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Abstract

"Soulhacker" is a pilot study that results from collaboration
between artists and health care providers and is aimed at
exploring the potential benefits of an artistic implementation of
Virtual Reality (VR) to treat depression and anxiety. Soulhacker
creates a VR environment that embeds a metaphorical
engaging model of active patient agency inspired by the work of
Milton Erickson. It creates a new level of VR "presence" that
can have therapeutic or transformative effects. Participants
reported positive short-term effects on their mood (arousal,
valence and control) and presented statistical significant
changes in brain electrical activity in hubs belonging to sensi-
motor and default mode brain network as measured by qEEG,
that are consistent with previous research. These beneficial
preliminary results warrant a further larger randomized
controlled study to verify those promising effects and positioning
of this new form of psychotherapy within existing modalities.
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Introduction

The rise in mental health issues, such as depression, burnout,
anxiety, and addiction, has led to the exploration of many novel
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therapeutic approaches [1-3]. In addition to traditional methods such
as psychotherapy, antidepressants, and electroconvulsive therapy, new
methods such as psychedelics, neurofeedback, transcranial magnetic
stimulation, electrical neurostimulation and new forms of non-invasive
neuromodulation and deep brain stimulation are being explored [4,5].

One such method is a non-traumatic psychotherapeutic approach
developed by Dr. Milton Erickson, known as hypnotherapeutic-
induced dynamic metaphoric therapy. While Milton Erickson was
essentially pragmatic and goal oriented, he had no intention of
creating a new theory in psychology [6]. His method that acquired a
reputation akin to fame, of being very effective with excellent and fast
clinical results was based on clear principles such as working on a
deep emotional and symbolic level and granting patients great
autonomy in the therapeutic process. However, it also had limitations,
such as the need for skilled hypnotherapists, the patient's willingness
to participate in hypnosis, (a procedure often perceived as giving up
control) and a lack of blinded and comparative studies that are needed
to gain general academic acceptance. However, the utility of using
metaphors (verbal images with transformative potentiality) is as basic
to human psychology as axioma’s are to mathematics.

The method, currently described, called "Soulhacker," seeks to
overcome those limitations mentioned above while maintaining the
core principles of the Ericksonian method. By utilizing virtual reality
technology and incorporating new innovative artistic elements, we
hope to make this form of therapy more accessible and even more
effective.

Virtual reality in psychiatry

Virtual Reality (VR), since 2005 also applied to the field of
neuropsychiatry has a growing track record of successful applications
in industry, the military, gaming, and medical domains such as
revalidation both for somatic and cognitive problems [7]. In psychiatry
VR has been gaining momentum as a tool for treating mental health
disorders, with a growing body of research showing its effectiveness
in treating conditions such as Post-Traumatic Stress Disorder (PTSD),
phobias, and anxiety [8-14].

A PubMed search resulted in over 1,000 articles on the use of VR
in psychiatry, with a small but increasing number focused on anxiety
and affective disorders. Most VR applications in psychiatry to this
date have been developed to aid cognitive behavior therapy, such as
social and cognitive abilities, exposure therapy, PTSD, OCD, stress
mediation, and pain relief [15].

A 2020 review by Cieslik of studies on the use of VR in psychiatry
found evidence supporting the positive impact of VR therapy in
psychiatric disorders, but the impact varies depending on the disorder
being studied [16]. The authors of the review emphasized the need for
further research in this area, especially as VR technology continues to
evolve.

Another more recent study by Honggqidi et al., found that exposure
to restorative VR scenery had healing effects on patients with mild to
moderate depression [17]. They found reduced anxiety, improved
cognitive function, decreased counterproductive thoughts and a
generally stimulation of positive feelings such as well-being and
control.
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How to measure the effect of VR on brain network
dynamics?

The Soulhacker VR experience is a combination of artistically
created visual scenes, somatosensory stimulation (IR lamp glow) and
auditive elements (voiced guidance) all merged into a dynamic and
metaphor rich world, intended to trigger generic positive emotions,
reduce anxiety and depression and improve a general level of well-
being and relaxing self-reflection.

While evaluation of mood is generally done using semi structured
self-reporting on valence, arousal en control (dominance) the ultimate
goal is to evolve toward a more objective direct analysis of mood as
reflected in brain electrical activity [18]. With that goal in mind, we
collected besides the analog mood scores (SAM: Self-Assessment
Manikin) also 19 channels of qEEG recordings of 5 minutes eyes
closed before and after the VR experience.

The use of current source density (Laplacian transform of surface
EEG voltage time series recorded at the scalp) is a new tool in EEG
analysis made possible by the use of the (family of) Loreta algorithms.
Kamarajan et al.,, discussed its usefulness in diverse psychiatric
disorders [19-21].

In a pilot study in 2018 Tarrant used quantitative EEG analysis to
compare relaxation induced by VR to a simple state of quiet rest [22].
Using current source density (SLORETA) analysis, the authors found
that the VR induces a shift to lower beta power especially in the
anterior cingulate cortex (part of the salience network and congruent
with a reduction of anxiety [23,24].

"While spectral band analysis of EEG recordings in meditation
specialists tends to show that relaxation is related to an increase in
alpha and theta power, modern electrical neuroimaging techniques that
can calculate generating sources from surface-recorded EEG voltage
time series provide a better understanding of the changes VR
experiences can induce in brain dynamics [25-27]. Current source
density estimation methods (such as swLORETA, the newer weighted
SLORETA variant offers better temporal and spatial resolution (deep
sources) and hence allow for a dynamic view of brain networks related
to higher cortical functions and emotional regulation [28].

In a recent study published in the journal Psychophysiology (2022),
quantitative EEG analysis techniques were applied to compare power
spectral density and an increase of power in the beta band (11-30 Hz)
in the parietal, occipital, and frontal lobes was identified [29]. This
was higher with 360° surround video immersion than with simple 2D
VR screen watching. They also observed increased fronto-occipital
functional connectivity with parietal and temporal networks. The
authors conclude that immersion in 3D space has a more robust effect
on visual attention, visual perception, and other visual-related
cognitive information processing processes.

On safety and ethics in the use of VR in psychotherapy

As VR is a powerful technology, its use with psychological
vulnerable patients justifies a separate discussion of some important
ethical aspects of its implementation [30]. VR is not without potential
side effects, such as simulator sickness, balance problems and falls,
derealization, visual irritation, or the danger of triggering affective or
mental decompensation and even panic attacks or psychotic reactions.
Therefore, its use with patients with depression requires extra care and
close expert psychotherapeutic supervision.

The assurances of patient safety on both the physical and
psychological levels were important ethical cornerstones in the
Soulhacker study. At the level of ethics, we ensured the presence at all
times of a trained neuropsychiatrist and a technical assistant who
(invisibly to the patient) were present to assure his/hers physical safety
(fall and collision prevention). We explicitly stress that VR is not
meant as a replacement for psychotherapy, but only as an add-on tool
in a psychotherapeutic framework. Respect for patient choice, physical
and mental safety and a strong focus on patient agency were the main,
non-negotiable ethical principles of this project. Even when taking off
the HMD at the end of the VR session, care was taken to do so slowly,
to make the transition from VR to the real world as progressive as
possible, without inducing vertigo, unsteadiness, or anxiety.

Keeping the sessions short (15 minutes) without sacrificing the
therapeutic and metaphoric strength of their content, embedding
continuous auditory therapeutic presence, allowing patients full
autonomy while exploring and interacting in the VR world, granting
them a safety first form of agency and control in movements and
actions that change their VR environment from a dark and gloomy
place to a mood-uplifting, sunny, and colorful scenery, and avoiding
simulator sickness by coupling each movement in the virtual world to
a one-on-one corresponding movement in a large physical space
(empty space) makes this Soulhacker study innovative. In our study
group of 27 patients, there here were no physical or any mental
negative side effects.

Goal of the study

While incorporating the core ideas of Ericksonian metaphoric
hypnotherapy into a virtual reality environment, Soulhacker adds free
body movement to the VR scene, grants patients a high degree of
agency and autonomy, provides physical and psychological safety (fall
prevention), and uses a non-directive, psychotherapeutic voice
guidance during the session. A professional actor trained the
psychiatrist in setting up the language needed to induce a feeling of
comfort and safety while granting complete autonomy, or "freedom,"
to the patient. Directives such as "go there, do that" were avoided.
Instead, patients were "invited" to freely try this or that, and changes
to the VR environment caused by patient actions were labeled as
“patient creations”. Language was carefully selected to be in sync with
this general principle. Granting agency to patients reflects ethical
concerns and respect for patients autonomy which is be considered as
the hallmark of modern social psychiatry.

The primary goal of the study was to see if positive mood
upregulation could be correlated to dynamic changes in brain hubs and
networks (at the source level) using swLORETA qEEG analysis of pre
and post-EEG recordings.

Materials and Methods

Participants

This study was approved by the UZA ethical committee (Antwerp
University, Belgium) (ID 0596 B3002021000200). Twenty-seven
people participated in the study. They were recruited on voluntary
basis from two practices and from surveys on social media. A small
monetary compensation was offered when requested to compensate
for transportation costs. As the study was aimed at patients suffering
from minor to moderate depression, a BDI-score (Beck Depression
Inventory) above 30 or a HADS-score (Hospital Anxiety and
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Depression Score) above 12; suicidal ideation and antecedents of
psychosis were considered exclusion criteria. In total there were 13
male and 14 female patients. Age range was 30-65 Y. Except for two
patients who had experienced VR in an occasional recreational setting;
the patients were completely VR naive.

Study setup and procedure

Two weeks before the start of the study all volunteers received a
detailed, photo-illustrated patient brochure explaining the goal of the
study and outlining every step of the setup and procedure. They all
had a recent BDI and a HADS inventory.

On arrival at the location (Gent, Belgium), patients were welcomed
into a separate office by the study leader, a trained psychiatrist, who
re-explained the goal of the study and asked participants if they had
read the brochure and if there were any additional questions or any
need for clarification. They were then invited to inspect the adjacent
large empty hall (10x5 m), which served as the physical space, and to
meet with the technical assistant of CREW, the art VR Company, who
would accompany them throughout the walk to guarantee their
physical safety by preventing collisions or falls. The assistant then
showed and explained in detail all elements of the complete VR
equipment to the patient. When all was clear the patient was invited to
sign an informed consent document and fill out a pre-test mood
questionnaire (mannikin score of valence, arousal, and control cf

Figure 1).
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Figure 1: Self-Assessment Manikins (SAMs) for valence (top),
arousal (middle), and dominance (bottom).

Then, a pre-test 5S-minute artefact free qEEG was registered with
eyes closed. The qEEG device was based on a Mitsar 201 24 channel
amplifier, Neuroguide (ANI®) registration software and free cap gel-
free electrode cap. (IFEN® thomas feigner). Using a gel free system
was important as not to mess up the hair of our volunteers especially
as the qEEG recordings were done outside a regular EEG
neurophysiological lab. Recording quality with the free caps was
outstanding. All impedances were below 20 k Ohm and signal quality
was satisfying. While still wearing the EEG cap (but detached from
the amplifier), they were then equipped with the VR gear (Figure 2).
And underwent some audio-visual testing after this, the VR walk
began. Following the VR experience, a post-VR qEEG was taken
(again, a 5-minute eyes closed registration) and a post-VR mood
questionnaire was completed. This was followed by an open-question
interview to scan for side effects, and a final debriefing, during which
participants were given money for refreshments and/or compensation
for transportation costs if desired. Most patients reported that they
found the experience uplifting and expressed a desire to participate in
further experiments of this type. Blinded 3™ party signal analysis and
statistical testing of pooled before VR versus after VR qEEG was

performed on swLORETA derived current source density as reflective
of brain network activity and statistical analysis (one sample T tests)
were performed using Neuroguide normal values database,
Neuronavigator and Navistat software (ANI® Dr.Robert Thatcher
director) by Dr. K. Williams PD (Columbia University New York-
USA).

Figure 2: VR and EEG equipment.

The soulhacker VR architecture

The Soulhacker VR world was developed by Belgian artistic
company “CREW” under the direction of Mr. Eric Joris and Isjtar
Vandebroeck. The scenes were composed of 3D-scanned and
artistically rendered landscapes (chapel, forest, cathedral) as its basic
elements. An elaborate tracking system monitored the patients' head,
hands (using controllers), pulse frequency and geospatial localization
in the virtual world. The VR world was also displayed on a large
external screen, allowing the therapist to monitor the patient's walk
and use a dialog voice channel (Figure 3).

Figure 3: VR soulhacker experience setup.

The Soulhacker's world presented at a subliminal level
metaphorically transformative imagery as inspired by Dr. Milton
Erickson as explained below [31-33].

The Soulhacker VR experience

Patients began their walk in a lobby with high walls and gothic
windows, but without a clear exit door. While they were invited to
explore the initial space and look out the windows at the exterior
forest, they were unable to find an easy exit until the therapist invited
them to test if the walls could be stepped through if the subject simply
tried. This is obviously a resilience stimulating metaphor for the
subliminal “coping” message stating that even if problems in
perception may look large or at first sight impossible to solve, there
may exists solutions they can only find by persistently trying out-of-
the-box strategies to tackle the problem and find new ways to move
on. It is the stoic message by Seneca stating that we often suffer more
in our imagination then in reality. All patients reached the forest (gray,
dark, and gloomy), which they could safely explore (Figure 4).
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Figure 4: Dark forest.

Message: Do not develop avoidance when confronting anxiety
inducing situations learn to look your fears in the eye”. After
exploring, they discovered a shining, colorful, but small miniature
Marquette of a cathedral floating in midair. As they approached and
explored this contraption, they were transported inside a large,
spacious cathedral-like edifice. After again exploring this space, they
discovered green crystal balls lying on the concrete floor. They could
grasp, lift and visually examine these balls (each transparent crystal
ball contained a small bonsai) and throw them to a spot in the room
where they wanted more light (Figure 5). Upon scattering the glass,
the trees began growing and expanding very quickly, illuminating the
neighboring space with light emanating from their delicate pixelated
foliage. There were seven of these crystal balls to be discovered, and
as each tree grew larger, it generated more light until the space was
transformed (by the actions of the patient) into a colorful, relaxing
rainforest with warm green light (Figure 6).

Figure 6: Sun dawning in a rain forest.

This is the core metaphor of Soulhacker where a patient will
autonomously transform a dark place into a relaxing and vitalizing
natural environment. The patient is the author of this enlightenment. It
is not the pill, not the therapist but the patient himself who sets this
vital transformation in motion.

While patients were seated, they were invited to contemplate the
green forestall scene in all its glory as it was gradually highlighted by

a "warm summer" sunrise (using an IR lamp to create the feeling of
warm sunrays close to the patient's face).

Message: Give yourself time to relax and enjoy nature as you
uncovered and discovered it. You are a holistic part of this planet.

They were free to relax and visually scan all the details of the forest
they had created. The end of the VR experience was then announced,
and the technical support helper gently removed the controllers,
headphones, backpack PC, and slowly the Head-Mounted Display
(HMD) to avoid any sudden mental or physical disorientation when
reentering the "real" world."

Outcome metrics

Measures for mood and brain electrical network activity:
Carving out what is defined by Chalmers as “qualia”, emotions are at
the core of conscious awareness boarding the demarcation zone
between carbon based biological versus silicon based Al. Their
measurement be it qualitatively versus quantitatively (indirect) is the
mean toolkit that studies deploy to evaluate the clinical effect of
different therapeutic strategies [34].

Classical as well as a 3D Self-Assessment Manikin Scale (SAM)
including arousal, valence and dominance (control) questionaries were
taken from each volunteer before and after the VR experience. Valence
and arousal are however not completely independent and brain
processing follows that rule with separate processing nodes and
network hubs for high arousal high valence versus high arousal low
valence mood states. Moreover, in normal daily life there is a strong
language bias towards positive emotions. While mood and sentiment
registration among axis of valence, arousal and control can be useful
as a quick subjective screening, the main information is in the changes
induced by the VR experience in different brain networks. Given the
better time resolution of EEG we added pre and post VR qEEG
registrations in order to allow a statistical comparison of source
analysis using SWLORETA of derived current density [35].

Results

Mood questionnaire

Mood questionnaires comparing pre and post-VR experiences were
completed using a self-assessment mannikin form that measured
arousal (blue), valence (orange), and control (grey). The improvement
scores in these dimensions are shown for each patient (differential
score of improvement) (Figure 7).
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Figure 7: Mood improvement scores after Soulhacker. Note:
Emotional improvement scores after the Soulhacker experience.
Codes-Valence (), Arousal (), Control ( H1).

Of the 27 participants only 4 reported no change at all. 23
participants showed marked improvement in one or more mood
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qualifiers. The histogram shows the improvement score (after-VR
scores minus pre-VR scores). Codes-Valence: Blue bars; Arousal:
Orange bars; Control: Grey bars. No negative side effects were
reported. At debriefing, many participants reported to have generally
enjoyed the experience and would not mind more or longer sessions.
Some suggested adding features such as a larger physical space, some
intermediate resting points, and a musical environment. However,
music, having a specific cultural effect and potentially strong impact
on mood and brain function was specifically excluded in our study in
order not to bias the effects of the VR.

qEEG analysis

Data analysis was done of line by a masked third party author
(Dr. KW) trained in qEEG, Neuroguide and statistics.

Results were obtained for every bin.

General findings

Delta, theta and alpha band showed no statistically significant
alterations in current density at source level.

Statistical significance was only observed in 14-20 Hz beta range.

Detailed analysis is summarized in a table presenting the frequency
bins versus the Brodmann areas showing Ba’s with statistically
significant changes in CSD after the VR experience.

The qEEG data showed a statistically significant effect in the mid to
high beta range with 18-20 Hz beta activation of the primary visual
cortical integration hubs (Brodmann area’s) (Bal7 and Bal8) while
lower beta range (16 Hz) showed activation in salience but especially
in hubs belonging to Default Mode Network (DMN) (PCC and
hippocampus) (Figure 8).

» Frequency bin Brodmann Area’s statistically
significant Current Source
Density (CSD) differences

post-vs. pre V.R (t<0.05)

RH:1,2,7,9

LH: 46

RH: 1,2,3,4,5,7,40

RH:1,2,3,4,9,

13a,23,39,40,41,43,44,45,46,

hippocampus, thalamus .

Bi: 23,24,26,31,32,5,6,7,8

RH: 1,2,3,4,7,23,31,39,40.

LH: 46

Bi: 5,6,8,9,24,32,33,

RH: 2;7,31,32,39,40.

LH:6.

Bi: 8,9,24,33

RH: 8,9,17,18,23,39,40.

LH: 5.

Bi: 7,31

RH: 8,9,17

14 Hz

15 Hz
16 Hz

17 Hz

18 Hz

19 Hz

20 Hz

Figure 8: Frequency bin/brodman area with statistically significant
group difference between pre and post VR qEEG.

Statistical significant differences are seen in several Brodman areas
involving sensi-motor cortex, secondary motor cortex, motor planning
and control, motor imagery and learning (1,2,3,4,5,7,8,13,) and
working memory (41,43,44,45,46)

Others are centered on hubs belonging to the DMN: Frontal:
(8,9,10); Temporal (21,28,36); Posterior Cinguli: (23,24); Ant.
Cinguli: (32); Hippocampus: (29,30,31); Parietal: (39,40).

Some screenshots of the navistat data analyzer

The Navistat is an add on module to Neuronavigator and
Neuroguide (ANI software) allowing statistical analysis between pre
and post-procedure qEEG registrations in grouped data. Only
statistically significant results (paired T test analysis) between current
source density area’s (measured with swLORETA) are withheld (t
statistic<0.05) for every 1 Hz frequency bin from 1 to 20 Hz.

There were no significant differences below 16 Hz.

16 Hz: Broadmann Areas (BAs) that approached statistically
significant alterations across the pre and post analyses in the 16 Hz bin
include BAs 1, 13a, 2, 23, 3, 39, 4, 40, 41, 43, 45, 46, hippocampus,
thalamus, and 9 within the right hemisphere. Furthermore, bilateral
alterations were observed in BAs 23, 24, 26, 31, 32, 33, 5 and 6, 7, 8
(Figure 9).

)

Figure 9: Screenshot of the neurostat screen showing the
differences in source current density before and after the VR
experience in the 16 Hz frequency band for all Brodmann areas.
Orange bars (right half of the screen) shows the Brodmann areas
where T test reached statistical significance (p<0.05).

19 Hz: Statistically significant alterations within the 19 Hz bin
were focal to BAs 17, 18, 23, 39, 40, 8 and 9 right hemispheres, BA 5
for the left hemisphere, and BAs 31 and 7 bilaterally.

20 Hz: Statistical significance was observed in the 20 Hz bin for
BAs 17, 8 and 9 right hemispheres (Figure 10).

|2 ZPaired T-Test (P-Value) (Cond1 - Cond2)
()

Figure 10: Screenshot of the neurostat screen showing the
differences in source current density before and after the VR
experience in the 20 Hz frequency band for all Brodmann areas.
Orange bars (right half of the screen) shows the Brodmann areas
where T test reached statistical significance (p<0.05).

* Page 50f 8



Volume 10 ¢ Issue 1 * 1000243

Citation: Otte G, Ridder DD, Joris E, Vandebroeck I, Williams KS, (2024) Soulhacker: An Artist-Medical Collaboration to Treat Depression via Artistic
Virtual Reality. Int J Ment Health Psychiatry 10:1.
Discussion psychotherapeutic augmentation. In this pilot study the effect of a

We observed that the Soulhacker experience had marked effect on
the mood of the participants namely a clear improvement of well-
being as measured by a Self-Assessment Tool (SAT). EEG
registrations, taken at rest eyes closed before and after the VR
experience were analyzed at current source density level
(swLORETA) with comparative t-statistics showing complex but
significant changes in sensi-motor Brodmann areas and in areas of
motor imagery planning and learning but also in hubs belonging to the
Default Mode Network. There was no increase in the amygdalar
region which is compatible with the fact that most patients did not
report abnormal increase of anxiety nor panic during the VR
experience.

Can we relate changes of those cortical brodmann areas to
improvement of mood?

Soulhacker represents a complex environment combining
somatosensory and motor activation in a visually rich virtual
environment with auditory guidance. We can therefore expect both
CSD differences in the cortical regions serving these higher functions
(somatosensory cortex, motor cortex, visual associative and auditory
associative cortex). These findings are in line with the results from a
recent similar study by Li and collaborators [17].

However more important was the fact that we found also a clear
activation of dorsolateral and medial prefrontal cortex, parietal and
midtemporal cortex, posterior and precuneate cortex and
hippocampus. These areas and are also hubs of the Default Mode
Network (DMN) [12,36-40].

The default mode network is a network formed by a series of
cortical and subcortical hubs that are active when a subject is awake
and alert but not actively engaged in external attention demanding
task. It is postulated that in the normal individual the DMN is involved
in self-referential and introspective processes, such as mind-
wandering, mental simulation, and memory recall of past experiences
and decisions. The DMN also plays a role in the integration of
information from various brain regions and is thought to support
consciousness and self-awareness (Akeju, 2014). The DMN helps an
individual to reflect on his/hers own thoughts, emotions, and
experiences and make connections to past events (hippocampus).
However, the relation of the DMN to anxiety and depression is
complex and both hyperactivation and sub activation patterns have
been described in depression. In the triple network theory a
pathological pattern of interaction within and between three networks
(SN: Salience Network, DMN: Default Mode Network and CEN:
Central Executive Network) is the cornerstone to understand
depression. A continuous active salience and CEN network processing
negative “error” stimuli (left insula en left DLPFC) could fuel the
DMN with negative thoughts (rumination) while and exhausted CEN
results in cognitive under achieving. Altered functional connectivity in
the triple network has become one of the dominant models for
explaining the neural basis of symptoms and behavior related to
anxiety and depression [41-44].

Conclusion

The Soulhacker pilot study has demonstrated that the Ericksonian
metaphore hypnotherapy can be successfully provided via a VR
environment and can be wuseful as a future concept of

single VR experience already showed a marked effect on mood
(valence, arousal and control) on a visual self-assessment scale but
also a statistically significant activation at the source level of brain
electrical activity in hubs of the sensi motor cortex, visual association
cortex, hippocampus and important hubs of the default mode network.
These findings are in line with the results from similar studies.

Soulhacker was fueled from its concept by a strong ethical concern
as not to harm patients and therefore stressed the importance of free
movement in physical space, securitization of patients (fall and
collision prevention), prevention of simulator sickness, augmenting
agency of the patient and psychotherapeutic nearness as main
attributes. A computer-based system can and should augment but
never replace the psychotherapist. Deploying therapeutic and
dynamical metaphors in virtual reality offers a powerful and flexible
scene for further psychotherapeutic explorations. The use of qEEG to
register and document induced functional brain changes in the hubs of
concerned brain networks is an important method to objectively
measure what effects the VR has on the brain. Moreover, by
individually linking symptoms to functional brain networks this
technique can easily be extended to become a valuable aid in
optimizing and personalizing the VR environment to the individual
patient.

Soulhacker has opened not just a window but a completely new
portal to psychotherapy shaping its possible future as an augmentation
technique deserving a place in the toolkit of every modern
psychotherapist in the digital era of tomorrow.

Soulhacker started as an artistic project by the CREW (with Cosmic
Flower and Ghent Design fest) and evolved into the neurotherapeutic
field. It is therefore “more than meets the eye” which is also the title
of an important recent publication by Van Leeuwen [41]. Indeed
Soulhacker forms a strong argument to support the vision of these
authors stressing the important link between art and neuroscience.
They argue that art perception and appreciation is linked to
neuroaesthetics by activation of hubs belonging to the social brain
connectoma.

The social connectome is thought to involve several key brain
regions, including the Medial Prefrontal Cortex (mPFC), Posterior
Cingulate Cortex (PCC), Temporoparietal Junction (TPJ), amygdala,
and insula. These regions have been shown to be activated during
tasks related to social cognition and are thought to play a role in
processing social information, regulating social emotions, and
integrating social cues.

These regions partially overlap with the Default Mode Network
(DMN) that is also thought to play a role in social cognition, as well as
in mentalizing (thinking about others thoughts and feelings). The
social connectome and DMN therefore share several key nodes,
including the mPFC, PCC, and TPJ, which suggest that these regions
may play a central role in social processing. However, the social
connectome also involves other regions that are not typically
considered part of the DMN, such as the amygdala and insula, which
are involved in processing social emotions and interoception.

In his seminal work “Inner vision: An exploration of art and the
brain” (Oxford University Press 1999) the author, Semir Zeki stated:
“Artists are in some sense neurologists studying the brain with
techniques that are unique to them, but studying unknowingly the
brain and its organization nevertheless”.
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Limits of this study and future directions

While innovative and as far as we know being the first of its kind in
the matching of an empty physical space to a metaphor rich virtual
space, this study is still but a pilot study with a limited number of
patients (27), excluding severe depression and with only short-term
evaluation of mood and brain network effects. A new replication study
is necessary not only to see I the results are consistent and
reproducible, if they are persisting over time, if and how they can be
augmented and if the system can be scaled to a version that can be
deployed in daily clinical practice. Even more progressive applications
may be envisaged. For example, due to the fact that multiuser
presence in VR space is now possible, we can also put the therapist as
an avatar together with the patient into the VR world as a visible and
audible trusted companion.
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