'." frontiers

in Virtual Reality

PERSPECTIVE
published: 15 July 2021
doi: 10.3389/frvir.2021.693327

OPEN ACCESS

Edited by:

Amela Sadagic,

Naval Postgraduate School,
United States

Reviewed by:

Richard Skarbez,

La Trobe University, Australia
Aryabrata Basu,

Emory University, United States

*Correspondence:
Sungchul Jung
sungchul.jung@canterbury.ac.nz

Specialty section:

This article was submitted to

Virtual Reality and Human Behaviour,
a section of the journal

Frontiers in Virtual Reality

Received: 10 April 2021
Accepted: 30 June 2021
Published: 15 July 2021

Citation:

Jung S and Lindeman RW (2021)
Perspective: Does Realism Improve
Presence in VR? Suggesting a Model
and Metric for VR

Experience Evaluation.

Front. Virtual Real. 2:693327.

doi: 10.3389/frvir.2021.693327

®

Check for
updates

Perspective: Does Realism Improve
Presence in VR? Suggesting a Model
and Metric for VR Experience
Evaluation

Sungchul Jung* and Robert. W Lindeman

Human Interface Technology Lab (HIT Lab NZ), College of Engineering, University of Canterbury, Christchurch, New Zealand

The concepts of “immersion” and “presence” have been considered as staple metrics
for evaluating the quality of virtual reality experiences for more than five decades, even
as the concepts themselves have evolved in terms of both technical and psychological
aspects. To enhance the user’s experience, studies have investigated the impact of
different visual, auditory, and haptic stimuli in various contexts to mainly explore the
concepts of “plausibility illusion” and “place illusion”. Previous research has sometimes
shown a positive correlation between increased realism and an increase in presence,
but not always, and thus, very little of the work around the topic of presence reports an
unequivocal correlation. Indeed, one might classify the overall findings within the field
around presence as “messy”. Better (or more) visual, auditory, or haptic cues, or
increased agency, may lead to increased realism, but not necessarily increased
presence, and may well depend on the application context. Rich visual and audio
cues in concert contribute significantly to both realism and presence, but the addition
of tactile cues, gesture input support, or a combination of these might improve realism,
but not necessarily presence. In this paper, we review previous research and suggest a
possible theory to better define the relationship between increases in sensory-based
realism and presence, and thus help VR researchers create more effective
experiences.
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1 INTRODUCTION

|«

“It’s so real!” “This is such a realistic experience!” We believe almost all Virtual Reality (VR)
researchers and developers have heard these expressions at least once when successfully
delivering immersive VR experience to the general public. Similarly, responses such as “It
seems like I'm in another place”, or “This looks like my body” are often expressed by the users.
General users might not care about the academic distinctions between immersion and illusion,
and might even seem confused by them. But clearly, these kinds of responses both implicitly or
explicitly indicate the general quality of the VR experience, in a positive direction. Under current
circumstances, the most frequently used term is probably related to realism (or realness), and
thus using the phrase “the level of realism” might be the easiest way to make the general public
understand the quality of a VR experience. On the other hand, in academia, more precise terms,
such as immersion (tele-, co-, etc.), presence, embodiment, and body-ownership have been
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suggested to more-precisely define and comprehend how to
evaluate the quality of VR experiences (Meehan et al., 2002;
Bowman and McMahan, 2007; Slater, 2009; Kilteni et al., 2015;
Skarbez et al., 2017).

The two most common high-level concepts, immersion, and
place illusion, have been studied along defined lines of objective
and subjective aspects, respectively. Immersion is often defined
as an objective property Slater (1999), Bowman and McMahan
(2007) of a VR system’s profile. For example, the visual stimuli
from the screen size, resolution, stereo, field-of-view, head-
tracked head-mounted display (HMD) with full real-time
motion capture are critical to simulate a computer-generated
experience to the user. Researchers concluded that a system that
provides rich virtual surroundings, along with the user’s own
body movements such as looking around or reaching out to
touch a certain object, provides a higher level of immersion than
a system that does not support such visual dynamics along with
the user’s movement. Thus, a VR experience that uses a HMD
has higher immersion than a screen-based VR experience. In
line with this perspective, realness can be evaluated by, for
example, the visual representation of the computer-generated
world in terms of the number of triangles and the resolution
of textures McDonnell et al. (2012), Latoschik et al. (2017),
and enhanced auditory feedback such as spatialized audio
(Naef et al, 2002). In addition, supporting the expected
additional sensory channels in line with the context of the
given VR experience, such as tactile, olfactory, and taste
feedback, can increase the sense of realness (Feng et al,
2015; Feng et al., 2016; Jung et al., 2020; Jung et al., 2021a;
Jung et al., 2021b).

In contrast, illusion is related to how humans subjectively
perceive an immersive experiences: illusion is regarded in terms
of psychological aspects (Slater, 2009). To evaluate the quality of
these subjective aspects of VR, researchers developed the concepts
of presence and body ownership based on the perception or
cognition of objects, whether regarding the surroundings or their
own avatar body representation, using questionnaire-based
constructs or physiological signals (Slater, 1999; Meehan et al.,
2002; Slater et al., 2010; Latoschik et al., 2017). The sense of body
ownership is regarded as a clear construct, and so at a high level, it
may influence the quality of VR experiences. Thus, researchers
generally see a positive relationship between it and presence.
However, there is still a vague gap in the nature of this
relationship, related to the various definitions and
understandings of presence. To help address this confusion,
two subsequent concepts, place illusion and plausibility
illusion, have been suggested (Slater, 2009; Skarbez, 2016).
Along with these methods for evaluating the subjective quality
of VR experiences, deciding how different levels of immersion
might correspond to different levels of illusion has been a focus,
measuring how much subjects’ responses to events in the virtual
world matched reactions to those in the real world (Slater, 2009;
Skarbez et al., 2017). In other words, the perception or cognition
of the surroundings and their own virtual body are correlated,
and thus highly influence the sense of presence and body
ownership, leading to subjectively highly-rated qualified VR
experiences.

Does Realism Improve Presence?

Using these terms and definitions as lenses, revisiting the two
opening user comments, “It is so real!” and “This is such a
realistic experience!“, might be interesting. How can we interpret
them? Should we handle them as part of immersion or as illusion
comments? Does improved realism also enhance the sense of
illusion? In the light of our perspective, a deeper understanding of
the term “Realness” or “Realism” is required, since those terms
can be situated in both the immersion or illusion aspects,
depending on the definition. Realism could be handled as an
immersion component if we define it as the extent and quality of
the sensory channels. For example, multisensory stimuli improve
VR systems; that is, they help provide additional sensory
information, such as tactile, olfactory, or taste, which should
theoretically lead to a more-immersive VR system compared to
traditional VR systems that typically provide only visual and
audio cues. In 1999, based on earlier work by Hinckley et al.
(1994), Lindeman et al. (1999) introduced the concept of Passive
Haptics, mainly related to the use of hand-held props, and
observed enhanced performance for manipulating interface
tools in virtual environments. Similarly, Insko (2001) designed
a study to measure the sense of presence when passive haptics
were used. Participants were asked to stand on a 5 cm physical
ledge while they stood on a 20 m pit in a VR room. The physical
ledge allowed users to leverage the feeling of passive haptics, and
the researchers found a significant increase in sense of presence.
In addition to visual and audio feedback, the use of highly-
congruent haptic feedback showed positive impact on the sense of
presence.

In 1999, Dinh et al. (1999) investigated the impact of
multisensory VR experiences, using a large number of sensory
modalities including tactile, olfactory, audio, and visual cues.
They found that increasing the number of modalities of sensory
input in a virtual environment can increase the sense of presence.
However, they reported that increased visual realism did not.
After 2 decades, Jung et al. designed a system to deliver additional
sensory feedback (vibration, wind, and olfactory cues) in multiple
studies (Jung et al., 2020; Jung et al., 2021a; Jung et al., 2021b). In
each of these cases, systems with multisensory cues can be seen as
(objectively) more immersive. However, if we consider realism
within some contextual fidelity, it could be interpreted as an
illusionary component.

In this short article, we propose a research question and then
present our perspective on this question based on previous
research and our own experiences.

Note: This article is based on the assumption that VR has at
least visual stimuli, regardless existence of other external sensory
stimulation (Skarbez et al., 2021), following the definition of
Milgram and Kishino’s reality-virtuality continuum (Milgram
and Kishino, 1994).

2 LITERATURE REVIEW FOR IMMERSION
AND ILLUSION

The terms presence and immersion have been suggested and used
actively in the VR community or even by the general public
sometimes, as representative of the quality of a VR experience, or
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of the expected outcome of exposure to a VR experience.
Depending on the technical and psychological context, as well
as aspects of the VR experience, many interrelated terms have
been used, such as presence, co-presence, tele-presence, social
presence, embodiment, and body ownership. Our goal in this
section is to revisit the most important terms, while introducing
two other terms, Coherence and Realism, that have not been
studied as deeply, but that we feel are important. Finally, we
suggest a possible model to show the correlation between them in
the following next section.

2.1 Immersion

Witmer and Singer state that immersion as a subjectively
perceived psychological characteristic to the surrounding
environment and events in the computer-generated world
(Witmer and Singer, 1998). However, and Bowman and
McMahan argue that immersion is a systemically objective
characteristic of a VR system (Slater, 2009; Bowman and
McMahan, 2007). Similarly, Lombard et al. categorized
immersion into perceptual immersion and psychological
immersion (Lombard et al, 2000). Due to these seemingly-
contradictory perspectives of this single term, a clear single
point of reference is definitely required in the community. In
this article, we support Slater’s perspective, that immersion refers
to an objective characteristic of a VR system, and address illusion
in 2.3.

Our definition of immersion is objective and has clear metrics:
more is better. Wide and high-resolution field-of-view (FOV)
HMDs provide more immersion than screen-based VR. Also,
wide and accurate six-degree-of-freedom (DOF) tracking
provides more immersion than three DOF tracking. Similarly,
spatial audio cues are more immersion than binaural or monaural
audio cues. In light of this perspective, adding more sensory
channels should, theoretically, raise the level of immersion. For
example, extending secondary feedback cues, such as floor or
wearable vibration, wind, and olfactory stimuli that match the
visual and audio stimuli, provides more immersion than a system
with visual and audio only (Feng et al., 2015; Feng et al., 2016;
Jung et al., 2020; Jung et al.,, 2021a; Jung et al.,, 2021b).

2.2 Coherence

Skarbez et al. first defined the term Coherence to mean the set of
reasonable circumstances that can lead to a convincing context
without additional explanation, based on a Bayesian prior (Samad
et al., 2015; Skarbez, 2016). Coherence is the quality of internal
logic and behavioral consistency of a VR experience; thus, the
notion does not depend on the faithful representation of real-
world experiences (Skarbez et al, 2017). For example,
supernatural abilities such as teleportation, invisibility, or
flying experienced in the context of science-fiction or fantasy
would be regarded as coherent behavior.

2.2.1 Realism

Realism or fidelity can be described in as the extent to which the
virtual environment emulates the real world (Alexander et al,
2005). Because of the interchangeable usage of the two terms, we
use Realism in this article. Similarly, Stoffregen et al. observed

Does Realism Improve Presence?

that highly realistic systems can produce sensory stimuli that are
identical to real-world stimuli, and thus stimulus fidelity can be
regarded as an objective characteristic of a simulation. Riccio et al.
described experiential fidelity as a subjective experience while
action fidelity is a systemic performance (Riccio, 1995). Based on
these definitions, conceptualized Coherence as a superset of
Realism (Skarbez et al., 2017). Thus, considering the given
aspects of the correlation between Realism and Coherence, it
is still an open question as to whether Coherence can be regarded
as an objective construct or not. As a possible solution for
handling Coherence as an objective measure, Skarbez et al.
(2017) redefined the domain of the construct “as the set of
objectively reasonable circumstances that can be demonstrated
by the scenario without introducing objectively unreasonable
circumstances.” This redefinition is aligned with the previously
suggested notion of Experiential Fidelity proposed by Beckhaus
and Lindeman, 2011).

2.2.2 Constructs of Coherence

Alexander et al. suggest that Realism (or Fidelity) has three
subcategories: physical simulation, functional simulation, and
psychological fidelity (Alexander et al, 2005). Physical
simulation refers to the operational environment such as fully
multisensory-enabled experience including visual, aural, tactile,
olfaction, and taste stimuli. For example, (Feng et al., 2015; Feng
et al, 2016) and (Jung et al., 2020; Jung et al., 2021a; Jung et al,,
2021b) achieved a highly-realistic VR experience by using
multisensory-cue-enabled VR platforms. Functional simulation
is the fidelity of the behavioral representation by the operational
equipment in reacting to the tasks executed by the user. While
these two components are related to the stimuli from the system,
the third one, psychological fidelity, is related to the faithfulness of
the psychological effects that the simulation creates with regard to
those that would be experienced in a real-world version of the
experience.

2.3 lllusion

Based on our adoption of Slater’s definition of immersion, we
categorize Witmer and Singer’s description of Illusion as the
subjective perception of the psychological characteristic of the
surrounding environment and events in the VR environment. In
this article, we use Illusion as an equivalent term for Presence that
can represent the overall quality of the virtual experience
subjectively. For example, Presence is most commonly defined
as the feeling of “being there” in a virtual place (Witmer and
Singer, 1998). While Presence refers to the feeling of the
surrounding environment and events to the first-person’s
egocentric experience, this notion can be extended to the
perception or cognition of other entities’ existence, and we call
this Co-presence. The concept generally is defined as “being there
together” (Schroeder, 2005). Specifically, Goffman et al. stated
that Co-presence is related to the sense of mutual perception
between two or more (Goffman, 1963). Social-presence also has
been suggested to mean the feeling of awareness of being present
with other entities with the degree of attention level (Nowak and
Biocca, 2003). In this article, we follow and define Social-presence
as the moment-by-moment awareness of the Co-presence of
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another sentient being accompanied by a sense of engagement
with them Skarbez et al. (2017), and thus we would like to coin a
simple representation, “Being there, engaged together,” to
encapsulate social-presence.

2.3.1 Constructs of lllusion
As constructs of Illusion, two logically orthogonal aspects, Place
Mlusion (PI) and Plausibility Illusion (Psi), have been suggested
by (Slater, 2009). He defines PI as “the illusion of being in a place
in spite of the sure knowledge that you are not there,” and Psi as
“the illusion that what is apparently happening is really
happening even though you know for sure that it is not”. In
short, according to this definition, PI can be mapped to the
conventional notion of the spatial Presence, while the Psi
indicates ones belief that the events happening are things one
is actually experiencing (Skarbez et al., 2017).

Embodiment, a sense of “having a body”, has been suggested to be
a mostly subjective feeling in psychology (Kilteni et al., 2015). Based on
the definition of embodiment, virtual body ownership, the sense of
feeling “ownership of the given virtual body (of part or whole)” has
been developed and researched through numerous studies Banakou
et al. (2013), and is regarded as a critical metric for VR experiences,
with an implicit agreement on the existence of a correlation with
Presence (Yuan and Steed, 2010). To enhance the sense of body
ownership in VR, visuo-motor, visuo-tactile, anatomical plausibility
Kilteni et al. (2015), and personalized avatar appearance, regardless of
whether given directly or indirectly, have been suggested as critical
components (Jung and Hughes, 2016; Jung et al., 2017; Jung et al,
2018; Waltemate et al., 2018).

3 POSSIBLE CORRELATION MODEL FOR
IMMERSION AND ILLUSION

Following Slater’s approach for evaluating the quality of VR
experience seems to suggest a clear differentiation between
Immersion and Illusion (or Presence). However, researchers
still observe and report some non-orthogonality between these
two high-level concepts. This might be caused due by 1)
ambiguity of sub-component definitions, and 2) a possibility
of the existence of other factors. For example, Realism can be
interpreted either as influenced by either immersion or illusion,
depending on the VR context. While the term Realism has been
used by both the general public and academia, a clear definition of
Realism in VR has not been given. Alternatively, Fidelity is
regarded as a similar concept, and Alexander et al. describes
Fidelity as the extent to which the virtual environment emulates
the real world Alexander et al. (2005) in terms of functional,
physical, and psychological perspectives. On the other hand,
Stoffregen et al. focus on the sensory stimuli provided by the
system (Stoffregen et al., 2003). We believe that Alexander’s
definition includes Stoffregen’s definition, and so prefer
Alexander’s viewpoint regarding Realism as have done
(Skarbez et al., 2017).

Meanwhile, suggest a revised version of a reality continuum,
and propose a three-dimensional model that includes “Extent of
World Knowledge,” “Immersion,” and “Coherence.” A deep

Does Realism Improve Presence?

* IM: Conventional VR

* CO: Real life

« IL: Book

* IM-CO: Video game
. ) %@ e IM-IL: Perfect VR
Immersion > + CO-IL: Role-play, Board-game, Play

Q@& ¢ IM-CO-IL: the best alternative experience

z;‘é\ (can’t reach without VR tech)

Tllusion

FIGURE 1 | Model for Quality of VR Experience using Orthogonal
Dimensions of Coherence (CO), Immersion (IM), and lllusion (IL).

discussion of this important work is beyond the scope of this
paper; please refer to it for more details (Skarbez et al., 2021).
Noticeable attributes of this model are that Coherence is similar
to Psi, and both suggest the importance of the context of the given
VR experience. However, Coherence might not be limited to a
psychological context. Following Skarbez’s description of the
term Coherence (Skarbez et al., 2017), we accept that Realism
could be a subset of Coherence. If we recall the definition of
Realism (or Fidelity) by Alexander et al, it can be said to be
comprised of three components: Physical Fidelity, Functional
Fidelity, and Psychological Fidelity. Thus, logically, Coherence
involves those aspects too.

Based on these definitions, we suggest Coherence (which
encapsulates Realism), Immersion and Illusion as forming
orthogonal axes, creating a comprehensive VR experience
evaluation model (Figure 1). We can use this to describe the
subjective feelings that arise in a user who encounters experiences
placed along each axis within this space, including when supports
are maximally provided. However, even though the given
dimensions are orthogonal, and thus should not interact with
each other, it is a challenge to measure the feeling even if we
successfully provide a controlled experience. From a practical
perspective, the orthogonal model could be represented using a
Venn diagram approach, as can be seen in Figure 2. In this model,
we also provide suggested or validated constructs for measuring the
lower-level components. Based on the suggested Venn model, we
argue that increased Realism can improve the chances of achieving
feelings of deep Presence, including Co-presence and Social
Presence, partially if the given Realism satisfied context, but not
necessarily. Of course, measuring method should be considered but
it is beyond our scope in this article.

3.1 Implications
Considering the proposed orthogonal model, Coherence that
incorporates Realism does not directly enhance Illusion and
Immersion. Improving sensory realism incurs a high cost due to
the required hardware support. In this case, what is the motivation for
providing realistic systems, such as multisensory-enabled platforms?
In our own work, we have repeatedly reported higher preference
responses for our multisensory VR systems compared to typical VR
systems, regardless of the context, number of sensory channels, and
level of fidelity, even though multisensory cues did not consistently
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Coherence

Realism

» Physical Fidelity
1al Fidelity
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FIGURE 2 | Venn diagram model for quality of VR experience.

Mlusion

Presence

Co-Presence

Social-Presence

Place Illusion
* Plausibility Illusion
Embodiment
* Location

3ody-ownership

lead to higher Presence (Jung et al., 2020; Jung et al., 2021b; Jung et al,,
2021a). The reasons are still not clear to us, but participants reported
they felt a stronger sense of Fun, Impressiveness and Involvement in
multisensory VR, which are strongly related to emotional engagement
in the given place, object, and maybe certain events too, which sounds
a lot like Aura (MacIntyre et al,, 2004). Similarly, Doukakis et al.
(2019) reported that visual feedback was the dominant factor chosen
for designing VR on a limited budget. However, as the budget size
increases, the preference for having a balanced distribution of
resources (e.g, having additional smell feedback) increased. Thus,
based on the observed and reported trends, we claim VR experiences
with more and higher-quality stimuli fed to sensory systems might
have stronger preference, and thus we suggest Preference as a new
metric to evaluate VR experience as an exclusive factor from the
proposed model. This is because the suggested model accounts for
experiential attributes, but not other factors, such as cost,
encumbrance, fun, or engagement. It is possible, for example, to
have photorealistic graphics in gaming experiences that do not
guarantee fun. The Nintendo Switch has a low-end system profile
compared to the PlayStation or Xbox series in general, but user
preference is similar among the systems. Thus we conclude that the
proposed axis model works as a specific tool to evaluate the VR
experience, along with three independent axes, and so we can evaluate
solo VR experiences as well. On the other hand, Preference is a
comparison tool that depends on the user’s choice which might come
from the overall experience compared to other given VR experiences.
Most research does not tend to empathize the importance of User
Preference in studies on VR experience. However, we argue that
Preference can be a critical indicator in terms of business perspectives,
since it clearly shows the overall evaluation from a direct comparison,
and thus connects to people’s preferences for future VR experiences.

4 CONCLUSION

In this article, we have reflected on two key high-level
concepts, Immersion and Illusion. Based on previous work,
we revisited the concepts of Coherence and Realism, and how
they correlate with Illusion (as a representative of the sense of
Presence) and Immersion. In order to explore these questions,
we refer to a series of studies around the influence of
multisensory cues in VR, and finally proposed two new
models for representing the relationship between these three
components, Coherence, Immersion, and Illusion. We
conclude that these can be treated as independent
dimensions, but that they might partially influence each
other, as they intersect. Finally, we also suggest that
researchers and designers consider Preference as a critical
component for evaluating the impact of VR experiences,
especially from a business perspective.
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