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Emma Tison†

University de Bordeaux, France
Justin Dillmann‡

Inria, CNRS, Université de Bordeaux, France
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Figure 1: A participant interacting with the homework assignment in the simulation. She sees her responses broadcast on the TV
in the background.

ABSTRACT

Schizophrenia is a serious mental health disorder which may in-
clude symptoms such as hallucinations, delusions, and disorganized
behavior. In addition to experiencing a diverse symptomatology, in-
dividuals with schizophrenia suffer from significant stigmatization
which can interfere with effective treatment of the disorder among
other issues. As a primary source of stigmatization comes from
healthcare professionals, we were motivated to explore new ways
in which to educate healthcare students about the symptoms of
schizophrenia. Despite its potential to immerse users in new expe-
riences within a real environment, little research concerning the use
of augmented reality (AR) to simulate schizophrenia exists. In this
paper, we present Live-It, a tool designed using recommendations
from prior work as well as inspiration from lived experiences to ed-
ucate mental health students about schizophrenia. The simulation
uses the video passthrough capabilities of the Meta Quest 3 headset
to simulate delusions, auditory hallucinations and additional symp-
tomatology. Using thematic analysis, we evaluated our simulation
with nineteen students and eighteen experts in healthcare to under-
stand its ability to engage users and reliably represent symptoms of
the disorder, as well as to determine how best to improve upon the
design before the tool is widely deployed in mental health curricula.
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Our findings suggest that participants better understood symptoms
of schizophrenia after experiencing the simulation, highlighting the
potential of Live-It to be used as an educational tool. We present
our design, provide a detailed analysis of our findings, and under-
line next steps in the development of our tool.

Index Terms: Human-centered computing, Augmented reality,
Simulation, Schizophrenia, Education, Design.

1 INTRODUCTION

Affecting 24 million people worldwide, schizophrenia is a serious,
chronic mental health disorder characterized by impairments in the
individual’s perception of reality. Symptoms of schizophrenia may
include disorganized thinking and limited emotional expression in
addition to psychotic symptoms such as hallucinations and delu-
sions. Considered a significant mental health disorder, schizophre-
nia additionally affects the individual’s social integration, as indi-
viduals with schizophrenia often suffer from stigmatization from
the general public as well as from healthcare professionals who
may not fully understand the disorder’s complex symptomatology
and the behavior it can elicit [1]. Individuals with schizophrenia
are often seen as dangerous and unpredictable, despite only a very
small percentage likely to be violent [38]. Such stigmatization may
not only harm relationships and decrease opportunities for employ-
ment, but can impede timely treatment of the disorder.

One way in which to reduce stigma is through better education
about the symptoms. While a standard educational approach may
be effective for imparting knowledge about schizophrenia gener-
ally, it remains difficult for learners to fully grasp and understand
symptoms through third person perspectives. Offering users a first-
hand experience, virtual reality (VR) approaches are particularly
relevant for schizophrenia education. According to Rodriguez et al
(2022), technology-based interventions such as audiovisual simula-
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tions [7], VR experiences [41], as well as video games [28, 10]
have been generally effective in reducing public stigma towards
various mental health disorders [30]. Concerning schizophrenia,
previous studies have investigated simulations of auditory halluci-
nations [5, 9] as well as immersive experiences of schizophrenia
using virtual environments [25, 37, 23]. Providing a safe environ-
ment in which to experience a variety of situations, VR additionally
allows for the potential change of attitudes and beliefs [41] which
can accompany learning in immersive, educational environments
[24]. Promising results seen with VR simulations of various disor-
ders [20, 32, 42] continue to propel its many applications in mental
health. According to Tay et al (2023), AR/VR interventions have
been beneficial for improving empathy towards people with mental
illnesses as well as increasing knowledge of mental illness [36].

Although previous research has demonstrated the efficacy of
VR in eliciting empathy towards stigmatized groups through
perspective-taking [21], there exist multiple studies where simu-
lations have also increased participants’ desire for social distance
from the stigmatized group [5, 30]. This paradox might stem
from the intense nature of simulating extreme symptoms, such
as visual hallucinations, which can be frightening for participants
and inadvertently heighten perceptions of danger associated with
schizophrenia. In contrast, social contact interventions—where in-
dividuals with mental illness share personal experiences—do not
yield similar increases in social distance, suggesting that a more
comprehensive representation of symptoms could bridge under-
standing more effectively [5]. Furthermore, while VR offers deep
immersion, it can complicate participants’ ability to distinguish be-
tween elements of their actual physical surroundings and those rep-
resenting symptoms, as everything is simulated. In contrast, aug-
mented reality (AR) offers a promising alternative by seamlessly in-
tegrating simulated symptoms with the physical world, providing a
more grounded experience. Preliminary work by Silva et al. (2017)
[34] has employed AR to simulate hallucinations. In this paper, we
extend this approach by simulating a wider range of symptoms in
AR. This method aims to enhance realism and empathy without in-
creasing social distance, leveraging AR’s unique capability to blend
simulated experiences with actual physical environments for a more
comprehensive educational tool.

In this paper, we present findings from an evaluation of Live-It,
an AR educational tool for graduate-level healthcare students who
may come in contact with individuals with schizophrenia in their
future workplace. The name Live-It reflects the idea of living the
experience of schizophrenia, in the hopes that such an experience
may enhance understanding of the disorder and the individuals who
experience it. This tool was designed in collaboration with an inter-
disciplinary team of experts in clinical neuropsychology, computer
science, and human-computer interaction. We evaluate our simu-
lation design with students and experts in healthcare and describe
how themes extracted from related work apply to the design of our
simulation. We analyze participant feedback in order to respond to
three research questions:

• RQ1: Is the simulation able to reliably represent symptoms
of schizophrenia?

• RQ2: How effective is the AR environment in providing an
engaging user experience?

• RQ3: What is the potential of this tool to be used for educa-
tional purposes?

Our findings indicate that Live-It has significant potential to be
used as an educational tool for training students (RQ3). Partici-
pants indicate that the simulation allows for a better understand-
ing of symptoms and responses these symptoms can elicit (RQ1),

and provide generally positive feedback concerning their experi-
ence (RQ2). Based on feedback from participants, we plan to ex-
pand upon the simulation to incorporate additional symptoms and
allow for a more seamless user experience. Findings from our work
may additionally be used to inform future simulations which seek
to use immersive technologies to educate users about symptoms
across different mental health conditions.

1.1 Symptoms Included in Live-It
According to work by Prouteau et al (2011), symptoms of
schizophrenia can be categorized into three subgroups: positive and
negative symptoms as well as symptoms of disorganization [29].
Positive symptoms can include auditory, somatosensory, olfactory
or visual hallucinations as well as delusions. Negative symptoms
can include physical aenergy (lack of energy), avolition (inability to
take action) and anhedonia (inability to feel pleasure), while symp-
toms of disorganization can include motor inconsistencies [29, 1].
In our simulation, we include several positive and negative symp-
toms. All symptoms present in the design of the simulation can
be seen in Table 3 in Section 5.1.1. Symptoms included in the
simulation include auditory hallucinations (hearing voices: Sym1,
positive), delusions (fixed beliefs not based on facts: Sym2, posi-
tive), theft of thought (feeling that others are stealing your thoughts:
Sym3, positive), self-care negligence (inability to take care of one-
self: Sym4, negative), physical aenergy (lack of energy: Sym5,
negative), and thought broadcasting (feeling that others are reading
your thoughts: Sym6, positive). This is described in more detail in
Section 3.

2 RELATED WORK

In this section, we discuss prior research investigating the simula-
tion of a variety of mental health disorders including schizophrenia
and psychosis. We detail previous VR and AR simulations and
highlight recommendations from this prior work which have in-
formed the design of the simulation. Similar to Hadjipanayi et al
(2020) [20], we considered personal narratives essential in the de-
sign of the simulation, as subjectivity of those with lived experience
is rarely represented in scientific literature. Therefore, we addition-
ally consulted personal essays, youtube channels, reddit forums,
educational material, works of art, blogs, as well as posts across
various social media platforms created by individuals with experi-
ence of schizophrenia and/or psychosis. We highlight three themes
which arise consistently throughout our exploration of both scien-
tific literature and lived experiences, and describe how these are
used to inform the design of our simulation. Lastly, we discuss
the benefits and potential of using AR as an educational tool for
schizophrenia.

2.1 Previous Simulations of Schizophrenia and Serious
Mental Health Issues

Considering the prominence of stigma towards serious mental
health disorders, there exist many simulations which seek to allow
participants a better understanding of symptoms through firsthand
experience. VR has previously been used to simulate a variety of
different experiences such as drug usage [12], dementia [33, 3], As-
perger’s syndrome [20], being elderly [39], having a hearing [17]
or visual impairment [2] as well as multiple other conditions in-
cluding depression [41] and autism [32]. Perhaps one of the first
simulations of schizophrenia was developed by Tichon et al (2003),
which made use of an immersive environment with large screens
and projectors to simulate visual and auditory hallucinations [37].
Work by Yellowlees et al (2006) designed a simulation of auditory
and visual hallucinations using Second Life 1, a screen-based on-
line VR platform [40], which allowed users to better understand

1https://secondlife.com/

2



© 2024 IEEE. This is the author’s version of the article that has been published in the proceedings of IEEE International
Symposium on Mixed and Augmented Reality (ISMAR) 2024.

hallucinations. Zare-Bidaky et al (2022) developed a VR 360 video
simulation of psychosis in which participants experienced auditory
hallucinations and delusions in which a TV appears to be speaking
to the participant [42].

Although there exist many simulations of schizophrenia, re-
sults concerning stigma are inconclusive across many prior stud-
ies. Ando et al (2011) determined that while many simulations
of schizophrenia have increased empathy, many have simultane-
ously increased desire for social distance from individuals with
schizophrenia [5]. Kalyanaraman et al (2010) designed a VR sim-
ulation using auditory and visual hallucinations with the goal of
educating healthcare professionals, and determined that their sim-
ulation actually increased participants’ desire for social distance
[23]. Similarly, work by Stelzmann et al (2021) revealed that
stigma towards individuals with schizophrenia increased after view-
ing a 360 video presented in VR in which a young man tells the
story of discovering his symptoms and experiencing schizophrenia
throughout his daily life [35]. However, the authors determined
that stigma only increased when participants did not find the man
likable, whereas the simulation decreased stigma for participants
who evaluated the man positively. Mixed results such as these ap-
pear to be true even in more recent work such as that by Libera et al
(2023), in which users experienced auditory hallucinations within a
360 VR environment [15]. The authors determined that while their
simulation increased empathy, it also increased stereotypes. Many
previous hallucination simulations have failed to reduce stigma [8]
or have had mixed results concerning their effectiveness [27], ren-
dering their usage as a tool to educate users about schizophrenia
unclear.

2.2 Designing Mental Health Experiences

Considering mixed findings from related studies, there exist mul-
tiple recommendations for future work which stem from previ-
ous simulations of serious mental health disorders and disabilities.
Zare-Bidaky et al (2022) suggest focusing on the entire person who
experiences symptoms rather than solely on symptom expression,
and stress the importance of providing a neutral rather than dramatic
environment, as the latter may unintentionally increase stigma [42].
Likewise, Ando et al (2011) recommend integrating the humanity
of the person into the simulation regardless of the nature of symp-
toms depicted [5]. As increases in stereotypes may result from a
better understanding of the limitations and difficulties associated
with schizophrenia [15], it may be important to include aspects of
hope such as coping strategies in order to show that recovery in
the form of active symptom management is possible [17]. Instilling
hope may not only counter stereotypes, but may facilitate a focus on
the individual and their abilities rather than symptoms alone [8, 30].

2.3 Design Inspiration from Lived Experiences

To investigate personal narratives of schizophrenia, we explored
multiple well-known social media channels such as Living Well
With Schizophrenia2 and xoradmagical3. We viewed material cre-
ated by PositiveMinders 4, an international organization which pro-
vides free training and resources in order to educate, spread aware-
ness, and make mental health care resources accessible to every-
one. Lastly, we explored artwork developed by Martin (2023) in
collaboration with individuals with psychosis [26]. Across these
various sources, individuals stressed the importance of remember-
ing who they are even on bad days, the need to have and pursue
goals, the difficulty taking care of oneself, as well as the desire
to lead a meaningful life. In her essay “Recovery as a Journey of
the Heart,” Patricia Deegan, the creator of the Hearing Distressing

2https://www.youtube.com/@LivingWellwithSchizophrenia
3https://www.youtube.com/@xoradmagical884
4https://positiveminders.com/

Voices simulation 5, speaks from her own experience of schizophre-
nia, stressing the importance of recovery and hope for individuals
living with serious mental illnesses [14].

2.4 The Need for Reliable Schizophrenia Symptom Rep-
resentations

Concerning previous simulations of schizophrenia, accuracy of
symptom representation is often unclear. While some simulations
have used symbolic representations of symptoms such as fighting
monsters to represent hallucinations [31], others have lacked suffi-
cient details necessary to understand how symptoms are represented
specifically [18]. Therefore, we provide detailed descriptions of all
symptoms present in the design of our simulation.

2.5 Summary of Design Decisions
We identified three common themes based on recommendations
from related work and lived experience of schizophrenia. These
are Design Decision 1, DD1) Identity: the importance of showing
the individual as an entire person with goals and a narrative. Design
Decision 2, DD2) Recovery and Hope: the importance of instilling
hope for the individual’s situation, and Design Decision 3, DD3)
Diverse and Accurate Symptom Representation: the importance of
portraying a variety of symptoms as reliably as possible. In Section
3, we describe how these three design decisions are integrated into
the simulation.

2.6 Using AR to Represent Schizophrenia
Constructivist methods of education, which suggest that students
need to experience and feel what is being taught in order to make
sense of new knowledge [18], paired with perspective-taking affor-
dances of VR would seem to perfectly position VR to effectively
simulate schizophrenia in order to educate students. Yet, mixed re-
sults from previous research concerning increases in both empathy
and stigma render the efficacy of schizophrenia simulations unclear.
Considering such contradictory findings, we were motivated to ex-
plore the use of AR as a tool to educate students about schizophre-
nia. As AR “supplements reality, rather than completely replacing
it,” [6, p.2] it may also be possible that by creating an experience
which unfolds in the real world, participants may more easily be
able to internalize and comprehend how new experiences for them
are real experiences for other individuals.

3 SIMULATION DESIGN

In this section, we provide an overview of the scenario and its im-
plementation. We discuss how design decisions (DD1; Identity,
DD2; Recovery, DD3; Diverse symptoms) are applied to the simu-
lation and describe which symptoms of schizophrenia are included
in the design. Please see Section 8 for a video of the simulation.

3.1 Implementation
The simulation was developed in the Unity game engine and built
as a standalone application. Participants wore the Meta Quest 3
VR Head-Mounted Display (HMD)6 which has a resolution of
2064x2208 pixels per eye and a refresh rate of 120 Hz. We used
the MetaXR All-In-One SDK 63.0.0. Participants were seated at
a physical table in front of a virtual computer and physical key-
board. Participants used the physical Logitech MX Keys mini blue-
tooth AZERTY keyboard 7 to complete a homework assignment
displayed on the computer. The video passthrough feature of the
headset allowed for the user to see the physical environment while
wearing the device. The participant and the virtual computer screen

5https://www.patdeegan.com/hearing-voices
6https://www.meta.com/fr/en/quest/quest-3/
7https://www.logitech.com/fr-be/products/keyboards/mx-keys-

mini.html
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Figure 2: Left: A participant during the study. Right: the virtual com-
puter screen seen within the environment.

can be seen in Figure 2. A virtual television was developed in or-
der to allow for the simulation to be easily transportable. Trans-
portability was essential in order for the simulation to be used as an
educational tool within different locations. Using real televisions
without the use of a headset would necessitate the need to conduct
the training in the same location every time. Moreover, the use of
an AR headset allows for a more scalable set-up as opposed to one
which relies on a physical environment.

The television was positioned on a physical table in the back-
ground of the environment. Auditory hallucinations played through
the HMD’s speakers. Before the experiment, the researcher estab-
lished the size and placement for both the computer and television
within the real environment using the Meta Quest 3 controllers.
These settings were locked and saved using Oculus spatial anchors,
allowing for both the computer screen and the television to remain
in place across all participant sessions. AR spatial anchors were
placed in reference to the headset. Source code for the simulation
can be found here https://github.com/bivwacInria/LiveIt.git

3.2 Scenario
In the simulation, users complete a homework assignment dis-
played on the virtual computer while a virtual television plays in
the background. The homework assignment, auditory hallucina-
tions, and TV broadcast all contribute to the narrative basis of act-
ing. This narrative was selected as it allows ample opportunity for
incorporating ideas of being watched and being famous, two com-
mon delusions in schizophrenia. Additionally, this narrative was
developed in order to give the participant the identity of a theater
student with the goal of completing a related homework assignment
(DD1; Identity). Titled “Getting to Know Yourself, Introduction to
Acting,” the assignment follows a free response format in which
the user responds to questions such “How do you manage stress?”
A view of the environment can be seen in Figure 1.

Our study involved a pretesting phase which was conducted in
order to ensure that the simulation effectively elicited anxiety with-
out being overly distressing, as simulations which are too distress-
ing can be harmful [17] and may elicit reactive responses from
users. Pretesting was conducted with a small group of participants
who were prompted to comment on the simulation’s emotional na-
ture. Through these conversations, we determined that the simula-
tion made participants feel anxious and interested in the experience
of individuals with schizophrenia. The pretest indicated its current
duration of 8 minutes was appropriate for an evaluation of the sim-
ulation, and would be an appropriate duration for use in an educa-
tional setting. No participant thought the simulation was upsetting
or distressing.

3.3 Symptoms Represented within Auditory Hallucina-
tions

Auditory hallucinations were developed based on descriptions from
individuals with lived experience of schizophrenia as described in

Section 2.3, and were verified by experts in neuropsychology. Dur-
ing the simulation, five different voices (Sym1) comment on the
user’s inability to concentrate, mocking the user for being unable to
finish their work and instructing them to look at the television. Both
derogatory statements such as “She always fails,” and less negative
statements such as “She just needs to rest,” are included. Multi-
ple statements suggest that the user is being watched and observed,
and that their thoughts could be recorded by an unknown group
(Sym3), while others such as “She’s the best actress the world has
ever seen,” allude to delusions of grandeur (Sym2). Statements such
as “She really needs a shower” suggest an inability to take care of
themselves (Sym4). “She is too tired to concentrate,” and similar
statements allude to lack of energy (Sym5). At the end of the stim-
ulation, the voices instead highlight the fact that recovery is possi-
ble with statements such as “Think of the future” (DD2; recovery)
as individuals with lived experience additionally stress the impor-
tance of remembering one’s identity on bad days (DD1; identity).
We included both positive symptoms, and negative symptoms using
auditory hallucinations (DD3; diverse symptoms). The voices were
recorded by the researchers in a soundproof chamber. Volunteers at
Inria were recruited as voice actors, and were directed by experts in
neuropsychology and filmmaking.

3.4 Symptoms Represented Using the Television

The virtual television present in the background of the environment
plays three different broadcasts throughout the simulation, begin-
ning with a report about birds while the user familiarizes them-
selves with the task. Next, a daily news report plays, providing an
overview of current events. Throughout this broadcast, the news re-
porter emphasizes certain statements such as “Pay attention, while
driving in this weather,” which, while subtle, correspond to voices
which mock the user’s difficulty concentrating. A scrolling banner
at the bottom of the television includes expected information such
as “Watch out for black ice,” as well as statements such as “We’re
watching you” (Sym2).

In order to simulate thought broadcasting, or the fixed belief that
one’s thoughts can be read by others, some of the user’s responses to
the homework assignment were broadcast on the scrolling banner of
the TV screen (Sym6). The third broadcast depicts a rehearsal for a
play, and includes footage of actors looking directly into the camera
and moving across the stage in slow motion, making this broadcast
appear dream-like and unnerving. The broadcasts can be seen in
Figures 3 and 4. The news report was filmed by the researchers,
while the following reports on birds and the theater rehearsal were
edited from footage available at pexels.com 8, which was free to
use and modify without attribution.

4 EVALUATION

4.1 Participants and Procedure

We evaluated the simulation with nineteen graduate students in
Neuropsychology (12) and Psychology (7) programs (Age range
21-31, M=25; 12 Female, 4 Male, 3 Other), and eighteen experts
in healthcare (Age range 28-53, M=39; 12 Female, 6 Male) which
included nurses (4), one social worker, occupational therapists (5),
one psychologist, medical secretaries (3) and neuropsychologists
(2). The simulation was additionally evaluated by two professional
peer helpers, professionals who use their personal experience of
mental health disorders to assist others in their recovery journey.
We wanted to include both future users of the tool (students) as
well as participants who could comment on the accuracy of symp-
tom representation (experts) in order to represent both groups in
our study. A majority of both students and experts reported limited
prior experience using VR/AR technology. In total, 37 participants

8https://www.pexels.com/
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Figure 3: The news report the participant sees on the television. The
scrolling banner shows a participant’s response to the question: How
do you deal with stress? The response reads: According to Tom, I
rationalize and break down the problem.

took part in our study. The gender distribution in the study is rep-
resentative of both mental health students and mental health pro-
fessionals [16]. The age distribution is indicative of both the age
of mental health professionals [16], as well as the age of Master’s
level students in France according to the French Ministry of Higher
Education and Research in 2023.

Our study received ethics approval from Inria’s ethics review
board. The researcher instructed participants to respond to home-
work assignment questions they would see on a virtual screen in
front of them using the physical keyboard. The researcher also in-
formed participants of the TV’s presence in the environment. Par-
ticipants were told they would experience symptoms of schizophre-
nia, and that they could end their participation at any time. The
researcher then fitted the headset to the participant and started the
application which began with an introductory screen on the vir-
tual computer. Participants first selected their pronouns and entered
their name using the keyboard. In this way, hallucinations which
spoke about the participant in third person were matched to the
participant, and the participant’s name was seen at the top of the
homework assignment on the screen, allowing for a more person-
alized experience. After participants entered their name and pro-
nouns, participants experienced the 8 minute simulation in which
they responded to a homework assignment. After eight minutes,
the simulation terminated. Once the simulation terminated, the re-
searcher helped the participant remove the headset. The partici-
pant then filled out the questionnaire. All participants completed
the entire experiment. TV assets were downloaded from the Unity
asset store, while all other elements of the simulation were devel-
oped by the team, including the functionality of the keyboard and
the introductory screen where the participant enters their name and
pronouns. The Unity scene size was 105 Kb.

4.2 Methodology
The questionnaire that participants filled out after the simulation
was designed to probe a variety of topics in order to respond to
our three primary research questions and gain additional feedback
about the experience. We explored symptom recognition, usabil-
ity, personal attitudes, feelings of surveillance and anxiety as well
as feedback concerning the homework assignment and television in
the environment among other variables. In addition to free response
questions, we explored certain variables using Likert scales. Im-
mersion in AR was measured using questions inspired from work
by Georgiou et al (2017) [19], while AR simulator sickness was

Figure 4: Two additional news reports that the participant sees during
the simulation. The left screen shows the play rehearsal while the
right screen shows the report on birds.

measured using the questionnaire designed by Hussain et al (2023)
[22]. To evaluate the potential of our simulation as an educational
tool, we investigated utility, feasibility, and accessibility of the sim-
ulation using free response questions inspired by work by Chen
(2010) which explored the evaluation of programs related to health
promotion and social improvement [11]. Our questionnaire can be
found in our Supplementary Materials (Section 8).

Analysis of free response questions was inspired by the six-step
guidelines for thematic analysis from Braun and Clarke (2017) [13].
The goal of thematic analysis is to find repeated patterns of mean-
ing within a dataset through a process of searching, combination
of important data features, and identification of themes. According
to Braun and Clark (2017), “a theme captures something important
about the data in relation to the research question. . . ” [13, p.82].
In order to identify patterns in participant feedback, we first started
by familiarizing ourselves with the data through repeated readings
(step 1). Next, we generated codes for segments of data in order
to extract features from the data (step 2). Extracts were tagged as
either “Student” (S) or “Expert” (E) feedback. We then identified
patterns, and combined codes in order to generate themes (step 3).

At this stage, we had four themes. We reviewed these four
themes (step 4) and decided to merge “Advantages of the Simu-
lation” and “Current Issues” into one theme called “The User Ex-
perience,” as the two themes alone did not have enough content to
be supported individually. We then defined and named the three
final themes (step 5): 1) Fidelity of Symptoms through Embod-
ied Knowledge, 2) The User Experience, and 3) Implications for
Healthcare. Lastly (step 6), we selected examples for each theme
and produced a report of the analysis.

5 RESULTS

In this section, we report results from our thematic analysis. Fol-
lowing the thematic analysis, we report relevant descriptive statis-
tics in a separate section. All quotations have been translated to
English. Responses from a total of 37 participants were included in
the thematic analysis. Each participant responded to twelve open
response questions, for a total of 444 questions possible (37 x 12).
With an 80% response rate, 359 responses were available for anal-
ysis.

5.1 Fidelity of Symptoms through Embodied Knowl-
edge

Although information about schizophrenia and its diverse symp-
tomatology exists in textbooks and in the classroom, there is a
difference between being able to imagine symptoms versus being
able to experience them personally. E18 explains that the sim-
ulation “allows you to embody what you already know but only
on an intellectual level,” which is echoed by S17, who mentions
the simulation as: “a real bonus in terms of understanding disor-
ders. . . it illustrates much better than descriptions.” Specifically,
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experiencing symptoms of schizophrenia from a first person per-
spective contributes to making information about the disorder feel
more real. Many participants stated that the first person experience
enhanced their ability “to be able to feel the effects of the disor-
der”(S8). “Having a foothold in the real. . . ” (S1) and “Experi-
encing things from a different point of view,”(S9) contributes to “a
different approach and different view of what patients may be go-
ing through.”(E8). Concerning the fidelity of symptoms included
in the simulation, E5 stressed how the simulation upheld what pa-
tients have reported, stating “...I was also very impressed by the fact
that the simulation brought back elements that had already been
described by the people I worked with.” E1, a professional peer
helper, confirms that the simulation“brought me back to the idea
that I myself can have parasitic ideas.”

Being able to experience the reality of symptoms from a first per-
son perspective may additionally allow for a better understanding of
the behaviors these symptoms can elicit. E12 specifically mentions
the interest of “being able to put yourself in someone else’s shoes
to understand and grasp certain behaviors and reactions.” E18
also reflects on the impact of symptoms on thoughts and behavior,
stating “[The simulation] was relatively close to what I imagined
would be the experience of someone suffering [from schizophre-
nia], but I could embody and understand how much it impacted me
(mainly concentration, but also ideas, thoughts, etc).” Embodiment
of such knowledge can influence thoughts about the disorder, mak-
ing typically intellectual knowledge more personally relatable.

5.1.1 Understanding the Impact of Auditory Hallucinations
Concerning auditory hallucinations, participants expressed a better
understanding of the difficulties and feelings which can be elicited
in response. S14 states that the experience “allows me to get closer
to what people are going through, it gives me a better understand-
ing of how people can be bothered when voices become intrusive,”
citing voices as a primary cause of lack of concentration, while S19
states that “we underestimate the cost of continuously divided atten-
tion...” Participants further reflected on the impact that symptoms
could have on individuals with schizophrenia, mentioning the “dis-
comfort experienced in daily life” (E3) and “the cognitive load that
people can go through to ignore hallucinations” (S2).

5.1.2 Design Effectively Simulates Ideas of Delusion
Multiple aspects of the simulation design effectively allowed par-
ticipants to feel as though they were being watched and observed,
a common delusion in schizophrenia. Participants described feel-
ings of both anxiety and surveillance that they experienced during
the simulation. Hearing voices was particularly anxiety-inducing
for participants, especially voices which attacked self-esteem (S18),
were negative (E9) and (S5) “said I was going too slow [with the
task.]” Many participants specifically reported that seeing their re-
sponses to the homework assignment broadcast on TV was disturb-
ing (S5, S6, E3, E13), surprising (S7, E14, E17, E18), and gener-
ated feelings of being watched. S3 states that seeing their responses
on TV “[gave] the impression that they were reading in real time
what [I was] thinking.” S5 states “I ignored the television a lit-
tle while I was answering the questions. But then I saw one of
my answers on the screen and it was a bit disturbing, as if every-
one could see my answers,” while S17 states “the most anxiety-
provoking part was seeing your own answers broadcast “publicly”
on a TV screen.”

5.2 The User Experience
Participants provided positive feedback on their experience dur-
ing the simulation, and reported feeling both positive and negative
emotions. Participants described the simulation as interesting (S1,
S7, S8, S9, S16, S18, E12), immersive (S10, S17, E16), fun (S16,
E6), intriguing (S17), engaging (S19), motivating (S19), enriching

(E5), enjoyable (E16), and as one that awakens curiosity for what
could happen next (S19). Considering the design of the simula-
tion, the experience was also considered stressful (E1, E10, S14),
anxiety-inducing (S11, S5, S9, S16), overwhelming (S15), and dis-
turbing/unsettling (E9, S1, E1, E9), in general indicating a dynamic
user experience by design. Participants highlighted both the realism
of the simulation, as well as difficulties associated with completing
the task as contributing factors in their user experience. In total, 22
participants reported feeling watched during the simulation.

5.2.1 Realism of the Simulation
Many participants considered their experience in the simulation re-
alistic. Voices were considered especially realistic (S5), and real
enough to cause stress at times (S14). S3 mentions specifically that
it “really felt like the voices were in my head.” While the TV was
generally perceived as less disturbing than the voices, it effectively
induced anxiety and feelings of surveillance as mentioned previ-
ously. Concerning the realism of the TV, many participants were
satisfied, stating “the TV news was well done,” (S3), “the image
was very clear,” and that “it simulated a newscast quite well” (S17).
However, certain aspects of the simulation contributed to a lower
sense of realism. For example, two participants did not recognize
the TV in the environment as a television (S2, S11).

5.2.2 Difficulties from the Simulation
Participants indicated that difficulty in completing the homework
assignment was due to both design of the simulation and perceived
issues with the AR environment. The homework assignment was
primarily considered difficult as hearing voices made it hard to con-
centrate. Negative, intrusive auditory hallucinations in combination
with the reflective nature of the homework assignment made the
task especially difficult for certain participants. Issues related to
the AR environment also contributed to task difficulty. In partic-
ular, participants reported blurry vision (S3, S15, S16, S19), diffi-
culty using the keyboard (S11), as well as heaviness of the headset
(E14). Certain participants did not appreciate the homework assign-
ment, considering the task uninteresting. S14 suggests “[placing]
the person in a context that makes more sense in terms of the task to
be performed, so as to perceive a minimum of interest.” However,
S18 notes “it’s good to ask about the things you’re bad at. It makes
sense and reinforces the impact of hallucinations.”

5.3 Implications for Healthcare
Having a first person experience of schizophrenia in which par-
ticipants can feel the impact of the symptoms in a real way may
help reduce stigma in healthcare professions. S1 mentions that the
simulation helps to “objectify what is happening in people with
[schizophrenia].” Being able to experience schizophrenia in this
way shows promise for reducing judgement from healthcare pro-
fessionals. E5 explains that the simulation may “enable healthcare
professionals to stop thinking that people do things on purpose (e.g.
forget an appointment)...[and] understand the level of fatigue felt
by people who experience [these symptoms] on a daily basis.” Par-
ticipants expressed enthusiasm at the simulation’s potential to ed-
ucate and sensitize people about the disorder. S10 describes the
simulation as having “very good immersion, it’s a great tool for
raising awareness of the symptoms of schizophrenia.”

5.3.1 Reducing Stigma
A better understanding of symptoms and their behavioral conse-
quences could additionally reduce negative biases and stereotypes
towards patients with schizophrenia. S17 states specifically that the
simulation could be useful for “[reducing] the prejudice that pa-
tients ”exaggerate” their disorders or don’t make enough effort to
do things/get better.” The simulation may also be useful for re-
ducing stigma associated with violence. S18 highlights a potential

6



© 2024 IEEE. This is the author’s version of the article that has been published in the proceedings of IEEE International
Symposium on Mixed and Augmented Reality (ISMAR) 2024.

Facilitators # Participants
Quick 15
Few Resources/Simple/Easy Usage 11
Playful 10
Modern/New 5
Useful for Training 4
Transportable 4
Clinical Implications/Practical 3
Facilitates Understanding 3
Triggers/Responds to Curiosity 2

Table 1: Facilitators to Implementation as Training Tool

reduction in “stereotyped beliefs specific to the dangerousness of
individuals,” while E3 further underlines the potential of the simu-
lation “to reduce the stigma attached to psychiatry in general, since
it is often associated with schizophrenia and dangerous people.”
The simulation “allows for empathy” (E9) and could play a sig-
nificant role in improving training for both healthcare professionals
and students. E5 describes it as “very relevant for better under-
standing [symptoms] and for adjusting [our approach] as health
professionals.”

Obstacles # Participants
Cost/Material 21
Time Required to Run Simulation 9
Interest in Subject 4
Willingness of Institution 4
Personnel Training 3
AR Reluctance/Difficulty 2
Anxiety 2

Table 2: Obstacles to Implementation as Training Tool

5.3.2 Obstacles and Facilitators to Feasibility
Participants were asked to list both obstacles and facilitators con-
cerning feasibility of the simulation’s implementation as an edu-
cational training tool in an academic setting. These responses are
provided in Table 1 and Table 2. Concerning perceived usefulness
of the simulation, participants underlined first person understanding
of symptoms, ability to educate and sensitize the public, and poten-
tial to reduce stigma as primary contributors. Concerning acces-
sibility, participants primarily mentioned fear, anxiety, stereotypes
and false beliefs as reasons that students might refuse to participate
in the simulation. Participants expressed different opinions con-
cerning the utility of AR for simulating schizophrenia. While E15
highlighted the fact that AR “allows you to experiment with excep-
tional situations without risk,” S10 expressed concern, stating that
AR “.. is innovative, but I think that the enthusiasm generated by
testing it may affect awareness of the experience of a person with
schizophrenia.”

5.4 Descriptive Statistics
In this section, we report relevant descriptive statistics which may
further inform themes identified in our thematic analysis.

5.4.1 AR Simulator Sickness & Immersion
While a majority of participants reported low levels of AR sim-
ulator sickness, seven mentioned moderate to high levels which
included ocular fatigue and general discomfort. Participants were
asked to assess their levels of immersion during the simulation us-
ing two seven-point Likert scales. The first scale ranged from a
fictitious activity (1) to a completely real activity (7) for which par-
ticipants reported (M = 4.46;SD = 2.03). The second scale ranged
from something I was doing (1) to something I was experiencing
(7) [19], for which participants reported (M = 4.78;SD = 1.40).

5.4.2 Feasibility, Utility, Accessibility
Participants used seven-point Likert scales to rate feasibility, util-
ity and accessibility [11] of the simulation as an educational
tool. Specifically, participants rated how useful they thought the
tool might be for reducing stereotypes towards individuals with
schizophrenia (M = 5.59,1.57,Range : 1 − 7), reducing negative
emotions such as fear and anxiety towards these individuals (M =
5.43,SD = 1.52,Range : 1− 7), and reinforcing positive emotions
such as compassion and serenity (M = 6.00,SD = 0.97,Range :
3 − 7). Participants also rated how useful the tool could be for
reducing discriminatory behavior towards people with schizophre-
nia (M = 5.30,SD = 1.41,Range : 1 − 6), and if the tool could
be useful for improving support for people with schizophrenia
(M = 6.05,SD = 1.15,Range : 2 − 7). Lastly, participants rated
feasibility of the simulation to be implemented in an academic set-
ting (M = 5.92,SD= 0.89,Range : 4−7) and accessibility concern-
ing the ability of students to become involved with the simulation
(M = 6.24,SD = 1.14,Range : 1−7).

5.4.3 Understanding Symptoms of Schizophrenia
Using two seven-point Likert scales, participants were asked to rate
both if they felt they better understood symptoms of schizophre-
nia, as well as if they better understood what individuals with
schizophrenia may experience. As questions for professional peer
helpers were different, we report these statistics separately. Partici-
pants reported a mean score of 5.56(SD = 1.16) for understanding
symptoms, indicating a high level of understanding. For under-
standing the experience of individuals with schizophrenia, the mean
score was slightly higher at 5.85(SD = 0.99).

Professional peer helpers (2) responded to similar questions with
slightly different wording: Does what you experienced in the sim-
ulation correspond to what a person suffering from schizophrenia
might experience in everyday life 1) ...concerning the symptoms?
and 2) ...concerning emotions/sensations? In terms of symptoms,
professional peer helpers rated 6 and 7 on a seven-point scale,
indicating significant correspondence between symptoms depicted
in the simulation and symptoms experienced by individuals with
schizophrenia. In terms of emotions/sensations, professional peer
helpers rated 4 and 6 on a seven-point scale, indicating medium
to high correspondence between emotions/sensations in the sim-
ulation and those which can be experienced by individuals with
schizophrenia.

5.4.4 Recognizing Symptoms of Schizophrenia
Participants were asked to list symptoms of schizophrenia that they
recognized in the simulation. These can be seen in Table 3.

ID Symptom # Participants
Sym1 Auditory Hallucinations 36
Sym2 Delusions 16
Sym3 Theft of Thought 2
Sym4 Self-Care Negligence 1
Sym5 Physical Aenergy 0
Sym6 Thought Broadcasting 0

Table 3: This table shows all symptoms included in the design, and
how many participants recognized these symptoms in the simulation.

Participants also reported associated features such as anxiety (2
participants), negative thoughts (2), self-deprecation (7), paranoia
(3) and cognitive issues (5) as symptoms. Although these are not
considered symptoms in and of themselves, many of these aspects
were intentionally included in the design of the simulation. Addi-
tionally, participants reported feelings of influence (3), and visual
hallucinations (18), which are both symptoms of schizophrenia, but
were not intentionally included in the design of the simulation.
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6 DISCUSSION

We designed and evaluated Live-It, an AR educational tool to teach
students about schizophrenia. Nineteen students and eighteen ex-
perts in healthcare took part in the study and provided feedback.
Our results suggest that Live-It allows for first person, embodied
knowledge of schizophrenia which can help participants better un-
derstand how symptoms may influence feelings and behaviors.

6.1 First Person Understanding of Symptoms
Being able to experience symptoms from a first person perspective
allowed them to feel real and personally relatable for participants.
Participants recognized many symptoms present in the design of
the simulation, highlighting its ability to allow for a glimpse into
the reality of an individual with schizophrenia. Concerning the re-
liability of the simulation to represent symptoms of schizophrenia
(RQ1), our findings are encouraging. Almost half of the partici-
pants recognized delusions, and 22 participants reported that they
felt they were being watched at some point during the simulation.
Participants also self-reported that they were generally better able
to understand both symptoms and experiences lived by individu-
als with schizophrenia. Additionally, professional peer helpers re-
ported that the symptoms depicted in the simulation corresponded
well with symptoms of schizophrenia.

Concerning theft of thought, self-care negligence, physical aen-
ergy, and thought broadcasting, few to no participants recognized
these as symptoms in the simulation. Although thought broadcast-
ing was not reported, one participant specifically alludes to this
symptom as they describe their experience “the [phrases on TV]
gave me the feeling that I was being watched and listened to more
than I was. It worried me that I had been ”betrayed” and that my
answers were in fact being recorded and read” (S18).

One important aspect of the tool which may have contributed to
the impression of experiencing symptoms is the personalization of
the simulation. This approach, inspired by experiences such as the
VR application Goliath: Playing with Reality 9, in which a record-
ing of users’ names is used in the experience, suggests that a deeper
connection to the narrative can be forged through personalized con-
tent. In future work, we would like to further explore the role of
personalization within the simulation.

6.2 An Engaging Experience
Participants commented on the realism of the experience and re-
ported relatively high levels of immersion, overall providing for an
engaging user experience (RQ2). Although AR simulator sickness
was overall very low, we plan to investigate ways in which to im-
prove the AR environment in order to further decrease discomfort
and increase immersion. Considering most participants had limited
experience with this sort of technology, it is possible that an uncon-
trolled novelty effect of the experience contributed significantly to
the engagement or enjoyment of the simulation [4].

Participants indicated that realism of the simulation intensified
their sensation of being under surveillance. Key elements contribut-
ing to this effect included hearing voices and the broadcasting of
homework responses on TV within the simulation. The portrayal of
these elements in a realistic manner, especially the TV acting as a
central medium for creating a sense of observation and anxiety, was
particularly impactful. The authenticity of the news report, the na-
ture of the homework assignment, and the disembodied voices were
highlighted as factors that not only disrupted participants’ concen-
tration but deepened their experience of being monitored.

Furthermore, we decided to use AR instead of VR for this sim-
ulation in order to provide a more grounded experience with the
physical world. AR’s unique ability to blend digital elements

9https://about.meta.com/community/vr-for-good/goliath-playing-with-
reality/

with physical spaces might significantly affect the participant’s im-
mersion and emotional responses, potentially differing from those
elicited by fully immersive VR environments. However, a blending
not well done may decrease the realism of the simulation, perhaps
even provoking feelings related to the uncanny valley effect. There-
fore, investigating differences in how AR and VR enhance usability
and realism is a compelling direction for future work.

6.3 A Tool for Schizophrenia Education
Participants reported the potential of the tool to be used in health-
care settings to reduce stereotypes and prejudice towards patients,
mentioning the short duration, transportability, and simplicity of the
simulation as key points which could facilitate its use for training.
Specifically, participants indicated a high potential of the tool to re-
duce discriminatory behaviors and increase support for individuals
with schizophrenia. Therefore, our findings support the potential of
the tool to be used for educational purposes (RQ3).

Our system differs from previous VR simulations of schizophre-
nia by focusing specifically on training. To the best of our knowl-
edge, only one simulation of schizophrenia has previously explored
the use of AR. Our work also differs from previous studies by sim-
ulating a broader range of schizophrenia symptoms and employ-
ing a participative methodology with expert feedback. Live-It thus
adds to the body of knowledge on simulating schizophrenia symp-
toms using creative technologies like AR. Considering the novelty
of this approach, it was crucial for us to first investigate the research
space and assess the suitability of our system as a training tool be-
fore directly addressing stigma. Having conducted an evaluation of
the system to examine the user experience and the tool’s potential
to enhance understanding of diverse symptomatology, we will con-
duct additional studies specifically targeting stigma in the future.

7 CONCLUSION

We designed an AR simulation of schizophrenia and evaluated it
with healthcare students and experts. Through embodied knowl-
edge of schizophrenia, Live-It allows for a real way in which to
experience symptoms through a first person perspective. Partici-
pants reported that Live-It not only has significant potential as a
tool to educate about schizophrenia, but also to reduce stigma in
healthcare. We plan to expand upon the simulation, incorporat-
ing additional symptoms and exploring new methods to represent
symptoms which were not recognized. We will investigate the us-
age of eye gaze data and facial tracking in our future work as well,
as metrics such as these may better inform how visual cues, such
as homework responses broadcast on TV, play a role in eliciting
feelings of surveillance. As technology continues to improve, we
will examine the potential of using a different headset which may
not only be more comfortable but allow for higher resolution video
passthrough. We hope that the design and evaluation of our tool
will generate ideas for other researchers seeking to use immersive
technologies to simulate experiences that are difficult to imagine
and, therefore, understand.

8 SUPPLEMENTARY MATERIAL

Supplementary files can be found at the fol-
lowing link https://osf.io/7myxq/?viewonly =
e9da009e3155499982ccb7c f 94ae11b f .
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