Chapter 11 ®)
Immersion in Audiovisual Experiences e

Sarvesh R. Agrawal and Segren Bech

Abstract Understanding the concept of immersion and its influencing factors is
critical for enabling engaging audiovisual experiences. However, a lack of defini-
tional consensus and suitable methods for assessing immersion hinder research on
the subject. This chapter discusses the idea of immersion based on a non-exhaustive
literature review of the topic and presents an adaptable definition of immersion that
is not limited to virtual reality applications. Additionally, an exploratory experimen-
tal paradigm for measuring immersion in audiovisual experiences is described. The
description of immersion and the experimental framework presented in this chapter
are a starting point for resolving the difference in opinion and developing novel
methods to thoroughly explore the concept of immersion respectively.

11.1 Introduction

Audiovisual technology has advanced drastically over the last decade. Spatial audio in
conjunction with advanced visual technologies such as enhanced color reproduction
and greater dynamic range is witnessing wide scale adoption for domestic audiovisual
applications (e.g., gaming, entertainment, broadcast). In addition to the technological
progress, the emergence of virtual reality (VR) and augmented reality (AR) is swiftly
changing the paradigm for domestic audiovisual experiences.
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The vocabulary for describing new audiovisual experiences unlocked by these
technologies has evolved as well. Immersion has emerged as the predominant term
for describing audiovisual experiences. Nevertheless, the concept of immersion is
poorly understood. Immersion is studied in a variety of different field such as film
[52, 55, 68], video games [1, 8, 31, 53, 58], virtual reality [24, 41, 46, 51], and
music [4, 14]. It is used to describe a large array of experiences that contributes to
the ambiguity surrounding the term. Immersion is often considered synonymous to
presence and envelopment which further dilutes the concept. A lack of definitional
consensus and the interchangeable use with terms such as presence have reduced
immersion to an “excessively vague, all inclusive concept” [39]. A formal definition
of immersion is a prerequisite for communicating the idea effectively and conducting
research on the topic. Thus, the first half of this chapter attempts to formalize the
meaning immersion by proposing a definition that has been synthesized from a non-
exhaustive literature review of the subject. A wide perspective has been adopted for
the proposed definition such that it can be easily adapted for different applications
as well as interactive and non-interactive activities.

As technologists, we are interested in enabling experiences with a greater degree
of immersion on the premise that more immersive experiences are preferable. This
can be achieved by developing a deeper understanding of the various factors that influ-
ence immersion and subsequently harnessing their capabilities for delivering more
immersive experiences. However, the fundamental challenge in investigating immer-
sion is a lack of methodologies for measuring immersion. To this end, an exploratory
study was conducted for quantifying immersion in audiovisual experiences as a first
step. The experimental framework detailed in the latter half of this chapter can form
the basis for developing experimental paradigms aimed at investigating the impact
of immersion’s influencing factors.

11.2 Conceptualizations of Immersion

Immersion is a complex subject that can have a different meaning depending on the
context and the field of study. While the origin of immersion’s conceptualization
is unknown, it is agreed that it is a metaphorical term derived from the physical
experience of being surrounded by a completely different medium. Murray [43] has
provided the following description of immersion:

Immersion is a metaphorical term derived from the physical experience of
being submerged in water. We seek the same feeling from a psychologically
immersive experience that we do from a plunge in the ocean or swimming pool:
the sensation of being surrounded by a completely other reality, as different
as water is from air, that takes over all of our attention, our whole perceptual
apparatus ([43], p. 99).
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Fig. 11.1 Structure of the proposed literature review. Adapted from [3]

The analogy of “experience of swimming underwater” has been open to interpre-
tation as some researchers have approached the topic from a physical perspective
(i.e., being surrounded by a different reality) while others view it from a psycholog-
ical viewpoint (i.e., similar to the metaphorical derivation described by Murray [43]
where attention is a factor). The descriptions of immersion appearing in literature can
be largely classified into two perspectives: immersion as a psychological experience
and immersion as an objective property of the system or the technology that facili-
tates the experience. A brief introduction to these perspectives and a visual summary
of the literature review in this chapter is provided by Fig. 11.1.

11.2.1 Psychological Perspective

The psychological perspective on immersion states that immersion is the psycho-
logical state of the individual when they are mentally involved in an activity [37].
It argues that attention is at the heart of immersion and de-emphasizes the role of
the system or the technology that mediates the experience.! Instead, significance is

1 This is different from the concept of presence which is heavily influenced by the capabilities of
the system/technology. Presence is the illusion of being in an environment other than the physi-
cal environment around the user in mediated experiences. Please refer to Sect. 11.4.1 for a brief
discussion on the distinction between presence and immersion.
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placed on the narrative and its presentation along with the individual participating in
the experience. The idea of psychological immersion can be illustrated through the
example of reading books. Books provide limited sensory stimulation to the reader in
comparison to multisensory audiovisual experiences; nevertheless, the narrative con-
tent presented by books and its relevance to the reader can lead to a psychologically
immersive experience.

The three recognized reasons that can lead to psychological immersion are the
sense of being surrounded, absorption in the narrative or its depiction, and absorption
when facing challenges. While these are often viewed as different types/dimensions
of immersion, we believe that conclusive evidence is required to determine if the
experiences they lead to are fundamentally different to warrant the classification
of psychological immersion. An overview of the three reasons is presented in the
following subsections.

11.2.1.1 Sense of Being Surrounded or Experiencing Multisensory
Stimulation

Immersion is often viewed as a perceptual experience that is directly dependent on
the capabilities of the rendering system. The sense of being surrounded or experienc-
ing multisensory stimulation is a prevalent conceptualization of immersion. Biocca
and Delaney [7] dubbed this perceptual immersion: the extent of submersion of the
user’s perceptual system in the environment. It is believed that perceptual immersion
can be measured objectively by “counting the number of the user’s senses that are
provided with input and the degree to which inputs from the physical environment
are shut out” [36]. McMahan [39] stated that perceptual immersion can be achieved
by blocking the external world and constraining the user’s perception to the presented
stimulus.

The role of sensory information in immersive gaming experiences was recog-
nized by Ermi and Méyri [16] for the development of a gameplay experience model
(sensory, challenge-based, and imaginative immersion model or SCI model). The
authors called it sensory immersion: an overpowering of the sensory information
from the real environment through large screens and powerful sounds to focus the
user entirely on the stimulus. In their study on presence, Witmer and Singer [70]
made the distinction between immersion and involvement such that the former is the
subjective experience of being enveloped in an interactive environment and the latter
is a psychological state which results from directing attention to the stimulus.

It may appear that what many researchers call perceptual or sensory immersion is
a completely different perspective on immersion compared to psychological immer-
sion. Nevertheless, it is instead a facilitator for psychological immersion since over-
powering sensory information or blocking the stimuli from the immediate environ-

2 This section was originally published in [3].



11 Immersion in Audiovisual Experiences 323

ment does not guarantee psychological immersion but can prevent “an exogenous
shift of attention” [45] away from the activity; consequently, leading to psycho-
logical immersion. The current attempts to create supposed immersive audiovisual
experiences are based on this idea of eliciting psychological immersion. It is assumed
that augmenting the sensory information (e.g., in spatial audio reproduction) and/or
attempting to reduce the inputs from the physical environment (e.g., virtual real-
ity) will lead to the users focusing on the stimulus and experiencing psychological
immersion.

11.2.1.2 Absorption in the Narrative or its Depiction

The role of the narrative is considered to be an important dimension of the immersive
experience. Mental absorption in the story or the mediated world is the definition
of being immersed on a diegetic level. Adam and Rollings [1] called it narrative
immersion: “the feeling of being inside a story, completely involved and accepting
the world and events of the story as real.” A similar description has been provided by
Thon [45]: “narrative immersion refers to the player’s shift of attention to the unfold-
ing of the story of the game and the characters therein as well as to the construction of
a situation model representing not only the various characters and narrative events,
but also the fictional game world as a whole.” The idea of narrative immersion has
been echoed in the context of video games under imaginative immersion [16] and as
fictional immersion [5] for all narrative forms.

It has been suggested that an exciting story and interesting characters are prereq-
uisites for experiencing narrative immersion [1]. Ryan [57] classified the causes that
lead to narrative immersion as temporal, spatial, and emotional immersion. Tempo-
ral immersion is experienced when one is curious to known how the story unfolds.
Spatial immersion refers to the experience of having a sense of space and enjoyment
in exploration. Lastly, emotional immersion occurs when one is emotionally invested
in the story and/or emotionally attached to the characters. It can also be observed
when the narrative elements remind the individual of emotionally relevant instances
or characters.

11.2.1.3 Absorption When Facing Challenges

The idea of being absorbed when facing challenges stems from the work conducted
on immersion in gaming experiences. Absorption in the activity due to challenges
occurs when a balance is achieved between ability and the perceived challenge [16].
These challenges can be mental challenges or sensorimotor challenges. Ermi and
Maiyra [16] believed that the challenges encountered will often be a combination
of mental and sensorimotor challenges to a certain extent. Thus, the individuals
must have attentional surplus to face the challenges simultaneously or the overlap
between the challenges must be brief to avoid attentional overload [44]. The nature
of the challenge was used to distinguish challenge-based immersion as strategic and
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tactical immersion by Adam and Rollings [1]. Strategic immersion is experienced
when one is preoccupied strategizing and making choices mentally to conquer the
task on hand. Tactical immersion refers to the state of mental absorption when one
is fully concentrated on the activity that has a stream of demands for swift tactile
movements (e.g., when playing action-packed video games).

Challenge in the current view refers to active hurdles encountered in participa-
tory activities. Arsenault [5] argued that challenges are not required to experience
immersion and suggested to substitute challenge-based immersion with systematic
immersion: immersion in the activity where one accepts the mechanics (e.g., rules,
physical movement, etc.) of the mediated experience instead of the mechanics from
the unmediated reality. The idea of systematic immersion can be applied to non-
participatory activities® such as a screening of a fictional film where one readily
accepts the existence of magic and flying sea mammals, for instance.

11.2.2 Physical Perspective

A substantial portion of the work on immersion has been performed in the context
of media consumption for interactive applications (e.g., video games, virtual envi-
ronments). This has supposedly led to the notion of immersion being an objective
property of the system or the technology that facilitates the experience. In Slater
and Wilbur’s [60] words, “Immersion is a description of a technology, and describes
the extent to which the computer displays are capable of delivering an inclusive,
extensive, surrounding and vivid illusion of reality to the senses of a human partic-
ipant.” In this regard, immersion is seen as the capability of the system/technology
to support the different modalities, deliver sensory information, and provide interac-
tion capabilities. Slater rejects the idea of immersion being a subjective experience.
Instead, he views immersion as an objective property of the system that consists of
reproduction fidelity of the different modalities, isolation from the physical world,
and behavioral fidelity among others [62]. These properties of the “immersive sys-
tem” can lead to different subjective experience of place and plausibility illusion
according to him [62].4

Itis important to state that approaching immersion as an objective property fails to
consider the perceptual limits, context, and individual factors such as mood, prefer-
ence, expertise, and expectations. It has been established that an improvement in the
technical specifications of the system does not necessarily lead to a proportional per-
ceptual change (evident by non-linear psychophysical curves). Limiting immersion
to the physical domain removes the sensory and cognitive filters that play an active

3 Non-participatory activities are activities where the user’s actions cannot modify the outcome
of the activity. Reading a book or watching a movie are examples of non-participatory activities.
Contrarily, playing a video game where the user’s inputs can have an impact on the storyline they
experience (e.g., Grand Theft Auto 5) is an example of a participatory activity.

4 Slater’s description of place illusion is synonymous to the idea of physical presence as stated by
him in [63].
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Fig. 11.2 Filter model and the suggested terms for referring to the perspectives on immersion in
the different domains

part in determining the overall experience. It has been appropriately suggested that
the term system immersion [61] should be used when referring to this perspective on
immersion.

The ideas of immersion being an objective property and perceptual or sensory
immersion are closely related. An improvement in the technical specifications of the
system such as an increase in the number of loudspeakers can increase the sensory
information leading to psychological immersion as explained in Sect. 11.2.1.1. This
can give the impression that it is the system or the sensory information that leads to
psychological immersion. While the system is a factor that can influence immersion,
it is not the only factor as the physical perspective suggests.

11.3 Immersion: A Cognitive Concept

It> is clear from the preceding section that we must organize the usage of the term
immersion to communicate the intended ideas and conduct research on the subject.
We use the filter model [6, 33] to differentiate and categorize the ideas conveyed
by the common term. The model (depicted in Fig. 11.2) has been used for sensory
analysis in food science, sound and image quality evaluations, and to study the spatial
characteristic of sound among others [6].

The model starts with the physical domain which houses a physical stimulus
(e.g., a music signal played by a loudspeaker). The stimulus is characterized by
the physical measurements of the audio frequency content, spatial audio channels,

5 Part of this section has been copied from [3] upon receiving the publisher’s approval.
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etc. The stimulus is perceived after passing through the sensory filter when it is
transformed by the sensory system (e.g., auditory system) to neural energy. The
result is an auditory event which is comprised of attributes of sound (e.g., loudness,
envelopment). The elicitation of the attributes and their strength depends upon the
characteristics of the physical stimulus and the sensory system. The auditory event
can be evaluated by perceptual measurements in the perceptual domain. Finally, to
form an overall impression of the auditory event, the perception passes through the
cognitive filter which accounts for emotional state, expertise, expectations, mood,
context, etc. The cognitive factors and the individual attributes from the perceptual
domain contribute to the overall impression which requires an integrative frame of
mind. These affective or hedonic measurements include assessment of quality, degree
of liking, annoyance, acceptance, etc.

The filter model is simple yet powerful as it allows us to evaluate the influence
of physical parameters of the system and signal on affective measurements by link-
ing the two domains through the perceptual domain. The primary ideas conveyed
by the use of the term immersion can be categorized using the filter model. First,
we have Slater’s idea of immersion as being an objective property of the technol-
ogy/system. Slater [62] has stated that “Let’s reserve the term ‘immersion’ to stand
simply for what the technology delivers from an objective point of view. The more
that a system delivers displays (in all sensory modalities) and tracking that preserves
fidelity in relation to their equivalent real-world sensory modalities, the more that it
is ‘immersive’.” Slater [61] has suggested the term system immersion to denote his
understanding of immersion which is in the physical domain. Second, immersion is
used to refer to the sense of being surrounded by a stimulus (see Sect. 11.2.1.1). This
is the perception of the stimulus and thus exists in the perceptual domain. We recom-
mend that the term perceptual immersion should be used when referring to the feeling
of being surrounded. The goal with surrounding the user with a stimulus is often done
with the hope of eliciting psychological immersion as both perceptual attributes and
cognitive factors contribute to affective measurements as explained in the preceding
paragraph. Finally, the idea of psychological immersion (see Sect. 11.2.1) or involve-
ment/absorption in the activity can be explained in the cognitive domain. The user
(their personal characteristics) plays an important role in the experience of psycho-
logical immersion but the perceptual attributes (e.g., envelopment, naturalness) can
influence psychological immersion.

Our motivation for studying immersion is to identify the influencing factors so
that they may be tuned to enhance experiences. The role of the individual is of
utmost importance since experiences are, by their very nature, subjective. Thus, it
is important to consider the holistic experience instead of focusing on individual
parts that contribute to the experience. Assessment of audiovisual experiences has
been historically driven from a bottom-up approach beginning from the technical
specifications of the system that facilitates the experience. However, improvements in
the technical capabilities of the system may not always lead to a perceptual difference
(e.g., when the improvements are smaller than the just noticeable difference or beyond
the thresholds of the human sensory system), rendering them insignificant for the
goal of improving experiences. Therefore, we advocate a top-down approach where
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the idea is first studied holistically (in the cognitive domain) and then empirical
relationships are forged to the technical parameters of the system (physical domain).

We view immersion from a psychological perspective (similar to Sect. 11.2.1). For
the remainder of this chapter, our usage of the term immersion refers to psychological
immersion unless noted otherwise. Synthesizing from the descriptions of immersion
appearing in literature, we propose the following definition of immersion that can be
applied to a wide range of applications:

Immersion is a phenomenon experienced by an individual when they are in a
state of deep mental involvement in which their cognitive processes (with or
without sensory stimulation) cause a shift in their attentional state such that
one may experience disassociation from the awareness of the physical world.

We consider immersion to be a normal occurrence of focused attention (on the
activity) during waking consciousness. During immersion, the mind is absorbed in
the current motivated activity and conscious attention is focused on the features of
the situation that are related to the achievement of the intended goal. Still, during
most normal circumstances the mind can easily be disturbed by extrinsic factors
(e.g., noise in the environment), intrinsic dynamic tendencies (e.g., unfinished tasks
or obligations), and random noise. Unlike hallucinations and dreaming during sleep
states, the mind is still attentive or watchful (to some degree) to the occurrences in the
world and monitors the present state of the body when immersed in a construction
built by intrinsic factors. When something of significance for the maintenance of
the subject’s life and well-being occurs, the perturbations may usually rather easily
destabilize the current state, change the focus of attention, and propel the mind into
another and more stable attractor of orientation and search for the nature of the
disturbance. For detailed discussions of consciousness, the reader is referred to [15,
18, 20, 38, 50].

Involvement in the current view necessitates an interaction between the subject
and the system not only in a physical sense (the completion of a series of actions and
operations upon the system) but also in a psychological sense (the interaction between
the subject’s motives for the interaction with the system and the system’s objective
capabilities for the pursuit of the subject’s motives). Based on the proposed definition,
immersion is a mental state which is why sensory stimulation is not required to
experience immersion (e.g., daydreaming can be an immersive experience).

It is imperative to consider all sensory modalities for determining immersion
since the presented stimuli may stimulate only a few senses but we continue to
receive input from all the senses that can influence immersion. Therefore, all factors
that can either facilitate or disrupt immersion must be considered. It is unreasonable
to merely examine the stimulus or the system to determine immersion. While the
system and the content can affect immersion, they are not immersive independent
of the human subject. The idea of immersive potential can add clarity to the above
explanation.
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Immersive potential: The potential of a system or content to elicit immersion.

For a given piece of content presented by a system which does not change, the
immersive potential remains constant. It does not simply increase with the betterment
of the system’s technical specifications. Instead, it depends on its ability to elicit
immersion. The immersive potential is barred by the human perceptual limits and
the changes to a system must lead to a discernible perceptual change to alter its
immersive potential.

In addition to the system and the content, immersion also depends on the state of
the individual at the moment in time as well as their immersive tendency.

Immersive tendency [70]: An individual’s predisposition to experience immer-
sion.

The immersive tendency can be determined with the help of questionnaires [69,
70] to learn if certain individuals can get immersed relatively easily compared to
others. It can be assumed to stay constant over the course of an experiment which is
conducted within a short duration of time.°

The five factors that can influence immersion are (1) the system (physical prop-
erties of the reproduction system and the content), (2) narrative (content), (3) envi-
ronment (physical environment around the individual and the contextual conditions),
(4) individual factors (affective states, mood, preference, skills, previous knowledge,
expertise, goals, motivation, etc.), and (5) interaction between the individual and the
experience (significance of the content to the individual, acceptance of the task,
alignment of goal and motivation). These are similar to those which affect the qual-
ity of experience (QoE) [54] since immersion is an experience that is dependent on
an individual’s cognitive state and preference for the content. Nonetheless, there is
a noteworthy distinction between the concept of QoE and immersive experiences.
This is explained in the following subsection.

11.3.1 Quality of Experience (QoE) and Immersion

The concept of quality of experience (QoE) was introduced in the field of telecom-
munication and multimedia services. It is the successor to quality of service experi-
enced (QoSE) which is the successor to quality of service (QoS).” The progression
from QoS to QoE has shifted the approach to quality from technology-centric to
user-centric. It is important to note that this shift is consistent with the widespread
acknowledgment that only the end users are capable of judging quality [49]. Although

6 Immersive tendency can change over time due to training, learning, experience, changes in per-
sonality, etc. Since these factors do not normally vary within a short duration of time (e.g., over the
course of a few days), these can be assumed to be constant for conducting experiments. Nevertheless,
it is recommended to limit tests to a single session.
7 A detailed discussion of the terms and their relationship to QoE is beyond the scope of this chapter.
Please refer to [28, 49, 67] for an extensive review.
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several definitions of QoE are in use, the following definition by Raake and Egger [49]
(based on the definition proposed in the Qualinet white paper [47]) provides a com-
plete and functional description of the concept:

Quality of experience (QoE) is the degree of delight or annoyance of a person
whose experience involves an application, service, or system. It results from
the person’s evaluation of the fulfillment of his or her expectations and needs
with respect to the utility and/or enjoyment in the light of the person’s context,
personality, and current state.

The act of experiencing does not constitute quality judgement [49]. Evaluating
quality requires cognitive processes in addition to those engaged during the act
of experiencing [49]. Please refer to [30, 48] for additional information on quality
formation process. QoE is a two-step process comprising of experiencing and forming
aquality judgement. This is a major point of distinction between immersion and QoE.
Immersion is the state of being mentally absorbed in an experience whereas QoE is
the evaluation of quality for any experience, immersive or not.

An immersive experience is an experience where immersion is elicited. The qual-
ity of such an experience may be determined by methodologies inspired by QoE eval-
uations. Thus, we place immersion on a level below QoE in the hierarchy. Immersion
may be a factor that can influence QoE but the scientific evidence is yet to emerge.

11.4 Differentiating Immersion from Interchangeably Used
Terms

The preceding section presented a detailed explanation of immersion that is synthe-
sized from a non-exhaustive literature review. To establish the terminology and add
clarity to the concept of immersion, a brief review of interchangeably used terms
is presented in the following sub-subsections and the ideas are differentiated from
immersion.

11.4.1 Presence

Presence has been an important research topic for technology mediated experiences.
Initially, presence referred to the experience of perceiving the physical environment
and did not entail the use of technology [64]. However, presence is used in a much
broader sense today. It is generally understood 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 indi-
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vidual’s perception fails to accurately acknowledge the role of the technology in the
experience” [17]. This definition refers to what is known as physical presence (also
called place illusion). Presence is also classified as social presence (the experience
of being together with others) and co-presence (being together in the same physical
space). The discussion here is limited to physical presence since it is the one that is
often confused with immersion.

Place illusion (physical presence) and plausibility illusion® are required for real-
istic behaviors in virtual environments [63]. Place illusion is a technology mediated
illusion where the user has the feeling of being in a real space which is not the actual
physical space they are in. Slater [62] views place illusion as a subjective response to
system immersion. He explains that “if immersion [system immersion] is analogous
to wavelength distribution in the description of color then “‘presence’ is analogous
to the perception of color.” In this sense, presence is a perceptual attribute that is
directly influenced by the properties of the system. To extend this in the context of the
filter model, liking or the quality of presence would represent the overall impression
of the experience in the cognitive domain.

When explaining why people often report the sense of “being there” when engag-
ing with systems possessing low system immersion, Slater hypothesized that the
reported presence experiences were qualitatively different from those encountered
due to objectively better systems (higher system immersion) [44]. He [63] asserted
that presence due to superior systems is caused because of the exposure to the sen-
sory stimuli while presence experienced due to relatively inferior systems requires
focused attention and deliberate learning [63]. Slater [63] goes on to state that “[the
feeling of presence due to low system immersion] it is not simply a function of
how the perceptual system normally works, but is something that essentially needs
to be learned, and may be regarded as more complex.” This explanation is at odds
with the psychophysics-based description he has provided using the analogy to color
perception. Although it has been argued that cognition plays a role in determining
presence [59], the sensory information delivered by the system is paramount [62].
Please refer to [44] for an overview of presence theories.

Atthis stage, it is important to distinguish between place illusion and our definition
of immersion which was presented in Sect. 11.3. Foremost, immersion is mental
absorption in the activity whereas presence is the feeling of being in an unmediated
environment even when the contrary is true. It follows that immersion resides in
the cognitive domain whereas descriptions of presence suggest that it is a perceptual
attribute. Secondly, presence requires technologically mediated experiences whereas
immersion can be experienced even without sensory stimulation from the system.

We follow Jennett et al.’s [31] notion that the two concepts are independent and a
double dissociation exists between immersion and presence. For participatory activi-
ties, immersion can be experienced when playing abstract games such as Pac-Man on
amobile phone but it is unlikely that the user will feel that they are present in the game
environment. Similarly, a high fidelity audiovisual reproduction of an uninteresting

8

8 The illusion that the events in the virtual environment is actually happening even when you know
that they are not [63].
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movie in virtual reality can deliver the illusion of being in an alternate environment
but will fail to deliver an immersive experience. Nonetheless, it is important to note
that presence and immersion can coincide as is often the case for engaging virtual
reality experiences, for example.

11.4.2 Flow

The concept of flow was developed in the 1960s through a series of studies con-
ducted to understand why people pursue arduous and often dangerous activities in the
absence of discernible extrinsic rewards [12]. Multiple definitions and descriptions
of flow have been presented including, “the holistic sensation that people feel when
they act with total involvement” [10]; “a subjective state that people report when
they are completely involved in something to the point of forgetting time, fatigue,
and everything else but the activity itself” [12]; and “the state in which people are
so involved in an activity that nothing else seems to matter; the experience itself is
so enjoyable that people will do it even at great cost, for the sheer sake of doing it”
[11]. Csikszentmihalyi [12] identified eight components of flow: clear goals, direct
and immediate feedback, altered sense of time, loss of self-consciousness, concen-
tration, balance between ability and challenge, sense of control, and escape from
everyday life. However, researchers have not yet established the conditions that must
be fulfilled for an experience to qualify as flow [66].

There is an evident overlap between flow and immersion, but the two are not
synonymous. Immersion is a graded experience [2, 8] whereas flow is an “all-or-
nothing” experience [9]. Flow is an optimal experience that is always enjoyable
whereas enjoyment is not mandatory for immersion, i.e., an individual can experience
negative emotions when immersed but it will not qualify as a state of flow since itis not
pleasant. Additionally, the concept of flow is limited to interactive activities because
flow components such as clear goals and immediate feedback are not applicable to
passive activities. It has been argued that immersion is a precursor to flow, but flow is
not simply the highest degree of immersion [31]. For instance, a passive, unpleasant
experience can be highly immersive but will fail to qualify as flow due to a lack of
enjoyment and the interactive components that constitute flow.

11.4.3 Envelopment

Envelopment is an important topic in concert hall acoustics and spatial audio. It
is classified as listener envelopment (sense of being surrounded by the reverberant
sound field) [56] and source-related envelopment (envelopment by sounds placed
around the listener) [19]. Itis clear from the literature [33] that envelopment is strictly
aperceptual attribute. However, it continues to be confused with immersion. There are
two reasons that can explain the replaceable usage: (1) use of the common analogy:
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“feeling of swimming underwater” to illustrate immersion as well as envelopment,
and (2) approaching immersion as perceptual immersion (see Sect. 11.2.1.1) makes
the two synonymous.

The predominant difference between envelopment and immersion is that the for-
mer is perceptual while the latter is affective since it is an integrative measure that
accounts for cognitive factors. A double dissociation exists between immersion and
envelopment. For example, monophonic reproduction in a non-reverberant environ-
ment will not elicit the feeling of envelopment but it can be immersive. Similarly, an
accurate reproduction of a soundscape is unlikely to be immersive due to a lack of
an engaging narrative but will be reported to be highly enveloping. Nevertheless, it
should be noted that envelopment and immersion can coexist. Further, envelopment
can lead to immersion in an experience since sense of being surrounded is one of the
reasons that can lead to psychological immersion (see Fig. 11.1).

11.5 Subjective Assessment of Immersion: An Exploratory
Study

Quantification of immersion is the immediate step following the theoretical concep-
tualization of the topic. Nevertheless, a lack of established experimental paradigms
for the assessment of immersion is the greatest challenge in developing our under-
standing of the topic. A lack of a consensus on the idea of immersion, fragile nature
of immersive experiences [43], and limited information about the factors and their
influence on immersion add to the complexity of quantifying immersion. Methodolo-
gies for assessing immersion can be classified as subjective and objective measures.’
An outline of these is presented below.

11.5.1 Subjective and Objective Measures

Subjective measurement paradigms ask the participants to reflect on their expe-
rience and form a conscious judgement. Questionnaires, focus groups, think aloud
paradigms, and interviews are examples of subjective measures. These are conducted
post-experience in order to avoid infringing on the experience. Thus, they are less
susceptible to the emotional and physiological idiosyncrasies. Subjective measures
are attractive as they are non-invasive and easy to interpret for the participants. They
allow researchers to explore multiple facets of immersion (e.g., emotions, mental
and physical awareness, liking, etc.) as the areas of interest can be multiple items
on a questionnaire or be verbally questioned in an interview. Moreover, subjective

9 Please refer to [3] for literature on subjective and objective measures. Additionally, Zhang [71]
has provided a detailed discussion on the pros and cons of the measures.
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measures are excellent for determining individual differences as the responses can
be directly compared and analyzed.

The simplicity and effectiveness of subjective measures is appealing but the draw-
backs must be considered to select suitable experimental paradigms. Foremost, the
post-experience nature of these measures can lead to inaccurate recall and recency
effect. These can be particularly problematic when longer stimuli are used for eval-
uations. The retrospective recall also restricts the evaluation of temporal variations
in immersion. Finally, for subjective measures that are based on a set of predefined
questions (e.g., questionnaires), there is a risk of failing to capture all the aspects of
the immersive experience that are beyond the scope of the listed items.

In contrast to subjective measures, objective measures attempt to record the user’s
response without requiring conscious evaluation and correlate those responses to
immersion and/or its attributes. Behavioral and physiological measures are the two
types of objective methods used for assessing immersion. The former includes mea-
sures such as secondary task reaction time (STRT)'? while the latter involves the
use of biological sensors to measure physical response to the stimulus (e.g., elec-
troencephalography, eye tracking, and electrodermal activity). These methods do
not allow for the direct measurement of immersion. Instead, the recorded response
is correlated to immersion or the suspected to be attributes of immersion.

The objective and non-intrusive aspect of objective measures yields an accu-
rate, time-variant measurement of concept under evaluation. Since the deliberate
judgement formation process is eliminated unlike subjective measures, the measure-
ments are not influenced by the various biases associated with subjective evaluations.
The single most important criticism of objective measures is the lack of established
relationship(s) between immersion and what is measured. Hence, there is a risk of
measuring an idea that may not be related to immersion or differently related than
assumed. In addition to the lack of one-to-one mapping, physiological signals can
be highly sensitive, require specialized equipment in controlled environments, and
may need extensive data analysis procedures.

11.5.2 Research Questions

An experiment was conducted to develop and test a suitable methodology for assess-
ing immersion as a necessary first step.!! Answers to the following research questions
were sought in the study:

10 The premise for STRT is that our cognitive resources are limited. Thus, if resources are largely
expended on the primary task, less resources will be available for the secondary task which will
reflect in the efficiency with which the secondary task is performed. The level of immersion can
hence be measured by the performance of the secondary task, i.e., when STRT performance is low,
high level of immersion was experienced.

! The experiment is covered in detail in [2]. Here, only the key points are discussed.
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RQ1 How can immersion in an audiovisual experience be quantified through sub-
jective testing?

RQ2 Is immersion a binary (all-or-nothing) or graded experience?

RQ3 What is the influence of immersive tendency on immersion ratings?

11.5.3 Experimental Strategy and Design

Subjective and objectives tests each have their advantages and disadvantages as dis-
cussedin Sect. 11.5.1. The fundamental issue with physiological measures is the lack
of established links between what is measured and immersion. Thus, one cannot be
certain if what is being measured is immersion or is related to immersion in a quantifi-
able way. Experimental designs that incorporate behavioral responses such as STRT
are potential alternatives but have failed to yield conclusive results. The limitations
with objective measures limit us to subjective assessment of immersion [40].

Subjective assessment of immersion has been predominantly conducted using
questionnaires. However, since the questionnaires often have in excess of 25 items,
administering them for each experience adds to the experimental time and the work-
load for the participants. Further, questionnaires fail to capture the unexpected aspects
of immersion or those that are unaccounted for in the set of questions [71]. Jennett
et al. [31] compared the results from a questionnaire to that of a single question on
the immersion experienced by the participants. Their experiments revealed that “peo-
ple can reliably reflect on their own immersion in a single question” when grading
immersion on a categorical 10-point scale. This is an important finding as it implies
that immersion experiments may be conducted as rating experiments. Since rating
experiments are the norm for audiovisual assessment and participants are familiar
with the general paradigm, it was decided to conduct the experiment as a rating
experiment.

Before the experimental design could be developed, it was necessary to outline
the theoretical implications on the experimental paradigm. First, the participants
cannot be permitted to switch between stimuli for making comparative judgments
as it will destroy the state of immersion [3]. Similarly, the evaluations must be
made post-experience. Second, it is hypothesized that individuals require time to
return to their base or initial state after an immersive experience. Distractor tasks
can be incorporated to shift attention away from the experience between consecutive
presentations. Third, the experiment must be completed in a single session since
participants experience fatigue faster in non-participatory tasks [29] and time can
alter individual factors such as mood. Finally, each participant should be limited
to one instance of any stimulus due to limited information regarding the effect of
repetition on immersion.

With the implications in mind, a pilot test was conducted as a randomized com-
plete block design to aid with the selection of stimuli and to test the protocol. Six
participants each graded the same set of 5 stimuli. The pilot test results suggested
that the session should be limited to 75-80 min in order to avoid participant fatigue.
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Since a large number of stimuli had to be tested (particularly for RQ2) and repeti-
tions were prohibited, a balanced incomplete block (BIB) design was determined to
be the most appropriate choice for the main study. A major drawback of a simple
BIB design is that as the number of stimuli to evaluate increases, the number of
participants required increases drastically (provided the number of evaluations each
participant performs does not change). Thus, precision had to be traded to reduce the
number of participants required for the experiment [35].

The simple BIB design was reduced to a BIB design with 21 blocks (participants)
and 15 treatments (stimuli). Every participant evaluated a subset of 5 stimuli from
the set of 15. The stimuli were allocated such that each pair of stimuli (e.g., A and F)
would only appear together in two blocks (i.e., only two participants would get both
A and F). In total, there were 7 instances of each of the 15 stimuli that yielded 105
total observations as 21 participants graded 5 stimuli each. The allocation of the
stimuli to the different blocks is shown in Table 11.1.

Table 11.1 Allocation of stimuli to the experimental blocks for the balanced incomplete block
(BIB) design used in the study. Reproduced from [2]

Block Exp. 1 Exp. 2 Exp. 3 Exp. 4 Exp. 5
1 D J M N (0]
2 A B H 1 M
3 A C E F ¢}
4 C E G H L
5 B D E J K
6 B C D G (¢}
7 F G K M (¢}
8 C F I J M
9 A D G L M
10 A C J K L
11 C D H I K
12 B F G H J
13 H J L N (0]
14 D E F I L
15 B F K L N
16 A G 1 K N
17 A B I L (¢}
18 B C E M N
19 E G I J N
20 A D F H N
21 E H K M ¢}

The pre-fix “s” used for representing the stimuli is dropped in this table for clarity.
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11.5.4 Methods

11.5.4.1 Program Material

There are various implications for selecting the program material for assessing
immersion (see [3]). Foremost, the relevance of the program material to the par-
ticipant plays a role in determining immersion and can vary among participants.
Thus, it should not be assumed that any given stimulus can immerse all participants.
Additionally, since knowledge and expectations may change with every trial of a
stimulus, an assessor may not experience immersion during repeated presentations
of the same stimulus.

Itis important to select audiovisual excerpts with lengths sufficient to elicit immer-
sion. It has been recommended that stimuli that are at least 10 min long must be
used [29], but there is limited information regarding the temporal nature of immer-
sion. The recommendation is focused on participatory activities, and we suspect that
the length of the stimulus can be lower and is dependent on the narrative. Thus,
excerpts ranging from 4 to 12 min were selected for this study.

Given the lack of knowledge regarding the effect of familiarity on immersion,
it is suggested that content that is unfamiliar and that does not require additional
background information must be selected. However, this stipulation limits the amount
of content that can be selected. Therefore, it was decided to provide the participants
with a short synopsis (1-2 sentences) regarding the narrative before each presentation.
These were constructed only to include any relevant information required to make
sense of the story and did not disclose any additional information.

Finally, to select the technical specifications of the excerpts, an informal survey
of the domestic media landscape suggested that ultra high-definition (UHD), high
dynamic range (HDR) visuals and spatial audio are emerging for domestic consump-
tion. These are being incorporated by broadcasters, streaming platforms, and movie
studios alike. Thus, it was decided to use a 7.1.4 audio rendering system coupled
with an UHD HDR enabled screen. The 7.1.4 audio reproduction system was chosen
as it was revealed to be the most common spatial audio reproduction system beyond
traditional surround sound for domestic applications.

Audiovisual excerpts of different lengths and narratives that can elicit spatial,
emotional, and temporal immersion were chosen for the experiment. An active effort
was made to select stimuli that were distributed across the immersion scale as the
results are directly dependent on the stimuli. The selection was made based on the
pilot experiment and comments received from the pilot test participants because the
technical specifications could not be used to choose the excerpts. A list of the excerpts
and the genres is presented in Table 11.2.

The fundamental challenge with selecting stimuli that has UHD HDR visuals
coupled with spatial audio was a lack of freely available content. Hence, commer-
cially available content with Dolby or DTS audio had to be used for this experiment.
Fifteen audiovisual excerpts that fulfilled the above-stated conditions were selected.
The resolution, native aspect ratio, and chroma sub-sampling were not changed for
reproduction. The audiovisual signals were not processed at any stage.
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Table 11.2 Audiovisual excerpts used in the experiment. Reproduced from [2]

337

Excerpt Content Genre Year | Timecode

Example | Earth: One Amazing Nature 2018 | 00:08:50 — 00:16:49
Day

SA Mission: Impossible — | Action 2018 |01:12:31 -01:16:09
Fallout

sB Apocalypse Now — War/Drama 2019 |02:12:45 - 02:20:24
Final Cut

sC The Revenant Adventure 2016 | 01:53:09 - 01:58:24

sD Fantastic Beasts: CG ? | Fantasy/Adventure 2019 | 01:34:50 — 01:42:47

sE Dynasties: Lion Nature 2018 |00:16:11 —00:20:00

sF The Darkest Hour War/Drama 2018 | 00:41:09 — 00:48:00

sG Murder on the Orient | Mystery/Drama 2018 | 00:00:53 — 00:08:31
Express

sH Braveheart War/Drama 2018 | 00:22:05 — 00:28:36

sl Ad Astra Sci-fi 2020 |01:15:23 -01:21:17

sJ Earth: One Amazing Nature 2018 | 00:57:50 - 01:02:39
Day

sk Spider-Man: Into the Animation/Action 2019 |00:02:32 - 00:13:42
Spider-Verse

sL The Revenant Adventure 2016 | 00:02:30 — 00:14:59

sM Sicario Crime/Action 2018 | 00:01:00 —00:12:53

sN Earth: One Amazing Nature 2018 |00:47:47 —00:51:37
Day

sO Earth: One Amazing Nature 2018 | 00:16:50 — 00:22:35

Day

4 Crimes of Grindelwald

Notes:

1. The year of release refers to the UK year of release on 4K Blu-ray.

2. Please refer to Table 5 in [2] for the corresponding narrative synopsis.

11.5.4.2 Reproduction Setup

The audiovisual excerpts were presented directly from the Blu-ray player to every
participant due to legal limitations. An HDCP compliant video switcher and the
Genelec loudspeaker manager (GLM) were used to control the video and the audio
respectively. The complete audiovisual signal chain is depicted in Fig. 11.3.

A 7.1.4 audio rendering system was used for audio reproduction. The audio was
decoded by the Marantz AV7704 and the decoded channels were mapped to the
corresponding loudspeaker channels. A phantom reproduction of the center audio
channel was used since it was not feasible to have a physical loudspeaker due to the
screen. The Genelec loudspeakers were distributed on a hemisphere with a2 m radius
around the listening position. The placement of the loudspeakers was in accordance
with Dolby guidelines [13].
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Genelec Speakers Monitorin
GLM Control [+ -+ > 10 x 8340a Soromn e
1 x 7340a
A
7y
\
h
H
Sony UBP-X500 \) Maf:zo’:zz;o“ 4|  Roland V-600 5| LG CY65-inch
UHD Blu-ray Player i Proces:or "1 video Switcher OLED screen

Fig. 11.3 Audiovisual reproduction signal flow. The different line types refer to: HDMI 2.0 and
HDCP 2.2 connection (—), analog audio feed over XLR (- - -), remote loudspeaker control over
Ethernet (------ ), and HDMI 1.4 connection (- )

The loudspeakers were level calibrated and time aligned with respect to each
other. To achieve approximately equal loudness among the stimuli, the level was
varied such that the audio was equally loud at the listening position as determined
by ear. All excerpts were auditioned by two experienced listeners to ensure that the
stimuli were at comfortable loudness and that the audio was intelligible during the
quieter segments.

A 65-inch LG C9 OLED screen was used to reproduce the visuals. The screen
was centered with respect to the participants to obtain a zero degree viewing angle
horizontally and vertically. It was placed at a distance of 2 m (same as the loudspeak-
ers) following the design viewing distance in ITU-R BT.2022 recommendation [26].
To balance the judder of 24p video signal while exploiting the high dynamic range
(HDR) capabilities of the screen, the screen brightness was lowered to nearly 120
nits and the environmental illuminance was less than 10 lux. The screen settings were
tuned by two experienced viewers in part to get the chromaticity coordinates closer
to the D65 value [27] and in part based on experience.

The audiovisual reproduction took place in an IEC 60268-13 [25] compliant listen-
ing room. All equipment except the screen and the loudspeakers were placed outside
the room. The loudspeakers were hidden behind acoustical transparent curtains to
limit visual influence.

11.5.4.3 Distractor Tasks

It was hypothesized that some time is required to return to the initial or base psycho-
logical state after an engaging experience. Presentation of stimuli in quick succession
may lead to the preceding stimulus biasing the result of the following stimulus. In
the absence of formal guidelines and conclusive evidence regarding the gap in time
between presentation of stimuli, distractor tasks were incorporated in an attempt to
shift attention away from the preceding stimulus by requiring active participation.
A 11 piece LEGO® unicorn puzzle (only instruction was to create a unicorn), an
image for free interpretation,'? a matchstick rearrangement puzzle, and a memory

12 The participants were guided by asking them to note their impression of what was happening in
the picture, what led to that impression, and what additional information could they collect.
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o ————

(a) Matchstick puzzle (b) Memory task (c) Lego puzzle (d) Image for
interpretation

Fig. 11.4 The four distractors tasks: a Matchstick rearrangement puzzle b Memory task (7 x 6
tiles) ¢ LEGO® puzzle d Image for free interpretation (obtained from the New York Times). All
images reproduced from [2]

puzzle were the four distractor tasks. One task was chosen at random to be completed
within four minutes between each successive presentation. The assessors were made
aware of the correct solution for the matchstick and memory puzzle tasks before
proceeding (Fig. 11.4).

11.54.4 TImmersive Tendency Questionnaire

Questionnaires are the primary tool for gauging immersive tendency. Reduced ver-
sion of widely used [23, 32, 34, 42] Witmer and Singer’s [70] immersive tendency
questionnaire (ITQ) was used for this study (see Table 11.3 for questionnaire items).
Nonetheless, a few modifications were made to the existing questionnaire. The seven
point categorical scale was substituted by the graphic line scale (also used for rat-
ing immersion) to obtain continuous data; middle word anchor from the categorical
scale was dropped as it has been shown that scores can cluster around the verbal
anchor [72]; and the terminal verbal anchors were modified to be perfect antonyms
(similar modification was made in [23]). The order of questions was randomized for
the participants. All assessors answered the ITQ.

11.5.4.5 Assessors

The participants were considered a blocking factor (see Sect. 11.5.3) in the exper-
imental design. Twenty-one assessors (blend of experienced and inexperienced)
were each assigned to a block at random. Audiovisual assessment expertise was
not required since immersion is a cognitive concept. For this study, experienced
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Table 11.3 Witmer and Singer’s [70] Immersive Tendency Questionnaire (ITQ). The items in the
reduced version of the questionnaire and the corrected item-total correlations from the present study
are shown below. Please refer to [2] for analysis of the questionnaire data. Taken from [2]

Question Corrected item-total
correlations?
A Do you easily become deeply involved in movies or TV 0.63
dramas?
B Do you ever become so involved in a daydream that you are not | 0.44

aware of things happening around you?

C Do you ever have dreams that are so real that you feel 0.34
disoriented when you awake?

D When watching sports, do you ever become so involved in the | -0.12
game that you react as if you were one of the players?

E How good are you at blocking out external distractions when 0.00
you are involved in something?

F Have you ever remained apprehensive or fearful long after 0.32
watching a scary movie?

G Have you ever gotten scared by something happeningona TV | 0.31
show or in a movie?

H Do you ever become so involved in a video game that it is as if | 0.65
you are inside the game rather than moving a joystick and
watching the screen?

I How often do you play arcade or video games? (OFTEN should | 0.41
be taken to mean every day or every two days, on average)

J Have you ever gotten excited during a chase or fight scene on 0.65
TV or in the movies?

K How well do you concentrate on enjoyable activities? 0.05

L Do you ever become so involved in a television program or 0.26
book that people have problems getting your attention?

M How mentally alert do you feel at the present time? -0.33

N How physically fit do you feel today? 0.17

(0] How frequently do you find yourself closely identifying with 0.58
the characters in a story line?

P When playing sports, do you become so involved in the game 0.25
that you lose track of time?

Q Do you ever become so involved in a movie that you are not 0.55
aware of things happening around you?

R Do you ever become so involved in doing something that you 0.68
lose all track of time?

S ‘What kind of books do you read most frequently? Select one
Spy novels Fantasies Science Fiction
Adventure Romance novels Historical novels
Westerns Mysteries Other fiction
Biographies Autobiographies Other non-fiction -

2 The corrected item-total correlations are Pearson product-moment correlations between the item
and the sum of all items except the item it is being tested against. These numbers are from the
current study.
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assessor refers to participants who had experience participating in audiovisual tests,
were under continuous weekly training and evaluation exercises, and participated in
product development or research activities at Bang & Olufsen. Inexperienced asses-
sors may have participated in audiovisual tests before but were not familiar with
subjective evaluation, did not have formal training, and were not actively focused on
the technical aspects of audiovisual products or experiences. In total, fifteen males
and six females participated in the experiment. The mean age of the participants
was 37.7 years (SD = 14.28). Auditory and visual acuity was self-reported by the
participants.

11.5.5 Procedure

The experiment included two phases: rating part and administration of the immersive
tendency questionnaire. Both were completed in a single session of approximately
90 min.

The participants were introduced to the experimental procedure and asked to con-
firm visual and auditory acuity before participating. The instructions were delivered
verbally and in writing. For the rating phase, the participants were given the following
description of immersion as stated in [2]:

“Immersion, also known as deep mental involvement, can be described as being
mentally lost (absorbed) in the experience. Immersion is encountered when the expe-
rience is involving and absorbs you mentally by capturing your attention. For exam-
ple, immersion may be experienced when reading a book, playing video games,
watching a movie, etc.”

The participants were asked to rate overall immersion on a graphic line scale. The
motivation for the scale is found in sensory analysis. Itis a 15 cm long line scale where
the participants are instructed to insert an intersecting line to denote their perception.
The distance from the left end of the scale is considered to be the score (e.g., 6.8
cm would equal to a rating of 6.8). The scale was chosen as it offers the participants
infinite steps (in theory) to indicate the intensity of the idea under evaluation. The
lack of numbers and verbal anchors (other than those near the endpoints) reduce the
bias associated with them. The scale used for the test is shown in Fig. 11.5.

In addition to rating, familiarity with the content was documented by asking
assessors to state if they had experienced the excerpts previously. An excerpt that

Not very Immersion ——— Very

immersive immersive

Fig. 11.5 Graphic line scale for evaluating immersion. Same scale with different verbal anchors
was used for the immersive tendency questionnaire (from [2])
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could elicit immersion was shown before the test in an attempt to exemplify immer-
sion. However, it was explicitly mentioned that it was only an attempt to illustrate
immersion, should not be used as a reference, and may not lead to immersion for the
participants. The participants were notified that there were no correct responses and
that the use of the entire scale was not mandatory.

A synopsis was provided before each experience. A distractor task was chosen at
random to be performed between successive presentation of excerpts. The immersive
tendency questionnaire was administered at the end of the rating phase. The experi-
ment was conducted as a pen-and-paper test and the data was collected withing three
weeks.

11.5.6 Results

Ratings from both phases of the experiment were converted to scores between 0 and
15 (up to one decimal). The converted scores were used for analyzing the data.

11.5.6.1 Effect of Stimuli and Differences Between Stimuli Pairs

Data from the rating part of the experiment was analyzed using analysis of variance
(ANOVA). Since the scale usage effects were confounded in the collected data and
it was not feasible to account for and remove these effects, the estimated marginal
means were used to estimating the effect [35]. A mixed effects model ANOVA with
stimuli as a fixed factor and participants (blocks) as a random factor was used for anal-
ysis. The trials were independent of each other and the assumption of homogeneity
of variances was upheld. The residuals were not statistically significantly dissimilar
from the normal distribution, W = 0.99, p = 0.710 as per the Shapiro-Wilk test.

The ANOVA showed that the effect of the stimuli on immersion scores was signifi-
cant, F (14, 74.82) =3.32, p < 0.001. This proves that there were distinct differences
between the pairs of stimuli and that the participants were able to distinguish between
them. The blocking factor (participants) was not found to be statistically significant
at p > 0.05. However, the effectiveness of the blocking factor is to control for the
differences between the participants and cannot simply be judged by statistical signif-
icance . Due to a lack of repetitions, the interactions between stimuli and participants
factors could not be investigated.

Pairwise comparisons were made between all pairs of stimuli on the basis of the
estimated least square means. From the 105 pairs of stimuli, five were found to be
statistically significant (Tukey’s adjustment). These pairs are marked in Fig. 11.6
above the box plots. The results from the pairwise comparisons suggest that the
stimuli fall in one of the three groups: where participants experienced high immersion
(sB, sE, sL, and sM), low immersion (sA and sG), and moderate immersion (all
remaining stimuli).



11 Immersion in Audiovisual Experiences 343

—
N
1

-
N
1

—_
o
1

Immersion score
[o0)

T A

sA sB sC sD se sF sG sH sl sJ sK sL sM sN sO
Stimuli

® mean

A

Fig. 11.6 Visualization of the raw data (not adjusted for scale usage) from the rating phase of the
experiment. The significant stimuli pairs as determined by the pairwise comparisons are shown
above the box plots

11.5.6.2 Nature of Immersion: Binary or Graded?

The distribution of raw immersion scores can reveal whether immersion is a binary
or a graded concept. When a large number of stimuli are evaluated, the scores should
cluster toward the ends of the scale if immersion is a binary concept, i.e., the distri-
bution of scores should be bimodal. Hartigan’s dip test was used to determine if the
distribution of immersion scores was unimodal or multimodal.

Hartigan’s dip test is based on Hartigan’s dip test statistics (HDS). This statistic
is the maximum difference between the empirical distribution function (EDF) and
the uniform distribution that minimizes the difference between the distributions. The
uniform distribution is chosen as it is the least favorable unimodal distribution [21].
A large difference between the distributions leads to higher HDS value and signals
movement away from unimodality. To compute the p-value, bootstrapped samples
are generated and their dip test value is compared iteratively to the dip test value
obtained from the empirical distribution. Please refer to [21, 22] for an in-depth
explanation of the mathematical calculations. The distribution of the dip statistic
values for the bootstrapped samples and the empirical distribution function is shown
in Fig. 11.7.

The average p-value was 0.862 (o = 0.04) for 100 calculations at 5% significance
level. The null hypothesis that the distribution of data is unimodal could not be
rejected. This result implies that immersion is a graded concept.
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Fig. 11.7 The distribution of the Hartigan dip statistic values for the bootstrapped samples and the
empirical distribution function

11.5.6.3 Influence of Immersive Tendency on Immersion ratings

RQ3 was designed to study whether the susceptibility to become immersed in an
experience has a direct influence on the immersion ratings. To this end, it was hypoth-
esized that immersion ratings for any stimulus should increase with an increase in
the ITQ total scores. Kendall’s rank order correlation was chosen to investigate if
a monotonic relationship existed between the immersion and ITQ total scores. The
value of Kendall’s t ranges between —1 and +1 where —1 signifies complete dis-
agreement and +1 points to a perfectly monotonic relationship. A value of 0 means
that there is no monotonic relation between the two variables, but other relationships
may exist.

The data and Kendall’s rank order correlation coefficients are shown in Fig. 11.8.
It was found that values for Kendall’s T were largely insignificant. Only 2 correlations
(for stimuli sD and sJ) were found to be statistically significant. This result suggests
that there is no direct influence of immersive tendency on immersion ratings. This
inference is based on the critical assumption that the scale usage for the rating phase
and the questionnaire items is identical and that immersive tendency is captured and
reflected appropriately by the ITQ total score.

11.5.7 Discussion

There is a growing interest to study immersion for enhancing audiovisual experiences
that have been enabled by technologies such as spatial audio and virtual reality. The
primary challenge in investigating immersion is a lack of suitable methodologies
for assessing immersion. In this study, we explored a rating experiment inspired
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experimental paradigm for the subjective quantification of immersion in audiovisual
experiences.

In subjective testing, the instructions provided to the participants are critical since
the assessors make deliberate judgments based on the provided descriptions. It is
challenging to communicate the intended idea for cognitive concepts such as immer-
sion due to a lack of standardized definitions and the inability to demonstrate the
perceptual differences between stimuli. The results from the experiment show that
participants were able to comprehend the provided description of immersion and dis-
tinguish between the different stimuli accordingly. The pairwise comparisons show
that there were obvious differences between the statistically significant pairs of stim-
uli even when statistical power is limited. Additionally, the assessors did not report
issues with understanding the description before or during the experiment. These
results confirm that participants can reflect on the immersion they experience and
convey it using a unidimensional scale as suggested by Jennett et al. [31].

It is important to understand the nature of immersion (i.e., binary or graded)
to develop the conceptual understanding of the topic. Qualitative studies [8] and
theoretical interpretations have conceptualized immersion as a graded concept but
empirical tests have not been conducted. Results from Hartigan’s dip test show that
the distribution or immersion is not multimodal; hence suggesting that immersion is
a graded concept. This is consistent with the conceptual understanding of the topic.
Immersion being a graded concept implies that direct comparisons can be made
between experiences and systems on an interval scale.

A directinfluence of immersive tendency ratings on immersion scores could not be
detected in this study. Only 2 out of the 15 correlations were found to be statistically
significant. However, it is interesting to note that one of those correlations was nega-
tive, implying that individuals with higher degree of immersive tendencies found the
stimulus to be less immersive. We are unable to explain this finding but believe that
analyzing the contents of the excerpt and the comments provided by the participants
can be helpful. The correlation of scores is based on the assumption that the partic-
ipants use the scale in an identical manner for the rating task and the questionnaire
exercise. Although this is a reasonable assumption, it has not been tested. Addition-
ally, we assume that the equally weighted sum of scores from the ITQ questionnaire
reflects immersive tendency accurately. Given the lack of internal consistency [2]
and the unexplained theoretical grounds for including items on the questionnaire,
the assumption may be violated. While it is difficult to draw conclusions about the
ITQ due to the limited number of observations, the questionnaire must be examined,
compared with other existing questionnaires, and/or new questionnaires should be
developed to assess immersive tendency.

11.6 Summary and Future Work

The primary focus of this chapter has been to present the different perspectives
on immersion and address the inconsistent and interchangeable usage of the term.
The conceptualizations of immersion gathered from the literature are categorized
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and clarified using the filter model. We advocate for a top-down approach to study
immersion and have synthesized a definition from the psychological standpoint. The
definition presented below is intentionally broad and application agnostic to aid
adaptability for different applications. Although it has been used for non-interactive
application in this chapter, it is applicable to interactive activities as well.

Immersion is a phenomenon experienced by an individual when they are in a
state of deep mental involvement in which their cognitive processes (with or
without sensory stimulation) cause a shift in their attentional state such that
one may experience disassociation from the awareness of the physical world.

This definition was used as the foundation for drawing distinctions between
immersion and commonly confused terms such as envelopment and presence. An
exploratory experiment was performed by outlining the implications for the exper-
imental paradigm and appraising the benefits and drawbacks of objective and sub-
jective measures. A rating experiment inspired paradigm was chosen for evaluating
immersion. The results for the experiment show that the participants were able to
discriminate among stimuli even with limited statistical power. This is an important
result as it demonstrates that the assessors were able to comprehend the task and
reflect on the overall immersion in an experience. Another important result shows
immersion is a graded concept which empirically confirms the theoretical conceptu-
alizations of immersion.

The motivation to study and evaluate immersion is to improve the experience for
the users ultimately. A key assumption in the quest to study immersion is that posi-
tive immersive experiences are preferred by users. It is critical to test this assumption
before exploring the different avenues for future work. Efforts should focus on val-
idating and optimizing the experimental paradigm presented in this in addition to
overcoming the limitations of the current work stated above. Although the method
was applied in the context of domestic audiovisual experiences, adapting the method
for virtual and augmented reality applications can be beneficial for optimizing the
general methodology. Future work should be focused on quantifying the influence
of the physical characteristics of the audiovisual rendering systems on immersion.
The results could then be used to improve experiences for the users. For example,
determining the influence of audio spatialization can be helpful in designing appro-
priate sound systems for enabling immersive experiences. The filter model described
in Sect. 11.3 is particularly useful for establishing relationships between the phys-
ical and the cognitive domains. Inspiration can be drawn from descriptive analysis
techniques such as free elicitation [6] and open profiling of quality [65] to determine
the key attributes of immersive experiences and acquire knowledge about the central
ideas of immersion from the user’s perspective.

Acknowledgements The authors would like to thank their collaborators for their contributions
in [2, 3]. The Journal of the Audio Engineering Society is thanked for their cooperation and approval



348 S. R. Agrawal and S. Bech

to reproduced material originally published in [2, 3]. This project has received funding from the
European Union’s Horizon 2020 research and innovation program under the Marie Sktodowska-
Curie grant agreement No.765911.

References

1. Adams, E., Rollings, A.: Fundamentals of Game Design (Prentice-Hall, Inc., Upper Saddle
River, NJ, USA, 2006).

2. Agrawal, S., Bech, S., Berentsen, K., De Moor, K., Forchhammer, S.: Method for Subjective
Assessment of Immersion inAudiovisual Experiences. J.Audio Eng. Soc. 69, 656-671 (2021).

3. Agrawal, S., Simon, A., Bech, S., Berentsen, K., Forchhammer, S.: Defining Immersion:
Literature Review and Implications for Research on Audiovisual Experiences. J. Audio Eng.
Soc. 68, 404-417 (2020).

4. Amatriain, X., Hollerer, T., Kuchera-Morin, J., Pope, S.: Immersive Audio and Music in the
Allosphere in Int. Comp. Music Conf. (Aug. 2007).

5. Arsenault, D.: DarkWaters: Spotlight on Immersion in EUROSIS Game-On North America
2005 Conference (Ghent, Belgium, 2005).

6. Bech, S., Zacharov, N.: Perceptual Audio Evaluation. (Wiley, 2006).

7. Biocca, F.,, Delaney, B. in Communication in the Age of Virtual Reality (eds Biocca, F., Leavy,
M.) (Lawrence Erlbaum Associates Inc, 1995).

8. Brown, E., Cairns, P.: A Grounded Investigation of Game Immersion in CHI ’04 (Vienna,
Austria, 2004), 1297-1300.

9. Cairns, P, Cox, A., Nordin, A. I. in Handbook of Digital Games (eds Angelides, M. C., Agius,
H.) 337-361 (John Wiley & Sons, Ltd, 2014).

10. Csikszentmihalyi, M.: Beyond Boredom and Anxiety 36 (Jossey-Bass, San Francisco, 1977)

11. Csikszentmihalyi, M.: Flow: The Psychology of Optimal Experience 4 (Harper and Row, New
York, 1990).

12. Csikszentmihalyi, M., Abuhamdeh, S., Nakamura, J. in Flow and the Foundations of Positive
Psychology: The Collected Works of Mihaly Csikszentmihalyi 227-238 (Springer Netherlands,
Dordrecht, 2014).

13. Dolby Atmos® Home Theater Installation Guidelines Guideline (Dolby Laboratories, San
Francisco, Dec. 2018).

14. Dura, M. T.: The Phenomenology of the Music-listening Experience. Arts Educ. Policy Rev.
107, 25-32 (2006).

15. Edelman Gerald & Tononi, G.: A universe of consciousness: How matter becomes imagination.
(Basic Books, 2000).

16. Ermi, L., Miyr4, F. in Worlds in play: International perspectives on digital games research (eds
de Castell, S., Jenson, J.) 37-53 (Peter Lang Publishing, New York, NY, USA, 2005).

17. For Presence Research, I. S.: The Concept of Presence: Explication Statement 2000.

18. Freeman, W. J.: How Brains Make Up Their Minds. (Columbia University Press, 2001).

19. George, S., Zielinski, S., Rumsey, F., Bech, S.: Evaluating the Sensation of Envelopment Arising
from 5-Channel Surround Sound Recordings in 124th Conv. Audio Eng. Soc. (May 2008).

20. Haken, H., Schiepek, G.: Synergetik in der Psychologie. Selbstorganisation verstehen und
gestalten. (Hogrefe, 2010).

21. Hartigan, J. A., Hartigan, P. M.: The dip test of unimodality. Ann. Stat., 70-84 (1985).

22. Hartigan, P. M.: Algorithm AS 217: Computation of the Dip Statistic to Test for Unimodality.
J R Stat Soc C-Appl 34, 320-325 (1985).

23. Hou, J., Nam, Y., Peng,W., Lee, K.: Effects of screen size, viewing angle, and players’ immer-
sion tendencies on game experience. Comput. Hum. Behav. 28, 617-623 (2012).

24. Hudson, S., Matson-Barkat, S., Pallamin, N., Jegou, G.: With or Without You? Interaction and
Immersion in a Virtual Reality Experience. J. Bus. Res. 100, 459-468 (2019).



25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.
49.

Immersion in Audiovisual Experiences 349

IEC: Sound system equipment - Part 13: Listening tests on loudspeakers Standard 60268-13
(International Electrotechnical Commission, Geneva, Mar. 1998).

ITU-R: General viewing conditions for subjective assessment of quality of SDTV and HDTV
television pictures on flat panel displays Recommendation BT. 2022 (International Telecom-
munication Union, Geneva, Aug. 2012).

ITU-R: Parameter values for ultra-high definition television systems for production and interna-
tional programme exchange Recommendation BT. 2020-2 (International Telecommunication
Union, Geneva, Oct. 2015).

ITU-T: Definitions of terms related to quality of service Recommendation E. 800 (International
Telecommunication Union, Geneva, Sept. 2008).

ITU-T: Subjective evaluation methods for gaming quality Recommendation P. 809 (Interna-
tional Telecommunication Union, Geneva, June 2018).

Jekosch, U.: Voice and Speech Quality Perception. (Springer-Verlag Berlin Heidelberg, 2005).
Jennett, C. et al.: Measuring and Defining the Experience of Immersion in Games. Int. J. Hum.
Comput. Stud. 66, 641-661 (2008).

Jerome, C. J., Witmer, B. G. in Proceedings of the Human Factors and Ergonomics Society
Annual Meeting 23, 2613-2617 (2004).

Kaplanis, N., Bech, S., Jensen, S. H., van Waterschoot, T.: Perception of Reverberation in Small
Rooms: A Literature Study in Audio Eng. Soc. Conf.: 55th Int. Conf.: Spatial Audio (Aug.
2014).

Kim, K. J., Park, E., Sundar, S. S., del Pobil, A. P.: The effects of immersive tendency and
need to belong on human-robot interaction in 2012 7th ACM/IEEE International Conference
on Human-Robot Interaction (HRI) (2012), 207-208.

Lawson, J.: Design and Analysis of Experiments with R. (Chapman and Hall/CRC, 2015).
Lombard, M., Ditton, T.: At the Heart of It All: The Concept of Presence. J. Comput.-Mediat.
Commun. 3 (1997).

Lombard, M., Ditton, T. B., Weinstein, L.: Measuring Presence: The Temple Presence Inventory
in Proc.12th Annu. Int.Workshop Presence (2009), 1-15.

Mateos, D. M., Wennberg, R., Guevara, R., Perez Velazquez, J. L.: Consciousness as a global
property of brain dynamic activity. Phys. Rev. E 96 (Dec. 2017).

McMahan, A. in The Video Game Theory Reader (edsWolf, M., Bernard, P.) 67-86 (Routledge,
London, 2003).

Moller, S., Schmidt, S., Zadtootaghaj, S.: New ITU-T Standards for Gaming QoE Evaluation
and Management in 2018 Tenth International Conference on Quality of Multimedia Experience
(QoMEX) (May 2018), 1-6.

Morie, J. E.: Virtual Reality, Immersion, and the Unforgettable Experience in Proc. SPIE 6055
(2006), 60551X.

Murray, C. D., Fox, J., Pettifer, S.: Absorption, dissociation, locus of control and presence in
virtual reality. Comput. Hum. Behav.r 23, 1347-1354 (2007).

Murray, J. H.: Hamlet on the Holodeck: The Future ofNarrative in Cyberspace (MIT press,
2017).

Nilsson, N. C., Nordahl, R., Serafin, S.: Immersion Revisited: A Review of Existing Definitions
of Immersion and Their Relation to Different Theories of Presence. Hum. Technol. 12, 108-134
(2016).

Noél, T. J. in Extending Experiences. Structure, Analysis and Design of Computer Game Player
Experience (Lapland University Press, Rovaniemi, Finland, 2008).

Pausch, R., Proffitt, D., Williams, G.: Quantifying Immersion in Virtual Reality in Proc. of the
24th Annual Conference on Computer Graphics and Interactive Techniques (1997), 13-18.
Qualinet White Paper on Definitions of Quality of Experience (2012). tech. rep. (European
Network on Quality of Experience in Multimedia Systems and Services (COST Action IC
1003), Mar. 2013).

Raake, A.: Speech Quality of VoIP: Assessment and Prediction. (Wiley, 2006).

Raake, A., Egger, S. in Quality of Experience: Advanced Concepts, Applications and Methods
(eds Moller, S., Raake, A.) 11-33 (Springer International Publishing, Cham, 2014).



350 S. R. Agrawal and S. Bech

50. Raichle, M. E., Gusnard, D. A.: Intrinsic brain activity sets the stage for expression of motivated
behavior. J. Comp. Neurol. 493, 167-176 (2005).

51. Reaney, M.: Virtual Reality and the Theatre: Immersion in Virtual Worlds. Digital Creativity
10, 183-188 (1999).

52. Recuber, T.: Immersion Cinema: The Rationalization and Reenchantment of Cinematic Space.
Space Cult. 10, 315-330 (2007).

53. Reichenbach, D. J. in Space, Time and the Limits of Human Understanding (edsWuppuluri,
S., Ghirardi, G.) 503-512 (Springer International Publishing, Cham, Switzerland, 2017).

54. Reiter, U. et al. in Quality of Experience: Advanced Concepts, Applications and Methods (eds
Moller, S., Raake, A.) 55-72 (Springer International Publishing, Cham, Switzerland, 2014).

55. Rooney, B., Benson, C., Hennessy, E.: The Apparent Reality of Movies and Emotional Arousal:
A study using Physiological and Self-Report Measures. Poetics 40, 405-422 (2012).

56. Rumsey, F.: Spatial Quality Evaluation for Reproduced Sound: Terminology, Meaning, and a
Scene-Based Paradigm. J. Audio Eng. Soc. 50, 651-666 (2002).

57. Ryan, M. L.: Narrative as Virtual Reality: Immersion and Interactivity in Literature and Elec-
tronic Media. (The Johns Hopkins University Press, Baltimore, MD, USA, 2003).

58. Sanders, T., Cairns, P. in Proc. 24th BCS Interact. Specialist Group Conf. 160-167 (Dundee,
United Kingdom, 2010).

59. Schubert, T., Friedmann, F., Regenbrecht, H.: The Experience of Presence: Factor Analytic
Insights. Presence 10, 266-281 (2001).

60. Slater, M., Wilbur, S.: A Framework for Immersive Virtual Environments (FIVE): Speculations
on the Role of Presence in Virtual Environments. Presence: Teleoperators & Virtual Environ-
ments 6 (1997).

61. Slater, M.: Measuring presence:Aresponse to theWitmer and Singer presence questionnaire.
Presence 8, 560-565 (1999).

62. Slater, M.: A note on presence terminology in Presence connect 3 (Jan. 2003).

63. Slater, M.: Place illusion and plausibility can lead to realistic behaviour in immersive virtual
environments. Philos Trans R Soc Lond 364, 3549-3557 (2009).

64. Steuer, J.: Defining Virtual Reality: Dimensions Determining Telepresence. J. Commun. 42,
73-93 (1992).

65. Strohmeier, D., Jumisko-Pyykko, S., Kunze, K.: Open Profiling of Quality: A Mixed Method
Approach to Understanding Multimodal Quality Perception. Adv. Multim. 2010, 658980:1—
658980:28 (2010).

66. Swann, C., Keegan, R. J., Piggott, D., Crust, L.: A Systematic Review of the Experience,
Occurrence, and Controllability of Flow States in Elite Sport. Psychol. Sport Exerc. 13, 807—
819 (2012).

67. Varela, M., Skorin-Kapov, L., Ebrahimi, T. in Quality of Experience: Advanced Concepts,
Applications and Methods (eds Moller, S., Raake, A.) 85-96 (Springer International Publishing,
Cham, 2014).

68. Visch, V. T.: The Emotional and Cognitive Effect of Immersion in Film Viewing. Cogn. Emot.
24, 1439-1445 (2010).

69. Weibel, D.,Wissmath, B., Mast, FEW.: Immersion in Mediated Environments: The Role of
Personality Traits. Cyberpsychology, Behavior, and Social Networking 13, 251-256 (2010).

70. Witmer, B. G., Singer, M. J.: Measuring presence in virtual environments: A presence ques-
tionnaire. Presence 7, 225-240 (1998).

71. Zhang, C.: The Why, What, and How of Immersive Experience. IEEE Access 8, 90878-90888
(2020).

72. Zielinski, S., Rumsey, F., Bech, S.: On Some Biases Encountered in Modern Audio Quality
Listening Tests-A Review. J. Audio Eng. Soc 56, 427-451 (2008).



11 Immersion in Audiovisual Experiences 351

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by/4.0/

	11 Immersion in Audiovisual Experiences 
	11.1 Introduction
	11.2 Conceptualizations of Immersion
	11.2.1 Psychological Perspective
	11.2.2 Physical Perspective

	11.3 Immersion: A Cognitive Concept
	11.3.1 Quality of Experience (QoE) and Immersion

	11.4 Differentiating Immersion from Interchangeably Used Terms
	11.4.1 Presence
	11.4.2 Flow
	11.4.3 Envelopment

	11.5 Subjective Assessment of Immersion: An Exploratory Study
	11.5.1 Subjective and Objective Measures
	11.5.2 Research Questions
	11.5.3 Experimental Strategy and Design
	11.5.4 Methods
	11.5.5 Procedure
	11.5.6 Results
	11.5.7 Discussion

	11.6 Summary and Future Work
	References


