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Globally, it is estimated that up to 1 billion children aged 2–17
years, have experienced physical, sexual, or emotional violence in
the past year [1], and 30% of the abused child is likely to develop
Post-traumatic stress disorder (PTSD) [2]; 354 million adult war
survivors are suffering from PTSD [3]; At where the natural
disaster occurred, 70.7% of the survivor will suffer from acute
PTSD [4]. PTSD has not only high prevalence but also high
lethality, which is accompanied by multiple physical and mental
comorbidities as well as strong suicidal tendencies [5-7]. This
doctoral research aims to contribute to the development of PTSD
treatment by investigating the possibility of adopting Augmented
Reality (AR) narrative in treating PTSD. This four-year research
project consists of three steps. In the first stage of research, we
will conduct a comparative study between AR and VR narratives
with healthy participants to verify whether AR narratives work
better in eliciting the emotional engagement of the participants
than VR narratives. In the second stage, we will create a system
that integrates AR narratives with prolonged exposure (PE)
treatment and experiment it with PTSD patients to verify its
treatment efficacy. In the final stage, a semi-automatic and
patient-authored AR system is expected to be achieved, through
which the patients can design their own exposure environment via
voice input. This project will provide valuable experimental
samples and scientific analysis for the research of psychotherapy,
narrative studies, and AR application.

Keywords: Augmented Reality, Narrative Exposure, Post-
Traumatic Stress Disorder, Prolong Exposure, Patient-authored
AR narrative.

Index Terms: Computing methodologies—Computer
graphics—Graphics systems and interfaces—Mixed / augmented

reality; Applied computing—Life and medical sciences; Applied
computing—Arts and humanities—Media arts;

PTSD is an anxiety disorder caused by various traumatic
stressors(e.g.; life-threatening accidents, childhood abuse,
sexual/physical violence, war, and torture) and is accompanied by
multiple physical and mental comorbidities as well as strong
suicidal tendencies [5-7].
Exposure is acknowledged as the most effective treatment

method for PTSD [8-9]. Its treatment mechanism is to habituate
the patients with their feared objects, activities, or situations to
decrease the patient’s PTSD symptoms [10].
Imaginary exposure (IE) is among the classic exposure methods

for PTSD, in which the therapist will guide the patients to actively
recall their traumatic events. IE is the earliest approach to explore
the healing power of self-narrative. However, IE is not suitable for
treating patients with memory loss and the habituation effect of IE
varies, depending on the clarity of the patient’s memories.
Narrative-based Virtual Reality Exposure (NVRE) is a

supplement of IE that recreates the trauma-related environment,
characters, and events in a virtual space to help the patients
retrieve their lost memories. NVRE has been shown to be
surprisingly useful in treating PTSD [11-13]. Nevertheless, the
application of this method is limited, as it excludes patients who
are predisposed to cybersickness or have dissociative symptoms
[14].
Augmented Reality Exposure (ARE) supplements VRE by

adding a real environment to the virtual images, which has
potential advantages over VRE in treating PTSD.
First, not only can the participant view their entire physical

body during the experience and move freely in a real environment;
they can also make direct contact and interact with virtual items
and characters with their physical body parts. These AR attributes
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make the narrative experience more organic and simple, which in
turn makes the participant more focused and involved in the
exposure narrative.
Secondly, in AR narratives, the virtual images that created

based on and closely related to a real location, person and objects
could provide the patients with the most vivid reliving of their
traumatic experience, which, theoretically, could contribute to a
greater treatment outcome than VRE.

The research related to this project are as follows: [11] created a
virtual narrative to treat patients with PTSD from sexual assault
encountered in a bus shelter; [12] is an NVRE, which was created
based on the memories of returning Iraq War veterans in the USA;
and [13] used NVRE to treat patients who were traumatized in car
accidents. These three instances of NVRE treatment all reported a
significant reduction in patients’ PTSD symptoms.
Additionally, [15] is a study that adopted NVRE to alter

participant’s negative beliefs. Munhwa Broadcasting Corporation
of Korea created a VR narrative for a mother who suffered from
grief and guilt after the passing of her daughter. After this
experience, the participant promised that she will stop guilt and
grieving. However, this work only had one subject and is lacking
scientific measurement of the degree of belief alteration that
occurred in the subject.
Finally, [16] is research that sought to verify the significance of

a patient-authored exposure narrative for PTSD treatment by
creating a computer application that allowed the patient to
construct their trauma memories by selecting and arranging the
3D models prepared by the researchers. The test results reported a
different degree of symptom reduction amongst the four
participants. However, this research had limited test subjects, and
patients were required to perform a series of complex computer
operations to build their memories. We plan to simplify this
operation through the AR system and voice input.

This section includes the detailed description of the research
question and expected contribution.

1. Between AR and VR narratives, which one is more effective
in eliciting the immersion, involvement, and emotional
engagement of participants?
2. Which specific factors of VR and AR narratives contribute to

a stronger immersion, involvement, and emotional engagement of
the participants?
3. Is the combination of AR narrative with PE therapy effective

in relieving PTSD symptoms?
4. Is a semi-automatic and patient-authored AR narrative

system effective in treating PTSD?

This research project will conduct a scientific experiment to
compare AR and VR narratives in the degree of the emotional
engagement of the participants and identify the factors that
contribute to the difference, which will be critical for the
entertainment industry, education industry, and film industry to
enhance the influence of their extended reality products on the
audiences.
This research will expand the applicability and the beneficiaries

of AR technology. Currently, AR technology is extensively
studied in the filed of medical treatment, entertainment, education,
and business. However, the research of AR in the area of
psychotherapy is relatively scarce. Our research bridges film

studies, psychology, human-computer interaction design, and
extended-reality studies to form a rigorous and practical four- year
plan which, upon its accomplishment, will contribute significant
experimental samples and scientific analysis to promote the
application of AR technology in psychotherapy.

This research will be guided by the mixed method methodology
in an exploratory sequential. This research began with a
phenomenological analysis of PTSD and then delved into the case
studies of existing VRE treatments for PTSD. Based on the
knowledge gained in the qualitative research phase, We identified
the shortcomings lied in the VRE treatment for PTSD including
the unrealistic artificial environment, lifeless characters, limited
interactive method, narrow treatment mechanism, and inefficient
authoring mechanism, and determined the research questions,
testing conditions and instruments needed for the following
quantitative experiments.

This section will unfold the experiment design and
implementation plan of the this four-year doctoral research.

VR and AR narratives are different in narrative methods and
interactive strategies. The narrative methods that are commonly
used for VR narratives are computer-generated environments [17]
and 360° real-shooting footage [18]. In AR, the blending of virtual
images with a real environment produces a uniquely situated
storytelling method, in which the augmented virtual images are
strongly related to the attached physical medium. This physical
medium could be a location[19], a person[20], or an object[21].
Volumetric-captured, real human movement could be integrated
into both platforms. However, the Volumetric-captured(VC)
images could be blended with the environment more naturally
than the VR narrative allows.
VR and AR narratives both support voice input. VR narratives,

however, still depends more on physical controllers and virtual
embodiment to interact with the virtual content (e.g.; using leap-
motion to track and create a virtual counterpart of the human hand
in the virtual world). Besides voice input, AR narratives also
support physical hand input. With the help of marker system, AR
narratives can turn physical objects into a medium by which to
interact with virtual content. By combining different sensors (e.g.;
distance, light, temperature), AR narratives can use physical
effects as input for the interaction.

For a fair comparison, the most recent device, the most updated
interactive methods, and the most optimal visual realism methods
in AR and VR field will be adopted.

“Emotional processing theory and fear inhibition learning are
two contemporary psychological theories relevant to PE
treatment” [22-23]. In a recent research study, six putative PE
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mechanisms (i.e.; belief change, between-session habituation,
within-session habituation, extinction, emotional engagement, and
trauma narrative change) were identified by these two theories.
The conclusion was that belief change and between-session
habituation are the strongest evidence-based indicators of PTSD
symptom improvement [24].
This finding underlined my concept of combining narrative

exposure-based PE (habituation) with negative cognition
alternation (belief change) in treating PTSD. The most commonly
used measure for negative change is the Post-Traumatic
Cognitions Inventory (PTCI). This list contains 36 PTSD-related
negative cognitions and can be summarized into 3 types: (1) self-
blame; (2) negative beliefs about oneself; and (3) negative beliefs
about the world [25]. Addressing these negative cognitions and
related distressing emotions is considered to be essential to PTSD
recovery [22].
Vygotsky believed that speech exists in three forms: (1)

external; (2) egocentric; and (3) inner. Through a process of
internalization, external speech is transformed from a directly
interpersonal and communicative means of regulating and
directing human behavior, to what Vygotsky describes as “inner
speech”, or the capacity to evoke self-consciousness and
introspection, which can then serve as a guide for cognitive and
behavioral changes [26].

In classic PE treatment, after imaginary exposure, the therapist
will attempt to alter the patient’s negative cognitions through
discussion. However, this cognition intervention is direct, obvious,
and purposeful. Rooted faiths are hard to change, and, in the case
that the therapist is not engaged with the patient, this external
speech intervention is highly likely to devolve into an ideological
dispute.
Instead of exposing the intentions of cognition intervention

directly, this project proposes to cover the intention with the AR
narrative. This inclined narrative will affect the patient’s cognition
quietly, and the patient will believe that their motivation for
cognition change has been generated from their own will.
Below is an examples of inserting the cognition intervention in

AR narratives, which was created based on the self-narrative
treatment theory presented in [27] (see Tables 2).

Although the exposure environment in NVRE is derived from a
patient's trauma memories, the visual content is generated and
arranged by researchers before the treatment begins [11-13]. This
researcher-authored method demands huge efforts from the
patient before the treatment to convey the images in their head to
the researcher in multiple ways. Additionally, the visualization of
the traumatic experience requires tremendous time and effort

within the computer simulation, thereby elevating the treatment
costs and prolonging the treatment timetable.
I plan to create a semi-automated patient-authored treatment

system, which renders patients capable of designing their
exposure environment quickly and easily. Specifically speaking,
when the patient verbally narrates their traumatic experience, the
event-related characters, objects, events, and emotions they
describe will be visualized in real-time and displayed in the
patient’s surroundings.

At the beginning of the treatment, the patient is required to
describe the situation before the disaster was occured in detail.
This includes the environment, any sounds they heard, and the
people at the location where the event happened. Their verbal
dictation will be captured by a HoloLens device and sent to Unity
in the form of text. A system in Unity will then request to retrieve
3D models from the database that correspond to keywords from
the dictation. Subsequently, Unity will livestream the updated
scene to the HoloLens device. Finally, the patient can view the
scenes they have just described in real-time and resize and
rearrange the objects displayed to match with their inner images
using a hand-tracking function.
In the next step, the patient will describe how the traumatic

event took place. Similarly, their dictation will be recognized and
transformed into text before being sent to Unity. Unity will then
attempt to match keywords from the dictation to 3D animations
and sound materials in the local library, then update the scene and
stream the results back to the patient.
In the final stage, the patient will be required to narrate the

emotions and physical sensations they felt after the traumatic
event occurred. Corresponding abstract 3D animations will be
retrieved and displayed to the patient, thereby facilitating the full
release of negative emotions (see Fig. 2).

VRE for PTSD treatment has been widely studied, and its
treatment efficacy is supported by scientific evidence. However,
there is still a lot of room for improvements in several undesirable
aspects, such as the unrealistic virtual environment, unresponsive
3D characters, monotonous interactive methods (e.g.; VR
controllers), and limited-treatment mechanisms (e.g.; habituation).
This doctoral project proposes to adopt AR into PTSD treatment.
It will place AR images inside a real environment to enhance
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immersion within the exposure. It will provide volumetric-
captured, real human movement as a substitution for unresponsive
3D models, thereby increasing the virtual realism of the narrative.
It can also be combined with hand tracking, voice input, marker
tracking, and physical sensors to unlock more natural and organic
interaction methods within the narrative. Most importantly, it can
be combined with prolonged exposure to not only habituate the
patients with their fears but also to completely alter their negative
beliefs and emotions related to the event.
There are still many imperfections and a lack of consideration

in this research plan. We will conduct more research on
psychological research design, intervention design and medical
humanities to keep enhancing it.
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