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Abstract: Highly immersive virtual reality (VR) systems have been introduced into the con-
sumer market in recent years. The improved technological capabilities of these systems as
well as the combination with biometric sensors, for example electroencephalography (EEG),
in a closed-loop hybrid VR-EEG, opens up a range of new potential medical applications.
This article first provides an overview of the past and current clinical applications of VR
systems in neurology and psychiatry and introduces core concepts in neurophilosophy and
VR research (such as agency, trust, presence, and others). Then, important adverse effects of
highly immersive VR simulations and the ethical implications of standalone and hybrid
VR systems for therapy in neurology and psychiatry are highlighted. These new forms of
VR-based therapy may strengthen patients in exercising their autonomy. At the same time,
however, these emerging systems present ethical challenges, for example in terms of moral
and legal accountability in interactions involving “intelligent” hybrid VR systems. A user-
centered approach that is informed by the target patients’ needs and capabilities could help
to build beneficial systems for VR therapy.

Keywords: neuroethics; neurophilosophy; virtual reality; agency; embodiment; trust;
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Introduction

In recent years, several high-performance virtual reality (VR) systems have been
introduced to the consumer market. These systems are characterized—in compari-
son with the previous generation of VR technology—by high-resolution and seam-
less rendering, minimal lag, and other technical advances that generally increase the
immersiveness of the user experience, as well as accessible programming interfaces
that allow for the creation of customized VR environments. In addition to their obvi-
ous commercial appeal for the entertainment market, these systems could also
enable a variety of clinical applications. Hybrid systems that combine advanced VR
with auxiliary technology such as high-density motion capture and the sensing of
an individual’s (neuro)physiological data, for example, would create new opportu-
nities for treating psychiatric and neurological disorders. Today, VR systems are
already used, still mostly in clinical research, for treating neurological and psychiat-
ric symptoms and disorders (see Table 1 for an overview).

To date, however, very little systematic discussion of the neurophilosophical and
ethical challenges from the clinical use of these new VR systems is available. Here, I
discuss some of these aspects centered on the vulnerabilities and needs of patients
as the intended end users in neurology and psychiatry. Furthermore, I also look into
the role of therapists and other medical professionals employing such systems in the
future. For the patients, I show how these systems may provide a safe environment
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Table 1. Summary of the Current Use of VR Systems in Clinical Research and Therapy in
Neurology and Psychiatry

Clinical field Disorder/Symptoms Acute Long-term / Selected
treatment  rehabilitation notes*

Neurology Stroke No Yes 1,2,34,5,6,7,89,10,11
Pain management Yes ? 121314
Balance and gait disorders Yes Yes 15,16,17,18,19
Parkinson’s disease n.a. Yes 20,21,22,23,24
Dementia/MCI /Aging n.a. Yes 25,26,27

Psychiatry Anxiety /Phobia Yes Yes 28,29,30,31,32
Eating disorders Yes Yes 33,3435
Autism spectrum disorder n.a. Yes 36,37,38
Depression Yes Yes 39,40
Psychosis Yes Yes 414243
PTSD Yes Yes 44,45

*If applicable, given the breadth of the literature, (recent) reviews and controlled trials are preferably
provided here as a guide to further exploring the literature.
MCI, mild cognitive impairment; PTSD, posttraumatic stress disorder.

for exploring therapeutic options in otherwise highly stressful (or stigmatized) con-
texts; for example, in exposure therapy in social anxiety disorder. Hybrid VR-based
systems that combine VR with electroencephalography (EEG), for example, could
also help paralyzed patients in exercising their autonomy by providing communica-
tion capabilities and a platform for social interactions.

On the other hand, the immersiveness of these new systems and possibilities for
creating persuasive simulations of avatars or virtual body parts (even full body
illusions) may produce adverse effects, for example a disturbed sense of agency,
particularly in vulnerable individuals.

Furthermore, patients could also become dependent on the assistive or therapeutic
effects of advanced VR technology that could negatively affect their autonomy. I will
argue that the new VR systems open promising avenues for new therapeutic
approaches in neurology and psychiatry, but that this development requires a careful
and proactive ethical deliberation that integrates perspectives from end users, phi-
losophers, and developers as well as medical professionals and clinical researchers.

Core Concepts at the Intersection of Philosophy, Cognitive Science, and
Psychology

I'will first give a short overview of core concepts at the intersection of philosophy,
cognitive science, and psychology that may help readers to better understand
the actual and potential adverse effects of highly immersive VR, and their ethical
implications, from a subject-centered perspective.

The 4E Framework of cognition

Important concepts and theories that have emerged at the intersection of
philosophy, psychology and cognitive science are embodiment,* enactivism,*”
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the extended mind hypothesis,*#4° and embeddedness.’® In an attempt at
unification, these are often referred to as the 4E framework of cognition.>!
Historically, this development could be understood as a reaction to the rise of
cognitivism as the main explanatory model for mental processes; for example
(and most prominently in the work of Noam Chomsky), in linguistics.5? Although
the debate on the relative merits and demerits of both approaches has engulfed
philosophy (particularly phenomenology), cognitive science and psychology for
many years, we also find promising attempts to identify cross-fertilizing aspects,
rather than further deepening and entrenching the scholarly divide.>

In the realm of VR studies, however, it seems safe to say that concepts per-
taining to the 4E framework for studying the effects of VR on user experience
and behavior are far more widely used than cognitivist models. Many even
consider highly immersive VR as a promising, if not ideal, testbed for studying
phenomenological and action-related concepts such as the sense of agency, the
active self, and others.

Body Ownership and Body Memory

An important aspect of embodiment theories is a person’s sense of (and ability
to claim) body ownership; that is, to generate a stable and clear representation
of their bodies (and their bodies” boundaries) in space. The primordial nature
and importance of this mechanism for maintaining a stable embodied self-
representation over time seems quite evident. Phenomenologically inspired
work on body representation under unusual circumstances (e.g., in experiments
including the so-called “rubber hand illusion”>* or the “body ownership illusion”
in experiments with brain-computer interfaces [BCI]),>> however, demonstrate
the frailty of our body representation. Connected to the concept of body owner-
ship is the idea of a body memory. Whereas body ownership refers to the stable
mental representation of one’s body, body memory encompasses the level of
implicitly formed and embodied body-related memories. These are often re-
actualizations of past body-related experiences or body-related abilities in present
activities. These may be complex action sequences and kinematic patterns, such as
playing the piano or riding a bike, but they also, for example, may anticipate the
sensations that occur when one’s body hits the water when jumping off of the div-
ing board at the pool. Like body ownership, body memory can also be subject to
alterations; for example, in individuals with phantom pain after losing a limb.5¢

The Self, Identity, and Authenticity

In philosophical and psychological scholarship on the self, we find many dif-
ferent (and sometimes incommensurable) theories and positions.?” At one end
of this spectrum are constructivist ideas that deny the ontological existence of
a unified and holistic self in favor of constructed narratives about one’s self (the
“narrative self”). At the other end, we encounter more cognitively and neuro-
biologically (particularly in motor cognition theories) grounded concepts that
view the core feature of the self as the ability to perceive one’s self as an active
agent of one’s own but not of others” actions (the “active self”) and are thus
related to the concept of agency (see subsequent discussion). Other theories
emphasize the importance of interpersonal relationships (the “relational self”)
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and social embeddedness (the “social self”) in shaping our identity. As the related
concepts (personal) identity and authenticity are also contentiously debated, we
shall have to be content with using the concept of “self,” particularly the “active
self” here. The model of an active self has proven much more fruitful in studying
the sense of agency in cognitive science and psychology, particularly using VR.

Agency and Sense of Agency

A fundamental aspect of the active self is that we perceive ourselves, through our
“sense of agency,” as the agents of our own actions but not of others” actions.
Important factors for a stable sense of agency are the feeling (and certainty) of
voluntarily initiating, performing, and terminating our actions.>

This fundamental sense of agency is also a constitutive element for building
a self-consciousness, and it can become unstable under pathological conditions;
for example, during psychosis or in some movement disorders, or through
experimental manipulation.>® This malleability of the sense of agency adds
strong motivation to current translational research in clinical neuroscience,
including the use of VR experiments, to understand the core mechanisms, both
functionally and at the neurobiological level, of agency.

For systematic purposes, researchers have decomposed the sense of agency into
different levels of processing. One popular model distinguishes a level of implicit
processing (the “feeling of agency”), linked to basic sensorimotor and affective
processes, from an explicit level (“judgment of agency”), linked to higher-order
cognitive processes such as intentionformation and decisionmaking.>% The precise
interplay (and hierarchy) of these processing levels, however, as well as the pre-
cise role of sensorimotor integrations for the emergence and stable maintenance of
a sense of agency are not understood in depth thus far.°6? From the perspective of
embodiment theory, “active agency” (related to the concept of the “active self”) is
an important concept. In active agency, it is the acquisition of skilled action
through procedural motor learning and the internal representation of action goals
(in close interaction with the environment) that is crucial for developing a stable
sense of agency.

Intriguingly, combining a highly immersive VR system with an EEG-based
BCI for real-time closed-loop control of the simulations in VR (based on the online
analysis of the brain signals), would provide an interesting testbed for investigat-
ing the role of sensorimotor functions for the sense of agency. With such a hybrid
closed-loop VR-BCI system, researchers could, for example, modulate the degree
to which the sensorimotor system is involved in the control of human avatars (or
robotic simulations), or modulate the realism of human avatars (or the human-
likeness of humanoid robots) to investigate agency (and sense of agency) under
experimentally controlled conditions.

Core Concepts in VR Research

Immersion

Much like being immersed in water during diving, the encompassing nature of a VR
environment with seamless rendering, minimal lag, and convincing graphic simula-
tions (that respect, for example, actual and intuitive physics) can lead to a state of
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sensory (and cognitive) immersion. Increasing the immersiveness of VR systems, by
expanding the field of view and better graphics performance, for example, is there-
fore one of the main priorities in VR development for entertainment purposes. As the
immersiveness of any VR system primarily depends on such technical aspects, it can
be assessed empirically and thus compared between different systems.

For systematic purposes, it should be noted that immersion consists of different
features, each of which jointly (or, depending on the context, separately) contrib-
utes to the overall feeling of immersion when using VR. One important feature is
sensory fidelity: visual or auditory perceptions in VR that match closely our percep-
tions in the real world. Whereas sensory fidelity seems to be a particularly impor-
tant feature in “serious” applications of VR (such as medical or educational VR),
being able to do “impossible” things, such as fly, is an important feature for enter-
tainment purposes.®

As greater immersion, however, increases the “costs” of computational
processing—a problem limiting the miniaturization and portability of VR systems—
it seems reasonable to ask what minimal amount of immersion is required for an
optimal VR user experience in any given context, be it gaming or in medical ther-
apy, a question that has not been answered thus far.

Presence, Co-presence, Social Presence, and Telepresence

In short, presence in VR, as opposed to the perceptual aspect of VR experience
modulated by immersion, usually refers to users’ feeling of “being there” in the
virtual environment (rather than experiencing situatedness in the room in which
they use VR).%* It is influenced by users’ internal willingness (and propensity) to
“dive” into the VR experience, by their attention, and, also, by the immersiveness
of the VR simulation.®

Co-presence refers to the experience of sharing the VR environment with other
persons. Social presence, although related to co-presence, further includes the
possibility to interact meaningfully with co-present users in VR. Although these
are certainly highly subjective experiences, presence, co-presence, and social
presence can be studied empirically with questionnaires and in-depth user
interviews.%

With the emergence of systems for virtual therapy, whether in psychotherapy,
physical therapy, or other forms of virtual teletherapy, these different facets of
presence will likely play an important role in patients’ comfort level and accep-
tance of these new approaches.

Virtual Body Ownership and Body Memory

Body ownership, as discussed, is the ability to build a stable representation of
one’s body (and its physical boundaries) in space. In a virtual environment, the
sense for these boundaries, based on sensory and proprioceptive input, may easily
conflict with the content of the visual simulations Developing highly realistic
and even personalized avatars is, therefore, an important goal for VR design to
minimize this potential mismatch and give users the experience of possessing
(and controlling) a virtual body. In a medical context, for example in developing
VR-based treatments for eating disorders, the ability to modulate an individual’s
body image via changes in the avatar’s virtual body could be an important tool for
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developing new therapies. For body memory, the unique possibilities of changing
the user perspective in VR from an egocentric to an allocentric view or to let the
user experience the virtual avatar body of another person (body “swapping”
or “transfer”) also provides unique opportunities for research in psychology and
cognitive sciences as well as therapies in neurology and psychiatry.67,686970

Realistic Avatars and the “Uncanny Valley”

Advances in VR graphics performance, motion capture, and the rendering of an
individual’s physiognomy (particularly facial features) allow VR developers to
steadily increase the realism of VR avatars. However, research on human-machine
interaction from robotics and experiences from animation filmmaking suggest the
existence of an “uncanny valley” effect—a drop in users’ rating of the familiarity
of a humanoid robot (or puppet) as its human likeness increases (see Figure 1).
The drop in familiarity in this model seems to occur whenever humanoid robots,
puppets, or graphical avatars are very human-like, yet not quite “there;” for example,
in terms of realistic kinematics and the animation of facial expressions.

Whether and to which degree this effect of uncanniness translates to computer-
generated avatars in VR has not been studied comprehensively thus far. Moreover,
some researchers are skeptical whether the uncanny valley effect actually exists
and, if so, whether it significantly affects the VR users’ experiences and acceptance
and enjoyment of the VR environment.”>73

Therefore, gathering and analyzing more data on users’ rating of human-like
avatars (and robots in VR) with validated qualitative research instruments could
help to clarify this matter. Considering the likely further development in computer
graphics and avatar simulation, however, this open question could soon also turn
out to be moot once we get truly seamlessly rendered, fluent, and highly personal-
ized avatars in VR: a bridge over the uncanny valley.
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Figure 1. The putative “uncanny valley” effect in animated humanoid robots, puppets, and
prostheses (and possibly also VR avatars).”!

615


https://doi.org/10.1017/S0963180118000129

https://doi.org/10.1017/50963180118000129 Published online by Cambridge University Press

Philipp Kellmeyer

Trust

For interactions in a highly immersive VR environment, the question of trust seems
crucial to ensure a positive user experience and will, ultimately, be an important
determinant of whether VR will be accepted by patients and adopted by the medical
community. For building trust in any particular VR system, basic preconditions
have to be fulfilled: the VR system has to (1) avoid harm to the user, (2) meet the
general expectations of the user (although surprise can also be a welcome element,
for example in gaming), (3) be intuitive to handle, and (4) have a high level of ability
to achieve the user’s specific goals.” Furthermore, preliminary evidence from VR
research suggests that a high level of presence increases a user’s trust in a VR system.”
But trust is of course a two way street, and apart from the technological specifications,
the user’s propensity to trust in technology in general (and VR in particular) may also
strongly influence whether the user develops trust toward a VR system.

For medical applications, for example VR-assisted rehabilitation or psychother-
apy, the question of trust will extend beyond the question of technical reliability,
and will include an interpersonal element; that is, human therapists. VR therapy
would create new modes of patient-therapist interactions: for example, a human
therapist may be present in the same room as the patient while also being co-present
in the VR environment, but the therapist could also be telepresent in VR while
actually being thousands of miles away from the patient.

How these different modes of interaction affect the amount (and strength) of
trust that builds between patients and therapists under such substantially different
circumstances would also be an important topic for future research on emerging
VR therapy.

Adverse Effects of VR on Medical, Action-Related, and Phenomenological
Aspects of User Experience

To better contextualize the emerging ethical challenges from VR therapy in neurol-
ogy and psychiatry, I will first delineate some adverse effects that users of highly
immersive VR systems can (and could) experience.

Reliability of Technical Performance: From a Glitch Into the Ditch?

From a purely technical perspective, it is important to recognize that the current
commercially available VR systems have been primarily developed for providing
entertainment to consumers. This means, however, that the demanding, sometimes
exacting, technical standards that are usually required from an experimental appa-
ratus in science (or from medical devices) are not necessarily met by the current
generation of VR headsets. One issue that apparently limits the technical reliability
of the current systems is random fluctuations in rendering latency.”® To provide one
example of how such a seemingly minute technical problem may amplify into an
adverse effect consider the following scenario. If such fluctuations lead to unex-
pected glitches in the graphics performance, this could lead to a mismatch between
auser’s visual experience and bottom-up sensory (and proprioceptive) input which,
in turn, could make the user stumble or fall. Research on medical applications of VR
systems should, therefore, also include investigation into whether the technical reli-
ability of the currently used systems is sufficient to avert such adverse effects.

616


https://doi.org/10.1017/S0963180118000129

https://doi.org/10.1017/50963180118000129 Published online by Cambridge University Press

Neurophilosophical and Ethical Aspects of VR Therapy

Cybersickness: An Important Challenge for VR Therapy

Some users of VR systems experience, to varying degrees, nausea, vertigo, fatigue,
headache and other symptoms summarized under the term “cybersickness.”””
Although stopping the use of the VR system will usually quickly resolve the symp-
toms, the individual propensity for developing cybersickness (and anxiety about
recurring cybersickness’®) may prevent the affected users from repeatedly using the
system. Moreover, some evidence suggests that individuals with existing damage to
the central nervous system might be more prone to developing cybersickness (for
example in multiple sclerosis).” Finding technical solutions to minimize cybersick-
ness will, therefore, be an important challenge to VR engineers and programmers to
increase the applicability of VR, particularly in medicine. To this end, one important
research focus could be the identification of (neuro)physiological parameters, such
as heart rate or EEG data, that reliably indicate the presence (or, better yet, the
impending onset) of cybersickness in VR users.8’ Here too, a closed-loop VR-EEG
system could provide important insights into the feasibility of adaptively control-
ling the VR environment based on the real-time analysis of neurophysiological (and
other biometric) data to reduce (or prevent) cybersickness in susceptible users.

Immersion and Presence: Too Much Into It?

The improved immersion, when modern VR technology is compared with older
generations of VR systems, is certainly a key feature for its success. We do not yet
know much, however, about the long-term effects of highly immersive simulations
in VR on vulnerable individuals such as children, adolescents, or patients. Recently,
an “internet gaming disorder” was introduced in the fifth edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5).8! To some degree at least, engag-
ing and immersive computer games and “social” Internet services seem to tap
regions of the “reward network” in the human brain that are similar to the circuits
involved in substance abuse.?? One ought to be critical of an unreflected medical-
ization of social phenomena, and the existing research on the subject is far from
conclusive (and very uneven in quality). However, the evidence thus far provides
reason to proceed with precaution and perform more research on the effects of
highly immersive gaming and VR environments and the effect of persuasive (social)
presence, particularly in vulnerable groups, on the users’ mental health, specifically
with respect to the addictiveness of the technology.

Virtual Body Ownership: Altered Bodies, Altered Minds?

As we have seen, (future) VR will presumably offer unprecedented opportunities
to manipulate the shape, movement pattern, and other features of highly realistic
and personalized avatars; for example, to assist in the treatment of anorexia ner-
vosa and other eating disorders. As we have discussed briefly, illusions of body
ownership can readily be evoked in healthy individuals as well as individuals
with a disability by relatively low-tech setups, such as the rubber hand illusion.’?
With the advent of highly realistic avatar simulations in VR, researchers are now
building whole VR embodiment laboratories as testbeds for illusions of (virtual)
body ownership.3* Such a setup could have many beneficial uses: performing full
virtual body swaps in VR could help to reduce stigma and prejudice and enhance
empathy; creating persuasive illusions of body ownership in immersive VR could
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help to alleviate pain in phantom limbs, or help in treating eating disorders, body
dysmorphic disorders, and other psychiatric conditions that are difficult to treat in
some cases with existing therapeutic regimens.%

Here too, however, researchers should proceed cautiously when using such
altered avatars for treatment purposes and should study in depth the immediate
and long-term effects on body ownership, body memory, and body image.

Trust: A Multilayered Affair

For a VR system to become a viable tool for assisting therapists and physicians in
medical treatment, trust will be an absolutely essential prerequisite. This trust, as
I discussed, is multilayered: users have to trust in the VR system’s safety and reli-
ability, they also need to trust the person recommending the use of VR therapy,
and they need to develop trust in any therapist who is present in the room (while
using the VR system) and/or is co- or telepresent in the VR environment.

Such a system of discernible, yet interconnected, levels of trust means that the
failure of any one component—whether a technical malfunction or human error—
may erode the user’s trust in the system as a whole.

I will take the example of a closed-loop hybrid VR-EEG system. In such a system,
the VR simulation could be modulated adaptively by the subject’s brain activ-
ity in real time. This technological expansion of VR would create opportunities for
promising new medical applications; for example, a VR-EEG system for adap-
tively controlling anxiety. At the same time, the inherent intransparency of some
advanced machine learning algorithms (for deep learning, for example)—the
black-box problem—could make such a system less predictable for users and
therefore less trustworthy.

Agency and Sense of Agency: New Disorders in VR?

As I have discussed, the combination of advanced graphics and avatar simulation
with increasing immersiveness in modern VR systems, as well as the prospect
of closed-loop interaction in hybrid VR-EEG/VR-BCI systems, provides exciting
tools for performing innovative research at the intersection of philosophy, psy-
chology, cognitive science, and medicine. The user’s agency and sense of agency
(similar to the question of multilayered trust) will likely play a central role in such
a research program and in VR therapy.

We should recognize that historically, from the perspective of neurophilosophy
and practical ethics, there is not one unified concept of “agency,” but rather a vari-
ety of notions and definitions. From a deontological perspective, for example,
a subject’s autonomy expresses itself in the ability and in the exercise (in “active
agency”) of the subject’s intentional actions. Other concepts stress the importance
of the subjects’ relationship to other persons in exercising their agency (“relational
agency”) and in sharing parts of their agential capabilities in cases of relegating
some aspects of the decisionmaking for and/or exercise of actions to another
human or to an intelligent system (“shared agency”).8¢ With respect to closed-loop
systems (in this case systems for deep brain stimulation [DBS]), Sara Goering and
colleagues have suggested that: “Acting autonomously may mean that you develop
your motives through dialogue with others, that your motives are not entirely
your own, and that even your actions may be shared in some sense.”%
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Now, in theory, emerging highly immersive VR systems offer intriguing pos-
sibilities for modulating a user’s sense of agency. Imagine, for example, the follow-
ing scenarios:

1) Researchers could design and modify highly realistic simulations of whole-
body avatars or body parts in VR. Imagine a user with a missing limb that
can control a virtual simulation of that user’s arm or a prosthetic limb in VR,
for example with a closed-loop VR-EEG system. Modulating the realism of the
simulated limb—for example, from cartoonish or blurred to a near- perfect
rendering of the subject’s actual limb (for example based on old videos)—
could conceivably alter the subject’s sense of agency, feeling of control (as
well as virtual body ownership and other factors). Could such modification,
or manipulation of a subject’s sense of agency particularly if performed against
the will of the subject and/or with incomplete understanding by the subject),
lead to hitherto unknown (or unrecognized) disorders of agency? One could
imagine, for example, that some modifications of the sense of agency could lead
to something like “agential uncertainty”: a feeling of loss of control and unease
about one’s (sense of) agency.

2) Similarly, the attempts to increase the immersiveness of VR by merging
the VR headsets with other sensory input devices, such as haptic gloves,
for example, could also provide opportunities to modify sensory bottom-
up aspects of the user’s experience. Imagine, for example, a subject with
chronic pain in the hand, caused by a “complex regional pain syndrome”
(CRPS), a debilitating disorder of pain and sympathetic dystrophy that
can develop after injuries or surgery. CRPS is notoriously difficult to treat;
therefore, exploring the viability of alleviating a patient’s pain by modulat-
ing sensory processing pathways through combining haptic input devices
with immersive VR would seem to be a reasonable endeavor. But what if
the external manipulation of sensory input, in this case vibrotactile input
by the haptic glove (but also by modifying other sensory input channels),
leads to a feeling of uncertainty about the source and validity of subjects’
first-person sensory experience, “epistemic uncertainty” and/or “phenome-
nological unease?”

Although hypothetical at the moment, it might turn out that such emerging
(hybrid) VR systems could alter core aspects of a user’s phenomenological experi-
ence and action-related processes, such as the senses of agency and selfhood,
and others. Concomitant research into such possible adverse effect on the sense of
agency and other action-related and phenomenological aspects of user experience,
therefore, needs to become an important and integral part of further research on
VR therapy.

Ethical Aspects of VR Therapy in Neurology and Psychiatry

Better technical abilities and the emergence of hybrid systems, such as closed-loop
VR-EEG or VR systems with sensory input devices, could help in developing
new therapies for neurological and psychiatric patients. At the same time, closer
human-machine interaction and the increasing “intelligence” of adaptive systems
(based on advanced machine learning and big data) may also create important
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ethical challenges for VR therapy. Although the focus of our analysis of the ethi-
cal implications here will be on medical VR systems, particularly for neurological
and psychiatric disorders, similar developments for consumer-directed VR systems
will also create important ethical, legal, and social challenges, which will be
explored on another occasion.

Autonomy and Agency of Research Subjects and Patients in VR Therapy

Autonomy is a central principle of research ethics and medical ethics within the
tradition of Western biomedical ethics.® In the context of the emerging VR sys-
tems discussed previously here, the following aspects with respect to autonomy of
research subjects and patients seem particularly important in VR therapy in neu-
rology and psychiatry.

1) First, the technological prospects of the emerging systems, particularly hybrid
and closed-loop systems, offer opportunities for individuals with a neurologi-
cal or psychiatric disorder to better exercise their autonomy (and agency) in
cases in which these capabilities are impaired, for example through paralysis
or in debilitating anxiety. Imagine, for example, a closed-loop hybrid VR-BCI
system with which a severely paralyzed patient—for example, in a locked-in
state with otherwise minimal communication capabilities—would gain the
capability to move around in a virtual environment and communicate with
co-present avatars (operated by/representing, for example, their loved ones).
This would certainly restore their previously impaired autonomy and agency
and could significantly improve their quality of life and their capability for
informed decisionmaking.

2) On the other hand, within the potential target patient groups in neurology
and psychiatry—stroke, movement disorders, dementia, severe paralysis,
debilitating social (or other) anxiety, autism spectrum disorder, depression,
and other conditions—we encounter particularly vulnerable patients.
Therefore, giving those vulnerable patients the tools for restoring particular
capabilities should not diminish the responsibility of the therapists (and
other medical professionals) to assess the patient’s mental capacity for deci-
sionmaking and for giving informed consent. But here again, being able
to communicate and/or socially interact through such a hybrid VR system at
all would be an important (and commendable) prerequisite for the attending
therapists to actually be able to assess the patient’s mental health and cogni-
tive functioning.

3) Highly immersive and interactive VR offers great opportunities for social
interaction, particularly for individuals who might otherwise have difficul-
ties in building and maintaining social contacts, such as in autistic spectrum
disorder, severe social anxiety, or agoraphobia. Previously, I have briefly
mentioned the notion of “relational agency,” a concept in which agency
extends beyond the individual subject to include the level of intersubjective
experience and relationships, to enable a meaningful (inter)action with the
environment and others. Similarly, the notion of “relational autonomy” con-
ceives of the subject not as an isolated being who makes decisions and per-
forms actions solely on the basis of intrinsic motives and intentions, but as a
subject for whom interpersonal relations and shared experiences are an
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important part of that subject’s capacity to exercise autonomy.® In VR-assisted
therapy, particularly (but not only) in individual and group psychotherapy,
such a relational concept of autonomy could, to some degree, help to level the
playing field between patient and therapist and lead to more non-hierarchical
modes for therapy.

4) The possibility of creating personal avatars in VR that do not need to resem-
ble the actual physical appearance of a subject could also help to reduce
stigma and bias, particularly in remote interactions, for example with telep-
resent therapists in VR-assisted therapy. At the same time, these degrees of
freedom in abstracting or personalizing VR avatars could also be problem-
atic in therapeutic settings in which an impaired or distorted body image is
part of a patient’s diagnosis, as might be the case in eating disorders or body
dysmorphic disorder. Therefore, patients with vulnerabilities in that respect
should be closely supported by therapists when personalizing avatars, to pre-
vent adverse effects on a patient’s body image.

Accountability of “Intelligent” Closed-Loop VR Systems: Keeping Patients and
Therapists in the Loop

VR systems for entertainment as well as clinical applications should ideally both
be intuitive and reliable to use, but also adaptive and interactive, to maximally
engage the users. This poses a significant challenge to VR developers, which may
explain the appeal of advanced machine learning algorithms, for example artificial
neural networks for “deep learning,” for building “intelligent” and adpative VR
systems to tackle this problem.

However, as in many other contexts in which humans interact with “intelligent”
systems—whether autonomous vehicles or BCI—the intransparency of the under-
lying algorithms may create gaps in moral and legal accountability. With respect
to “intelligent” BCI systems, there is currently a debate on whether (and if so to
which degree) keeping humans, whether the users themselves or others (for exam-
ple a therapist), “in the loop” may help to preserve accountability and strengthen
the autonomy of the subject in such systems.”

Using opaque, black-box algorithms for online data analysis in hybrid VR-EEG/
VR-BCI systems could create similar problems of accountability that would be
particularly precarious if such systems are developed (and marketed) for medical
use. This again poses a challenge to regulatory bodies to closely scrutinize the
transparency of such systems and develop rules and guidelines for the necessary
levels of algorithmic transparency, perhaps adapted to the potential medical risks
of any particular clinical application.

Building systems that are adaptive and may learn with the user, yet are governed
by a transparent set of algorithms that ensure accountability in cases of unexpected
system failure (with negative effects for users or third persons), could become a
crucial model for developing “intelligent” and transparent medical devices, whether
a BCI or VR-EEG system, in the future.”!

The Gadget Fallacy: Technology-Driven versus User-Centered Approaches to VR Therapy

Exciting progress in technology usually breeds a bubbling enthusiasm in
technology-affine communities which, however, often quickly boils over into
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hype and unrealistic expectations. VR technology is not immune to this “hype
cycle”—ranging from the initial excitement, to the peak of inflated expectations,
into a trough of disillusionment, and up again to a plateau of actual productivity—
and technology analysts disagree, where exactly the latest generation of VR tech-
nology currently finds itself on that fateful journey and how it intersects with
other technology hypes such as big data and deep learning.”

For medical technology, as in assessing medical artificial intelligence (Al) systems,
the community needs to critically discuss whether it wants to adopt a technology-
driven or user-centered approach in translating emerging VR technology to the
clinic. In the technology-driven approach, the priorities of the companies that
develop VR systems will ultimately determine the range of capabilities and possible
medical applications. In a bottom-up, user-centered approach, developing medical
VR systems would be driven by the actual needs and priorities of the vulnerable
patients—with qualitative research using focus groups, narrative interviews,
and other methods—for whom VR systems could offer important new therapies.
Strengthening and incentivizing such end-user-oriented research should, there-
fore, be a priority in (public) funding schemes that support the development of
medical VR systems.

Nonmaleficience and Regulatory Frameworks: Avoiding Harmful Effects in VR Therapy

As sketched previously here, highly immersive VR systems, particularly hybrid
systems such as a VR-EEG system, may have many adverse effects, from relatively
well-known effects, such as temporary cybersickness, to potentially longer-lasting
effects on a user’s well-being, for example if it turned out that highly immersive
VR would carry the risk of being addictive to susceptible individuals.

As these effects are not particularly well understood, let alone grounded in sys-
tematic empirical studies, research on those adverse effects in healthy users and
potential groups of patients as end users should be prioritized and made integral
to research and development of such VR systems, particularly for clinical applica-
tions. Otherwise, the physicians will have no sufficient evidence base for ensuring
the nonmaleficient, “first do no harm,” use of this emerging technology.

An open question in that respect, from a regulatory and legislative perspective,
is whether VR systems for medical applications should fall under existing medical
device regulation regimens, and whether these existing guidelines are sufficient to
prevent harmful effects of this technology.

Any regulatory response to medical VR technology should of course tie in and
be harmonized with comprehensive proposals on effective regulatory frameworks
for similar emerging medical technologies, such as BCls, medical robots, or intel-
ligent decision-support systems (“medical Al systems”).93949

Summary and Outlook

To summarize, the new generation of highly immersive VR headsets and emerg-
ing hybrids such as VR-EEG/VR-BCI systems allow for many intriguing and
potentially beneficial prospective clinical applications in neurology and psychiatry.
Closed-loop hybrid VR-BCI systems, for example, could help patients with severe
paralysis to communicate and interact with co-present friends or relatives in a rich
and stimulating VR environment. Modifying and personalizing highly realistic
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avatars in immersive VR environments could help people with social anxiety or
autism spectrum disorder to interact with others in a safe space of their choosing
in VR. Highly realistic simulations of a patient’s limb could be used to augment
motor rehabilitation, for example in spinal cord injury; or to treat phantom pain
sensations through virtual “rubber limb” illusions. Telepresence of therapists in
VR may bring psychotherapy to people in remote places that otherwise would
perhaps have no access to mental health services.

However, the immersive nature of modern VR systems and the many possibilities
for modifying user experience in VR may also produce adverse effects, particu-
larly in vulnerable users such as children and adolescents or patients with brain
disorders. Importantly, the potential phenomenological, psychological and action-
related adverse effects hypothesized here: agential uncertainty, phenomenological
unease, or epistemic uncertainty— but also others such as self-alienation—are of
course not restricted to users with neurological or psychiatric disorders. They
could also occur in patients who use (closed-loop) VR systems for rehabilitation
after amputation of limbs (or severe traumatic injuries) and in users of VR systems
for entertainment. However, patients with impaired brain functions, particularly
cognitive or emotional processing, in neurology and psychiatry could be especially
vulnerable and prone—neurophysiologically as well as psychologically—to expe-
riencing these effects and perhaps less resourceful in coping with them.

When relying on “intelligent” hybrid systems, such as VR-EEG, for providing
therapy, it should also be discussed whether users have the right to know when
they are interacting with an Al system and how granular the consent process for
such Al-assisted therapies should be. As is often the case in the interaction between
humans and “intelligent” systems, keeping humans—in this case the patient
and therapists—in the loop at key decision points may help to preserve moral
and legal accountability.

For ensuring a patient-oriented research and development process in the emerging
field of VR-assisted therapy, I have discussed how technology-driven approaches
might create applications (“use cases” in technology parlance) that do not neces-
sarily cater to the most pressing needs of the patients. Promoting a user-centered
approach in which the capabilities and needs of target patient groups play a cen-
tral role to guide the design and development process of medical VR technology
might therefore help to evade this “gadget fallacy.” This user-centered process
could be complemented by the input of ethicists and philosophers and VR devel-
opers, as well as medical professionals and clinical researchers, into the optimal
technological and design features to best meet the needs of the patients.

VR has many technological and creative features and facets that could help to
substantially improve the lives of many patients in neurology, psychiatry, and
many other medical fields. As with many other powerful technologies before—
whether pharmacology, genetic engineering, electrical stimulation, Al, or others—
the decisive question will not be, whether they will be used for medical purposes
but rather how we can ensure that medical VR technology contributes to diminish-
ing the burden for patients and to promoting human flourishing.
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