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Abstract:

The study presents an investigation of the potential of using
immersive VR (IVR) experiences in the field of cue exposure
therapy for individuals with alcohol use disorder. Current
tools of eliciting craving for therapists to teach coping skills
do not fully consider the complexity of alcohol cues, with
emphasis on the effect of social presence and social
pressure, and do not properly represent high-risk situations
experienced by individuals in reality, leading to transfer gaps
and missing learning generalizations. Therefore, tools should
approach real-life situations as much as possible, leading to
the experiments presented in this study. A within-subjects
experiment (n=25, m=16, f=9, SD=38.3) utilized a novel
presence-matching design, exploring which elements of a
3D-IVR experience of a virtual bar environment contributed
to participants' subjective feelings of presence by letting
them upgrade certain parameters of the environment.
Results showed a strong preference for upgrading
parameters of, in order, soundscape richness, virtual agent
animations, virtual agent reactions, and geometric realism.
However, subjective intervals chosen for parameter fidelities
in the implementation could skew results. Another within-
subjects experiment (n=26, m=15, f=10, SD=30.83) compared
a virtual bar environment in a 3D-IVR experience with a
similar 360-IVR experience, comparing reported feelings of
alcohol craving (F(2,75)=13.7, p=.995), as well as feelings of
presence through illusions of place (PI)(F(2,75)=8.38, p=.017)
and plausibility (Psi) (F(2,75)=19.1, p=.014), triangulated with
physiological measures and a qualitative follow-up
assessment. A neutral virtual scene of a forest was used to
obtain baselines between every virtual bar condition. While
results showed a statistically significant difference in
feelings of Pl and Psi with a slight preference for the 360-IVR
experience, differences in reported feelings of alcohol
craving were statistically insignificant. Interestingly,
physiological data revealed greater levels of affect in the 3D-
IVR experience. Regardless of conditions, both comparisons
of conditions with the neutral forest scene was statistically
significant for craving (F(2,75)=13.7, p=.001), suggesting a
potential for an IVR-experience of a virtual bar to be able to
induce feelings of craving in individuals.
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The virtual bar environment modelled after Tagensborg Bodega in Copenhagen.

Abstract— The study presents an investigation of the potential of using immersive VR (IVR) experiences in the field of cue exposure
therapy for individuals with alcohol use disorder. Current tools of eliciting craving for therapists to teach coping skills do not fully consider
the complexity of alcohol cues, with emphasis on the effect of social presence and social pressure, and do not properly represent high-risk
situations experienced by individuals in reality, leading to transfer gaps and missing learning generalizations. Therefore, tools should approach
real-life situations as much as possible, leading to the experiments presented in this study. A within-subjects experiment (=25, m=16, =9,
SD=38.3) utilized a novel presence-matching design, exploring which elements of a 3D-IVR experience of a virtual bar environment contributed
to participants’ subjective feelings of presence by letting them upgrade certain parameters of the environment. Results showed a strong
preference for upgrading parameters of, in order, soundscape richness, virtual agent animations, virtual agent reactions, and geometric realism.
However, subjective intervals chosen for parameter fidelities in the implementation could skew results. Another within-subjects experiment
(n=26, m=15, f=10, SD=30.83) compared a virtual bar environment in a 3D-IVR experience with a similar 360-IVR experience, comparing
reported feelings of alcohol craving (F(2,75)=13.7, p=.995), as well as feelings of presence through illusions of place (PI) (F(2,75)=8.38,
p=.017) and plausibility (Psi) (F(2,75)=19.1, p=.014), triangulated with physiological measures and a qualitative follow-up assessment. A
neutral virtual scene of a forest was used to obtain baselines between every virtual bar condition. While results showed a statistically significant
difference in feelings of Pl and Psi with a slight preference for the 360-1VR experience, differences in reported feelings of alcohol craving were
statistically insignificant. Interestingly, physiological data revealed greater levels of affect in the 3D-IVR experience. Regardless of conditions,
both comparisons of conditions with the neutral forest scene was statistically significant for craving (F(2,75)=13.7, p=.001), suggesting a
potential for an IVR-experience of a virtual bar to be able to induce feelings of craving in individuals.
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1 Introduction and economic costs, e.g., through law enforcement and healthcare, loss
of productivity, and other direct and indirect consequences. These
include harm to others, development of disabilities, as well as premature
loss of life [2]. AUD is the world’s third largest risk factor for disease
and disability, contributing to, e.g., violent behavior, child neglect and
abuse, mental health deterioration, and workplace absenteeism [3].

Recent studies reveal the COVID-19 pandemic and the resulting

*e-mail:{ajunke16, chutte16, dreipul6, Isaren16}@student.aau.dk lockdowns to have enabled increased alcohol consumption through
Te-mail:{rn,adj}@create.aau.dk elevated levels of social isolation and uncertainty about job security,
psychologically a ecting the population [446]]. As a result, the world

has seen a general increase in alcohol relapse, as well as an increase

in patients diagnosed with AUD [5] [6]]. Finally, these individuals con-

tinue to consume alcohol despite their knowledge of its contribution

to physical, psychological, social, or interpersonal problems [1]. To

Alcohol use disorder (AUD) is a mental disorder defined by behavioral
and physical symptoms, such as alcohol withdrawal, higher tolerance
of consumption, and an intense desire to consume alcohol, defined
as alcohol craving [I]. AUD is prevalent throughout the world and
severely a ects people in almost all age groups. It has significant human




learn to cope with alcohol craving, patients must acknowledge cog-
nitive problems directly related to the onset of alcohol consumption
and relapse [7,/8]. Craving is more likely to be felt in so-called high-
risk situations, where alcohol has been consumed previously, based
on classical conditioning [9} [10]. The presence of others, providing a
social context and social pressure in particular, also play a key role in
inducing craving in AUD patients [11]]. In addition, high-risk situations
for AUD patients usually involve social interactions. Craving can be
felt through exposure to alcohol cues, both during consumption, in
a withdrawal phase, and during periods of abstinence, risking indi-
viduals to relapse into greater alcohol consumption and subsequent
abuse [I]. Two main treatment approaches of pharmacological and
psychotherapeutical assessment exist. This study will refrain from
researching pharmacological assessment methods, instead focusing on
psychotherapeutical methods.

A widely used psychotherapeutical treatment method focusing on
behavioral assessment is cognitive behavior therapy (CBT). CBT chal-
lenges maladaptive thoughts, changes behavior, and improves emo-
tional regulation through techniques developing coping strategies in
patients [12]. CBT has seen success in AUD treatment as it teaches and
helps patients to better cope with future high-risk situations [13].

A practice used in combination with CBT is cue-exposure treatment
(CET) [14]). CET utilizes the cue reactivity and undesired response
that has been conditioned in the patient. In a substance use disorder
context, CET exposes individuals to high-risk situations and craving-
inducing cues while prohibiting consumption of the substance. Through
repeated exposure, the experienced craving level in patients will, in
theory, decrease [14]. Typically, after cue exposure, a session with a
therapist assesses the feelings, thoughts, and emotions of the patient
to apply skills training and other techniques to seek cognitive and
behavioral change [12]]. Methods of inducing craving in patients include
visual cues (tools such as images or videos) or having patients imagine
or recall and retell high-risk situations [15]. Some studies even use
physical cues as tools allowing patients to touch and smell alcohol,
and in modified versions of CET, where the treatment goal is moderate
drinking, consume it [10, 14} [16]. CET has originally been used
and has seen large e ect sizes in the treatment of phobia and anxiety
[10]. As such, studies have also been conducted on the e cacy of
CET for AUD. There are, however, issues regarding the measurable
evidence of the e ectiveness of CET. A meta-review by Mellentin et
al. concluded there are inconsistencies between studies in formats,
number of sessions, types of cue stimuli, and more [14]. Seen in the
meta-review, combining CET with coping skills training has shown to
be an e ective treatment method by itself, but that makes it di cult
to determine the e ectiveness of CET alone. However, such studies
presented in the meta-review do still suggest CET for AUDs to be
more e ective than no treatment, and indicate that CET is at least as
e ective as other psychosocial treatments [10]. Additionally, CET for
AUD has shown to be more e ective than CET for other substance use
disorders, making it more obvious to pursue [14]. However, while CET
for anxieties has consistently demonstrated large e ect sizes, CET for
substance use disorders (including AUD) has to date shown less benefit
[10].

Head-mounted display-based immersive virtual reality (IVR) is see-
ing increased use in the healthcare sector. The technology can be used
to address, mitigate, and spread awareness on di  cult problem areas
of mood disorders, posttraumatic stress disorder, addiction, autism,
and more [17H19]. Recently, IVR has also been explored in CET con-
texts, used as a tool to simulate high-risk situations to induce craving
in patients, approaching actual in vivo exposure [10] [14]. Compared
with traditional ex vivo tools (i.e., using images, video, imagination),
IVR is highly immersive and can facilitate higher feelings of presence
in a given setting. Results of comparing IVR tools to traditional cue-
inducing tools in substance abuse generally reveal IVR experiences to
be more e ective in inducing craving [20} [21].

Most of the studies cited in this paper involving IVR as a tool in
CET for AUD focus primarily on whether VEs are at all capable of
inducing craving or not. However, many do not fully address the
technological subaspects of the virtual environment (VE) either, and,

amongst others, what role they play in a ecting the perceived realism
of the VE in general including social virtual agents. Additionally,
comparisons between VR technologies are lacking regarding how they
contribute to potential increases in craving. In that realm, two main
parallel directions of I\VVR exist; presenting virtual environments in
the medium either by the use of 360°-recorded video or by utilizing
3D-rendering [22} 23]]. Two main di erences between these concern
the ability to act individually (i.e., the degree to which a user can
move one’s virtual self around), and to interact (i.e., use one’s senses,
hands, or body) to navigate and produce changes to the environment
that subsequently reacts to that change. In environments presented by
360°-recorded video, users take part in an individual experience devoid
of valid e ectual sensorimotor actions, and can only rotate towards
actions or events passively around their own axes (3DoF movement,
the degrees of freedom available for pitch, roll, and yaw rotation)
[24] 25]). In tracked 3D-rendered environments, 6DoF is available,
adding translation to the user’s locomotion abilities together with valid
e ectual sensorymotor actions [25]. On the other hand, 360°videos
allow for capturing complex scenarios and maintain immersion through
photorealism, which 3D-rendered VEs yet does not utilize in the same
fashion [23] [26].

Combining the promise of IVVR tools for therapy while looking at
the previously mentioned social context that play a key role in induc-
ing craving, social situations and interaction are also very complex
elements to simulate in 3D-rendered VES, whereas they are easier to
portray in 360°video. To induce craving in an IVR-CET intervention
as much as possible, the environment should feature such situations
as it highly a ects the believability of the VE, focusing on the 3D
virtual agents or actors in the 360°video and their interaction coherence
and complexity. Some studies have previously experimented with the
inclusion or exclusion of virtual agents in general, to measure social
pressure in IVR and how ita ects craving [7}27]. Other studies have
then specifically tweaked VE fidelities and investigated how changes
a ected participants’ sense of feeling the environment as being real
[28431].

To our knowledge, however, little research has been done on whether
and how feelings of craving are a ected by greater fidelities of social
context, interaction, and pressure of virtual agents. Moreover, little
research has been done on how the presentation and fidelity of the
VE facilitates feelings of presence in the context of IVR-CET for
AUD, also regarding the comparison of the e ect between 3D-rendered
and 360°-recorded VEs. As interventions seek to close the transfer
gap between ex vivo clinical exposure and in vivo exposure, closing
the gap would mean the learned skills and processes for coping with
cravings should more easily translate to real life situations. As in
vivo exposure undoubtedly elicits higher cravings, the ex vivo therapy
tools should seek to be as immersive as possible, assuming to create
greater feelings of presence, plausibility, and believability in patients to
approach craving levels felt during in vivo exposure. The hypothesis
states that an IVR experience can help close this CET transfer gap,
and this paper seeks to determine the best technological approach in
developing an IVR tool for AUD CET with a focus on social contexts.

Wile 360-video can excel in realism aspects, 3D VESs can excel in
interactivity and locomotion aspects. These aspects are what this paper
seeks to compare in the quest of eliciting craving, detailed in Section
[ Firstly, due to social contexts being crucial in simulated high-risk
situations for CET, the VE must feel plausible to the user. Hence, the
first experiment (Experiment A) focuses on discovering which elements
of a 3D-rendered VE contributes the most to experienced plausibility in
that environment. Secondly, also with the goal of simulating high-risk
situations involving social aspects, the second experiment (Experiment
B) compares 360°-video generated VEs with 3D-generated VES with a
focus on inducing alcohol craving in participants.

2 Background

This section presents research on related concepts, theories, methods,
and tools brought forth in the introduction. It will elaborate upon the
concept of AUD, alcohol-related cues, and craving, and how it is uti-
lized in therapy and treatment. Furthermore, it will explain the concept
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and importance of context and social interaction in treatment methodisorders|[IL, 39]. As such, individuals with AUD face great dulty
before presenting research of applicable immersive technologies timatoping with stressful or negative situations, responding to the situa-

can include these aspects. tion by consuming alcohal [L, 40]. Alcohol may also be consumed to
. alleviate the unwanted ects of other substances (e.g., cocaine, heroin,
2.1 Alcohol Use Disorder or hypnotics), or to substitute them if they are not availdble 1, 41].

According to theDiagnostic and Statistical Manual of Mental Disorders N attempts at quitting alcohol use, transgressions often occur. An
(DSM-5) alcohol use disorder (AUD) is de ned as ‘problematic initial transgression is de ned as a lapse, the consumption of alcohol
pattern of alcohol use leading to clinically signi cant impairmentafter trying to quit or after a treatment course. A lapse may lead
or distress [I]. Individuals diagnosed with AUD have symptomsto multiple transgressions, which eventually equateetapseif the
such as frequent intake Of a|c0h0| in |arger amounts over a pro|0n ount Of alCOhOl Qonsumptlon returns to What IS S|m||ar to the preVIOUS
period, resulting in failure to ful Il obligations at work, school, or level of consumption. As such, relapse may be de ned as a process
home, or absenteeism from social or recreational activities. Frequéiher than a distinct event [42]. Individuals trying to remit from AUD
intake of alcohol in larger amounts leads to increased tolerance Ofen experience relapse [8,|43]. ,

turn increasing the alcohol consumption amount needed to achievdn addition to these AUD issues, patient lapses and relapses can be
intoxication or desired eects. Other symptoms cover continued usgXPlained by several internal factors and events happening in the life of
of alcohol and unsuccessful erts to abstain from or cut down on the patient, exhibiting in ordef [8, 42, 44]:

consumption, despite knowledge of its contribution to physical (e.g., ~
blackouts or liver disease), psychological (e.g., depression), social,
or interpersonal problems (e.g., violence or child abuse). They often
feel a strong desire to consume alcohol, knowalashol cravingd]. " Ine ectiveness in coping responses in such situations

Finally, individuals with AUD often spend much time in situations

related to alcohol, either obtaining, consuming, or recovering fromit.”~ Decreased self-ecacy, and distorted positive outcome ex-
The severity of AUD is speci ed as either mild, moderate, or severe, pectancy for the eects of alcohol

depending on the number of symptoms the individual posseéss [1].

An imbalanced or addictive lifestyle, or noncalculated irrational
exposure to high-risk situations

Lapses (initial use of alcohol)
2.1.1 Why do AUD individuals drink?

Individuals with AUD haveconditionedthemselves to develdpabitual
actionsand experienceravingwhen exposed to certaaicohol-related Studies have investigated whether craving is an important relapse
cues[14,/32]. determinant, showing contradicting results [8, 41, 42, 45]. Yet, craving

The process of associative learning between two otherwise unrelaiedften used as a treatment outcome measure because of its role as a
stimuli is calledclassical conditioningwhich over time forms new response to exposure [9, 44, 46]. Hence, knowing what causes craving
habitual actions in individual$ [14]. In an alcohol-related examplejay aid in improving components focusing on craving. In addition,
classical conditioning can be explained by the alcohol representing travingwas added to the list of AUD symptoms in the latest edition of
unconditioned stimulus. The known ects of consumption elicit the the DSM (DSM-5), reiterating the relevance for further understanding
unconditioned response of craving. When a previously neutral stimuleisiving [1]. Apart from the uncertainties revolving alcohol craving as a
is then repeatedly paired with the unconditioned stimulus, the neutralapse determinant, some in uences and triggers of craving have been
stimulus becomes associated with the unconditioned response @aatablished.
time. The pairing has made the previously neutral stimulus become &Craving in uences individuals by interfering with their mental state
conditioned stimulus, an alcohol cue, capable of eliciting conditiongbdrough cognitive overload, &cting coping skills in high-risk situa-
responses of craving [1L4]. tions [14]. Through repeated exposure and failed attempts at coping,

Prolonged consumption of alcohol often results in increased caelf-e cacy decreases over time, in turn increasing the in uence of
sumption due to increased tolerance. That is, the perceived positivaving. Craving also distorts the perceived outcome of alcohol con-
psychological and physical ects of alcohol diminishes. As it mani-sumption. These factors make it more likely for the individual to relapse
fests, the AUD individual must conversely increase their consumpti¢b4].
to obtain the same positive ect. This vicious cycle might lead the in- ) )
dividual towards addictiori [14]. In severe cases of addiction, wheneved-2 What triggers Craving?
individuals try to break out of the cycle, they can physically responslcohol craving is a cue reaction triggered and in uenced by reactivity
with withdrawal symptoms such as anxiety, nausea, vomiting, atalalcohol stimuli and related cues [9, 44, 46]. Dependent individu-
racing heart, and even tremors, cramps, and hallucinations leading® are seen to be more reactive to these stimuli and cues, triggering
cardiac arrest |1]. increased craving and negativeegt in behavior [40].

Furthermore, continued alcohol consumption also leads to attenThese cues can either be proximal, contextual, or complex [47]:
tional biases towards alcohol cués|[L1] 33]. Attentional bias refdPsoximal cuesare the type of cues closest to actual stimuli or consump-
to how selective attention is directed towards cues that elicit strotign, as they are presumably ubiquitous [47]. In alcohol contexts, they
emotional responses, and hereby also how écs the individual's can be visual or auditory, such as seeing or opening a bottle, pouring
perception|[34, 35]. Attentional bias has been linked to cases of inftite beverage into a glass, or watching the same unfold in a commercial
mation processing bias and behavior that leads to the development and'V. They can also be olfactory, gustatory, or tactile, i.e., smelling,
maintenance of addiction, and may also prohibit an individual's abilityasting, or holding a bottle of alcohol. These are the most common cues
to consider alternatives in situations where subjects of attentional bigsed in traditional cue reactivity studies [47]. Some of the cues are seen
are preseni [34, 36]. As such, an individual with AUD will direct theitto elicit stronger responses, such as olfactory or gustatory cues [48].
attention to alcohol-related cues if present, potentially distracting them Contextual cue&nlike proximal cues, contextual (or distal) cues
from other relevant elements in the current situation. Additional faare not directly linked to alcohol consumption [47]. Still, they are regu-
tors contributing to continued alcohol consumption in individuals witharly present during consumption. Due to previous paired associations
AUD stem from interpersonal problems (e.g., breakdown of relatioof these settings with proximal cues (i.e., conditioning), contextual
ships and family relation$ [37]) and stigmatizatipn|[38]. Individualsues are not dependent on the presence of proximal cues, and can as
with AUD apply existing stereotypes, prejudice, and discriminatiosuch cause cue reactivity on their own. Key factors are environments,
to themselves. This has been associated with depressive symptaitigations, or settings in which consumption has occurred previously,
low self-esteem, and low self-ecacy [38]. Furthermore, individuals especially in bars or at parties [11]. Presence of others is common in
with AUD often su er from comorbidities such as bipolar disordersuch settings, and craving is also highlyeated by social contexts [7,
schizophrenia, antisocial personality disorder, anxiety, and depresdié

~ Abstinence violation and transgressions, leading to relapse



Complex cuesThe combination of both proximal and contextuahypothesis. Then, they are logically examined and tested through
cues, i.e., being in an environment or a situation linked to alcohol cdrehavioral experiments with the therapist. Change in behavior occurs
sumption, while alcohol is also in proximity, results in a complex cuehen the patient's assumptions are modi ed in a way that ts more
[49]. Such cues should approach real-life use situations [47]. Proxin@bsely with the situation, where their false assumptions occur [57].
or contextual cues can be subject to either instant or delayed grati ca-Successful CBT may only be carried out if a number of prerequisites
tion, but proximal cues see individuals succumbing to their feelingse met [56]. First, the treatment sessions must contain a "framework"
of craving sooner, consuming alcohol. For contextual cues, howewgt is comprehensible to the patient and compatible with their personal
feelings of craving can persist to allow grati cation when the situatiobelief systems. This framework must also be able to arousetive
or context allows for consumption if it previously did not [47]. Sociakngagement and be applicable in problematic everyday situations, such
situations by themselves are, however, unlikely to evoke strong direst when faced with craving in SUD contexts. Finally, it is important
positive valence and craving. Conversely, isolated proximal cues that established frameworks are deployed, tested, and trained in pa-
themselves in traditional clinical triakse capable of eliciting feelings tients' everyday situations. In CBT, it is fundamental that changes
of craving [50]. Alcohol-related contexts, even without proximal cue the condition of a patient may only happen if they are engaged in
seem to be an important factor in evoking craving. As such, the studsal problematic situations and when experiencing active arousal
found that only showing images of alcohol, or presenting alcohol foglated to the their condition [56]. These states ofctive arousal are
consumption, are neither necessary nor sient to evoke craving, commonly referred to dsot cognitions The importance of engagement
suggesting that pairing only simple stimuli with alcohol is unlikely tanay be exempli ed by contrasting depressed and phobic individuals.
represent a context as a whole [50]. Other studies found a combiHare, the thoughts of a depressed individual are particularly pervasive
tion of alcohol cues and contextual settings to induce greater craviagd always present and available for examination by the therapist as
also when compared with neutral settings [20, 27]. Generally, studigsposed to patients sering from phobia or panic disorder which are
that included virtual agents to invoke social pressure elicited greatgnerally in little distress in contact with the therapist and may show
responses of craving than was elicited presenting alcohol cues aldittés anxiety anywhere outside of the situation with the phobic stimulus.
although with a greater ect in social drinkers [27, 51, 52]. ComparedTo facilitate changes among phobic and panic patients, anxiety must
with clinical settings, contexts in real life are characterized by highee induced either through in vivo exposure, imaginary techniques, or
environmental complexity. Naturally, complex contexts are challengingsing provocative techniques such as hyperventilation [56]. As such,
to simulate in ex vivo therapy when also presenting social situatiogsgnitions which are anxiety-related can become highly salient and ac-
capable of inducing greater craving or diminishing avoidance skillssssible, opening themselves up to testing and subsequent modi cation.
than presenting simple alcohol cues alone [7, 53]. Moreovercdities The focus on just evoking thoughts and behavior related eztis not

persist in separating social craving from context craving [54]. enough to solve the problems of the individual. Through their lives,
individuals might experience cathartic episodes, providing immediate
2.2 AUD Treatment relief. However, if the underlying issues have not been addressed and

AUD is particularly di cult to treat as it aects both the individual Proper coping mechanisms have not been developed, the individual
and the people surrounding them. Often it is dilt to admit to the Will receive no bene t from the relief, and a similar episode might
problem and recognize the ailment, and it may be acdilt task for happen again [56]. In CBT, the misconstrued emotional and cognitive
individuals to seek treatment [55]. Many AUD treatment methods arl@oughts and behavior in a particular situation can be experienced and
approaches have been developed with roots in both medication or thg¢ognized simultaneously, helping the patient to address, disapprove,
apy, such as cognitive behavioral therapy (CBT) [56-58], motivation@d change the dysfunctional or deviating cognition [56].
interviewing [59], mindfulness [60, 61], as well as alternative methods, Techniques used in alcohol-related CBT often focus on edbging

such as acupuncture [62]. Motivational interviewing is a technique théith or reducingcraving [71]. Coping skills training (CST) tries to
motivates patients by exploring and resolving their ambivalence ag#n the patient with skills they can utilize in high-risk situations where
key to change their behavior. It is usually carried out during medicéfaving is felt. CST can be speci ¢ to certain situations or involve
consultations [63]. The goals of deploying a mindfulness approachdgneral social skills to cope when one's thought process might be af-
AUD treatment help patients gain an increased awareness of triggé@ed in the presence of others. Some approaches to CST treatment
related to their condition, thereby actively thinking about them arféRn include training of relapse prevention, training of social or com-
not acting upon the urges they evoke [64]. In AUD treatment, it ®unication skills, training of urge-speci ¢ or refusal skills, as well
often seen that strategies involving a number of treatment methods @femood management training [71]. CST can be moeztve than

employed. comparative treatments in outcome improvements (e.g., relapse severity
and frequency) of individuals with AUD [71].
2.2.1 Cognitive Behavior Therapy A frequently researched technique aimingeatucingcraving iscue

Many adapted methods for treating individuals with AUD originate iffxposure treatmer(CET).
CBT [65], a system of psychotherapy based on a theory of personalit

and psychopathology that emphasizes cognitive processing as b tégz Cue Exposure Treatment

the primary benefactor in the development of psychological distre€sie exposure treatment has its roots in exposure therapy, traditionally
[56]. Theory is built upon the connection between thoughts, emotionsed to directly manifest certain undesired conditioned responses in
and behavior and in some cases a fourth dimension of autonomougatients by exposing them to, e.g., phobia- or anxiety-related stimuli
physical reactions [44]. Several studies have demonstrated tbeoy [72]. The idea of exposure therapy is for the patient to habituate
of CBT treatment when used in the treatment of AUD and a widirough repeated exposures to stimuli, ideally conditioning the patient
range of other disorders [66—70]. The purpose of CBT is to rectifp reduce or prevent their undesired conditioned response, and aim
defective information processing by altering dysfunctional thoughtswards complete reversal or extinction. Psychologically, habituation
and assumptions that maintain self-damaging behaviors, thoughts, erplains the decrease of a conditioned response to a repeated stimulus
emotions [56]. Therapy is based on a collaborative process between[tt]. The exposure can help concretize the conditioned response in a
patient and therapist, where behavioral and verbal techniques are useLi c context and be handled in combination with a speci ¢ coping

to examine the patient's own beliefs. Here, illogical assumptions astrategy for that response [71]. In CET however, the stimuli are not
disputed, and the patient is equipped with coping skills and experienggssented directly, instead exposing the patient to proximal, contextual,
that allow for a more adaptive cognitive processing [12]. Early inr complex cues that evoke similar responses of craving [10, 49].
treatment, the focus is on evaluating the patient's assumptions related t€ET has been used as a technique in CBT to treat, e.g., phobias,
their ailment, including distortions in logic and problematic behavior®CD, PTSD, and anxiety disorders [73, 74]. It has seen limiteztts

as a result hereof [56]. The purpose is to change the patient's systematiase with substance use disorders of, e.g., nicotine or alcohol [11, 14,
bias in the thinking process. More concisely, beliefs are posed agla 75-78]. However, for alcoholism, CET is found to be morective
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than CET for other substance use disorders [10, 14]. The potentialgi@gle stimulus, all contributing to the undesired conditioned response.
duction of craving in patients entails cues interfering less with patients' CET gained interest as a technique supporting CBT [10, 72, 77],
mental state, in turn facilitating mental surplus, enabling patients &3 the methods of using approaches of logic alone to treat patients in
utilize coping skills in high-risk situations [14]. Presence of alcohataditional CBT have been debatable in terms oéetiveness [81, 82].
cues has been indicated to trigger cognitive distortions that disru@éneral CBT might target personality, anxiety, and depression disorders
and impede attention, and negatively in uence the ability of the AUDetter when in a clinical setting, as they are mostly omnipresent in the
individual to utilize learned coping skills; this even applies to AUDbatients' thoughts regardless of situation and context [1]. For disorders
individuals who are adept in using coping skills. CET could thereforsuch as phobias or substance abuse, the context and situation play
be used for reducing alcohol cues' disruptiveeets on the ability of a signi cant role in whether patients experience and arectéed by
individuals with AUD to use coping skills to decrease reactions throughtimuli and cues, and might be more diult to conduct in a clinical
habituation or even gradually eradicate the response (i.e, extinctiageXting. Aside from the concept of matching thoughts to beliefs and
Few studies have evaluated theeetiveness of CET on AUD. CET actions in CBT, there is skepticism of how much is open to introspection
alone can result in favorable outcomes, but it seems more bene cialdnd imagination, and how the semantic and declarative nature of CBT
utilize the potential of practicing coping skills at the same time, havingontrast the emotional and implicit nature of the patient and their
CST and CET complement each other [71]. AUD individuals' copingctions; as such, the therapy focus must be on changing the behavior
skills are less eective compared with the coping skills of individualsandway of beingmore directly, rather than logically challenging beliefs
with no reported AUD. AUD individuals are being trained using CST81]. Here, CET has been thought to Il the gap, as strategies in CBT
learning coping strategies to combat high-risk situations. It secondlyuld be supported by the more direct, stimulus-based conditioning
teaches them general social skills to improve sober relationships amproaches seen in CET.

challenge the positive outcome expectancies of alcohol consumption.

Both of these aspects contribute to increased setfaey, creating a 2.2.3 |Is CET effective?

positive 'loop' of utilization and improvement of coping skills and

social skills entailing increased self-eacy [71]. The success of CET can, in general, be de ned as the individual's

) v . success in abstinence from alcohol or a reduction in craving when
In CET, the e ects of classical conditioning are utilized throughing high-risk situations, and studies have found CET comparable to
continued, repeated exposure to the cues of a conditioned stim and behavioral self-control training [10]. However, Kavanagh et
(e.g., going to a bar that sells alcohol, a simulated high-risk situatiog), tound no greater eect when combining CET and CBT compared
provoking a conditioned response of craving. Meanwhile, the patiggt cgT alone, and they found CET alone resulted in more alcohol
is hindered grati cation from the unconditioned stimulus of a|°°h°!:onsumption than CBT patients [83]. A problem in CET concerns
This Weaken$_the conditioned response of craving in th_e ab_sencq renewal eect. The renewal eect happens when a conditioned
such unconditioned stimuli, through the process of habituation [7Qfimjus is paired with an unconditioned stimulus in one context, to then
Ideally, over time, the response of craving will lose its reinforcingq extinguished in a derent context. There, a return to the original
properties as well as turn the conditioned stimulus of the bar back t0 §gntext where the pairing happened will activate the renewate
aneutral stimulus. The idea of reducing and eventually extinguishipg,vever, indications of generalization of extinction learning in AUD
craving in patients is not in itself swcient for a successful treatme”t-patients have been shown through extinction in one context, reducing
With successful cue exposure, hot cognition situations arise, potentigl|ys reactivity in another context [14, 84, 85]. Another problem, referred
paving the way for a therapist to moreegtively employ the strategies asspontaneous recoverfiappens when extinguished responses re-
found in traditional CBT [12]. Both exteroceptive stimuli (sight, Sm‘?”emerge upon re-exposure to stimuli following a period after extinction
and look of the alcohol or the situation, context, or location in whicRyarning [14, 86]. Responses to conditioned stimuli can also re-emerge
it is presented), interoceptive stimuli (physical states, emotions, r post-extinction exposure to the conditioned stimulus - this is
thoughts), as well as withdrawal symptoms can turn into conditiongdo\yn ageinstatementSummarized, CET may fail to extinguish the
stimuli [44]. most salient conditioned cues, because it does not speci cally address
To evoke feelings of craving in patients during CET, elient types renewal e ects, spontaneous recovery, reinstatement, or cue selection
of tools are used to convey both proximal, contextual, and complsz].
cues [49]. Pictures and videos can be used to show relevant stimuli SUCITET studies have also seen inconsistencies in format, relating both
as alcoholic beverages or situations involving alcohol consumption [1§ the number of therapy sessions held and the types of cues and stimuli
80]. Others utilize the patient's imagination by having them imagine gjresented. While subjective reports show that imaginary methods used
recall and retell high-risk situations [15]. Sometimes, role-playing i clinical CET have a positive ect on treatment, there is still a lack
used, e.g., where the therapist invites the patient to drink alcohol [7d tools that can perform objective measurements needed for proper
Some methods involve alcohol itself, and in cases with a treatment gagkessment of such treatment [88, 89]. However, craving episodes
of moderate drinking, patients have been prompted to consume it [¢8n vary in both intensity, latency, frequency, and salience, making
14, 16]. To avoid overwhelming the patient, it is recommended thgde study results incompatible [88]. The result is that no consistent
craving is gradually induced by exposing the patient to increasinddyidence for the eectiveness of CET for AUD currently exist [10, 14].
intense alcohol cues [44]. An example could be presenting a proXim&other important concern in evaluating CET relates to the imaginary
cue, e.g., a bottle of beer, to the patient, asking them to describedigosure methods themselves. They are used because CET cannot
qualities (its color, temperature, shape, etc.). Next, the patient is askgfitray various high-risk situations directly. However, this is also dif-
to open the bottle, describing the sound of opening it, smelling it, angliit because there are limitations in the person's mental ability to
describing how it feels to hold in their hands. Then the patient pougfagine and recall such high-risk situations [71]. Although doubt ex-
the beer into a glass, being asked to listen to the foam rising. Finajlts on whether treatment manuals caeetively transfer skills and
the patient is asked to bring the glass up very close to them, while th@yowledge into actual treatment and therapy, they are increasingly
pay attention to their own reactions and how they can increase thgéding used as sources for describing, researching, teaching, and practic-
craving even further [44]. ing evidence-based psychotherapy [90, 91]. Some treatment manuals
In CET, rather than attempting to avoid cue exposure entirely durirfigr AUD exist, also integrating coping skills training (CST), mainly
periods of treatment, it is acknowledged that such cues are impossibéesed on the work by Monti and Rohsenow et. al [72, 92]. However,
to avoid in real life, and, therefore, treatment includes exposure nieta-analyses show that not all studies systematically follow the same
cues together with learning strategies for coping with the exposure gobcedures, methods, or techniques, as well as not all researchers or
possible undesirable reactions [71, 75]. CET can then be used whitrerapists agree on or fully know and understand the evidence-based
direct exposure to the stimulus is not possible or feasible, if the stimulpsnciples and guidelines outlined in the manuals [14]. Due to the
can trigger a response that is too intense, or if the context in which tsteucture of the manual, it may not be at all possible to follow it rigor-
response is elicited is made up of several cue stimuli instead of amesly in the rst place. As such, derences in performed studies, e.g.,



theoretical approaches, sample size, and measurement methods, asmgellirtual environments that facilitate immersion and presence should

as study and follow-up duration, act their replicability. As with the focus on the design of virtual agents to let the user experience virtual

above, missing standardized procedures as well as current issues sattial situations and interaction. The goal is to achieve a perceptual

measurability complicate work towards replicability in CBT and CETllusion of social presence in IVR that feels believable to the user [108,

studies, as well as psychotherapy in general, and must be addred4€&d.

[93—-96]. Accordingly, it is important to investigate the use of tools and ) ] ) )

practices that can potentially solve the problems otacy through 2.3.1 Essential Concepts of Virtual Reality Experiences

measurability and replicability, while still possibly closing the transfeTo be able to eectively immerse users in VREs and thereby induce

gap between imaginary and real settings of high-risk situations afelings of presence, it is necessary to understand the dynamics of such

subsequent cue reactivity and response leading to craving and alcah@eriences as well as the illusions anaets the user may experience

relapse [14, 97]. [106]. Perhaps the most fundamental of these is the concept of presence,
Patients can experience relapse and craving even when learningreentral factor contributing to the ectiveness of a VRE [110].

lapse prevention. They cite a lack of competence in controlling craving

while d_|rectly expo_sed to cues m_real life, as opposed to t_he techmqug& n can be objectively measured and assessed as characteristics of the

and skills learned in clinical settings [44]. The cause of inconsisten

: . . . R medium and describe to which extent the medium can elicit senso-
might also stem from how the derent interventions present the COMimotor contingencies, delivering anclusive extensivesurrounding
plex nature of contexts and cues, as the complexity makes commo

high-risk situations generally dicult to produce in clinical contexts Aldvivid llusion of a VE to the user 25, 111]. Here, the inclusive

(ex vivo) [98]. Interventions teaching pre- and postcoping strategies TiII sion is measured by how much it excludes the real world. HMDs
situational relapse have usually defaulted to utilizing imaginary exp e more inclusive than a standard desktop monitor while blocking out

. h : h xternal stimuli, and when the audio is provided through headphones, it
SUure, 1.e., through visual imagery or storytelllng [44.]' However, sug y block outside real-life sound sources, while also being spatialized
methods fail to represent the full spectrum of situations and exposu:

to cues in real life, also potentially introducing patient anxiety in thﬁ o mRat?::r? a?r?lgirtg cttrilc?rlf tr_}igseirtégtsoivgemgz%?ﬂg C?icgggl:qy o(\j\?nmwgr?
process. As such, it is dicult to transfer ex vivo exposure to later : y

real-world encounters (in vivo), which has been describedtesnafer olffthg sensory modalltl_es, such "?‘l'.s aé'd't'ﬁn’ vision, (sjohmatosensatllon,
gap[97, 99]. olfaction, or even gustation, are utilized in the VRE, and how accurately

As traditional exposure methods mainly use substance-related C}fﬂ%/l are simulated. The surrounding illusion describes to which degree

detached from social, environmental, and otherwise in vivo expos VR medium is panoramic rather than narrow. Lastly, the vivid
g . ' ; ; EXPOSUYffision describes the resolution and delity, mostly concerned with
with ine ective results, research has investigated the use of immer

| . . .
virtual reality (IVR) as an intervention tool to enhance or substitus\){iggﬂfl |[rﬁelams of pixel density and refresh rate of the head-mounted

traditional ex vivo cue exposure experiences [11, 14, 54, 88, 100]. OWhile immersion is related to the technical aspects of IVR and its

be able to eectively utilize IVR as a substitute for traditional cueinge uipment, the concept of presence relates to the tendency of users

methods, itis necessary to understand the po$S|b|I|t|es the tgchnolp ponding realistically to situations and events within a VE [25]. Pres-
o ers as well as the many concepts related to its successful mplerrli%
She

tation. Therefore, the following section will introduce the concept e was originally elucidated as the (psychological) feeling of ‘being

IVR and grant a brief overview of the technology and its capabilities ref, which in the case of IVR media refers 1o being in the VE, how-
9 ay P ever, the deconstruction of presence postulated by Slater in [25] is

adopted in this paper. Here, presence is separated into two independent
components - thelace illusion the feeling that you are physically
Immersive virtual reality is a term that covers technology that simulatgsaced in the environment and tptausibility illusion, the feeling that
interactive three-dimensional environments using computer technolagyents in that environment are really happening, such as the behavior
Modern IVR systems immerse users in these environments by simusftvirtual agents or events that unfold dynamically in reaction to the
ing human modalities [101]. Most commonly, the focus is on simulatingser [25, 30].
visuals and audio as these modalities dominate humans' perception ofvhen users experience high feelings of presence in IVR media, the
their immediate environment [102, 103]. This approach has result¢g becomes more engaging than the real world, feeling like a place they
in the development of immersive virtual reality (IVR) technologies, @isit, instead of just a representation hereof. To achieve high feelings of
consequential one of which is the head-mounted display (HMD); theggesence, behavior in the VE should be consistent with similar events
oppose non-immersive technologies which are often pooled with IViR the real world. As an example, the user should feel their virtual self-
technologies in meta-analyses,e&ting several outcomes [25, 104]representation is actually themselves and the movement of the virtual
As such, the immersive variant used in the experiments of this studydisdy feels like their own movement. Presence is both subjective and
referred to as IVR in this paper. The HMD displays a VE while simubbjective [111]. The subjectivity relates to the user's own discernment
taneously being tracked in 6DoF in both location (forwhetkwards, of whether they are actually 'there' in the VE, if they think of it as
left/right, and updown movements) and rotation (in roll, pitch, andplace-like'. The objectivity relates to the observable behavior of a user
yaw dimensions). This facilitates a direct mapping between real lifie the VE - if they behave similarly to how they would behave in the
and simulated movements of the user. real world when exposed to the same situation or event. The subjectiv-
Most commercially available HMDs come with built-in headphonegy is considered linked to the degree of immersion, while objectivity
providing audio in the VE, as well as two additional controllers (or othés considered linked to more fundamental aspects of immersion. The
technologies) for hand tracking. These controllers support vibrations iatpact of the immersion aspects mentioned earlier is mediated through
simulating haptics. In this way, it is most common for an IVR systenwo lIters [111]. First, the application context, as, e.g., an application
to facilitate the simulation of audio, visuals, and haptics, while trackingoncerned with audio should have high quality audio, whereas visuals
the user's head and hands. The system may also include additicenal regarded as less important, and second, the perceptual requirements
devices to add immersion capabilities. Examples are additional 6Dofthe individual. Preferences in information through various senses
trackers for legs, arms, hip, and feet, haptic feedback devices, ¢yrd to vary between individuals and the application needs to accom-
tracking, facial tracking, or devices suchlasap Motion[105], letting modate di erently for each individual to successfully construct their
users track hand movements without the need for controllers. internal world model. For example, some users might focus on audio
IVR has seen increased use in design, training, education, and thasre than visuals and vice versa [106]. Furthermore, the experienced
apy [97]. Here, the immersive qualities of IVR can help induce feelingscenario in a VRE is important [111]. A VE should have the story,
of presence in users, giving them a sense of 'being there' in the virtuateractions, dynamics, and events be independent of the real world in
world, and act as if it was real life [106, 107]. As alcohol craving isvhich the user can act and where there will be an autonomous response.
seen to be highly sected by social contexts and social pressure, credfie scenario of a VRE plays a large role in creating the interaction

mmersion and Presence:  Slater proposed the degree of immer-

2.3 Immersive Virtual Reality
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between the user and the VE and hence helps with removing the useBybersickness:  Cybersickness is a prevalent phenomenon in
from the real world. The better the VRE is at presenting an alterndiR, resulting in several symptoms including nausea, disorientation,
self-contained world, the greater the feeling of presence as well [11i¢adaches, sweating, and eye strain. While there are some relations
between other motion-related phenomena such as simulator sickness
Embodiment: ~ With IVR comes the possibility to enhance theand motion sickness [123], there can still beetiences in symptom
experience through a rst-person perspective. The user can be sglfensity and context. Common theory proposes that cybersickness is
represented by and control an avatar, adopting the properties of #agised by sensory mismatch in multiple channels of perception such
virtual body as if it was their own body [112]. The ects of the as the proprioceptive, visual, and vestibular senses [123]. In support,
avatar's visibility (e.g., controller, hand, or full-body representatiorjeveral studies suggest that reducing sensory mismatch will help re-
and anthropomorphic quality (human-like or not) have been found fice cybersickness [124—126]. Nevertheless, cybersickness has been
be highly complex and task-dependent [113, 114]. By adopting thggatively correlated with presence, making it an essential factor to
properties of the avatar, the resulting illusion elicited in users is de nasbnsider in IVR development [127]. The quality of the HMD and any
as a sense of embodiment [115, 116]. It includes a combination of thiggditional equipment may decrease or increase the amount of cyber-
intertwined subcomponents: sickness in individuals. Here, the addition of immersive features such
as stereoscopy, or increased eld-of-view of the display, may increase
"~ Thesense of ownershigfers to the temporary illusion of own-the risk of cybersickness, albeit with an increase in believability due
ing and being in the virtual body, an outcome of brain processés the increased likelihood of experiencing feelings of vection, the
that integrate dierent sensory cues into the uni ed perceptiorllusion of self-motion [127]. Furthermore, the design of the experi-
of self-identity. The cues can be both visuospatial, visuotactilefce may in uence experienced cybersickness. Here, it is important to
visuomotor, or visuoproprioceptive, but they must all be syslesign interactions, camera motion, and locomotion that feel natural
chronous to the movement of the user's actual body, and thagd intuitive to reduce cybersickness [127].
must adhere to physical laws.
2.3.2 Social Situations in IVR

Thesense of agenagfers to the perception that the user is ayhen designing social situations in IVR, they can be studied to un-
agent of the limbs and properties of the virtual body, being ab{fsrstand how to incorporate the concepts of complex situations when
to move and control them as if they were their own. These virtughplementing these in VR. Social action theory investigates how social
limb movements and feedback must also be synchronous with fhghavior relates to cause andeet, as well as to how the perceived
user's real limb movements, or a sensory mismatch will occur. meanings of a context (one's world view) shape social actions and
) ) situations [128, 129].
The sense of self-locatiorefers to the perception of actually  Analyzing the social action theory, humans can then generally per-
being in the physical space and volume where the virtual bogyrm either intrinsic or extrinsic actions that acknowledge oeet
is located. It adds to, but is not the same as, the feeling of plagghers [129]. Intrinsic actions do mostly not consider consequences
illusion that covers the sense of oneself actually being insidehen trying to achieve a goal. Extrinsic actions take into account the
VE with or without a virtual body. consequences of their actions, as well as social norms and expectations.
Either way, social actions are always taken into account by understand-
Together, these components can help the user achieve the feeliiggand assigning meaning to the actions, attitudes, and behaviors of
of self-presence, acting the user's actual senses, mental model, amgher people [129]. As such, social action theory can help design in-
emotional and psychological states and traits to align with the expdgitventions that feature social interaction. The role and behavior of
ences of the virtual body inside the VE [29]. However, the virtual bodggents toward the user must factor in the meaning and understanding
does not need to match the properties of the user's real body. Studlindividual has of the social situation,ecting their internal values,
have revealed what is referred to as Breteus E ect a phenomenon in which in turn a ect their social actions. As such, the theory can also be
which the behavior of the user is acted by the characteristics of theirused when choosing methods of measurement of the user in IVR, and
presented avatar. In line with self-perception theory, it is believed to éat data to monitor in relation to the social encounter.
due to individuals tending to adopt the traits and conform their behavior The social action theory, however, does not include the interaction
to what they think others expect of their embodied avatar [112, 117]. Atself happening after an action has been performed. Here, the theory of
an example, individuals assigned to taller avatars conformed to beigl attainment explains how human perception or judgement can shape
more con dent and acting more aggressively than were individuailse actions of an individual [130]. It proposes the action is understood

given shorter avatars [118]. by the recipient, who then providegeaction The exchange of action
o _ ] and reaction are what makesiateractiony and continued exchanges
Locomotion in Virtual Environments: VR locomotion refers to constitutes goal-focusdthnsactions In all stepsfeedbackor in the

the concept of users moving their viewpoint in space in a VE€Bént  social action theorymeaningor understandinjjis created to fuel a

IVR locomotion techniques have been developed [119], and can fgv perception or judgment in the individual, a looping process. Being
categorized as either discrete or continuous locomotion. Discrete log@are that feedback is also shared and received through every step
motion is when the user is instantaneously moved from one placegithe process, the design of the role of social situations in IVR must
another, e.g, by teleporting, using point-and-click methods. Continuofggtor in how social relations can change with the individual depending
locomotion can be achieved through, e.g., controller input, acceleigi-the interaction and transaction [131].

ing the user in a certain direction, real-walking, or gestures such as

walking-in place or arm-swinging [120]. Real-walking is advantageous Virtual Agent Believability: Virtual agents may help improve the
compared with other techniques in terms of eliciting increased feelinggusibility and dynamicity of a VRE if they are created with intelligent

of presence [121], improved spatial knowledge, and reduced cybersieghavior, personal agendas, and in a manner that is coherent with the
ness in VEs due to its multimodal nature [122]. On the other haniorld they are presented in [109, 132]. Furthermore, a perceived lack
one of the shared advantages of the other locomotion techniquesfibelievability in virtual agents may lead to a loss of presence [133].
when the VE is larger than the user's available physical space. HereThe di culty is that creating a place illusion [30] is trivial compared
real-walking limits the IVR interaction space to the physical interactioto creating a plausibility illusion, due to the innate ability of humans
space of the user, while other techniques allow unrestricted interactmeccepting the presented environment as being real, contrasting with
space movement [120]. Redirected walking aims at combining ttiee approach employed when evaluating the plausibility of the events
advantages of real-walking with unlimited virtual interaction space hig that environment. Speci cally, when looking at virtual agents, it
redirecting users to unnoticeably walk a dient physical path than is common to refer to their contribution to the plausibility illusion as
their virtual path [122]. being thebelievabilityof agents in the environment [109].



Commonly, the notion of agent believability is de ned as agent3D-generated environments according to their physiological response
that seem to be life-like, whose actions make sense, and who allg#6]. Some research shows no signi cant €iences, however, in
for the suspension of disbelief [109]. Other de nitions include th@ositive a ect, heart rate, or feelings of presence betweer?-360
agents' ability to convey their personality [134], and some de ne it bgnd 3D-VR environments [144]. Although, the VRE in the mentioned
the extent to which users believe they are interacting with a senti@xperiment was relaxing in nature and did not seek to heighten anxiety
being [135]. or stress levels in the participants, but to reduce them instead. As such,

Research found that virtual agents demonstrating self-awarenésgher research must determine if the same holds true for arousing
awareness of their environment, and their own interaction possibiliti¢#REs that elicit situational anxiety or stress, of which the participant
are perceived as being signi cantly more believable, further arguintgeds to apply coping skills to manage.
to their point that agent environment and self-awareness are essential
components of virtual agent believability [109, 136]. This awarenegst Using IVR for CET
is demonstrated through the dynamic and contextualized behaviomefpetter close the transfer gap and generalize the presumed reduction
agents. Alongside the previously mentioned aspects, part of the pgicraving happening ex vivo, the context in which cues are exposed
ceived realism of agents is tied to their appearance and behavior. Hefuld approach an in vivo context. IVR as a treatment tool in craving
uniqueness and feasibility is important, although arti cial humanoigkduction has the capability of utilizing more human senses than has
beings are particularly prone to ser from theuncanny valleyphe-  traditional ex vivo treatment tools, enabling immersive embodied expe-
nomenon. The concept of the uncanny valley explains the relationshignces that mimic high-risk situations comprising complex cues. Such
between humanlikeness and believability that is nonlinear. At a poi experience can make patients feel present in the environment. Here,
where the agents become more human-like, their believability stage T using IVR can utilize virtual agents to facilitate dynamic and
to drop rather than increase [137]. When creating complex behavigitural interactions in complex social situations. As such, background
for virtual agents, it is important to consider human behavior beingsearch has de ned the aspects important to facilitate these interactions
complex and varied, especially regarding social interactions, whigld how to create a plausible social experience. Additionally, IVR-CET
involves many indirect behaviors [109]. Starting from direct behaviafan be performed in a controlled environment that more easily enables
verbal interaction is most often done through scripted dialog, withgadual exposure, while taking into account any privacy-focused and
nite and predetermined amount of responses. Recent advancesiifical issues that could arise when compared to treatment taking place
voice recognition delity and availability have made it possible tqn vivo.
make verbal interaction much more believable with the use of machineThe overarching hypotheses are thaeetive CET should reduce
learning to determine appropriate responses depending on the situa§igf¥ing in individuals. Subsequently, it should also minimize cognitive
[138]. These advances will expand upon the possibilities of verbgld and reduce impairments by applying appropriate coping skills,
communication with the user. Verbal interaction can be complementggbiding distorted alcohol consumption outcome expectancies as well
with nonverbal interaction, such as body language, eye gaze, and fagiahecreased self-eacy that would lead to relapse. The IVR tool itself
expressions. Virtual agents aligning their gaze towards the user igzh then be considered ective when it can convincingly mimic high-
lifelike manner is important to synchronize conversation between tfigk social situations and induce patient craving. To begin designing
two involved participants [109]. Realistic gaze behavior has showiterventions for IVR-CET, appropriate assessment methods will be
signi cant improvement in communication between humans and Vinalyzed, before a related work section will present and analyze similar
tual agents [139], including the realistic synchronization of torso anesearch studies and their designs and intervention methods, which in

head posture during gaze shifts [140]. Gestures allow for more livalyrn will aid in designing the IVR tool and intervention of this study.
interaction between the virtual agent and the user and may increase

expressivity [109]. When implementing gestures for virtual agents,4t5 Assessment of IVR and IVR-CET

is especially important for the upper limbs of the a.g.en.t to be timeldnis section outlines the derent assessment methods of VRES in
correctly to the ow of the conversation [141]. Lastly, it is important to

. X . ‘ eneral, as well as IVR-CET experiences. Two main measures of
mention facial expressions as they allow for virtual agents to expr

: . . f . sence and craving will be highlighted. The background section
their emotions, demonstrating their personality or current mental st; Eptommended the measurement of craving to assess the impact of
[141].

A h.impl . | dd ic virtual he IVR-CET experience on individuals. Additionally, in determining
S such, implementing complex and dynamic virtual agents can 88 -omparing elements of the implementation of either 3D- or 360-
used to create social situations in IVR that support CET experien

. geherated environments, there is also a need for evaluating presence.
where complex cues are sought. They can also help in terms of evoking

ial ial . it ded. for traini f ot Measuring presence is deemed important since it relates to the abil-
e.g., social pressure or social anxiety, If needed, for training of o *\%} of a VE to approach real life. Presence is considered a factor in
skills such as coping [142].

enabling, or perhaps generalizing, elicitations of feelings of craving
. in a VE [10]. As previously mentioned, presence can be subdivided
2.3.3 3D-VRversus 360°-VR into illusions of place and plausibility. Additionally, on the factors

In general, an IVR environment can either be designed as an entirelgding to presence, and as immersion mainly is restricted to system
3D-generated VE, or be represented in the HMD through a stitcheliaracteristics facilitating illusions of place, Skarbez argued for intro-
together live action recorded 380deo. With a focus on social context,ducing a term calledoherencg147]. Coherence would explain how

as well as immersion and feasibility, 3&@deo might be advantageous participants experience illusions of plausibility through characteristics
over entirely virtual environments in aspects of narrative and technicz the speci ¢ VE deemeexpectedreasonable or believable(see
immersion [26]. Especially the visual and social complexity and carguments by Rovira [148] and Slater [25] for further elaboration), but
herence of the surrounding VE, actors, or narrative can be portray@dhe same time does not assume any goal of simulating or replicating
more accurately, facilitating higher illusions of plausibility [143, 144}eality.

Although, when there are limited modalities and no interaction, the lack Assessment of the 3D-VE should determine which environment and
of dynamicity, autonomy, and active engagement might hinder highgenario parameters are important to facilitate presence regarding these
levels of perceived believability, and hence, immersion [131, 144hree subdivisions of place, plausibility, and coherence. Where the
Speci cally, 36Cvideo VEs are limited in terms of facilitating valid immersion may facilitate illusions gflace facilitating illusions of
sensorimotor actions and ectual actions [25], negatively in uencing plausibility will happen in immersive environments where certain con-
both the place and plausibility illusion. The user can act only as an abéxts “feel as real life" in the VRE. Results of interventions evaluating
server or a passive participant with 3DoF motion, compared to whattiee degree to which a 3D-VE can facilitate these illusions can then be
possible in 3D-generated VEs with 6DoF motion [26, 145]. Responsesed to design a competent experience for IVR-CET. However, there
can vary between experiences, e.g., favoring°86%ironments accord- are concerns of using presence as a measurement, e.g., to show the
ing to participants' psychological response, and, conversely, favoringlation between presence anceetiveness, as well as to explain what
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has been known as the 'book problem' of explaining why a (technicallyfie user in certain positive or negative ways. In general, behavioral
non-immersive medium such as a book can stillimmerse participaatssessment is very context-dependent, making them hard to generalize.
fully, just by using their imagination [149]. One useful situation is ) ) ) o

in terms of pain or stress distraction, coping, or avoidance, where thd>sychophysiological assessment includes quantitative mea-

higher the presence felt in a VE, the more distracted the user is frésrements of the autonomic physiological output of human activity
their real environment. through psychological act (recording biosignals, e.g., ECG, EEG,

EMG, EDA, and more) [29, 46, 97]. This can in practice only be
251 Presence utilized when there are virtual events or elements that can spark such
sychophysiological responses, i.e., confrontations with something
sful or arousing [154], limiting use. Nonetheless, if users elicit a

Below, four presence assessment methods are listed, which are
used in di erent contexts [29]. Interventions in VREs are highly subje ense of presence by responding to the environment as if it was real,

to a break in presence (BIP), since many require the participant o, ., , v siological responses should be able to record exactly that.
mef‘ta"y’ oreven _phy5|cally, meta-step out' of the VE context to asse 3 such, BIP either caused by the environment or the researcher of
itzee:[j\(/:grr;eemr]:egilé)rl]gsi’czznggt?snsdis?é(r:i.er[#;[i?c;nlsfr]l.d fc\) SE;I F(;fC::ann;ZSo e experiment can be measured [29]. EDA measurement can be used
pny gical ects, L o 0 detect and quantify general physiological arousal as well as more
control, because of the violation of expectations. As such, it mlghtt% eci ¢ emotional arousal, but does, however, not detect emotional

deslrable_to hlave Lhe Theasuremené dor!et;ln&d?l therE.i oreven d\9 Snce; only indicating the levels of arousal [155]. Additionally, care
subconsciously, when the measured variables aflow for it. must be taken to ensure no restriction of movement or introduction of

Self-reporting  includes questionnaires, ratings, and scales [2@convenience will occur by wearing the equipment needed to perform
97, 150]. This is currently the most popular method of assessing prés: measurement. If such precautions are taken, the results gathered
ence. It can be used to address both place and plausibility illusidis physiological readings are both objective, sensitive, and reliable
of presence in addition to technical immersion. Presence can eith@gause it can be measured during the VRE continuously over a longer
be measured by the degree of experienced presence, or as the e [154]. This can be compared with, e.g., discretely measuring
thereof (a presence con ict). However, despite its quantitative natuf@sponses post- (or pre-) experience, as seen in other methods. The
self-reporting can introduce biases that can begtiilt to address [28]. result can be reliable, but only if the equipment has been attached to the
Researcher bias would consist of choosing or creating speci c quéger properly, and it can measure the data reliably. Measuring changes
tionnaire items based on theory and hypotheses, instead of havihdieart rate (HR) and heart rate variability (HRV) (using electrical
participants de ne their feelings of presence. Subjective bias, howeVef.G) is seen to be the most usable, since it is more consistent, sen-
would exist when the participant is tasked to meta-evaluate themsel$é#/e, and reliable than other physiological recording methods, when
concerning their own behavior or activity, either after they have expectopic beats and outliers have been lItered [156]. Less HRV indicates
rienced something already, or during the experience, which leads t@raincrease in a stress response to either an perceived event or a BIP
BIP. However, when asking participants to report when they feel a B[f57]. Changes in skin temperature come in second, depending on
instead of reporting when they feel present, the reporting itself shoggposure duration, with changes in skin conductance (from readings of
not introduce additional breaks. Regardless, self-reporting methdel8A through, e.g., optical PPG sensors) coming in third [154]. Heart
can be easy to apply if usaslitsidethe VE but can conversely re-rate or heart rate variability measurements have not been successful
quire a substantial implementation to appigidethe VE. Some game in measuring presence, however, but can measure anxiety levels when
engine frameworks and assets have been devised on how to present@gipsed to emotional virtual experiences, which can then correlate with
reporting methods in VEs, e.g., the VRTK toolkit and VRate Unity3meelings of presence or immersion [144]. There can, on the other hand,
[151, 152], both integrating subjective assessment questionnairesd@confounding eects of individual characteristics [147].

ease of use. Although, except for, e.g., a single-item VAS presente . . . .
sychophysical assessment includes measuring the relations

as sliders in the VE, most questionnaires relating to the experienc ' L J -
are presented post-experience [150]. A problem of gathering accu een external (physical) stimuli and the responding internal (psy-
) sensation [28]. While not directly measuring presence per se (as

measures of current or changing feelings of presence occurs if these hods o). | h in the fel de b
no longer felt outside the VE, rendering the VAS less reliable. Howev@t1€r methods do), it measures changes in the felt presence, made by
ges to the coherence or immersion of the virtual experience. Here,

research suggests only presenting one questionnaire post-experi S " L -
as scores from multiple questionnaires are seen to be highly correlafelgcnique that can be called "presence matching” has been devised

[29]. For measuring direct presence (including illusions of place), u ©m works by Slater, Skarbez, Bergstrom, and Lopez et al. has been

of the System Usability Scale (SUS) questionnaire or the Bouchat}iized [28, 30, 31, 149, 153]. Afterg_resentirllg a full-con gur((ejd I(high
et al. single-item measure has been suggested. Regarding focudghy) VRE to participants at rst, di erent lesser-con gured (low
ity) versions of the VE are presented, impacting place or plausibil-

assessments of the plausibility illusion, research suggests the Rea

Judgment Presence Questionnaire (RIPQ) by Bafios et al. to be relelffiusions depending on if either or both immersion and coherence
[147, 153]. aspects are targeted. Afterward, participants must manipulate certain

criteria until the experience matches the presence felt at the beginning.

Behavioral assessment includes di erent types of measuresOne study did not ask participants to match their previously felt pres-
that relate to what is done by participants inside a VE, comparedéace but instead asked which parameters could make the experience
what would be done by participants in the real world, or their behavetter [31]. The matching method is seen as a forrmefamerism
ioral responses to what is observed in the VE [29, 97]. This methéam the ‘color matching' theory this method draws upon. Elaborated,
tries to objectively capture the natural reactions of participants, makingetamerism covers the phenomenon of seeing tweréint colors to
them generally non-intrusive, avoiding a BIP. Although most of thke similar under one light, but not under another light. A point of
time, an action related to the user needs to happen in the VE to triggguilibrium can then be established for feelings of presence, where
a behavioral response, e.g., a ball must be thrown at them for thearticipants would respond to the VE in the same way they would in
to catch it, something needs to y or fall towards them to elicit athe real world, indicating that no further improvements to the VE are
avoidance gesture, or an object is within reach for users to grab, etondteded. The order of transitions, i.e., which criteria are manipulated
should, however, be possible to observe behaviors without such evemss, can then be objectively measured and averaged over several tri-
although they are perhaps more sporadic, random, and not generalzand participants. This generates equivalence classes of agreement
able. Additionally, behavioral responses can also be social in natute ning which criteria of a VRE, of in nite combinations of hardware
replying or responding to conditioned interactions or cues [29] by, e.gnd software elements, have the highest priority in eliciting presence.
speech, posture, or gestures. This angle can be utilized when virfliaése can be presented in empirical probability functions [30]. The
agents are present, gauging if the user perceives the agents to bemed#thod can not, however, produce a single value for representing levels
and act according to social norms when the agents behave towastifelt presence as other assessment methods can. Conversely, single
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values of representing presence are missing much of the context &tidn, as other factors may act the elicited behavior. Physiologically,
complexity of such a feeling, perhaps rendering single values irrelevamuser's increased respiration rate, electrical activity in the stomach,
Individual presence matches can be achieved iemdint con gurations HR, or EDA can point to induced CS, among others [123, 127]. Such
with di erent manipulated criteria and can be recorded and utilized m&thods should, however, provide an objective, but complex measure
such. That is di cult, if not impossible, to record using, e.g., questiomsf CS. As much as one wants to avoid a BIP, the added measurement
naires, where similar responses could mean individuallgiint things hardware can feel intrusive to the user [123], suggesting to nd a bal-
[30]. On that note, the presented parameters in the lesser-con guaatte in frequency and intervals to mitigate a BIP. However, experiments
experience should be perceptually distinctive to match the perceptimfintroducing combinations of psychophysiological assessment and
of visual and behavioral realism for any participant. Although in niteshort questionnaire prompts during a VRE have been conducted, suc-
combinations and distinctions together with the perceptusder fully cessfully removing delays of questionnaire measurement resulting in
realistic VREs can make results dicult to replicate in research or enhanced reliability of results [127]. Interestingly, when measuring for

apply to practical IVR applications [153]. feelings of presence afat CS, many factors of the VRE can overlap in
_ measurement, especially when monitoring stress responses [127]. l.e.,
25.2 Craving the stress response to a VRE where the user balances on a plank high

To measure subjective alcohol craving related to exposure to VE ci@@9Vve the ground, a physiological stress response can be elicited by the
and context, studies by Ghita et al. [52, 158-160]. have identi ed, §g€r, indicating feelings of presence &rdCS. The relation between
used in studies themselves, visual analog scales during IVR exposur&&®and presence can therefore be complex and even intertwined when
measure subjective momentary craving and craving-related anxiety ogefcted by the immersive factors of vection, navigation control, and
time during IVR exposure (pioneered by Bordnick et al. [20].), Mal- hardware displays [127].

tidimensional Alcohol Craving ScalMACS/MACS-VR) to measure ~~ Summarized, as all assessment methods have bene ts and draw-
craving intensitybefore and aftefVR exposure [161], pre-post visual backs, triangulations using multiple methods are des[red to interpret
attention tasks (VAT) to explore gaze patterns related to attentional bfsd correlate results. If the results correlate across triangulated mea-
[162], as well as th&State-Trait Anxiety Inventor§STAI), assessing SUres, there is a strong indication of causality where the dependent
the individual's level of anxiety at a particular moment (state) and iygriable is changed by a manipulation, subsequently proved by statisti-
general (trait) [159]. Anxiety in this context can be seen as more relatedl signi cance. If the results do not correlate, the causality can not be
to stress or distress, with the individual exhibiting psychophysiologicRroved su ciently. o

and behavioral responses to alcohol exposure, perhaps seeking to réh€ section on presence measures can again highlight some bene ts
move oneself from the cues that can contribute to a relapse. Objecfifél drawbacks of the methods chosen to obtain data, especially relat-
physiological measurements of biosignals, as detailed in Section 2.4@, o the BIP-inducing self-report scales during IVR exposure (also
can be linked to subjective feelings of craving by exposing individuaf®mpared to behavioral or psychophysiological assessment), or to the
to alcohol cues and recording stress or anxiety-related arousal respof$€3P0St questionnaires not measuring momentary craving or anxiety.
[10, 46, 78, 163, 164]. Examples of these can be increases in heart

rate, skin conductance, skin temperature, as well as blood pressure nd?elated Work

salivation. The responses can be increasing or decreasing from baselide Related Work on CET and IVR-CET for AUD

levels depending on the measure, context, and resultiegtae.g., This section presents related studies and work using CET and IVR-CET
when measuring heart rate versus heart rate variability, or when mgg-individuals with AUD. This includes proposed implementations,
suring decreases in skin temperature but increases in skin conductagg€essment methods, and results. First, presentations of other related
Additionally, heart rate can be acted by both stressful and ‘confusing'stydies testing the ecacy of CET and IVR-CET for treatments of
situations, whereas measures of EDA mostly only respond to stresfuiD are performed, and second, studies are presented that examine the

situations [147]. Across literature, however, dient theories currently di erence in eects of alcohol cues between individuals with varying
exist on why these physiological responses occur when exposegjigrees of alcohol consumption.

alcohol cues, not having reached a consensus as of yet [165].
3.1.1 Efcacy of CET and IVR-CET

253 Cybersickness Lee et al. [168] then did an experiment with IVR-CET on eight indi-
While cybersickness (CS) and presence are seen to be negatively\dduals with AUD for eight sessions. Cues and contexts were selected
related [127], measuring CS and sensory mismatch is still relevantiased on a survey, resulting in the creation of an oriental pub and
IVR applications because of shared sensorimotor processes. Measumgestern bar. Measurements of alcohol craving, urge, and related
ments of CS can be done by using either self-reporting, behaviotaughts were established through the Penn Alcohol Craving Scale
or psychophysiological methods. The most popular and conveni€BRACS), the Alcohol Urge Questionnaire (AUQ), and the Obsessive
method is to measure CS via a subjective self-report questionna@empulsive Drinking Scale (OCDS). A repeated-measures analysis
presented after the experience [127]. Questionnaires can captud @ariance indicated no signi cant derence between pre-treatment
wider range of symptoms experienced with CS [123], but the subjerid post-treatment scores, although, when excluding people who had
tive aspect can make subsequent analyses and comparisonldiin  abstained from alcohol for more than a year, the AUQ results were
addition, the delay between experiencing CS and lling out a questiasigni cant.

naire post-experiment can act results. However, single-question CS Bordnick et al. [20] also constructed ve VEs to assess IVR-CET.
prompts presented during IVR exposure can mitigate these issue€iife of them was a control environment, created as a neutral cue en-
such prompts are balanced in intervals and frequency to not experiemzenment devoid of alcohol cues with a present scent of vanilla. The
a great BIP. Some examples of questionnaires are the general Simulegonaining four environments were all alcohol-related environments
Sickness Questionnaire (SSQ), a shortened form of the SSQ called $®@ consisted of a typical hotel bar environment, a kitchen environ-
(taking two questions from each SSQ component), and two questiorent being prepared for a party, a typical party environment, and a
naires more speci ¢ to IVR called the Cybersickness Questionnaineme o ce environment with two people drinking and arguing, try-
(CSQ) and the Virtual Reality Sickness Questionnaire (VRSQ) whighg to draw the user into the disagreement. Scents of pizzaeo
reuses the oculomotor and disorientation parts of the SSQ while disd di erent alcoholic beverages were present in the alcohol craving
carding the nausea parts [123, 127, 166, 167]. The omission of nausehucing environments. 40 individuals with AUD were then exposed
items (in, e.g., the VRSQ), while deemed irrelevant for VRESs, can lbe the environments and assessed for craving and level of presence.
complemented with psychophysiological assessment, if inclusionHiggh levels of presence were reported by participants, indicating the
necessary. Behaviorally, the user can respond to CS by objectivefwironments to be presumably realistic and compelling. The craving
monitoring decreases in task competence or if the user terminatesntesasured in the home @e environment was also signi cantly higher
experience early [127], but these can also be complex to analyze in @n in the neutral environment. However, the bar, kitchen, and party
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environments all resulted in signi cantly higher feelings of cravingot result in additional increases in craving for the AUD individuals
than in the home oce environment. Their meta-analysis revealed thafroup, but did so for the healthy group. The authors refer to the ceiling
cue reactivity eect sizes were much smaller for alcohol than for othez ect as a possible explanation for these ndings, aeat relevant to
substances, but the authors foundet sizes thrice as large. Theycraving assessment. Here, AUD individuals who already rated their
propose the complexity of cue presentation (VR versus traditional caeving level as very high in the alcohol cue environment without social
presentation methods) may account for thesedinces. Regarding the pressure, might have hindered the registration of potential increases
home o ce environment resulting in signi cantly lower craving thanin craving caused by subsequent social pressure. Additionally, it is
the other alcohol craving inducing environments, the authors speculptessible that cognitive and neuro-chemical reactions to alcohol cues
that it might be due to comparative incongruence. could have interfered with the AUD individuals' ability to assess their
Related, Cho et al. [7] investigated the in uence of social pressugsvn internal state. Limitations of the single-item visual analog scale
on alcohol craving. To do so, they developed eight conditions; tvin terms of assessing cue reactivity should therefore be considered.
non-alcohol-related settings (a street and arc®) and two alcohol- Cravings induced by direct alcohol cues or by social pressure might be
related settings (a bar and a restaurant) with and without virtual agerafated to di erent craving components. Nevertheless, the ndings of
providing social pressure. For conditions without virtual agents, tiiee study indicate that AUD individuals are vulnerable to environments
alcohol-related settings induced signi cantly more craving than didith alcohol cues more than are individuals with no AUD.
the non-alcohol-related settings. However, for conditieith virtual Following the study done by Bordnick et al. in the above section,
agents providing social pressure, there was no signi canédince Ryan et al. [51] investigated derences in craving levels between binge
between alcohol and non-alcohol related settings. They conclude tHeinkers and non-binge drinkers using the same IVR environments.
to induce alcohol craving, using a virtual agent is more important thdie experiment exposed both groups to all IVR environments, and
using alcohol. They speculate that it is due to social pressure situatidhe results saw binge drinkers reporting signi cantly higher alcohol
producing more stress or negative emotions. cravings and thoughts of alcohol than non-binge drinkers, albeit not in
While these studies show mixed results of IVR-CET, it is importaritll IVR environments. There was no signi cant @irence in the neutral
to note that by the writing of this paper, they are dated by more thenvironments. In line with dierences between individuals' drinking
a decade. This is important when considering research into and deligbits and their feelings of craving, Deok-Yong Kim and Jang-Han Lee
opments of CET but even more important regarding VR as a rapidB3] found that, contrary to light social drinkers, heavy social drinkers
developing immersive technology. also took longer to move away from alcohol-related situations compared
Therefore, more recently, a study done by Gl al. [158] com- Wwith non-alcohol-related situations in an approach—-avoidance task.
pared the e cacy of IVR-CET with CBT for individuals with AUD. Simon et al. [169] also conducted a similar study immersing heavy
The IVR-CET consisted of exposure to alcohol-related cues (22 difinkers and occasional drinkers in a virtual bar with alcoholic bever-
ferent alcoholic beverages) and contexts (4 environments: restauraggs. Heavy drinkers reported signi cantly higher levels of craving
bar, pub, and home), while the CBT consisted of classical standardizbdn occasional drinkers after exposure. They also discovered the al-
therapy for the treatment of addiction. In both sessions, the partiephol craving after exposure was signi cantly related to the level of
pants completed several assessments of alcohol craving such as AUP&Tceived ecological validity of the VE and the perceived ecological
MACS, MACRS-VR, STAI, and VAS. Their results found that bothvalidity more strongly increased craving in heavy drinkers. Simon et
sessions lowered all scores of craving and anxiety in the participadts, therefore state that perceived ecological validity is an important
but IVR-CET seems to be slightly better. They therefore propose IVRxperimental parameter to study craving and virtual reality can be a
based CET as a complement to existing treatment methods for Aweful tool for studying alcohol addiction as well as treating it.
individuals. Ghig et al. [160] later demonstrated that six IVR-CET
sessions over a cause of ve weekseetively reduced anxiety, crav-3-1.3  Summary
ing, and attentional bias towards alcohol cues. However, only omgere is a clear tendency for IVR-CET to produce signi cantly more
individual, diagnosed with severe AUD, took part in the study. craving than classical standardized treatment, especially when look-
Hernandez-Serrano et al. [33] also did a study comparing classi@t& at more recent studies and when including IVR-CET in existing
standardized treatment with classical standardized treatment compleatment methods. As part of IVR-CET, environments have been
mented by [VR-CET. Changes in alcohol craving were measured wihown to be an important aspect in inducing an adequate amount of
the MACS and their results found a signi cantly greater improvemerlcohol craving, with environments such as bars and parties resulting
in alcohol craving levels when complementing classical treatment with higher cravings than e.g., a home ee environment. There is also
IVR-CET than using classical treatment alone. They propose that#ntendency for heavy drinkers or individuals diagnosed with AUD re-
cluding IVR-CET in classical standardized programs may bene t iporting signi cantly higher alcohol craving than occasional drinkers
treating individuals with AUD, especially among individuals with aror healthy individuals. It was found that social pressure signi cantly
intense craving for alcohol. increased induced craving in an environment without proximal alcohol
Both of these ndings therefore show a signi cant increase in theues. However, in an environmenith proximal alcohol cues, addi-
e cacy of IVR-CET in their results, especially when included in exional social pressure did not increase craving for AUD individuals, but
isting treatment methods. This is assumed to be due to technologidial so for healthy individuals.
advancements pushing the capabilities of VR further.
4 Methods

3.1.2 Cue Reactivity Effect on Individuals With Varying Degrees of  \w;ith [vR technology showing great applicability potential in CET for
Alcohol Consumption individuals with AUD, two experiments were carried out in this study,
Lee et al. [27] followed up on the study done by Cho et al. in thieoth investigating how to best utilize the technology.
previous section using the same IVR system to carry out a similarFirst, performing CET in high-risk situations involving social con-
experiment, with the hypothesis of AUD individuals demonstratintgxts is crucial, as such contexts often constitute a central element in
di erent patterns of social pressure-induced craving according to thducing craving. Here, social pressure challenges and interferes with
presence of alcohol cues than would a control group comprising g&tD individuals' ability to apply learned coping- and refusal skills.
erally healthy individuals. Fourteen AUD individuals and fourteeflowever, to simulate a high-risk situation involving social aspects, the
age-matched healthy individuals took part in the experiment. In a twéE must feel plausible to the user. For these reasons, the rst experi-
by-two factorial design, four conditions of the study were establishedgent Experiment Afocused on discovering which speci ¢ elements
comprising IVR environments with or without alcohol cues and with oof a 3D-rendered VE contributed most to experienced plausibility in
without social pressure. For both groups of participants, social presstirat environment.
signi cantly induced craving in the environment without alcohol cues. Secondly, also with the goal of simulating high-risk situations in-
However, in the environment with alcohol cues, social pressure didlving social aspects, it is of interest to investigate which of the two



12

Table 1:Changeable experimental parameters of plausibility. a5 eye blinking.
Agent reactions (pAR):

Parameter Level and Description [Non-reacting, level 0]: The virtual agents do not react to any user
— actions.
an?n%:t?;ns 2 Bgs?QIIthlgg and body movement [Reacting, level 1]: Reactions from virtual agents are enabled - see
(DAA) 5 4 advaﬁc)éd linsvnc eye and body movemes ction 4.3 for a detailed description of these reactions. Note that
E : o font psync, ty y iy abling reactions overrides bgihAAandpSR meaning virtual agent
i gen AR) 1 no ret_ac '?” 0 usert_ac lon animations and sounds will play regardless of the current leveRaf
reg&'ﬁ:‘;’s‘gapg o L%agéﬁgdo user action) andpSRif a reaction is triggered.
: : . n richn R):
r|chSnF\e)ss % :nu5|%.an(;l tt)alklng d tsid q [Si?e?]%e?fg\?g%]:ICNoesf)sufl%Ss a)re present.
(PSR - ambient bar Sounds, outside sounds [Essential sounds, level 1]: Music is playing through the speakers in-
Geometric 0 low level of detail side the bar and virtual agents are talking.
r(t;,%l;r)n % mgg'@e“egféggfta" [Rich soundscape, level 2]: In addition to music and talking virtual

agents, sounds typically related to a bar are present (e.qg, glasses clink-
ing, beer being poured, and noise from electronic appliances). City
sounds and passing cars from outside the bar are also present.
Geometric realism (pGR):
1lLow, level 0]: Objects and virtual agents in the bar are presented
using textures /Bth the resolution of the original size (1024x1024).
Agents have their skin weight count reduced to one per bone, and the
environment is only illuminated with ambient lighting. Furthermore,

general methods for constructing VEs (360deo and 3D rendering)
would potentially be most tting in the context of IVR-based CE
for AUD individuals. Thus, the second experimeRiperiment B

compared 360video generated VEs against 3D-generated VEs with
primary focus on inducing alcohol craving in participants.

Sections 4.1 and 4.2 present the two experiments, followed by Sgl?[l\lllrgleliguemr elzt\)/gjltll?'n (I)Sb?eocvtvsngggl\?i(rju?gl Salggrifﬁnttﬁe bar are presented
tion 4.3, detailing the design of the virtual bar used in the experlmenltjss.mg textures half the resolution of the original size (1024x1024).

Agents have their skin weight count set to two per bone, and the envi-
ronment is illuminated with ambient lighting and four point lights. The
4.1.1 Experiment Design image is no longer downscaled.

Experiment A used a within-subjects design where participants ex(e\gigh’ level 2]: Objects and virtual agents in the bar are presented
rienced a virtual bar in ve trials of randomly chosen parameters &f5ind the original textures (1024x1024). Agents have their skin weight

environment con gurations, letting them change aspects of the eﬁlnt set to unlimited, and the environment is illuminated using baked
ronment to match what felt real to them. The experiment design dré@lt maps from 21 scenes placed around the virtual environment. The
inspiration from the presence matching methods used in similar studg&9€ is no longer downscaled. _ ) _
[28, 30, 31, 149, 153]. The general premise was to split a VE infdd. 5 shows the lowest and highest delity geometric realism.
four di erent parameters adjustable by their level of delity - this is 12 Participants
explained in detail in the next section. Here, participants were rét ’ Icip
exposed to the VE with all parameters set to the highest level of deli®b participants (a=16 (66%), r=9 (33%)) were sampled from the
Then, all parameters were set to a starting con guration featuring thgiversity campus as well as through social media. They were split into
lowest possible level of environment delity of each parameter, ar@ge groups of 18-25 ¢1.9), 26-35 (+4), and 56 (n=2), SD=38.30,
participants were then tasked with adjusting the parameters until th&ith no participants in the age group 36-55. The experiment was
perception of the current environment matched their perception of tApproved by the ethics board of the university, participants did not know
rst environment in terms of plausibility. In total, the participantsabout the experiment procedure and outcome beforehand, and there was
completed ve trials of the parameter matching task, with up to sevé® compensation for participation. In total, there were around 25% with
possible parameter changes for the participant to perform in a singeexperience, around 10% with little experience, and 65% participants
trial. There were no minimums for the number of changes, i.e., pafith much gaming experience. For IVR experience, around 45% had
ticipants could declare a match at the starting con guration. Bas®@ prior experience, around 25% with little experience, and 30% with
on theplausibility andvirtual agent believabilityesearch presented much experience. In the age groups, the 5&d no experience in both
in Section 2.3, it was hypothesized that parameters related to virtga@ming and VR. The 26-25 had all much experience in 3D-gaming,
agent believability (pAA and pAR - see below) would be deemed movéith their experience in IVR being evenly spread out. The 18-25 had
important than the others in terms of facilitating plausibility. four with no experience @=1, n==3, 21%), two with little experience
Parameters: In this study, the dierent adjustable aspects of thedhm=1, Ne=1, 11%), and 13 participants with much experience in
virtual bar are referred to gmrameters The parameters cover delity 9aming (=10, n==3, 69%).
levels of di erent aspects of the VE, focusing on audio, visuals, and
agent believability. There were four dérent parameters comprising#-1-3  Apparatus
Agent animationgpAA), Agent reactiongpAR), Soundscape richness The experiment was conducted by two researchers in the Multisensory
(pSR), andseometric realisnfpGR). These are described by the vectoExperience Laboratory at Aalborg University in Copenhagen. One
S=<pAA, pAR, pSR, pGR Table 1 provides an overview of the dir- researcher (INSTRUCTOR) was in charge of instructing and guiding
ent parameters. The following describes the levels of each parametes, participants throughout the experiment, and the other researcher

4.1 Experiment A: Plausibility

ranging from the lowest to the highest level of delity: (OPERATOR) controlled the computer running the VRE. See Fig. 1
Agent animations (pAA): for an illustration of the three main areas of the experiment.

[Inanimate, level 0]: In their idle state, the virtual agents are not ani- A table and a chair were located in the center of the room, match-

mated and hence are completely motionless. ing the height of the seat and table presented in the virtual bar. The

[Basic animations, level 1]: In their idle state, the virtual agents hayarticipant was seated with their back facing iain PCrunning the
basic binary lip synchronization when talking, meaning their moutMRE, on which researchers could monitor participants while inside the
movement is limited to two states of being either fully open or comirtual bar. Before being exposed to the VRE, participants signed a
pletely closed. Their body moves realistically in the context (sittingsritten consent form and answered a pre-experience questionnaire, |I-
drinking, talking, etc.). ing out demographic information and prior experience with both video
[Advanced animations, level 2]: In their idle state, a more advanced lifames in 3D-generated worlds and VR. The written consent form and
synchronization based on visemes is used for the virtual agents as welkstionnaire are shown in Appendix A and Appendix B, respectively.






	Introduction
	Background
	Alcohol Use Disorder
	Why do AUD individuals drink?
	What triggers Craving?

	AUD Treatment
	Cognitive Behavior Therapy
	Cue Exposure Treatment
	Is CET effective?

	Immersive Virtual Reality
	Essential Concepts of Virtual Reality Experiences
	Social Situations in IVR
	3D-VR versus 360°-VR

	Using IVR for CET
	Assessment of IVR and IVR-CET
	Presence
	Craving
	Cybersickness


	Related Work
	Related Work on CET and IVR-CET for AUD
	Efficacy of CET and IVR-CET
	Cue Reactivity Effect on Individuals With Varying Degrees of Alcohol Consumption
	Summary


	Methods
	Experiment A: Plausibility
	Experiment Design
	Participants
	Apparatus
	Procedure

	Experiment B: Craving in 3D-VR versus 360-VR
	Experiment Design
	Participants
	Apparatus
	Procedure

	Virtual Environments Design and Implementation
	3D-generated Environments
	360-video Environment

	Experiment A Design Changes
	Experiment B Design Changes

	Results
	Experiment A Results
	Overview
	Transition Probabilities
	Match Probabilities
	Parameter-specific Probabilities
	Cybersickness
	Post-experiment questionnaire

	Experiment B Results
	VAS Results
	Physiological data
	Post-Experiment Questions and Comments


	Discussion
	Experiment A: Plausibility
	Bias

	Experiment B: Craving in 3D-VR versus 360-VR
	Craving
	Place Illusions and Plausibility
	Cybersickness
	VAS Metrics Correlations
	Bias

	Additional Observations and Considerations

	Conclusion and Future Work
	Acknowledgements

