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With the application of virtual reality (VR), tailored interventions can be created that mirror
the traumatic experiences of veterans with post-traumatic stress disorder (PTSD). Visual
elements can be mimicked, and auditory and other senses stimulated. In doing so, the
degree of immersion can be adjusted to optimize the therapeutic process. Objectively
measuring the sensory immersion is key to keep subjects within their personal window of
tolerance. Based on this information the therapist can decide manipulate the sensory
stimulation embedded in the treatment. The objectives of this article are to explore the
different immersive design aspects of VRET that can be modiﬁed to inﬂuence the
experienced presence in veterans with PTSD, and to discuss possible methods of
measuring the emotional response facilitated by immersive design aspects and
experienced presence. Four design aspects are discussed: system, sensory cues,
narrative and challenge. We also report on a user experiment in three veterans that
informed on quality and depth of immersion. Believability of the neutral virtual environment
was important for maintaining the veterans’ presence within the VR experience. The
immersive design aspects that were personalized and supportive in the narrative of the
veteran such as music and self-selected images appeared to have a strong inﬂuence on
recall and reliving of the traumatic events. Finally, in order to increase the therapeutic effect
in veterans with PTSD, the highlighted design aspects should be recognized and tailored to
maximize immersion in virtual reality exposure therapy.
Keywords: post-traumatic stress disorder, virtual reality, immersion, presence, veterans, user experiment, tailored
therapy, exposure therapy
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INTRODUCTION
Veterans and military personnel are exposed to extreme
situations and potentially traumatic experiences during their
deployment. Afterwards, a signiﬁcant number of veterans
develop post-traumatic stress disorder (PTSD; e.g., life-time
prevalence: US 2–17%, UK 4–6%, NL 5–8%) (Richardson
et al., 2010; Reijnen et al., 2015). Treatment options currently
available to address PTSD have proven to be less effective in
military and veteran populations when compared to their civilian
counterparts (Haagen et al., 2015). These traditional
psychotherapies have important commonalities, such as
emotion regulation and imaginal exposure (Schnyder et al., 2015).
It is hypothesized that reduced effectiveness in this speciﬁc
population can be explained by means of avoidant coping
strategies and limited emotional engagement, which can
hinder optimal processing of the traumatic events (Eshuis
et al., 2020). This warrants the exploration and utilization of
novel interventions for these populations including the
implementation
of
virtual
reality
(VR)
within
psychotherapeutic interventions. With virtual reality exposure
therapy (VRET), it is possible to create an immersive, realistic,
and safe environment where veterans can be exposed to traumarelated stimuli in a controlled setting (Rizzo and Shilling, 2017;
Eshuis et al., 2020). These facilitators enable a customized and
tailored psychotherapy experience for veterans with PTSD, which
may be effective through enhanced emotional engagement and
challenging classic symptoms of PTSD such as avoidance
(Nijdam and Vermetten, 2018; van Gelderen et al., 2018).
Previous research on anxiety disorders and PTSD suggests that
a person must feel “present” in the virtual environment to be able
to activate and possibly modify the fear structure or traumatic
memory trace (Vermetten et al., 2013; Diemer et al., 2015). For
this paper, “presence” will be deﬁned as a subjective psychological
state where an individual’s experience of a virtual environment
(VE) is perceived as if the technology was not involved (Schubert
et al., 2001). The experienced presence is facilitated by immersive
design aspects and the objective qualiﬁcation of the VR
equipment to convey an illusion of reality to the participant
(Schubert et al., 2001). In this paper, “immersion” is deﬁned as the
combination of the experienced presence and the immersive
design aspects. It is hypothesized that increased immersion
will lead to a stronger emotional response during VRET which
subsequently increases the efﬁcacy of this intervention
(Waterworth and Waterworth, 2003; Gromer et al., 2018).
Adjustment of the immersion provides the opportunity to
modify the dosage and depth of exposure to moderate the
emotional responses a participant may experience. The VE can
be tailored in several ways, such as a scenario of a traumatic event
that is generic for a certain patient population or by adding
personalized sensory cues related to the traumatic event (Rizzo
and Shilling, 2017). The depth of the level of immersion and the
type of simulation used during the therapy can be discussed with
the patient and adjusted if needed. Shared decision making can
contribute to achieving one’s optimal level of immersion. To
appropriately and accurately adjust the immersion objective
parameters to measure the emotional response during VRET
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FIGURE 1 | Schematic overview of virtual reality exposure therapy
(VRET), in which trauma-relevant stimuli are presented in a VR environment
that is enriched with immersive design aspects (dark orange circles) (A) These
aspects can affect presence as experienced by the patient, which can
moderate their emotional response to the stimuli (B) The design aspects
inﬂuence presence through their effects on different attention-based
processes.

are required. Therefore, the objectives of this article are to: 1)
explore the different immersive design aspects of VRET that can
be modiﬁed to inﬂuence the experienced presence in veterans
with PTSD, and; 2) discuss possible methods of measuring the
emotional response facilitated by immersive design aspects and
experienced presence. This article presents a theoretical
framework supported by a real-world contextualization with
the user experiences of three veterans. This paper presents a
unique perspective on tailored immersion of several domains of
expertise, combining technical expertise, clinical expertise and
expertise of academic and health care partners and the military
context. The expertise of six centers (Applied Scientiﬁc Research
(TNO), Leiden University Medical Center and Arq National
Psychotrauma Center and two military centers Dutch Military
Mental Health and Canadian Forces Health Service) were
combined to augment the potential of VRET in veterans
with PTSD.

IMMERSIVE DESIGN ASPECTS
The environment where fear-related stimuli are presented can be
enriched with immersive VR aspects that are designed to increase
the feeling of presence in subjects (Figure 1). A reinforcing
relationship between presence and emotional engagement has
been demonstrated, however for trauma-related stimuli this
relationship remains unclear. To understand the relevance of
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the immersive design aspects, comprehension of the cognitive
foundation of the level of presence is necessary (Freeman et al.,
2005; Jennett et al., 2008; Visch et al., 2010). There are three
attention-based processes that are indicators of the experience of
“being present” (Waterworth and Waterworth, 2003; Riva et al.,
2011). First, the focus of attention is directed at the immediate VE
within and around the body. It increases with concrete interaction
in the VE and decreases with abstract reasoning, which moves
attention towards absence (Waterworth and Waterworth, 2001).
Next, the locus of attention, meaning the location that is attended
to, is within the VE opposed to the external environment. Lastly,
the sensus of attention, referring to the level of attentional arousal
that is experienced, is elevated. When developing interactive
environments with presence as an important goal, it is helpful
to consider how particular immersive design aspects might direct,
reinforce or attenuate the attention of presence in the user.
Based on literature, four immersive design aspects were
identiﬁed as potentially inﬂuencing the presence during
exposure: the system presenting the VR, sensory cues, subject’s
narrative, and challenge (Figure 1). These design aspects will be
described in the next paragraph.

The third design aspect concerns contents of the subject’s
narrative in the VE. Narrative typically refers to the story that
is being told, including the plot, characters, and events. One of the
goals of VRET is to enable subjects to tell their own story, rather
than to create a new narrative. Treating the trauma-related
memory as the narrative fulﬁlls two prerequisites for the effect
of narrative on presence: the subject is engaging in the story in the
role of a character, and the story is accepted as reality (Riva et al.,
2004; Adams and Rollings, 2006). The subject’s narrative
inﬂuences presence by maintaining the focus of attention on
trauma-relevant events, and by increasing the sensus of attention
as a result of activating trauma-associated memories and
experiences (Figure 1).

Design Aspect: Challenge
The fourth immersive design aspect for optimal presence is
challenge. Facing challenging tasks that match one’s mental
and/or sensorimotor capabilities often results in intense focus
on the activity (Ermi and Mäyrä, 2005). Challenge affects
presence by providing a sense of autonomy and agency (Riva
et al., 2004). However, only sensorimotor challenges might be
suitable for this purpose, as they actively stimulate perceptual
processing and interaction with the environment (i.e., placing the
locus of attention on the VR world) (Waterworth and
Waterworth, 2001) (Figure 1). Cognitive challenges, on the
other hand, are more likely to redirect attention from the VE
towards the cognitive processes that are required to solve the task.

Design Aspect: System
First, the system utilized to deliver the VE is an important element
of the VR context. The VR system can enhance presence by
isolating a subject from the external physical environment
through blocking out sensory information as well as
presenting interactive experiences within the VE (Witmer and
Singer, 1998; McMahan, 2013). Thus, the VR system can shift the
locus of attention from the external physical environment to the
VE (Figure 1). The type and number of sensory modalities that
are used (visuals, sounds, haptics, scents, tastes), and their
properties, such as display size, ﬁeld of view, tracking ﬁdelity,
responsiveness, frame rate, and audio quality, are critical to the
level of presence and context of the VR experience. While the VR
system can be considered a technical design aspect as it concerns
the presentation of the VE, the other three identiﬁed design
aspects are related to the contents of the VR experience.

TAILORING OF IMMERSION AND
PRESENCE FOR VRET
Numerous studies have indicated that VRET can result in
extreme emotional responses as the nervous system responds
to traumatic experiences by engaging its physiological survival
mode—ﬁght, ﬂight or freeze (Parsons and Rizzo, 2008). If the VE
very closely corresponds with the traumatic experience itself, the
person can be fully immersed in the trauma. This state is
associated with being outside the window of tolerance in the
case of PTSD. The window of tolerance is a zone of autonomic
and emotional arousal that is optimal for well-being, effective
functioning and receiving and integrating information from both
internal and external environments (Siegel, 2020). The zone falls
between the extremes of hyper- and hypoarousal. Like in other
trauma-focused psychotherapies, optimal processing of the
trauma takes place in VRET when the person stays within
these boundaries and there is a need to regulate when the
veteran is outside the window of tolerance (Corrigan et al.,
2011). This underlines the need for tailored immersion within
the therapeutic context; by controlling immersion, emotional
responses can be moderated. A distinction can be made
between ofﬂine (in preparation for the immersive therapy
session) and online (during the immersive therapy session)
adaptations. These adaptations can be categorized according to
the four immersive design aspects, which will be discussed in the
next paragraphs.

Design Aspect: Sensory Cues
The second design aspect is the use of multi-modal, sensory
cues during VRET, which refers to all observable stimuli that
are implemented in the VE. These stimuli precede a
continuous stream of perceptions and have an important
role in increasing the believability of the VE. Personalized
trauma-related stimuli, such as scents and sounds, refer to the
sensory cues the therapist asks about during regular exposure
therapy. This type of stimuli is utilized to lead to an experience
that is authentic and relevant to the traumatic experiences of
the veteran, rather than achieving a high-ﬁdelity simulation of
real-world sensory information. Authentic sensory cues affect
presence by masking the sensory information coming from the
real world, directing the focus of attention (Ermi and Mäyrä,
2005; Gilbert, 2016) (Figure 1). Moreover, they facilitate a
richer recollection of the traumatic experience, thereby
increasing the sensus of attention (Tielman et al., 2015;
Dibbets, 2020).
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guidance of the therapist, for example by online creation of a
written record of memories and associated feelings.

The system refers to the devices that enable sensory cues for the
subject. In the context of a VRrehabilitation environment, adaptive
feedback has been based on the subject’s behavior in the VE by means
of various modalities (i.e., visual or auditory) (Chen et al., 2011).
Online tailored engagement of sensory feedback during therapy can be
extended to the olfactory sense (scent dispensers) and somatosensory
system (motion controllers or gesture control). The use and research
of immersive simulation of the gustatory system during VRET is still
in its infancy (Ranasinghe et al., 2013). The inﬂuence of olfactory sense
on the experienced presence and levels of stress and relaxation in VE
has not been supported by previous studies (Serrano et al., 2016;
Narciso et al., 2019). However, for PTSD this might be different, since
various studies described that olfaction might precipitate PTSD
symptoms and suggested that it was an important component of
re-experiencing (Vermetten and Bremner, 2003; Daniels and
Vermetten, 2016).

Design Aspect: Challenge
A person is fully engaged in the present moment if the level of
challenge in the VE matches the skill level of that person
(Sweetser and Wyeth, 2005). A level of challenge greater than
the available skills may result in anxiety. Conversely, challenges
requiring less skill than available may result in apathy (Johnson
and Wiles, 2003). The optimal balance between these polarities is
described as the “ﬂow channel” (Csikszentmihalyi, 1990). To
experience ﬂow, one must be allowed to exercise control over
one’s actions and be able to translate intentions into behaviour in
the VE, giving a sense of agency (Stoffregen et al., 2003)). To tailor
immersion, adaptive variables that inﬂuence the level and type of
challenge and the sense of agency are worth consideration, such
as cognitive difﬁculty level of the scenario, sensorimotor
challenges, secondary task load and subject control (or agency)
(Zahabi and Razak, 2020). The difﬁculty level of the task at hand,
either in the main scenario or as a secondary task load, can be
increased or decreased for the purpose of exposure or tension
reduction. Subject control implies the ability to control factors
within the VE such as an avatar, virtual objects, and other
components that can inﬂuence therapeutic and performance
outcomes. The real or perceive subject control can be utilized
to increase the level of immersion (Sweetser and Wyeth, 2005).

Design Aspect: Sensory Cues
Presentation of sensory cues during the online exposure is a
powerful method to elicit higher levels of presence and stronger
emotional responses (Beck et al., 2007; Gamito et al., 2010; Rizzo
and Shilling, 2017). There are two important characteristics
related to using sensory cues for tailored immersion in VRET:
authenticity and timing. First, to increase emotional engagement,
it is important to choose cues that are authentic to the traumarelated memory and the expectations of patients, while leaving
out irrelevant ones (Witvliet et al., 2001; Gilbert, 2016; Picard
et al., 2017). Identiﬁcation of such personal sensory cues may take
place ofﬂine, in advance of therapy sessions (e.g., from a subject’s
descriptions of the traumatic experience, by letting a subject select
music that is relevant to the trauma or that is calming).
Next, sensory cues should be added or removed at the right
moments during a VRET session based on the veteran’s responses.
If the presented visual cue is a trauma-related image that leads to a
mild emotional response, the response can for instance be enhanced
by adding an olfactory or auditory cue at that moment. The timing
and choice of cues might be best controlled by a therapist who guides
the therapy (Rizzo and Shilling, 2017).

MEASURING IMMERSION, PRESENCE
AND EMOTIONAL RESPONSE IN WINDOW
OF TOLERANCE
The discussed adaptations, framed as immersive design aspects, have
the potential to inﬂuence the immersion and the emotional response
of the subject. Knowledge of the level of immersion and emotional
response during VR exposure, is required to monitor the effect of the
online adaptations within a therapeutic session. This data may be
gathered through subjective immersion questionnaires and objective
physiological parameters and analyzed for the purpose of keeping
emotional responses of the subject within the window of tolerance.
Although validated questionnaires for the purpose of measuring
immersion exist, issues with their theoretical underpinnings and
psychometric properties have been identiﬁed. For example, preemptive exposure to the questionnaire prior to the VR experience
could cause bias and disruption of the immersion at the moment itself
in the VE (Slater, 1999). We identiﬁed one tool, the Self-Assessment
Manikin (SAM), that is suitable to be embedded into the VE, to
minimize the disruption of the immersion (Grübel et al., 2016).
Besides this assessment tool, we argue that objective measures are
preferred for assessing immersion.

Design Aspects: Narrative
A distinction can be made between direct and indirect
presentation of trauma-related stimuli and events that make
up the subject’s trauma narrative. In the direct presentation of
this narrative, the VE itself is used to reconstruct a complete
environment that is authentic to the traumatic experiences of the
subject (Rizzo and Shilling, 2017). Alternatively, VR can be used
to create a safe environment (e.g., a cabin on a beach), in which
trauma-related stimuli are gradually presented. For example,
personal images can be collected ofﬂine, and used within the
VE to assist in recalling associated memories that help shape the
subject’s trauma narrative and increase the presence and
engagement in his or her treatment (van Gelderen et al.,
2018). To tailor the immersion online, the branching of the
narrative may be directed towards exposure or reduction of
tension depending on the subject’s response (Dibbets, 2020).
Recall of the trauma narrative can be consolidated with active
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Psychophysiological and Biobehavioral
Monitoring
Although further validation is needed, a number of methods exist
to indirectly measure and monitor presence and immersion by
means of physiological indicators during VRET (Bradley et al.,
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2000). The most common parameter utilized within VR
interventions is skin conductance to measure the indirect
emotional response in psychophysiological studies (van
Dooren et al., 2012). Another cluster of physiological
indicators that are commonly utilized as indirect indicators of
emotional response are measures of cardiorespiratory
performance, such as heart rate, blood pressure, and
respiratory rate. These parameters are related to emotional
arousal of negative emotional affect (Bradley et al., 2000;
Feldman et al., 2004). Respiratory rate, for instance, is
associated with emotional states such as anger, joy, fear and
sadness (Philippot et al., 2002). Furthermore, there is evidence
that heart rate variability (HRV) correlates with emotion-speciﬁc
blood ﬂow in associated cerebral regions (Lane et al., 2009; Blase
et al., 2016). Evidence further suggests that visuomotor indicators,
such as eye blink rate and pupillary diameter, may also act as
physiological indicators of emotional arousal in PTSD (Rubin
et al., 2017). Besides the aforementioned physiological outputs
that are commonly utilized to indirectly measure emotional
responses, additional visuomotor parameters speciﬁc to the
measurement of immersion have been utilized within a VE.
These include eye movements or gaze ﬁxation, which
measures the number and duration of ﬁxation (Toet, 2006;
Jennett et al., 2008). Finally, eye tracking can be used to
measure the focus of attention of the subject during the entire
session (Toet, 2006; Jennett et al., 2008). By measuring the focus
of attention, immediate information about the immersion of the
subject in the VE can be obtained.

www.sensiks.com). In the VE, the participants were asked to ﬁrst
interact with the radio in the VE, which would play the selfselected music associated with their deployment experience. After
the music the participants were asked to open the virtual photoalbum, which would display the self-selected picture. First the
participants had to describe the picture, then the therapist asked
about the story behind the picture and ﬁnally the emotions and
bodily sensations the picture evoked at that moment were
explored in the VE. After each image was discussed, the
participant performed a cognitive task - Serial sevens - that
taxes working memory (“challenge” design aspect).
The participants could interact with the virtual radio, photoalbum and plush toy, facilitated by hand gesture recognition
(Leap Motion Controller). A live connection with the therapist
behind a webcam was projected on a monitor within the VE
throughout the session with audio and video. Additionally, the
therapist could add notes in the virtual photo-album, capturing
parts of the participant’s recollection (“narrative” design aspect).
In this setting, visuals are presented through a head mounted
display (HTC Vive Pro Eye), while the Sensiks Pod can add
olfactory, auditory and tactile stimuli (“system” design aspect).
During the VRET session, respiratory rate was measured with a
wireless sensor (VimScore FLOW chest band) and displayed on
the therapist’ screen together with eye-tracking data (Figure 2).
The VE (Inﬁnity Labs BV, Netherlands) displayed a beach house
on a tropical beach, (“indirect presentation” design aspect).
During the VR experience, olfactory, temperature, and tactile
sensory stimuli were presented to simulate ocean smells, Sun, and
a breeze respectively (“sensory cues” design aspect).

USER EXPERIENCES

Measurements
We collected qualitative information by interviewing the
participants after the VR experience, to explore the inﬂuence
of the design aspects on their experienced presence and emotional
reactions in the VE, to identify the design components that were
most strongly related to the level of immersion. The respiratory
rate and eye-tracking data were not collected for further analysis,
but solely used as feedback during the experience.

Participants
Three user experiences were described which explored the
inﬂuence of immersive design aspects on the experienced
presence and emotional response in a VE in healthy veterans
with deployment experience. Three veterans within our
professional network were approached, that proﬁled
themselves as PTSD ambassadors and regularly participate as
experience experts in treatment evaluations of PTSD. The
participants agreed to participate by means of written
informed consent. The participants had no psychiatric medical
history based on self-report, and were not seeking treatment for
PTSD. Approval of the ethics committee was not deemed
necessary, since the report is a case series about experienced
immersion in a VE in healthy participants.

User Experience 1
Participant 1, male in his mid-ﬁfties was wounded during his
deployment in Bosnia in 1993. His self-selected image was
composed after he was shot, depicting him lying on a
stretcher while still in his uniform. He reported that this event
caused major challenges for him with both positive and negative
aspects and outcomes for his health and personal development.
Music and images: evoked memories leading to a reexperience of emotions from that moment in time.
Presence: felt immediately present in VE although it was not
realistic, was disturbed by the airﬂow, the desynchronization of
hand movements with his own hands and the motionless ocean
and trees.
Additional comments: turning on the VR-radio made the
object more realistic in the VE but turning the pages of the
photo-album with a button did not have the same effect.
Guidance of the therapist was very important to appoint the
emotions attached to the images.

Design
We selected three healthy veterans with deployment experience,
to gather information about this speciﬁc population and to
inform future application of tailoring the VE in a therapeutic
context. The participants were asked to bring a neutral music
song and pictures and music that reminded them of a mild
traumatic experience during their employment, to the user
experiment. The self-selected images and music were added as
personal sensory cues to the VE. The participants were engaged in
a multisensory VR environment (Sensiks Sensory Reality Pod
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FIGURE 2 | VR exposure application (A) Scenario conﬁgurator screen with view of the selected virtual environment for the session, in this case a beach cabin (B)
Therapist view during a session. Participant can browse through virtual photo album with self-provided photographs (C) The selected photo can be enlarged by the
participant for in-depth discussion. The Therapist can follow the participants’ gaze via eye-tracking measurements (D) The Therapist can add notes to the photo, that
appear in the virtual photo book and immersive elements to the experience (heat, wind, scents and sounds) via a pop-up menu. 1: Interaction with the therapist in
session occurs via a webcam, the therapist is displayed on this screen in the virtual environment. 2: In the scenario conﬁgurator, media such as photos and music can be
selected. 3: One of three virtual environment can be selected for the session: a beach cabin (shown here), a cabin in the woods and a living room. 4: A plush toy with
which the participant can virtually interact. 5: Self-provided music can be switched on, paused, and fast-forwarded via this virtual radio set. 6: Several virtual items can be
added. 7: Participants interact with the virtual world through hand tracking. 8: The participant can browse through the self-provided photos in the virtual photo book. 9:
The gaze of the participant as measured with eye-tracking. 10: Respiratory and eye-lid measurements are visible for the therapist. 11: Enlarged photo from the virtual
photo book. 12: Therapist view of the photo book, the therapist can add notes. 13: Pop-up menu for adding immersive elements to the virtual experience.

User Experience 2
Participant 2, a woman in her mid-forties was deployed to
Afghanistan where she reported to have felt very vulnerable
when she was irradiated by a targeting laser during a
helicopter ﬂight. In the picture she brought, the landscape
from the helicopter perspective was shown and within it the
person that had targeted the helicopter.
Music and images: immersed her within her deployment
evoking contradictory feelings of being sad and being, “on the
top of her game.”
Presence: increased when helicopter sound and airﬂow
was added, but was disturbed by incorrect details depicted
such as VR hands appearing male, absence of movement
in the VE, olfactory stimulus that reminded her of a
public toilet, incoherence of warmth of the Sun and the
cool airﬂow.
Additional comments: she reported not to feel present, but
kicked the cabin door several times, while stretching legs in the
VE, and felt uncomfortable when the table in the VE was pushed
up against her.

Frontiers in Virtual Reality | www.frontiersin.org

User Experience 3
Participant 3, male in his late ﬁfties, was deployed in the last
months while the genocide in Srebrennica took place. He brought
a newspaper article that showed him sitting next to his wife, in his
uniform holding his baby on his arm.
Music and images: took him immediately back in time to his
deployment, with feelings of sadness and feeling powerless, he
even smelled the odor of burning wood.
Presence: VE was a motionless picture but it felt pleasant and
safe which helped to decrease the emotional tension. VR hands
were dirty and without a wedding ring, which disturbed presence
and airﬂow was mistaken as air conditioning. The limited
interaction possibilities made the VE less interesting.
Additional comments: valued the guidance of the therapist
and enjoyed the independence in the VE.
Summary of the User Experiences
The aforementioned design aspects were utilized in the user
experience to inﬂuence immersion and afterwards reﬂected
upon during the interview. In the user experiences, the system
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design aspects, including the olfactory stimuli and hand gesture
recognition, disturbed the experienced presence, because they
were not congruent with the VE. The sensory design aspects,
which included music and images, were authentic and shifted the
focus of attention within the VE, enhancing the presence.
Conversely, the misaligned details of the sensory visual cues
disrupted the presence, since the believability of the VE was
disturbed by the misaligned details, such as the presented male
hands in the visual ﬁeld and the motionless ocean.
Timing of cues was utilized with one participant by adding
auditory and haptic sensory stimuli. This resulted in an enhanced
emotional response during the exposure. The images and guidance of
the therapist supported the participant’s narrative in the indirect
presentation, resulting in an increased focus and sensus of
attention toward the VE. A limitation of the VE could be the level
of difﬁculty which, at times, was not challenging enough with
limitations regarding subject control. The presented secondary task,
serials seven, was challenging but abstract, which also disrupted the
presence by shifting the focus of attention to absence (Waterworth and
Waterworth, 2001). During the VRET, the eye tracking data provided
direct feedback about the focus of attention of the participant. The
respiratory rate graphic was projected live on the therapist’s screen.
During the exposure and serial sevens, observed changes of these
parameters indicated changes in emotional arousal.

the subject’s needs. The usage of personalized aspects in the VE is also
utilized in 3MDR, this novel treatment hints towards a therapeutic
effect in a population of veterans with PTSD (van Gelderen et al.,
2020a; Bisson et al., 2020; van Gelderen et al., 2020b).
This overview serves to provide a theoretical basis for future VRET
research, utilizing the different design aspects to attain the intended
immersion and treatment effect. Utilizing the expertise of multiple
domains was essential in creating this theoretical basis and we think
that such collaborations are essential for the further development of
tailored immersion. One of the deliverables we aim to create is a tool
for the therapist that informs them of levels of immersion and
emotional engagement by combining different objective measures.
This enables the therapist to modify the exposure to stay within the
window of tolerance, by adjustment of design aspects online and
ofﬂine. We will conduct further to identify the parameters that can be
utilized to measure or approximate the emotional response as closely
as possible. Furthermore, there is also a need for future research to
establish the relationships between different design aspects and their
respective effects on the level of immersion. Finally, another
investigative need concerns the effect of immersion on emotional
responses. Clarity surrounding this relationship would be valuable for
the future development of tailored immersion (Krijn et al., 2004; Visch
et al., 2010; Gromer et al., 2018; van Gelderen et al., 2020c).
In conclusion, knowledge of the immersive design aspects
within a VE can be utilized to optimize the presence and
immersion as well as, evoke and maintain an emotional
response within the window of tolerance. We see this study as
a ﬁrst step towards development of an evidence-based tool that
can be utilized in VRET to measure the emotional response. From
the user experience we conclude that the believability of the
neutral VE is important to maintain presence within the VR
experience. Contrarily, the personalized details, such as selfselected images and music, had a profound inﬂuence on how
the veterans recalled and relived their traumatic events. This
therapeutic approach bypasses the cognitive avoidance during
exposure and can lead to a stronger emotional response, which is
correlated with an increased therapeutic effect (Jaycox et al.,
1998). Therefore, we expect that tailoring immersion and
measuring the emotional response in VRET will increase the
therapeutic effect in veterans with PTSD.

DISCUSSION
The aim of this paper was to explore immersive design aspects of
VRET that can be modiﬁed to inﬂuence presence in veterans with
PTSD, and discuss possible methods of measuring the emotional
response. Three user experiences of veterans provided real-life
illustrations of VR adaptations and consequent changes in
immersion. Four immersive design aspects: system, sensory cues,
narrative and challenge, were identiﬁed as being essential to
modify presence during exposure in treatment, to induce a
necessary emotional response for processing of traumatic events
(Rizzo et al., 2005; Botella et al., 2010; Rothbaum et al., 2014). To
regulate the emotional response and stay within the window of
tolerance, we believe it is necessary to measure the emotional
response during VRET. Potential measures include physiological
parameters, such as cardiorespiratory performance, pupillary
diameter, eye blink rate and skin conductance.
These aforementioned design aspects can be utilized in various ways
to modify the immersion, resulting in a spectrum of VE designs. At one
end of the spectrum are the VEs that are very realistic representations of
deployment scenarios (e.g., BRAVEMIND) (Rizzo et al., 2005) and, on
the other end of the spectrum, augmented reality that can be
positioned, adding virtual fear stimuli to the physical world
surrounding the user (Eshuis et al., 2020). In the middle are the
neutral VEs in which personalized details are inserted (e.g. 3MDR,
EMMA’s world) (Botella et al., 2010; van Gelderen et al., 2020a). The
presented VE in the user experience of the current study could also be
placed in the middle of this spectrum. In comparison to other VRET
approaches, novel aspects of this current approach are an explicit
measurement of the emotional response, and the opportunity for the
therapist to use this information to optimally adjust the treatment to
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