3 4 5 6 7 Very much 

 

*Please circle the responses that best represent your answers. 

2-9. How often, when migraine symptoms seemed to occur to you, did you want to 

avoid? (self-here)  

Never  1 2 3 4 5 6 7 Always 

2-10. To what extent did you experience migraine inside the environment you saw? 

(other-there) 

Not at all 1 2 3 4 5 6 7 Very much 

 

*For each of the pairs of words below, please circle the number that best describes 

your evaluation of the media experience. 

2-11-1. Impersonal 1 2 3 4 5 6 7 Personal 

2-11-2. Dead  1 2 3 4 5 6 7 Lively 

2-11-3. Unemotional 1 2 3 4 5 6 7 Emotional 

mailto:hyunji.doh@temple.edu


 

291 

 

2-11-4. Remote 1 2 3 4 5 6 7 Immediate 

 

*These next questions are about the media experience as a whole. 

2-12. Have you ever seen the media presentation/experience you had today before? 

No_ Yes_ 

2-13. How personally relevant was the content of the media experience to you? 

Not at all 1 2 3 4 5 6 7 Very relevant 

2-14. How was the picture quality during the media experience? 

Very poor 1 2 3 4 5 6 7 Very good 

2-15. How comfortable were you with your viewing position? 

Not at all 1 2 3 4 5 6 7 Very comfortable 

2-16. Overall, how satisfying was the media experience you just had? 

Not at all 1 2 3 4 5 6 7 Very satisfying 

2-17. Please use the space below to provide your comments about the media experience. 

__________________________________________________________________ 

______________________________________________________________ 

__________________________________________________________________ 

 

*Please indicate your preferred answer below. 

2-18. How often could you picture yourself in the environment through the augmented 

reality? (cognitive transportation-reflection) 

Not at all 1 2 3 4 5 6 7 Very often 

2-19. How much were you mentally involved in the symptoms you saw? (cognitive 

transportation-elaboration) 

Not at all 1 2 3 4 5 6 7 Very much 

2-20. How much do you want to know the situations or symptoms of migraine more? 

(general transportation) 

Not at all 1 2 3 4 5 6 7 Very much 

2-21. How much did your experiences of migraine symptoms or disorders affect you 

emotionally? (emotional transportation) 

Not at all 1 2 3 4 5 6 7 Very much 

2-22. While experiencing migraine symptoms or disorders through this augmented 

reality, how vividly could you imagine migraine patients’ situations? (imaginative 

transportation) 

Not at all 1 2 3 4 5 6 7 Very vividly 

 

*Please indicate the degree of your feeling after viewing the mobile app. 

2-23. How sympathetic did you feel about migraine patients after viewing the mobile 

app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-24. How softhearted did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 
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2-25. How warm did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-26. How compassionate did you feel about migraine patients after viewing the mobile 

app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-27. How tender did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-28. How moved did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-29. How alarmed did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-30. How grieved did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-31. How troubled did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-32. How distressed did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-33. How upset did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-34. How disturbed did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-35. How worried did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-36. How perturbed did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-37. How sad did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-38. How low-spirited did you feel about migraine patients after viewing the mobile 

app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-39. How heavy-hearted did you feel about migraine patients after viewing the mobile 

app? 

Not at all 1 2 3 4 5 6 7 Very much 

2-40. How low did you feel about migraine patients after viewing the mobile app? 

Not at all 1 2 3 4 5 6 7 Very much 

 

*These last questions are about you. Again, all of your responses will be kept strictly 

confidential, so please answer as accurately and honestly as possible. 

2-41. How old are you? (in years) ____ 

Please indicate your gender: Male___ Female___ Prefer not to say___ 

2-42. What is your race?  



 

293 

 

Asian__, African American__, Hispanic__, Pacific Islander __, White __, Other__ 

2-43. How many times have you used an augmented reality system? 

___Never, ___1 time,  ___2-4 times,  ___5-7 times,  ___8 or more time 

2-44. Before today, how much did you know about augmented reality?  

None   1 2 3 4 5 6 7 A lot 

2-45. How can you describe your academic year? 

Preclinical___, Clinical___, Both___ 

2-46. What is your specialty? Surgery___, Internal medicine/Adult medicine___, 

Intensive care medicine___, Anesthesiology___, Emergency medicine___, 

Obstetrics/Gynecology___, Ophthalmology___, Pediatrics/Child health___, 

Dermatology___, Radiology___, General Practice___, Psychiatry___, Rural 

medicine___, Pathology___, Medical administration___, Rehabilitation medicine___, 

Non-specialist hospital practice___, Occupational medicine___, Public health 

medicine___, Others___   

Thank you! 
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C. INTERVIEW QUESTIONS 

Institutions: __________________________________________________________ 

Interviewee (Title and Name): ___________________________________________ 

Interviewer: __________________________________________________________ 

Introduction: 

●  (Introduction) Thank you for coming again. I appreciate your taking time to talk 

with me. As you might remember, my name is Hyunji Doh.  

● (Explanation of research project and its goal) I would like to remind you about 

this research project and the goal of this project. I am conducting this individual 

interview since I want to hear directly from healthcare professionals about their 

experiences using augmented reality. I thought that experiences you share during 

this in-depth interview might reflect those of healthcare professionals. The goal of 

this research project is to find out psychological processing of healthcare 

professionals when they use augmented reality since it will help making a helpful 

technological design to enhance healthcare professionals’ feeling of empathy.  

● (Confidentiality) While I listen to or write about your experiences, your identity 

and all the information you give to me will be kept strictly confidential. I will not 

report your name or other identifiable information to anyone. I will change any 

identifiable details if I need to use your information in any of my reports.  

● (Withdrawal and risk) Your participation is completely voluntary and you may 

stop at any time if you feel uncomfortable, and I do not intend to inflict any harm.  

● (Tape recording) I will use tape recorder so that I can focus on the discussion I 

will have with you. Is it okay with you? (If participants say no, interviewer will 

take notes). Please sign the release form if it is okay with you. 

● (Report) I will write a report describing our findings in my dissertation. If you are 

interested in its results, I will send its copy to you (it might take several months 

for them to receive the copy). 

● (Questions about the project) Do you have any questions about this project or 

about what I have explained to you so far? Is it okay for you to answer interview 

questions from now on? 

● I am going to ask you questions from now on to hear your experiences using 

augmented reality to experience migraine symptoms.  

 

Interview questions 

Short introduction: Now, we are going to talk about your internal tendencies that lead 

your immersive migraine experiences of augmented reality (Influence of participants’ 

immersive tendency and dispositional empathy on users’ feeling of presence or narrative 

transportation) 

1-1) For this research, “Immersive tendency” can be understood as tendency to 

become immersed in the (mediated) situations of migraine. Have you ever had an 

immersive experience with augmented reality?  (If not, are you curious about such 

experiences?  How so, what do you imagine? Can you explain more?) 
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1-2) Can you explain your immersive experience? For example, have you gotten so 

involved in movie or TV program so that you were not aware of things that happen 

around you? Then, can you explain more? 

1-3) Do you think that you tend to seek out to be immersed in situations portrayed in 

the media?  If so, can you explain it more? If not, are you curious about such experience?       

1-4) Do these (immersive) experiences allow you to have a deeper level of empathy? 

(If so, can you explain more? If not, do you want to experience it?)  

1-5) Can you explain it more based on your work experiences? As one example of it, 

you might have more understanding of the emotional status of the patients and their 

family after you have actual experience of their pain. Or, you might have a natural 

tendency to pay attention to pain of patients and their family. (Or, you have a 

professional willing to understand their pain). If so, can you explain it more? 

 

Short introduction: Now, I want to hear your thoughts about this environment where we 

had the experiment. There might be reasons why you were more immersed in the 

migraine experience at that time. (Characteristics of 1) media user environment or 2) 

media context that influence the sense of presence or narrative transportation).  

2-1) What was your perception of migraine experiences before using augmented reality 

app? 

2-2) What is your current understanding of it after using augmented reality app? 

2-3) Is your current understanding of migraine experiences consistent with your previous 

perception?  

2-4) If so, can you explain it more? How was it changed? If not, can you explain it more? 

How was it not changed? 

2-5) Were you immersed in or focused on migraine experiences when you were using 

augmented reality app?  

2-6) If so/not, what makes you (not) immersed in or focused on the migraine experiences 

represented by augmented reality app? (we were physically doing the experiment in this 

place, right? Based on that fact, can you explain factors that influence your experiences?) 

2-8) Have you used augmented reality when you work? 

2-9) What are those situations? 

2-10) How do you feel about it? 

2-11) Can you explain the influence of those experiences on your feelings about or 

understanding of migraines at that time? 

 

Short introduction: I want to hear your immersive experience more from now on 

(Participants experiences of the presence in the context of augmented reality). 

3-1) Can you explain your current experience more? (basic understanding of their 

experiences) 

3-2) Can you describe how augmented reality technologies shape your understanding of 

migraine? 

3-3) Do you think this experience was realistic? (TPI: realism) If so, how realistic do you 

think this experience was? Can you explain more? 

3-4) How much do you think media portrayals of migraine experiences might occur in 

your life?  
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3-5) How much do you think represented experiences accurately portray actual migraine 

experiences? 

3-6) What makes you think so? 

3-7) Do you think that you feel immersed in portrayed migraine experiences? (TPI: 

mental immersion) 

3-8) How much do you think that you are involved or engaged in portrayed migraine 

experiences? 

3-9) What makes you think so? 

3-10) Do you think that your experience of augmented reality makes you feel as if you 

were in the environment created by augmented reality? (TPI: spatial presence) 

3-11) How much do you feel as if you were in the environment made by augmented 

reality? What makes you think so? 

3-12) Do you consider experiences of augmented reality as personal when you interact 

with it? (TPI: social richness) 

3-13) How much do you consider experiences of augmented reality as personal?  What 

makes you think so? 

3-14) When I asked you to imagine as if you were patients, could you imagine patients’ 

situations easily (narrative transportation)? If so, can you explain more? If not, what 

makes you think so? 

 

Short introduction: we used this technology set to do the experiment of augmented 

reality. We will talk about the role of this technology set in your experience, 

understanding, and perception (Participants’ experiences of augmented reality) 

4-1) How do you experience migraine through augmented reality? 

4-2) Do you feel that this medium allows you to understand migraine experiences?  If 

so/not, can you explain your feeling more? 

4-3) Does this medium change your previous perception of migraine experiences? If 

so/not, can you explain your changed perception more? 

 

Short introduction: Now, we are going to talk about the change in your response, feeling, 

and motivation to help and understand patients and their situations more. Yes, we are 

talking about not only migraine, but also other illness conditions as well. 

            ’                  hy 

5-1) How will you respond to patients? 

5-2) Is your feeling toward patients and their situations changed? If so/not, can you 

explain your feeling more? 

5-3) Is your motivation to help patients and understand them changed? If so/not, can you 

experience your experience more? 
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D. EXPERIMENT PROCEDURE 

Group_________, Name_________, Date___/___/______ 
Section I. Preparation 

○ Arrive at the place one hour ago and wait for participants in the study room located on 

the health science building campus  

○ Prepare the following things while waiting for participants in the room 

□ Device I: Samsung Galaxy 8  

√ check its battery.  

√ adjust functions related to display. 

√ turn off Wi-Fi.  

√ turn on “do not disturb” function.  

√ set its background as neutral one. 

□ Device II: Samsung Gear VR  2018 

√ remove its cover. 

√ adjust the focal distance at its maximum (participants will adjust it later) 

□ Consent form, debriefing form, notice (do not disturb), sign-up for results, and script 

√ print them. 

√ prepare the pen. 

□ Survey questionnaire (laptop, mouse, and port) 

√ open them using the taps on the screen. 

√ connect the mouse to the laptop. 

√ demonstration: https://templeklein.co1.qualtrics.com/jfe/form/SV_0dBHy0nmsU2Ullb 

√ pre-treatment: https://templeklein.co1.qualtrics.com/jfe/form/SV_eVy44t8fIPYKQXX 

√ post-treatment: https://templeklein.co1.qualtrics.com/jfe/form/SV_000AFsl5L43sxG5 

□ Environmental setting 

√ turn on the light and close the door. 

√ tape printed notice (“please do not disturb”) to the door. 

□ Random assignment 

√ use app to assign participant to one condition before participants arrive. 

 

Section II. Introduction 

○ Introduce student investigator and project, “I am Hyunji Doh and Ph.D. Student. Would 

you introduce yourself to me? Yes, you belong to the department _____ as _____. Nice to 

meet you. This project is designed to know how healthcare professionals like you respond 

to illness symptoms or disorders represented by augmented reality.”  

○ Notify them of researchers’ reading, “I might need to read some instructions of the 

script.” 

○ Handout the printed consent form, “Could you read the consent form please? Here is 

the consent form. You can see the signature box at the end of this form. If you agree to 

participate in this experiment, please put your signature on it. If not, you can stop 

participating in this experiment. If you have questions, please ask me at any time.” 

○ Ask, “did you finish it?” and say, “thank you” and move to the next step  

https://templeklein.co1.qualtrics.com/jfe/form/SV_0dBHy0nmsU2Ullb
https://templeklein.co1.qualtrics.com/jfe/form/SV_eVy44t8fIPYKQXX
https://templeklein.co1.qualtrics.com/jfe/form/SV_000AFsl5L43sxG5
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Section III. Pre-treatment survey 

○ Request participants to fill out the survey form, “From now on, you are going to 

answer to the survey questionnaire that asks your internal tendencies or traits.” 

○ Remind them that their participation is completely voluntary, “Your participation is 

completely voluntary. If you have any question, please ask me. When you feel discomfort 

in answering questions and want to stop doing it, you can always stop.” 

○ Demonstrate how to respond to survey questionnaire using the Qualtrics by clicking the 

saved link, “this is how you respond to the survey questionnaire. You can click the 

response in the Likert scale from 1 to 7 and click this button to move to the next page. 

You cannot use the backward function in this survey questionnaire. When you answer to 

the questions, please keep it in your mind. Whenever you have questions, please ask me”  

○ Tell the participant to start answering to the survey questionnaire, “Please start 

answering to the survey questionnaires from now.”  

○ While participants answering the questions, prepare the first condition of each. 

○ Ask “did you finish it?” and say, “thank you” and move to the next step (if HMD 

group, move to p.3, if handheld, p.5) 

 

Section IV. Experiment (HMD group) 

○ Demonstrate how to use the HMD, “Now, we are going to start our experiment. You 

are going to experience three migraine visual disturbances with this HMD device. 

Whenever you have any kinds of discomfort, you can stop participating in the experiment. 

I will assist the setting-up process of the device so that you can experience symptoms 

without any difficulties.” 

○ Set up the process of experiment so that participants experience light sensitivity, by: 

1) Choosing the cardboard button,  

2) Inserting the mobile phone into the device,  

3) Not connecting the ports between HMD device and mobile,  

4) Keeping the device on both eyes with hands, 

5) Moving head to select the symptom, “light sensitivity” located in the left side, 

6) Handing it over to the participants, 

7) And asking, “Would you keep the device on both of eyes with hands like this, 

adjust the distance between eyes and lenses so that you can have a clear view, 

and experience the symptom fully? Please imagine as if you were a patient. 

Could you please walk while wearing and experiencing it?” 

8) After users’ participation, take the phone out of device and choose x button, 

“So you have experienced light sensitivity (visual sensitivity). Now, we are 

going to move to another symptom.” 

○ Set up the process of experiment so that participants experience flashing light, by: 

1) Choosing the cardboard button,  

2) Inserting the mobile phone into the device,  

3) Not connecting the ports between HMD device and mobile,  
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4) Keeping the device on both eyes with hands, 

5) Moving head to select the symptom, “flashing light” located in the center, 

6) Handing it over to the participants,  

9) And asking, “Please keep the device on both of eyes with hands like this, adjust 

the distance between eyes and lenses so that you can have a clear view, and 

experience the symptom fully. Please imagine as if you were a patient. Would 

you also please walk with it?” 

7) After users’ participation, take the phone out of device and choose x button, 

“So you have experienced flashing lights (flickering light). Now, we are going 

to move to another symptom.” 

○ Set up the process of experiment so that participants experience aura, by: 

1) Choosing the cardboard button,  

2) Inserting the mobile phone into the device,  

3) Not connecting the ports between HMD device and mobile,  

4) Keeping the device on both eyes with hands, 

5) Moving head to select the symptom, “aura” located in the right side, 

6) Handing it over to the participants,  

10) And asking, “Please keep the device on both of eyes with hands like this, adjust 

the distance between eyes and lenses so that you can have a clear view, and 

experience the symptom fully. Please imagine as if you were a patient and 

walk.” 

7) After users’ participation, take the phone out of device and choose x button, 

“So you have experienced aura (zigzag lines/crescent shape/scintillating 

scotoma).”  

○ Ask, “did you finish it?” and say, “thank you” and move to the next step (p.6) 

 

Section IV. Experiment (handheld group) 

○ Demonstrate how to use the handheld display, “Now, we are going to start our 

experiment. You are going to experience three migraine visual disturbances with mobile 

device. Whenever you have any kinds of discomfort, you can stop participating in the 

experiment. I will assist the setting-up process of the device so that you can experience 

symptoms without any difficulties.” 

○ Set up the process of experiment so that participants experience light sensitivity by 

1) Choosing handheld button, 

2) Selecting symptom, light sensitivity, 

3) Handing the device over to the participants,  

4) And asking, “Would you please hold the mobile device with both of your 

hands, adjust the distance between eyes and lenses so that you can have a clear 
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view, and experience the symptom fully? Please imagine as if you were a 

patient. Could you please walk while holding and experiencing it?” 

5) After user’s participation, choose the return button, “So you have experienced 

light sensitivity (visual sensitivity). Now, we are going to move to another 

symptom.” 

○ Set up the process of experiment so that participants experience flashing light by 

1) Choosing handheld button, 

2) Selecting symptom, flashing light, 

3) Handing the device over to the participants,  

4) And asking, “Would you please hold the mobile device with both of your 

hands, adjust the distance between eyes and lenses so that you can have a clear 

view, and experience the symptom fully? Please imagine as if you were a 

patient. Could you please walk while holding and experiencing it?” 

5) After user’s participation, choose the return button, “So you have experienced 

flashing lights (flickering light). Now, we are going to move to another 

symptom.” 

○ Set up the process of experiment so that participants experience aura by 

1) Choosing handheld button, 

2) Selecting symptom, aura, 

3) Handing the device over to the participants,  

4) And asking, “Would you please hold the mobile device with both of your 

hands, adjust the distance between eyes and lenses so that you can have a clear 

view, and experience the symptom fully? Please imagine as if you were a 

patient. Could you please walk while holding and experiencing it?” 

5) After user’s participation, choose the return button, “So you have experienced 

aura (zigzag lines/crescent shape/scintillating scotoma).”  

○ Ask “did you finish it?” And say, “thank you” and move to the next step (p.6) 
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Section V. Post-treatment survey 

○ Explain the survey, “Now, you have just finished experiencing migraine symptoms. You 

are going to answer to the survey questionnaire that asks your experiences and 

attitudes.” 

○ Remind them that their participation is completely voluntary, “Your participation is 

completely voluntary. If you have any question, please ask me. When you feel discomfort 

in answering questions and want to stop doing it, you can always stop.” 

○ Remind them of the follow-up interview saying, “When you want to participate in the 

follow-up interview, you can put your email address at the end of this survey.” 

○ Tell the participant to start answering to the survey questionnaire, “Please start 

answering to the survey questionnaires from now.” 

○ Wait until participants complete survey questionnaire 

○ Ask, “did you finish it?” and say, “thank you” and move to the next step. 

 

Section VI. Completion 

○ Ask if participants want to receive the results and handout the signup form, “if you 

want to receive the results of the study, please sign on this paper. We are going to send 

its summary to you after the study is over.”   

 

○ Say “thank you,” handout the debriefing form and read it (Whenever participants do 

not complete any procedure for any reasons, debriefing form will be offered to the 

participants) saying, “I am going to read the debriefing form to you.” 

“I appreciate your participation in this study. This study is designed to know the 

psychological processes of healthcare professionals after their exposure to migraine 

visual disturbances through augmented reality displays. Participants were randomly 

assigned to one of two conditions: low immersive augmented reality displays using 

mobile phone only and high immersive augmented reality displays using both mobile 

phone and virtual reality headset. These two conditions were manipulated with presence-

evoking characteristics of augmented reality.    

You were asked to report your psychological experiences of presence, narrative 

transportation, and empathy through surveys after your participation in the experiment. 

The results of this study can be used to design more systematic psychological 

interventions to increase healthcare professionals’ understanding of patients and their 

illness experiences. 

We ask you not to talk about this study with other people after you leave in order to 

ensure its validity. Finally, we want to remind you that the information we received from 

you will be kept confidential and your identifiable information will not be associated with 

your responses. If you have any concerns or questions about this study, please feel free to 

contact Matthew Lombard (lombard@temple.edu) and Hyunji Doh 

(hyunji.doh@temple.edu). Thank you.” 

“If you have any comments about this study, please tell me. Thank you so much for your 

participation again.”  
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E. NORMALITY 

Table 36 

Normality of immersive tendency (individual questionnaire items) 

Dimensions Items 
Kolmogorov-

Smirnov 
Shapiro-Wilk 

Focus 

Automatic focus .001 .005 

Mental alertness .005 .001 

Physical fitness .000 .001 

Blocking out 

distraction 
.000 .000 

Activity 

involvement 
.000 .002 

Media arousal .003 .000 

Attentional focus .003 .007 

Involvement 

Media 

involvement-

TV/book 

.003 .058 

Media involvement 

-movie 
.003 .030 

Character 

identification 
.032 .021 

Dream-

involvement 
.016 .072 

Dream-arousalª .105 .111 

Neuroticismª .062 .083 

Neuroticism-

sleeper effect 
.000 .007 

Note. ª P-values of Kolmogorov-Smirnov test and Shapiro-Wilk test for the variables of 

dream (arousal) and neuroticism are above .05. 

 

Table 37 

Normality of immersive tendency (dimensions) 

Index Dimensions 
Kolmogorov-

Smirnov 
Shapiro-Wilk 

Immersive 

tendency 

Focus .000 .000 

Involvement .058 .071 

 

Table 38 

Normality of immersive tendency (concept) 

Index Kolmogorov-Smirnov Shapiro-Wilk 

Immersive tendency .200 .129 
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Table 39 

Normality of physician empathy (individual questionnaire items) 

Dimensions Items 
Kolmogorov-

Smirnov 
Shapiro-Wilk 

Perspective taking 

Emotional status .000 .000 

Patients’ nonverbal 

cues 
.000 .000 

Therapeutic 

component 
.000 .000 

Therapeutic skill .000 .000 

Therapeutic 

validation 
.000 .000 

Well-being .000 .000 

Patients’ body 

language 
.000 .000 

Imagination .000 .000 

Sense of humor .000 .000 

Think like patients .000 .000 

Compassionate care 

Affectional ties .000 .000 

Attentiveness to 

experiences 
.000 .000 

Belief in emotion .000 .000 

Attention to 

emotions 
.000 .000 

Emotional 

relationships 
.008 .008 

Understanding of 

feelings 
.000 .000 

Literature and arts .000 .000 

Patients’ lives and 

complaints 
.000 .000 

Standing in shoes 

Affective 

perspective taking 
.000 .000 

Cognitive 

perspective taking 
.000 .000 

 

Table 40 

Normality of physician empathy (dimensions) 

Index Dimensions 
Kolmogorov-

Smirnov 
Shapiro-Wilk 

Physician empathy 

Perspective taking .000 .000 

Compassionate care .000 .000 

Standing in 

patients’ shoes 
.001 .010 
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Table 41 

Normality of physician empathy (concept) 

Index Kolmogorov-Smirnov Shapiro-Wilk 

Physician empathy .000 .000 

 

Table 42 

Normality of presence (individual questionnaire items) 

Dimensions Items 
Kolmogorov-

Smirnov 
Shapiro-Wilk 

Realism 

Credibility .002 .004 

Plausibility .000 .000 

Credibility .001 .000 

Perceptual realism .000 .001 

Immersion 

Engagement .010 .052 

Involvement .002 .006 

Absorption .018 .029 

Embodiment .006 .014 

Spatial presence 
Self-here .000 .000 

Other-there .000 .002 

Social richness 

Personal .006 .004 

Lively .890 .008 

Emotional .941 .129 

Immediate .005 .007 

 

Table 43 

Normality of presence (dimensions)ᵃ 

Index Dimensions 
Kolmogorov-

Smirnov 
Shapiro-Wilk 

Presence 

Realism .046 .000 

Immersion .200 .143 

Spatial presence .034 .021 

Social richness .014 .014 

Note. ᵃ As a bias avoiding method (Devlieger, 2016), the factor scores of indices or 

dimensions used as independent variables were calculated with regressions. 
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Table 44 

Normality of presence (dimensions)ᵃ 

Index Dimensions 
Kolmogorov-

Smirnov 
Shapiro-Wilk 

Presence 

Realism .046 .000 

Immersion .200 .143 

Spatial presence .034 .021 

Social richness .014 .014 
Note. ᵃ As a bias avoiding method (Devlieger, 2016), the factor scores of indices or dimensions 

used as dependent variables were calculated with Bartlett. 

 

Table 45 

Normality of narrative transportation (individual questionnaire items and dimensions) 

Index Dimensions 
Kolmogorov-

Smirnov 

Shapiro-

Wilk 

 

 

Narrative 

transportation 

 

 

Cognitive transportation-reflection .000 .011 

Cognitive transportation-elaboration .001 .001 

General transportation .000 .000 

Emotional transportation .000 .025 

Imaginative transportation .000 .000 

 

Table 46 

Normality of narrative transportation (concept)ᵃ 

Index Kolmogorov-Smirnov Shapiro-Wilk 

Narrative transportation .130 .092 
Note. ᵃ As a bias avoiding method (Devlieger, 2016), the factor scores of indices or dimensions 

used as independent variables were calculated with regressions. 

 

Table 47 

Normality of narrative transportation (concept)ᵃ 

Index Kolmogorov-Smirnov Shapiro-Wilk 

Narrative transportation .153 .124 
Note. ᵃ As a bias avoiding method (Devlieger, 2016), the factor scores of indices or dimensions 

used as dependent variables were calculated with Bartlett. 
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Table 48 

Normality of situational empathy (individual questionnaire items) 

Dimensions Items 
Kolmogorov-

Smirnov 
Shapiro-Wilk 

Sympathy 

Sympathetic .000 .000 

Softhearted .012 .009 

Warm .000 .001 

Compassionate .000 .000 

Tender .020 .034 

Moved .000 .007 

Distress 

Alarmed .000 .000 

Grieved .098 .106 

Troubled .015 .030 

Distressed .031 .038 

Upset .001 .034 

Disturbed .008 .028 

Sadness 

Worried .000 .002 

Perturbed .005 .096 

Sad .000 .041 

Low-spirited .043 .088 

Heavy-heartedª .107 .272 

Low .003 .068 

 

Table 49 

Normality of situational empathy (dimensions) 

Index Dimensions 
Kolmogorov-

Smirnov 
Shapiro-Wilk 

Situational empathy 

Sympathy .039 .059 

Distress .200 .354 

Sadness .200 .908 

 

Table 50 

Normality of situational empathy (concept)ᵃ 

Index Kolmogorov-Smirnov Shapiro-Wilk 

Situational empathy .200 .849 
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F. FACTOR ANALYSIS 

 

Table 51 

Factor analysis of immersive tendency (concepts) 

Variables Factors Loadings Communalities 

Automatic focus 

Immersive 

tendency 

.667 .504 

Media arousal .561 .435 

Media 

involvement-TV/ 

book 

.739 .595 

Media 

involvement-

movie 

.661 .560 

Character 

identification 
.687 .636 

Neuroticism .573 .717 

Neuroticism 

(sleeper effect) 
.499 .632 

Table 52 

Factor analysis of immersive tendency (dimensions) 

Variables Factors Loadings Communalities 

Automatic focus 
Focus 

.771 .595 

Media arousal .771 .595 

Media 

involvement-TV/ 

book 

Involvement 

.901 .811 

Media 

involvement-

movie 

.726 .526 

Character 

identification 
.662 .439 
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Table 53 

Factor analysis of physician empathy (concepts) 

Variables Factors Loadings Communalities 
Emotional status of 

the patients and 

families 

Physician  

Empathy 

.745 .695 

Patients’ nonverbal 

cues 
.564 .388 

Therapeutic 

component 
.762 .649 

Therapeutic skill .755 .634 
Therapeutic 

validation 
.767 .658 

Well-being .629 .765 

Imagination .746 .696 

Sense of humor .544 .581 

Thinking like 

patients 
.524 .393 

Attentiveness to 

experiences 
.477 .536 

Understanding of 

feelings 
.633 .692 

 

Table 54 

Factor analysis of physician empathy (dimensions) 

Variables Factors Loadings Communalities 

Emotional status 

of the patients and 

families 

Perspective taking 

.807 .651 

Therapeutic 

component 
.777 .603 

Therapeutic skill .781 .610 

Therapeutic 

validation 
.777 .604 

Well-being .620 .385 

Imagination .672 .452 

Attentiveness to 

experiences 
Compassionate care 

.806 .649 

Understanding of 

feelings 
.806 .649 

Affective 

perspective taking Standing in 

patients’ shoes 

.810 .656 

Cognitive 

perspective taking 
.810 .656 
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Table 55 

Factor analysis of presence (concepts) 

Variables Factors Loadings Communalities 

Social realism as 

certainty 

Presence as  

social realism 

.834 .876 

Social realism as 

plausibility 
.883 .811 

Social realism as 

credibility 
.878 .818 

Perceptual realism 

Presence as 

spatial immersion 

.635 .768 

Immersion as 

engagement 
.816 .724 

Immersion as 

involvement 
.855 .824 

Immersion as 

absorption 
.628 .734 

Immersion as 

embodiment 
.507 .714 

Spatial presence 

(self-here) 
.466 .546 

Spatial presence 

(other-there) 
.510 .588 

Social richness 

(personal) 
.749 .729 

Social richness 

(lively) 
.695 .793 

Social richness 

(emotional) 
.513 .650 

Social richness 

(immediate) 
.557 .787 
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Table 56 

Factor analyses of presence (dimensions) 

Variables Factors Loadings Communalities 

Social realism as 

certainty 

Presence as 

realism 

.873 .763 

Social realism as 

plausibility 
.815 .664 

Social realism as 

credibility 
.934 .872 

Immersion as 

engagement Presence as 

immersion 

.886 .785 

Immersion as 

involvement 
.886 .785 

Spatial presence 

(self-here) 
Spatial presence 

.693 .480 

Spatial presence 

(other-there) 
.693 .480 

Social richness 

(personal) 
Social richness 

.779 .607 

Social richness 

(lively) 
.779 .607 

 

Table 57 

Factor analysis of narrative transportation (concepts and dimensions) 

Variables Factors Loadings Communalities 

Cognitive 

transportation-

reflection 

Transportation 

.421 .184 

Cognitive 

transportation-

elaboration 

.919 .692 

Emotional 

transportation 
.896 .684 

Imaginative 

transportation 
.679 .434 
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Table 58 

Factor analysis of situational empathy (dimensions) 

Variables Factors Loadings Communalities 

Sympathetic 

Situational 

empathy 

.627 .680 

Softhearted .677 .831 

Warm .471 .836 

Compassionate .670 .895 

Tender .670 .888 

Moved .781 .881 

Alarmed .682 .869 

Grieved .868 .917 

Troubled .777 .836 

Distressed .897 .918 

Upset .849 .908 

Disturbed .697 .756 

Worried .655 .796 

Perturbed .813 .904 

Sad .686 .664 

Low-spirited .629 .827 

Heavy-hearted .797 .939 

Low .702 .925 

 

 

Table 59 

Factor analysis of situational empathy (dimensions) 

Variables Factors Loadings Communalities 

Sympathetic 

Sympathy 

.770 .594 

Softhearted .830 .690 

Warm .688 .473 

Compassionate .813 .660 

Tender .820 .672 

Moved .732 .536 

Alarmed 

Distress 

.722 .521 

Grieved .867 .751 

Troubled .893 .797 

Distressed .906 .822 

Upset .801 .641 

Disturbed .795 .632 

Worried 

Sadness 

.612 .375 

Perturbed .803 .646 

Sad .703 .495 

Low-spirited .704 .496 

Heavy-hearted .939 .881 

Low .810 .656 
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G. FIELDNOTES 

 

Fieldnotes  

Hyunji Doh 

I wrote a short fieldnote after the interview was over based on sensory details that I jotted 

down during the interview. All the participants, except for one (participant B) used HMD 

before the interview started. 

• Participant A (HMD user, October 11th, 2019) included emotional involvement as 

one criterion of immersiveness when he was exposed to general media 

experiences such as TV programs or movies. He said that he was happy to know 

there were additional symptoms of migraine that he did not before. However, he 

suggested more symptoms and tasks would be required to help medical students 

to feel more immersed. He said that AR stimulus could be used as the tool of 

sensitivity training. 

• Participant B (handheld display user, November 11th, 2019) said that AR stimuli 

could be used to visualize symptoms of other diseases. He said that the most 

realistic symptom was light sensitivity. He told me about the long-term effect of 

AR stimuli that his visual memory would lead to subconscious changes in his 

attitude while his remembered contents would lead to substantial changes in his 

actual behaviors.  

• Participant C (HMD user, November 13th, 2019) told me that he felt as if 

augmented reality had ‘tricked his body.’ He was the one who behaved like a 

patient for a long time. He had a friend who had a migraine. He associated a 

migraine with pain or a strong headache. He could understand his friend better 

since he realized that it was not just a strong headache. 

• Participant D (handheld display user, November 20th, 2019) said that he always 

learned concepts through visualization and that was why he could picture 

patients’ situations. He suggested experiment would include more diverse 

symptoms or more ecologically valid place that reflects patients’ everyday lives. 

He also tried a small series of activities that could activate more empathetic 

feelings. He told me, however, that he could not verbally express what he had felt. 

• Participant E (HMD user, November 20th, 2019) said that he had a tendency to 

respond empathically through auditory sense. He also wanted to differentiate 

empathy from clinical decision-making since he thought that too much empathy 

might ruin the professional ideal that physicians should possess. He told me, 

however, that AR stimulus allowed him to appreciate visual symptoms in 

patients’ actual lives.  

• Participant F (HMD user, November 20th, 2019) realized that pain was a personal 

experience. He said that AR stimulus showed, visualized, and validated the 

patients’ symptoms. It had the power to change his internal drives to feel 

empathic as visual learners, but not as auditory learners.  
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• Participant G (HMD user, November 22nd, 2019) said that the reason why AR 

stimulus did not simulate migraine symptoms fully was that migraine patients 

suffered from pain also, not only from visual symptoms. Furthermore, patients’ 

painful and unexpected feelings of hopelessness were not generated with the 

stimulus. He mentioned that though its afforded tunnel vision allowed him to 

focus on migraine experience, it was not natural enough. However, as the person 

who was involved in family medicine, he wanted to suggest the educational 

program using AR stimulus as a useful tool for patient education, which would 

allow patients to know what exact symptoms they might have in their future, and 

for physicians as a pedagogical tool that would help them feel personally 

connected to and involved in patients’ experiences of pain. 

• Participant H (handheld display user, November 22nd, 2019) said that imagination 

was a key aspect of her feeling of immersion. This was important for her since she 

could recreate patients’ symptoms through her imagination. According to her, 

though HMD forced her to be focused on and immersed in patients’ migraine 

experiences, imagination allowed her to construct narratives that induced her 

internal drive to act empathically toward patients. In other words, presence was 

conceptually changed into a more active process through her intellectually 

creative intervention in patients’ experiences. 

• Participant I (handheld display user, November 25th, 2019) said that her 

experience of AR stimulus gave her the lessons that symptoms of every patient 

could not be the same. She confessed that her own personal experiences of 

migraines gave her biased opinions toward patients, while it could a good tool to 

feel resonating with patients’ stories. In this aspect, AR stimulus gave her a 

broader understanding of migraine symptoms beyond her personal experience 

extensively enough to strengthen her empathetic feeling and motivation. 

• Participant J (handheld display user, November 26th, 2019) differentiated the 

baseline empathy that physicians have as professionals and natural empathy that 

they have as humans as two types of empathy physicians could experience when 

they have relationships with patients. According to her, a baseline empathy is 

based on the professional understanding of patients and their symptoms while 

natural empathy is a much stronger inherent trait than the baseline empathy.  

• Participant K (HMD user, December 2nd, 2019) told me that disconnected feelings 

that existed between reality and virtual reality generated synthetic barriers. He 

mentioned that the more connection between perception and feelings would make 

feelings of immersion intense. He was positive about the technological advances 

designed to enhance the patients’ quality of life. He mentioned that AR stimulus 

would help him to subconsciously respond to patients through the nonverbal 

behaviors and changed affective tones in his future work. 

• Participant L (HMD user, December 3rd, 2019) said she was fascinated by this 

experiment since it gave her feelings of immersion though she had a tendency to 

get easily distracted. Before using augmented reality, she used to associate 
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migraines with pain. However, after her participation of the experiment, she came 

to be more aware of its visual symptoms. A basic philosophical premise of the 

medicine is to be there with vulnerable patients. In this regard, since she already 

started pursuing the empathetic approach as a medical professional, AR stimulus 

strengthened that empathic approach of hers. She mentioned that she started 

valuing empathy more than other values since it enhances the patients’ quality of 

life indirectly. 

• Participant M (handheld display user, December 3rd, 2019) said that the emotional 

investment was a main reason why she was fascinated by TV programs and 

movies. Since she had friends and family members with migraine experiences, 

she could feel immersed in migraine symptoms. She did not seek out immersive 

experience, and her immersive tendency naturally happened. By participating in 

the experiment and using the AR stimulus, her general medical knowledge about 

migraine was transformed into felt experiential knowledge. Her experience of AR 

stimulus made her want to individualize what patients experience and to be more 

sensitive to patients’ body language. She wanted to become a partner and work 

together with patients by understanding patients’ goals in their treatment.  

• Participant N (HMD user, December 4th, 2019) had a tendency to feel immersed 

in media experiences of TV or movies though he did not have immersive media 

experiences of AR, VR, or other immersive technologies that naturally generated 

more intense feelings of immersion. His previous perception of migraines came 

from friends who experienced migraine. After participation in the experiment, he 

had his own personal experience of migraines that intensely generated an 

empathic response since the immersive experience of HMD was out of control. 

He thought that more symptoms would give medical students a better idea of what 

patients went through since AR stimulus was made based on the limited number 

of samples.  

• Participant O (HMD user, December 6th, 2019) shared his experiences of meeting 

with children as patients since that was the moment when he felt empathetic 

toward patients. When I asked him about empathy, he told me that it was the 

moment that he remembered when thinking about empathy. He also told me that 

he learned that patients’ migraine symptoms could be more personal and diverse. 

• Participant P (HMD user, December 9th, 2019) said that the size of the room 

distracted his attention since he needed to see symptoms as well as navigate. He 

had trouble in navigating, which interrupted his feeling of immersion. He 

mentioned that his experience of migraine was personal since it allowed him to 

see things from his egocentric point of view. According to him, though AR 

stimulus did not influence his feelings of empathy, his understanding of patients 

had been enhanced because of it.  

• Participant Q (handheld display user, December 9th, 2019) said that AR stimuli 

allowed him to feel as if the media and he were one. He perceived the AR stimuli 

as one part of his body. He mentioned that there were environmental factors that 
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influenced his feeling of immersion such as the presence of another person (the 

researcher), and things he could see when using the mobile phone. However, the 

regular and cyclic movement of migraine symptom and non-responsive 

environment lessened his sense of realism.  

• Participant R (handheld display user, December 11th, 2019) had relatively detailed 

biomedical and biopsychological knowledge about migraine and migraine 

patients. Especially, he had optimistic views about AR, VR, or other immersive 

technologies and their medical potential. He tried to use AR affordances as much 

as possible while maintaining his standpoint as an objective observer. 

• Participant S (handheld display user, December 13th, 2019) was not satisfied with 

AR stimulus and the research setting since AR stimuli did not allow her to 

perceive migraine symptoms realistically enough and the research setting did not 

reflect the real-life situations of migraine patients that she knew. She suggested 

that the research setting should accurately reflect the real-life situations of 

migraine patients. 

• Participant T (handheld display user, January 30th, 2020) tried to understand 

migraine symptoms based on her memories about her brothers who experienced 

migraine symptoms. She described her feeling of HMD as imminent or 

“proximate” enough to feel as if she experienced the visual symptoms through her 

field of vision.  

• Participant U (HMD user, January 30th, 2020) had a tendency to be immersed in 

enjoyable activities such as reading novels or playing games. As a migraine 

patient, she was so immersed in AR stimulus as if it were her experiences. Also, 

she expected it to function as one reference that she could use in her future. 

• Participant V (HMD user, January 31st, 2020) had many experiences of AR, VR, 

or other immersive technologies. He said that though the AR stimulus used for 

this study was not technologically immersive or realistic, he knew that AR 

stimulus was designed to convey the intended messages about migraine symptoms 

such as their severity or discomfort feelings of patients. 

• Participant W (handheld display user, January 31st, 2020) became interested in the 

experiment after he read about AR in the newspaper. However, since he did not 

have AR experience previously, he was surprised by the immersiveness that AR 

stimulus had during the experiment.  

 


