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CHAPTER |. THEORETICAL BACKGROUND

1.1. Introduction and resear ch problem

Virtual reality (VR) is a computer generated thdemensional world, which can be
experienced through the use of specific interadlievices. The information is presented on
multiple sensory channels, the most important dxeésg the visual and the auditory channels.
An important characteristic of the virtual realitythe possibility of the user to interact with the
virtual world.

Psychotherapy consists of both a set of psychabgiocedures applied to individuals
with emotional, behavioral and somatic pathologywall as more general strategies aimed at
personal development and optimization of the p&iébavid, 2006).

A high number of studies reported that psychothemaeffective, showing better results
than no treatment (Kopta et al., 1999). The eviddmsed interventions movement has shown
that the cognitive behavior therapy (CBT) is on¢hef best validated treatments for anxiety
disorders (Butler, Chapman, Forman, & Beck, 2006).

The efforts to improve the efficacy of CBT led hetincorporation of new therapeutic
strategies aimed at dealing with the shortcomilikgs the existence of a segment of non-
responsive patients (David et al., 2008). Amongéeheew therapeutic strategies, we can mention
the animal assisted therapy, the mindfulness-biaseventions and also the virtual-reality
psychotherapy, a form of computer-based psychagplyera

Our focus is the virtual-reality psychotherapy, @rhis seen here as a tool used inside an
already established psychotherapeutic framework.

There is a growing body of evidence that virtuallitg is an effective tool in
psychotherapy. Virtual reality exposure therapy BMRis a new tool for conducting exposure
therapy with the help of a computer-generated airinvironment, allowing for the systematic
exposure to the feared stimuli within a contextua#levant setting (Parsons & Rizzo, 2008).

From the very beginning of the research in thaelfedfl VR and its applicationgresence
was considered an important factor related to Heeai virtual reality in psychotherapy (Rizzo et
al., 1998; Slater et al., 1993). Presence has thefmed as “an interpretation of the artificial
environment as if it were real” (Lee, 2004).

Presence is considered by many authors as a @ter@chanism by which virtual reality
psychotherapy operates (Rothbaum et al, 1995; Regeint, Schubert & Friedman, 1998;
Wiederhold & Wiederhold, 2005; Parsons & Rizzo, 80¢However, some authors have recently
reported that presence does not always predi¢tehment result (Krijn et al., 2004; Price &
Anderson, 2007). In the context of these new figdjipresence is still described as a construct
which is necessary but not sufficient for succedsgftual reality exposure therapy (Price &
Anderson, 2007).

One can notice that any research on the efficacyemhanism of change of VR
psychotherapy should take into account the presexperienced by the subjects. Even with a
number of presence assessment instruments beingdeavorldwide, there is still no presence
guestionnaires adapted for the Romanian population.

Because presence is such an important constrtice ifield of VR, we investigated the
possibility to enhance it. Currently there are mtrgories of presence, showing that there is no
agreement among the researchers with regard tdiadumodel of presence. Since there may be
still unknown factors affecting presence, we degitteinvestigate the effect of hypnotic



suggestions as a presence enhancing variables liden previously suggested that the hypnotic
suggestions could be used to increase the semses#nce in the virtual world (Askay, Patterson
& Sharar, 2009).

Beside the subjective reports, virtual reality geytherapy mechanisms and effects
should be analyzed within a multilevel approachcaxding to David et al. (1998) there are four
levels of analysis: cognitive, behavioral, psychgblogical/biological and affective/subjective.

Rational/ irrational beliefs have long been desibs the proximal causes of affective
factors, such as functional/ dysfunctional emoti(iis, 1958; Ellis, 1994). With the
development of cognitive psychology, the rational arational beliefs, as cognitions, started to
be analyzed from a multilevel perspective: comporeat, algorithmic-representational, and
implementational (David, 2003). Until now, therevbdeen relatively few studies of rational/
irrational beliefs at the implementational leveb{fid, Lynn & Ellis, 2010). Using his clinical
experience, Ellis (1994) hypothesized the existaidrological bases for the irrationality.

When taking into consideration that psychotherapjfects can be distinguishable in the brain
(Linden, 2006), it becomes clear that investigathmgirrational beliefs at the implementational
level is an interesting and promising line of resha

1.2. Relevance of theresearch

The current thesis aims to perform a multilevellgsia of the mechanism of the virtual
reality intervention in emotional disorders, by eeksing issues as presence in virtual reality,
and, respectively, cognitive and implementatiorakl analysis of emotions. An efficacy
analysis of the virtual reality interventions inxaety disorders is also performed. The thesis
focuses on: 1) an investigation of CBT enhancerttentgh the use of VR, with a special focus
on anxiety disorders, 2) presence in virtual rgaét a key concept for VR applications in
clinical psychology, and 3) an implementationakleanalysis of rational/ irrational beliefs and
functional/ dysfunctional emotions, in the conteka multilevel approach to VR therapy.



CHAPTER II. RESEARCH AIMS AND OVERALL METHODOLOGY

Even if previous studies have shown good resuttthi virtual reality interventions, they
are still not widely used. Part of this situati@ande explained by the still not fully convincing
results from the effectiveness studies on the ainteality interventions. Our quantitative review
aimed at providing effectiveness data for the alteality interventions in anxiety disorders.

Another explanation for the low usage figures fa virtual reality interventions is that
we may have not exploited their whole potential yrefact, there are little things known about
the mechanisms of change involved in virtual rgafiterventions (Meyerbroker & Emmelkamp,
2010). Our study was focused on providing impletaigonal level data (i.e. frontal EEG
asymmetry) regarding the rational/ irrational bisliend functional/ dysfunctional emotions.

From the very beginning, presence was consideraahportant factor related to the use
of virtual reality in psychotherapy (Rizzo et d1998; Slater et al., 1993) and today is still
regarded at least as a necessary but not sufficeerdition for successful virtual reality exposure
therapy (Price & Anderson, 2007). Even with a nundi@resence assessment instruments
being available worldwide, there is still no preseiguestionnaire adapted for the Romanian
population.

Because presence is so important in VR researcimwestigated the possibility to
enhance it. Since there may be still unknown facébfecting presence, we decided to
investigate the effect of hypnotic suggestions pgeaence enhancing variable.



CHAPTER II1. ORIGINAL RESEARCH
Study 1. Virtual reality exposur e therapy in anxiety disorders: a quantitative meta-
analysis'

I ntroduction

The anxiety disorders have a high prevalence, beweyy important area for mental
health research. The evidence-based interventi@vement has shown that cognitive behavior
therapy (CBT) is one of the best validated treatshér anxiety disorders (Butler, Chapman,
Forman, & Beck, 2006).

Virtual reality exposure therapy (VRET) is a newltfor conducting exposure therapy
with the help of a computer-generated virtual emvinent, allowing for the systematic exposure
to the feared stimuli within a contextually relevaetting (Parsons & Rizzo, 2008).

Until now, for the anxiety disorders, there hasrbee meta-analysis in which the
treatments combining a virtual reality exposure porrent with classical evidence-based
interventions (e.g. cognitive-behavioral therapg aimtual reality, or behavioral therapy and
virtual reality) were directly compared with thassical evidence-based interventions (in which
no virtual reality component was used).

Overview of the present research

The current review will focus on how effective Wigual reality exposure enhanced
evidence-based interventions are compared to #ssichl evidence-based interventions.

Virtual Reality Exposure Therapy (VRET) is definesltreatments that include a virtual
reality component, either in the behavioral framgw@e., behavioral therapy + VR exposure)
or in the cognitive-behavioral framework (i.e., odgye-behavioral therapy + VR exposure).

The present meta-analysis tries to provide ansteatse following questions: 1) what is
the efficacy of VRET compared to wait-list?; 2) wieathe efficacy of VRET compared to
classical evidence-based interventions?; 3) whiteismpact of VRET on the real life, or in
other words to what extent do the results of thattnent generalize to real-life situations for the
clients?; 4) what are the long term effects of VRES) is there a dose-response relationship for
VRET?; 6) is there a difference in the dropout ta&veen the virtual reality exposure and the in
Vivo exposure?

Methods

We selected randomized clinical trials of virtuadlity exposure therapy in anxiety
disorders. We searched the following databasexIREY, PubMed , ISI Web of Science and
Academic Search Premier.

On the basis of exclusion and inclusion critemethie meta-analysis we included 21
articles reporting 23 studies, with a total sangie of 608 participants.

We collected data regarding the following variabtiisorder, treatment condition,
comparison condition and number of participantsgoadition. The dependant variables were
classified as follows: primary outcomes, and rigalimpact outcomes.

! This study was accepted for publication.

Opris, D., Pintea, S., Garcia-Palacios, A., Botella,32amosko6zi$., & David, D. (in press). Virtual reality exposuteerapy in
anxiety disorders: a quantitative meta-analyBispression and Anxiety

Authors contribution: David Opyi- design of the study, data interpretation andyais writing the manuscript; Sebastian
Pintea — data interpretation and analysis; Azu€eia-Palacios — data interpretation and anal@sistina Botella — design of
the study, data interpretation and analySisfan Szamoskdzi — data interpretation; Daniel Bavidesign of the study, data
interpretation.
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The comparison conditions to which VRET was compavere categorized as follows:
Classical evidence-based interventions and Wadit-lis

We calculated Cohen’s d effect sizes, accordinuutdished procedures (Hunter &
Schmidt, 2004). To avoid the bias induced by tliedinces in the sample sizes of the studies,
we chose to calculate D (the average weightedtedfee) instead of d, and variance of D (VAR
D) instead of SD of d (Hunter & Schmidt, 2004).

Results
. VRET vs. wait-list

There were eight studies concerning the compaon$™MRET to wait-list control at post-
treatment, on the primary outcomes. The resultsvshiarge and statistically significant overall
effect size (D = 1.12; VAR D = .34, 95% CI [.71-2}5p<.05), a large and statistically
significant effect size on social phobia (two sag]iD = 1.01; VAR D = .05, 95% CI [.69-1.33],
p<.05) and a medium and statistically significaiféa size for fear of flying (two studies; D =
.53; VAR D =.007, 95% CI [.41-.64], p<.05).

Il. VRET vs. classical evidence-based interventions
At post treatment

There were 15 studies regarding the comparisoonsdttpeatment between VRET and the
classical evidence-based treatments at the ley@imiry outcomes. The results show no overall
effect on the primary outcomes for VRET comparethtoclassical evidence-based treatments
(D =.16, VAR D = .16, 95% CI [-.03-.36], p>.05).héh the analysis was repeated for each
anxiety disorder, the results were similar for patisorder / agoraphobia, social phobia,
arachnophobia and fear of flying.

There were eight studies regarding the comparispost treatment between VRET and
the classical evidence-based treatments at thevioeallevel. The overall effect size of D = -.03
(VAR D = .07, 95% ClI [-.22—.14], p>.05) revealed eftect for VRET relative to the classical
evidence-based treatments. The results were the isatie case of fear of flying and
arachnophobia. In the case of panic disorder withithout agoraphobia, measuring the clinical
improvement, we obtained a small but statisticaiiynificant effect size, favoring the classical
evidence-based treatments over the VRET intervestio
At follow-up

Regarding the comparison at follow-up between VRIEEd the classical evidence-based
treatments at the level of primary outcomes, theree seven studies for the 3-6 months follow-
up and three studies for the one year and beydluhfaip. For the 3-6 months follow-up the
overall primary outcome effect size of D = -.02 (R = .18, 95% CI [-.33-.29], p>.05)
revealed no effect for VRET relative to the claak&vidence-based treatments. For the one year
and beyond follow-up the overall primary outcomieeffsize of D = -.11 (VAR D = .01, 95%

Cl [-.26-.03], p>.05) revealed no effect for VREHative to the classical evidence-based
treatments. When analyses were taken down at sloeddir level all the results were the same:
fear of flying at 3-6 months follow-up, fear of fihg at the 1 year or more follow-up, panic
disorder /agoraphobia at 3 months - 1 year follgnaand arachnophobia at 3-6 months follow-
up.

There were four studies regarding the comparisdheaB-6 months follow-up between
VRET and the classical evidence-based treatmenie dtehavioral level. At the behavioral level
the overall effect size of D = .24 (VAR D = .09,99%CI [-.05-.53], p>.05) revealed no



statistically significant effect for VRET relatite the classical evidence-based treatments. The
same result was obtained in the case of panicdBspmeasuring the clinical improvement.
Three studies are on fear of flying and in thegecthere was a small, but statistically significant
effect size, favoring the VRET interventions.

In order to test if there is a dose-response walatiip for VRET we have tested whether
there is a linear relationship between the numbeessions and the effect-size obtained in each
study, using the procedure suggested by Hedge®Himl (1985). Thus, we performed a
weighted linear regression. The analysis reveateahatandardized regression coefficient
B=1.40, a standardized coefficient Beta=.26 wi23.48 significant at p<.01. In conclusion
we can confirm the hypothesis that the number sdisas moderates the effect-size obtained in
the studies.

We performed the analysis regarding the differend¢be dropout rate at post-treatment
between the virtual reality exposure and the irexposure. The overall dropout rate showed
no difference between the virtual reality exposamd the in vivo exposurg? (1,N=355)=.33,
p>.05.

Discussion and Conclusion

Our results show that, in the case of anxiety discy, (1) VRET does far better than the
waitlist control; (2) the post-treatment resultewtsimilar efficacy between the behavioral and
cognitive-behavioral interventions incorporatingidual reality exposure component and the
classical evidence-based interventions, with ntualrreality exposure component; (3) VRET
has a powerful real life impact, similar to thatloé classical evidence-based treatments; (4)
VRET has a good stability of results in time, samilo that of the classical evidence-based
treatments; (5) there is a dose-response relaifeshVRET; and (6) there is no difference in
the dropout rate between the virtual reality expesund the in vivo exposure.

These results are arguments for the usefulnes®&T\Mn clinical psychology and in the
psychological treatments field and for a wider aggtion of VRET in the clinical practice.
Emmelkamp (2005) presented a number of advanthgesittual reality exposure has over the
traditional exposure: the exposure can be perform&de the therapist’s office, a convenient
and safe environment in itself; the therapist hettel control over the content and the pace of
the exposure; the exposure can be repeated asanureded; the exposure can be customized,
to a certain degree, for a particular patienthm ¢ase of fear of flying the virtual reality
exposure it is also very cost-effective. Virtuadlity exposure can be even more useful for PTSD
treatment. Also, VR exposure could help to increhsdikelihood of a patient to be willing to
start and complete an exposure treatment.

Also, we think it is necessary to compare virtigllity exposure therapy versus other
kinds of Internet and Computer Technologies bassatrments, such as computer-aided
psychotherapy and Internet-based treatments. Gineehig differences in the cost and
availability of these treatments, we believe tBis igood moment to determine who can benefit
better from which kind of treatment.

There are some limitations of the present studgt,fhe number of studies and subjects
is relatively small. Similarly, the results canibet generalized to the whole spectrum of anxiety
disorders, given the limited availability of stuslif®r certain anxiety disorders.



Study 2. Adaptation of the Presence and Reality Judgment Questionnaire

I ntroduction

From the very beginningaresencavas considered an important factor related tadee
of virtual reality in psychotherapy (Rizzo et d1998; Slater et al., 1993). Some authors defined
presence as “a subjective experience of being énptace or environment, even when one is
situated in another” (Witmer and Singer, 1998),levbthers considered presence as “an
interpretation of the artificial environment astifvere real” (Lee, 2004). Different research
groups argue for the need of a multifactorial maxfgdresence (Schubert et al., 2001; Lessiter et
al., 2001; Bafios et al., 2005; Witmer and Sing888). Most of the researchers agree that
presence is a “complex and likely multidimensiot@tstruct” (Bafos et al., 2008).

Recently, several authors have started to conpr@senceas a mechanism by which
virtual reality psychotherapy operates (Rothbaul €1995; Regenbrecht, Schubert &
Friedman, 1998; Wiederhold & Wiederhold, 2005; Bass& Rizzo, 2008). There are a number
of studies that clearly support the connection ketwpresence and the level of anxiety
experienced within a virtual environment (Regenbtet al., 1998; Schuemie et al., 2000;
Renaud et al., 2002; Robillard et al., 2003; Boudts al., 2008; Juan et al., 2009).

On the other hand, there are some authors whoressdata that appear to contradict
the current hypothesized relationship between pEsand treatment response. These two
studies “found no significant relations betweerspree and response to VRE treatment for
specific phobias” (Price et al., 2011). Howevekrein the context of these new findings,
presence is still described as a construct thagédessary but not sufficient for successful virtual
reality exposure therapy (Price & Anderson, 2007).

The present research focuses on the adaptatiopresance questionnaire, Presence and
Reality Judgment Questionnaire (Bafios et al., 28@0;ador Almela, 2007), to the Romanian
language.

Method

The participants (N=228) were Psychology undergassiatudents, which completed the
instruments in exchange for course credits. Thggrranged from 19 to 44 years (M=22.04,
SD=4.47), with 31 male and 197 female participaAtsubgroup of subjects was used in the
validity studies (age range from 19 to 44, M=213MD~4.13, 21 male and 102 female).

The present study employed a correlational degiga.subjects filled in the informed
consent, a short demographic survey (i.e., ageleggand completed the Immersive Tendencies
Questionnaire (Witmer & Singer, 1998). They werentindividually exposed to a virtual
environment (SnowWorld 3, Hoffman et al., 2001)e®xposure lasted five minutes, and the
subjects were instructed how to visually exploré smeract with the environment. After the
exposure session, the subjects had to complete thoee questionnaires: Presence and Reality
Judgment Questionnaire — PRJQ (Bafios et al., 26083ence Questionnaire — PQ (Witmer and
Singer, 1998) and Simulator Sickness QuestionraB8Q (Kennedy, Lane, Berbaum, &
Lilienthal, 1993).

Results
Factor Analyses



We performed an exploratory factorial analysis, weatwere not able to replicate the
five-factor structure that was supposed to emaigedecided to validate a short form of the
Presence and Reality Judgment Questionnaire. Tbi$ form has 16 items, those that emerged
as a pattern during the initial factorial analysesese items are grouped into 4 factors, each
factor includes 4 items: Factor 1 — Emotional Imeshent, Factor 2 — Reality Judgment and
Presence, Factor 3 — Satisfaction with the ExpeegRactor 4 — Influence of Formal Variables
in Reality Judgment and Sense of Presence.

We tested the Romanian Short Version of the Presand Reality Judgment
Questionnaire by running a factorial analysis agéis time without a fix number of factors. As
anticipated, the items were grouped into the 4 etgokfactors, based on the number of factors
having Eigenvalues bigger than one. The four facéocounted for the 71.37% of the total
variance. All the items showed high loadings (avgron one factor, with only one exception
(item 19), which had a lower loading of .45.

Reliability analysis

Internal consistencies were examined with the békgdpha Cronbach for the PRIQ-RSV
total score, as well as for the four factors. Albies showed a good internal consistency: total
scorea = .88, Factor b = .91, Factor 2. = .86, Factor 8 = .81 and Factor ¢ = .75.

Validity analyses

Concerning the validity analyses, we correlatedtdti® score and the subscales of
PRJQ-RSV with the Presence Questionnaire (PQ), twghmmersive Tendencies Questionnaire
(ITQ) and with the Simulator Sickness Questionng88Q). We were expecting a high
correlation between the scores of the two presergasuring instruments. Based on the previous
studies, we were also expecting a medium and rnegetirrelation between PRJQ-RSV and SSQ
and, respectively, a positive and small-to-mediwomedation between PRJQ-RSV and ITQ.

There is a high and positive correlation betweenttvo presence questionnaires total
scores, as expected. The correlation between thlestmres of PRJQ-RSV and ITQ is positive
and medium-low, similar to the one found in therbtture between PQ and ITQ. Regarding the
correlations between PRJQ and SSQ, our data famlezlveal the expected relationship, but at
least the direction of the correlation is congrugith the earlier results (Witmer & Singer,
1998).

Discussion and Conclusion

Presence and Reality Judgment Questionnaire — Ram&hort Version (PRJQ-RSV)
has been shown to have good psychometric propeetietenced by the factorial analyses, the
reliability and the validity analyses. This versioais 16 items, four items for each factor: Factor
1 — Emotional Involvement, Factor 2 — Reality Juégirand Presence, Factor 3 — Satisfaction
with the Experience, Factor 4 — Influence of ForMatiables in Reality Judgment and Sense of
Presence.

An important limitation of our study was the usegeheral population, rather than
clinical or subclinical population, as this biassubject selection may have not evidenced some
reactions specific to the clinical subgroups. Arotimitation of the study is the use of only two
types of virtual environments, both of them lacksggne possibilities of interaction (i.e. the
subjects could not move by themselves), which nesehed to distorted responses at certain
items of the questionnaire. Further studies araired, involving more types of virtual
environment, as well as clinical and subclinicgbplations.
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Study 3. Hypnotic suggestions effect on sense of presencein virtual reality?

I ntroduction

Presence in VR has been defined as an interpretatitne artificial environment as if it
were real (Lee, 2004). VR presence was considenadi&component concept, related also to
the subjective evaluation of the realness of therenment and its content (Lessiter et al.,2001).
Banos et al. (2000, 2005) proposed a complex mufdale factors.

Most of the scientific literature identifies preseras a critical concept related to the
efficacy of the virtual reality interventions (RzzZWiederhold & Buckwalter, 1998; Wiederhold
& Wiederhold, 2005). Presence is generally regaesdeth critical construct both for the
experience of anxiety within a virtual environmant for a successful response to the virtual
reality exposure” (Price et al., 2011).

Hypnosis is a very effective tool for pain managetr{®ontgomery, DuHamel & Redd,
2000). Recently it has been shown that hypnosideasuccessfully applied in virtual reality too
(Askay, Patterson & Sharar, 2009). It has also lsbemvn that increasing the level of presence
in a virtual world is correlated with an increasehe efficacy of the intervention in the case of
pain control (Hoffman et al., 2004). Presence &B8dved to be the key factor in making
immersive virtual reality more effective for paiartrol than traditional methods of distraction”
(Askay, Patterson & Sharar, 2009).

Overview of the present research

The objective of this study is to investigate tmpact of hypnotic suggestions on VR
presence. More specifically, we are interestedtidrehe level of presence in a virtual
environment will increase if we administer preseagbancing suggestions in the same time.
Our hypothesis is that these presence enhancirmggstigns (while the subject is exposed to the
virtual environment) will lead to an increase ie bvel of reported presence in the virtual
environment.

Method

The participants were students of Babes-Bolyai Brsity, Faculty of Psychology and
Education Sciences (N=60, age m= 21.98 , sd= 2lFfemales). Based on the scores on
Harvard Group Scale of Hypnotic Susceptibility, fok (Shor & Orne, 1962) we selected these
participants from a larger group as follows: 3@stuts had a high level of hipnotizability (score
between 8-12) and 30 students had a low level phbtjzability (score between 0-4).

We measured the presence with the help of a 3&itersion of Presence and Reality
Judgement Questionnaire. The hynotizability ofghgicipants was evaluated with the
Romanian version of the Harvard Group Scale of HyiprSusceptibility, Form A (David,
Montgomery & Holdevici, 2003).

2 This paper was published.

Opris, D., Enea, V., Pop, V., & Dafinoiu, I. (201BHypnotic Suggestions Effect on Sense of Presen¢etual Reality. A Brief
Report.Erdelyi Pszichologiai Szemle, (13, 13-22.

Author Contribution: Opris, D. - design of the sfudata interpretation and analysis, writing thenosript; Enea, V. - design of
the study, data interpretation and analysis; Pop,déta interpretation and analysis; Dafinoid,data interpretation and analysis
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We used an experimental design, with the subjélctsated into two experimental
groups based on a stratified randomization proeeddiie had two experimental groups of 30
subjects, and in each group half of them had a leiggl of hypnotizability and the other half had
a low level of hypnotizability.

The independent variable was the use of hypnotigestions, while the dependant
variable was the level of presence.

Both groups were exposed to a virtual reality esrvinent (SnowWorld3) while in the
same time a painful stimulus was presented to theégmthe help of a pain inducing device that
applied constant pressure on the index finger @lme-Barber Strain Gauge”-like Pain
Stimulator). The difference between the experineamnd the control group was that in the case
of the experimental group we used the hypnotic étida and suggestions, while in the case of
the control group we did not use the hypnotic inglucand suggestions. At the end of the
procedure, all the subjects filled in the presemeestionnaire.

A standard trance induction was performed with fet@hHypnotic Susceptibility Scale,
Form C (SHSS: C; WeitzenhoffgirHilgard, 1962) and the script that uses the ssgge of an
anaesthetic glove was adapted from Yapko (2003).

Results
In order to calculate the differences betweerettgerimental and the control group we

used the t test for independent samples. To estithateffect size we computed Cohen’s d
(Cohen, 1977). The results of the t test showttiexe are statistically significant differences
between the two experimental groups in the casleeofReality judgment and presence”
subscale, 1(59)=2.178, p< 0.05, with a medium ¢&exe Cohen’s d= 0.57. Therefore the
hypnotic suggestions influenced the level of VBRgence, measured on the component of reality
judgement and presence.

Also, a tendency toward a statistically significeggult was found in the case of the
~-Emotional involvement” subscale, 1(59)=1.918, @B.

Discussion and conclusion

Our hypothesis, namely that presence enhancingestiggs (while the subject is in the
virtual environment) will lead to an increase ie bvel of reported VR presence, is supported
by the experimental data.

Our most important result is the difference betwientwo groups on the “Reality
judgment and presence” subscale, which is statlitisignificant and also has a medium effect
size. Previous studies showed that posthypnotigesigns increased the distraction effect of
virtual reality from the experimental provoked pétatterson et al., 2006). The results of the
present study indicate that hypnotic suggestionsacaplify the illusion of presence in virtual
reality, this having practical and methodologieaplications for future research.

Our results provide preliminary support for the gibgity of using the hypnotic
suggestions specifically to increase the levelrespnce one experiences in a virtual
environment. This could be an important way toadige effectiveness of the virtual reality
interventions.

However, we should be aware of some limitationthisf study. The suggestions were
directed both at increasing the presence and rettiegeain, and in this way the pain reduction
suggestions may have shifted attention away fravitiual environment and to the
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participant’s hand, leading to a reduction in pnege Another limitation is that the presence was
assessed by a self report measure at the end oiftiw@ reality exposure session, and the
subjects who received the presence enhancing siggemay have responded in a desirable
way to the presence questionnaire, reporting masence at the end. Another limit of the
present study is that we used the hypnotic indnatidy with the group that received the
hypnotic suggestions. It is possible that the hyijerinduction alone to have had some effects on
the presence.
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Study 4. Therelationships of rational/irrational beliefs and functional/dysfunctional
emotionswith the frontal alpha power asymmetry

I ntroduction

Cognitive Behavioral Therapy (CBT) is one of thesteffective forms of psychotherapy
today (Butler, Chapman, Forman, & Beck, 2006). &l and Emotional Behavioral Therapy
(REBT) is one of the main forms of psychotherapglerthe CBT umbrella, being the first one
to introduce the concepts of rational beliefs arational beliefs (Ellis, 1958). Both the rational
and the irrational beliefs are evaluative cogngica difference between them being in terms of
flexibility vs. rigidity (Ellis & DiGiuseppe, 1993)According to the ABC model (Ellis, 1962;
Beck, 1976), when a negative situation occurs, lgclogve two possibilities to react. Thus, when
people employ rational cognitions, they will empbjaptive behaviors and will experience
functional emotions, whereas when they employiorat cognitions, they will perform
maladaptive behaviors and will experience dysfumeti emotions (Ellis, 1994). With the
development of cognitive psychology, the ratiomal arational beliefs, as cognitions, started to
be analyzed from a multilevel perspective: comporeat, algorithmic-representational, and
implementational (David, 2003). At computationaldk the rational/irrational cognitions were
described as having a pivotal role in the genematioemotions, being understoodrext
cognitionsin a modified version of Lazarus’ (1991) appratselory of emotion (David, Lynn &
Ellis, 2010). Until now there have been relatividw studies of rational/ irrational beliefs at the
implementational level (David, Lynn & Ellis, 2010)aking into account that the effects of
psychotherapies can be distinguishable in the lftamiden, 2006), it becomes clear that the
investigation of the irrational beliefs at the impilentational level is an interesting and
promising line of research.

The frontal asymmetry is a measure of the reladntevity of the right and left
hemispheres (Coan & Allen, 2004). The frontal asywtigncan be measured by more
instruments, but the most usually employed onéeérrésearch of the relationship between
emotion and frontal asymmetry is electro-encephalog EEG; Harmon-Jones et al., 2010).

In the recent years, the relationship betweenrth@dl hemispheric asymmetry and
emotions has been of special interest for resee¢@@acioppo, 2004). The first studies
supported a valence oriented model. Based on tickestassociating depression with relatively
greater right frontal EEG activity (e.g., JacobS8yder, 1996), it was supposed that the
negative emotions are related with greater rigahtleft frontal EEG activity. Other studies have
related trait positive affect with relatively greateft frontal activity, and trait negative affect
with relatively greater right frontal activity (Tarken et al., 1992). However, the theory
suggesting a valence related association of enwtath the frontal EEG asymmetry was
challenged by a number of experimental results @engpdio et al., 2008; Coan & Allen, 2003).
Thus, one study found out that, at resting sted#, dpproach motivation was associated with
relatively greater left frontal activity, while itavithdraw motivation was associated with
relatively greater right frontal activity (Sutton Bavidson, 1997). Another study found an
association between trait approach and greateird¢aftal activity (Harmon-Jones & Allen,
1997). The above mentioned results supportedtvational directiororiented association with
the frontal EEG asymmetry, rather thavadenceoriented association (Harmon-Jones et al.,
2010).
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However, the distinctions between rational andioreal beliefs and, respectively,
between functional and dysfunctional emotions,i@deen taken into consideration in this line
of research. Based on the fact that these distimetare supported by affective research in
cognitive sciences (i.e. modified version of apgaihtheory of Lazarus; Ellis, David & Lynn,
2010) and by a strong line of clinical practice BRE Ellis, 1994), one could infer that they
might play a role in the relationship between eomdiand frontal EEG asymmetry.

The present study aims to investigate the relahipnisetween the rational/ irrational
beliefs and the frontal alpha power asymmetry. W&dua quasi-experimental design,
hypothesizing that: 1) Irrational cognitions aresitigely correlated with greater relative right
frontal hemisphere activity, and 2) Rational coigmis are positively correlated with greater
relative left frontal hemisphere activity. We ablssessed, as a secondary analysis, the
relationships between the functional/ dysfunctiarabtions and the frontal asymmetry.

Method

The participants (N=31) were age ranged from 186tgears (M=22.70 , SD=4.54),
with six male and 25 female participants. All tretcipants were college students. Participants
were not diagnosed with any psychiatric disordel\aare not taking any medication that may
affect brain activity.

The present study employed a correlational desigion arrival, the subjects filled in the
informed consent, a short demographic survey age, gender), the Edinburgh Handedness
Inventory (Oldfield, 1971), the Profile of AffecevDistress scale (PDA; Opi& Macavei,

2007), and the Attitudes and Believes Scale (AB®IiGiuseppe et al., 1988). After the
completion of the questionnaires, the participargsge introduced in the laboratory room, where
the EEG recordings were performed. Continuous Elf@aswas recorded for two minutes,
while the subjects were seated with their eyesedprelaxed but awake.

The psychophysiological data collection was dona sound and light attenuated room,
with a constant temperature. The subjects werersatchair and the electrodes were fitted,
according to the 10-20 International Electrode &ys(Davidson, Jackson & Larson, 2000). The
signal was measured from F3 and F4 locations, t&fénenced online to an electrode placed on
the nasion (see Figure 1). Grounding was providedrnbelectrode placed on the left ear.

HAEIDN
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IMICN
Figure 1.The placement of the electrodes on a 10-20 Intiomel Electrode System
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The impedances were generally kept below<1,0knd never exceeded 20kThe
impedance was measured with a UFI (Morro Bay, @dgadance meter. After the placement of
the electrodes, the subject was instructed to diasgber eyes and remain relaxed for the next
two minutes, a period of time in which the EEG dtyiwas recorded (Coan, Allen & Harmon-
Jones, 2001). This experimental setup was chossube the alpha activity is highest during
periods of time in which subjects are sitting vilteir eyes shut, awake but relaxed (Davidson,
Jackson & Larson, 2000). The EEG activity was cardgusly recorded with the help of two
Biopac (Biopac Systems, Inc., Goleta, CA) EEG10a6®ldiers (Gain 10,000; High Pass 0.1
Hz; Low Pass 35 Hz), connected to a Biopac MP15€sgy. An AcqKnowledge 4.1 software,
running on a Windows XP computer, was used to cetiee 1 kHz digitized signal. An online
filter built-in with the Biopac system was usedémove online the 50Hz artifacts.

The most commonly used index of frontal EEG asymyrista difference score,
computed “by subtracting the natural log of leftrtigphere alpha power from the natural log of
right hemisphere alpha power (In[right alpha] Hdft[alpha])” (Coan & Allen, 2004). The
unidimensional scale that results represents taéve activity of the hemispheres, with higher
scores (i.e. positive values) meaning relativeghber activity of the left frontal hemisphere and
lower scores (i.e. negative values) meaning redtiiigher activity of the right frontal
hemisphere (Coan & Allen, 2004).

To compute the asymmetry index, the data from FEBFRahelectrode locations were
separately processed. The EEG frequency bandsdeexed for the two minutes period, then
for the Alpha band the mean power was extractegdch one second interval. This new values
were natural log transformed. The values for tlfiehemisphere (F3) were then subtracted from
the ones for the right hemisphere (F4), and a finaraged value was computed.

Results

ABS Il scale (DiGiuseppe et al., 1988) is structuoa three factors: modalities of
evaluative cognitions, domains of content and eatala cognitive processes.

Analyzing the results of the correlations betwdenftontal alpha power asymmetry and
the modalities of the evaluative cognitions, we saa that there is a statistically significant,
medium (Cohen, 1992) and positive correlation betwthie relative greater left frontal activity
and the rational cognitions (r=.38, p<.05, N=3m)cése of the irrational cognitions and the total
score of irrationality, there are no statisticalignificant correlation at a p<.05. However, a
retrospective statistical power analysis indic#éit@s the current medium to small correlation
between frontal asymmetry and the ABS Il total sqox-.25, p=.17, N=31) would have become
statistically significant for N70 subjects, at a p<.05 significance level. It hayossible that
the lack of statistically significant correlationdue to a rather modest statistical power of the
study, rather than due to a relationship which dussexists. The correlations between the ABS
Total Score, ABS IR and ABS R are in the directamal at the expected levels.

In case of the domains of content, none of the ABS8ales is significantly correlated
with the frontal asymmetry. Again, as in the cakthe modalities of evaluative cognitions, ABS
Achievement would have become statistically sigaifit for N>~40 and ABS Approval would
have become statistically significant for60.

Regarding the modalities of evaluative cognitidhsge situations have been
distinguished. First, ABS DEM is statistically sificant, inversely correlated with the frontal
asymmetry (r=.39, p<.05, N=31). In the second sitnawe have the ABS AWF and ABS LFT,
both showing an inverse, small to moderate, bissitally not significant correlation with the
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frontal asymmetry. These correlations would haveobee significant for N60 subjects for ABS
AWEF, and for N-80 subjects for ABS LFT. In the third situation, have ABS SD/OG, which
shows no correlation with the frontal asymmetry.

As secondary analyses, we investigated the rekttipa between functional/
dysfunctional emotions and the frontal asymmetnythe case of functional and dysfunctional
emotions, no statistically significant correlatiomish the frontal asymmetry were found.
However, we detected some encouraging trends idatee PDA FN would have become
statistically significant at p<.05, with a low taegium, inverse correlation with the alpha power
asymmetry for ¥60, while the same is true for PDA N forRD subjects. Even if the
correlation level is small and not statisticallgrgficant, the correlation for PDA P is direct, and
in the opposite direction compared to the negatimetions. The correlations between the PDA
subscales are large and statistically significaimtjlar with those obtained in previous studies.

Discussion and Conclusion

Our results show a statistically significant, mexdisized, positive correlation between
the rationality subscale of ABS Il and the frorE&lG alpha power asymmetry. These results are
consistent with our hypothesis that the rationdiefeare associated with a relatively greater left
frontal activity. To our knowledge, these are amtrgfirst experimental data regarding the
implementational level analysis of the rationalaiional beliefs theory of Albert Ellis (1994).
Two previous models have been used to explaindbecsation between frontal EEG asymmetry
and emotions: thealence modg[Tomarken et al., 1992) tmotivational direction model
(Sutton & Davidson, 1997). The inclusion of newiahles, namely the rational/ irrational
beliefs and their subsequent functional/ dysfumai@motions, may enhance our understanding
of the relationship between emotions and the flaggmmetry.

In the case of the irrational beliefs, our ressliew no statistically significant
correlations with the frontal EEG asymmetry. AB$idis two scores, which are supposed to
measure irrational beliefs: ABS IR is a score thalirectly measuring irrationality, with all its
items being phrased in an irrational manner. Toetdl EEG asymmetry shows no correlation at
all with this subscale. There is also a total sadrine ABS, in which the irrationally phrased
items are directly scored, and the rational iteresraversely scored. In the case of the ABS
Total Score, the small-to medium correlation withk telatively greater right frontal activity
would have become statistically significant at g<t@r N>70. However, in this case it seems
that the relationship may be due to the rationalisased, but inversely scored items, rather than
to the irrationally phrased items. A possible erpl#on for the existence of the relationship with
the frontal asymmetry in the case of the ratiomdiels and for the absence of the relationship in
the case of irrational beliefs is that, in the cafsthe irrational beliefs, other subcortical areas
(i.e. amygdala) may also play an important rolgone the prefrontal cortical structures (David,
Lynn & Ellis, 2010).

We also investigated the relation between irratipnand the frontal asymmetry, when
taking into consideration the cognitive procesgadie domains of content.

In terms of cognitive processes, the relativelyaggeright frontal activation shows a
statistically significant medium correlation wittiet demandingness. The small to medium
correlations may become statistically significantase of an added statistical power in case of
awfulizing and low frustration tolerance, and ther@o correlation at all between the frontal
asymmetry and the over-generalization/ self-downfgypothesis which may explain these
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results is that the different processes rely ofedht cortical structures, and in the case of self
downing a more important role may be played by sttimal structures (i.e. amygdala).

In the case of different domains of content, theeeno statistically significant
correlations between frontal asymmetry and ABSubissales. However, the correlation between
the relatively greater right frontal activation magcome statistically significant and small-to-
medium in case of an added statistical power ie chsichievement and approval, but there is no
correlation with the comfort. Again, this resultyrize due to the different involvement of the
subcortical structures in the cases of these thve®ins of content, suggesting that in the case
of comfort, the subcortical structures may haveltiggest involvement.

Neither the level of functional emotions, nor teedl of dysfunctional emotions had a
statistically significant association with the ftahalpha power asymmetry. However, in both
cases, an increase in statistical power would hesdted in statistically significant at p<.05,
small to medium correlations between the functi@mal the dysfunctional emotions and,
respectively, the relatively greater right frordativity. In the context of a difference found in
this study between the rational and irrationaldfsliassociation with the frontal asymmetry, a
possible explanation could be the measurementeoétotions in the absence of an emotion-
inducing stimulus, which is supposed to be a necgsondition to induce a functional or
dysfunctional emotions.

There are some limitations of the present studt Bff all, it is important to note that all
the subjects were college Psychology studentsitamgossible that their responses at ABS Il
and PDA were biased by their previous knowledgéhantype of psychological measurements.
Also, we are aware that, due to the fact that amtigpants were all students, the results cannot
be generalized to the whole population. Anotheitlohthis study is the rather small number of
subjects. Even though no causal relations can tracted from this study, there are other studies
which could be performed to establish a causatioglship. Further studies are needed to
elucidate the relationship between the statefi@ital asymmetry and, respectively, the
rational/ irrational beliefs and the functionallsfiynctional emotions.
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CHAPTER IV. GENERAL CONCLUSIONSAND DISCUSSION

The purpose of Study 1 was to assess the effickityed/RET interventions in anxiety
disorders. We are not trying to show the contridoutf the virtual reality exposuper se
instead we are interested in how well the interegrstincorporating a virtual exposure
component did compared to the classical evidenseéebmterventions used in anxiety disorders.
As a result, in the following discussion VRET meaither behavioral therapy augmented by
virtual reality exposure, or cognitive-behaviottatapy augmented by virtual reality exposure.

Our results show that, in the case of anxiety discy, (1) VRET does far better than the
waitlist control; (2) the post-treatment resultewtsimilar efficacy between the behavioral and
cognitive-behavioral interventions incorporatingidual reality exposure component and the
classical evidence-based interventions, with ntualrreality exposure component; (3) VRET
has a powerful real life impact, similar to thatloé classical evidence-based treatments; (4)
VRET has a good stability of results in time, samilo that of the classical evidence-based
treatments; (5) there is a dose-response relaipfshVRET; and (6) there is no difference in
the dropout rate between the virtual reality expesund the in vivo exposure.

These results are arguments for the usefulnes®&TMn clinical psychology and in the
psychological treatments field and for a wider &gtlon of VRET in the clinical practice.
Emmelkamp (2005) presented a number of advanthgesittual reality exposure has over the
traditional exposure: the exposure can be perfonmgde the therapist’s office, a convenient
and safe environment in itself; the therapist hettel control over the content and the pace of
the exposure; the exposure can be repeated asanuteded; the exposure can be customized,
to a certain degree, for a particular patienthm ¢ase of fear of flying the virtual reality
exposure it is also very cost-effective. Virtuadlity exposure can be even more useful for PTSD
treatment. Also, VR exposure could help to increbedikelihood of a patient to be willing to
start and complete an exposure treatment. On tiex band, we think it is necessary to compare
virtual reality exposure therapy versus other kioflsiternet and Computer Technologies based
treatments, such as computer-aided psychotherapinternet-based treatments. Given the big
differences in the cost and availability of thesatments, we believe this is a good moment to
determine who can benefit better from which kindre&tment.

There are some limitations of the present studgt,Rhe number of studies and subjects
is relatively small. Similarly, the results canibat generalized to the whole spectrum of anxiety
disorders, given the limited availability of stuslif®r certain anxiety disorders.

In Study 4, we conducted studies focused on progidnplementational level data (i.e.
frontal EEG asymmetry) regarding the rational/timaal beliefs and functional/ dysfunctional
emotions.

Our results show a statistically significant, mexdisized, positive correlation between
the rationality subscale of ABS Il and the frorE&lG alpha power asymmetry. These results are
consistent with our hypothesis that the rationdiefeare associated with a relatively greater left
frontal activity. To our knowledge, these are amtrfirst experimental data regarding the
implementational level analysis of the rationalaiional beliefs theory of Albert Ellis (1994).
Two previous models have been used to explaindbecgation between frontal EEG asymmetry
and emotions: thealence modg[Tomarken et al., 1992) tmotivational direction model
(Sutton & Davidson, 1997). The inclusion of newighles, namely the rational/ irrational
beliefs and their subsequent functional/ dysfumai@motions, may enhance our understanding
of the relationship between emotions and the flaggmmetry.
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Concerning the methodological/ practical advan8ésdy 2 focused on the adaptation of
a presence questionnaire for the Romanian popualatio

Presence and Reality Judgment Questionnaire — Ram&hort Version (PRJQ-RSV)
has been shown to have good psychometric propegtietenced by the factorial analyses, the
reliability and the validity analyses. This versioais 16 items, four items for each factor: Factor
1 — Emotional Involvement, Factor 2 — Reality Juegirand Presence, Factor 3 — Satisfaction
with the Experience, Factor 4 — Influence of ForMatiables in Reality Judgment and Sense of
Presence.

An important limitation of our study was the usegeheral population, rather than
clinical or subclinical population, as this biassubject selection may have not evidenced some
reactions specific to the clinical subgroups. Arotimitation of the study is the use of only two
types of virtual environments, both of them lacksogne possibilities of interaction, which may
have led to distorted responses at certain itertiseofjuestionnaire. Further studies are required,
involving more types of virtual environment, as s clinical and subclinical populations.

In Study 3, we investigated the effect of hypnstiggestions as a presence enhancing
variable. Our hypothesis was that the presencenenitasuggestions (while the subject is in the
virtual environment) will lead to an increase ie fevel of reported VR presence.

Our most important result is the difference betwiEntwo groups on the “Reality
judgment and presence” subscale, which is statltisignificant and also has a medium effect
size. Previous studies showed that posthypnotigesigpns increased the distraction effect of
virtual reality from the experimental provoked péiatterson et al., 2006). The results of the
present study indicate that hypnotic suggestionsacaplify the illusion of presence in virtual
reality, this having practical and methodologieaplications for future research.

Our results provide preliminary support for the gibgity of using the hypnotic
suggestions specifically to increase the levelrepnce one experiences in a virtual
environment. This could be an important way toedie effectiveness of the virtual reality
interventions.

However, we should be aware of some limitationthsf study, related to the
suggestions. The suggestions were directed batlcr@asing the presence and reduce the pain,
and in this way the pain reduction suggestions haae shifted attention away from the virtual
environment and to the participant’s hand, leadiing reduction in presence. Another limitation
is that the presence was assessed by a self rapadure at the end of the virtual reality
exposure session, and the subjects who receivaatélsence enhancing suggestions may have
responded in a desirable way to the presence quesire, reporting more presence at the end.
Another limit of the present study is that we usieglhypnotic induction only with the group that
received the hypnotic suggestions. It is possiée the hypnotic induction alone to have had
some effects on the presence.

In summary, this thesis reports a multilevel analg$ the mechanism of the virtual
reality intervention in emotional disorders, by egksing issues as presence in virtual reality,
and, respectively, cognitive and implementatiorakl analysis of emotions. An effectiveness
analysis of the virtual reality interventions inxaty disorders is also performed. Our results
support the usefulness of VR psychotherapy in anxisorders, while bringing a preliminary
confirmation of the relationship between rationalidéfs and the left frontal hemisphere activity.
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It also validates a presence assessment instriforehe Romanian language and supports the
effect of hypnotic suggestions as a presence enitawuariable.
Limitationsand future directions

In the case of Study 1, the main limitations arelatively small number of subjects/
studies and also a limited availability of studi@scertain anxiety disorders. Future randomized
control trial on the efficacy of virtual reality enxiety disorders should be conducted on most of
the anxiety disorders, and they should include rsalgects.

In the case of Study 2, the main limitations atetesl to the use of general population
and to the small number of virtual environmentskiag some possibilities of interaction. Future
studies should use also clinical and subclinicdigipants, as well as a more diverse range of
virtual environments.

In the case of Study 3, the limitations are relatethe formulation of the suggestions
and to the lack of a group which where only hypredi but without further using the
suggestions. Future studies should address the#s, Iby more carefully designed suggestions
and by including a group to which the hypnotic iadion will be performed but no suggestions
will be given.

In the case of Study 4, the limitations are relatethe relatively small number of
subjects, to the use of general population, ariddase of an experimental design which allows
only correlational analysis. Future studies shauttlide more participants and should use
general as well as subclinical and clinical popatat Even though no causal relations can be
extracted from this study, there are other studigish could be performed to establish a causal
relationship. A possibility would be to try to mégihe frontal asymmetry (e.g. by neuro-
feedback training) and see the effects of this ficadion on the rational/ irrational beliefs and
functional/ dysfunctional emotions. Another linesbfidies should also try to associate the state
dependant frontal asymmetry with the rationalftioral beliefs and the functional/
dysfunctional emotions. Further studies are ne¢aletlicidate the relationship between the
state/trait frontal asymmetry and, respectivelg, ridtional/ irrational beliefs and the functional/
dysfunctional emotions.
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