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A B S T R A C T   

Prolonged Exposure (PE) therapy is one of the most efficacious, evidence-based treatments for posttraumatic 
stress disorder (PTSD). A key component of PE involves in vivo exposures (IVEs) during which patients approach 
situations or activities in “real life” that are safe but avoided because they elicit a fear response. Despite their 
critical role in treatment, little research has focused on IVEs. This gap in knowledge is primarily due to the fact 
that IVEs are typically conducted by patients in between therapy sessions, leaving clinicians reliant upon patient 
self-report. This approach has numerous shortcomings, which the current study addresses by leveraging tech
nology to develop an innovative device that allows for physiological, biomarker-driven, therapist-guided IVEs. 
The new system enables clinicians to virtually accompany patients during IVEs and provides real-time physio
logical (heart rate, skin conductance) and self-report (subjective units of distress) data that clinicians can use to 
modify the exposure and optimize therapeutic value. This Small Business Innovation Research (SBIR) Phase I 
project aims to: (1) integrate physiological sensors and live audio/visual streaming into a system for clinicians to 
guide patients during IVEs; (2) determine feasibility and acceptability of the system; and (3) conduct a pilot 
randomized clinical trial among veterans with PTSD (N = 40) to evaluate the preliminary efficacy of the system 
in reducing PTSD symptoms during PE. This paper describes the rationale, design, and methodology of the Phase 
I project. The findings from this study have the potential to innovate clinical practice, advance the science of 
exposure therapy, and improve clinical outcomes.   

1. Introduction 

Military veterans are at increased risk of developing posttraumatic 
stress disorder (PTSD), a debilitating and chronic mental health disorder 
[1–4]. If left untreated, PTSD increases risk of other psychiatric disor
ders (e.g., substance use disorders), medical problems, social/family 

impairment, employment problems, and suicidal ideation and attempts 
[5–8]. 

Prolonged Exposure (PE) therapy is one of the most effective treat
ments for PTSD, with response rates ranging from 65 to 80% [9–11]. A 
key component of PE involves in vivo exposures (IVEs) during which 
patients approach safe, but avoided, stimuli in “real life” (e.g., crowded 
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stores, driving) because they remind the patient of the trauma or in
crease PTSD symptoms. IVEs are crucial to exposure therapy for PTSD 
(and all anxiety disorders) to ensure that new knowledge and behaviors 
learned in the therapy session are successfully transferred to patients’ 
“real world” environment. Although IVEs are a key treatment compo
nent, their content is “invisible” to the clinician, as they typically occur 
outside the office and without professional assistance. This poses a 
major logistical challenge because there is no way for the clinician to 
monitor or guide the patient in this critical aspect of treatment. In rare 
cases, clinicians leave the office and go to IVE sites with patients. More 
commonly, especially during the COVID-19 pandemic, patients are 
given in vivo assignments to complete on their own before the next 
session and the clinician is reliant upon patient self-report of the IVE. 
Unfortunately, some patients fail to attempt IVEs given avoidance 
symptoms, or when they do attempt the exercise, they are 
under-engaged or do not remain in the situation for a sufficient length of 
time. Physiological indicators of distress, such as skin conductance and 
heart rate, are objective indices of therapeutic engagement and extinc
tion learning, and several studies show that greater activation and 
reactivity before and during PE therapy sessions (i.e., imaginal expo
sures) is associated with improved treatment outcomes [12–16]. How
ever, physiological activation during IVEs has not yet been investigated. 

The current study leverages technology to mitigate current limita
tions and address gaps in knowledge by enabling therapists to virtually 
accompany and modify IVEs, in real-time, based on patient-specific 
physiological and subjective data to optimize engagement and maxi
mize the therapeutic value of IVEs. This paper describes the design and 
methodology of an ongoing randomized controlled trial (RCT) to eval
uate adjunctive technology in reducing PTSD severity among military 
veterans. 

2. Research objectives and hypotheses 

The primary research objective of the current study is to address key 
gaps in knowledge regarding IVEs during PE therapy by developing and 
evaluating a technology-based system that will (1) enable clinicians to 
virtually accompany patients during IVEs to enhance engagement and 
successful completion of the exercises, and (2) provide clinicians with 
real-time streaming of physiological biomarkers of affective engagement 
(i.e., galvanic skin response [GSR] and heart rate [HR]) and subjective 
units of distress (SUDS). Therapists will use this information to guide 
and modify the exercises in real-time to address under- or over- 
engagement, thereby maximizing therapeutic value of IVEs. To accom
plish this, Zeriscope, a small business with experience developing 
cutting-edge mobile technology platforms for health care, is partnering 
with clinical researchers at a Southeastern academic medical institution 
to develop and preliminarily evaluate the technology device (“Bio 
Ware”) among veterans with PTSD. 

Aim 1 of the project is to integrate physiological biomarker sensors 
(GSR, HR) with SUDS and live audio/visual streaming into a device for 
office-based clinicians to use and communicate with patients during IVE. 
Two-way audio allows the patient and clinician to communicate with 
one another. The video stream is one-way and only allows the clinician 
to see the patient’s environment. This requires development in three 
domains: (1) patient interface, (2) clinician “dashboard,” and (3) cloud- 
based storage and analytics. Aim 2 of the project is to determine feasi
bility and acceptability of the new system in a small sample of veterans 
(n = 5). Finally, Aim 3 is to conduct a pilot randomized controlled trial 
(RCT) of treatment-seeking veterans with current PTSD (N = 40) to 
evaluate the acceptability and preliminary efficacy of the device and 
investigate predictors of positive treatment outcomes. 

3. Materials and methods 

3.1. Research design 

This study is a Small Business Innovation Research (SBIR) Phase I 
grant to develop and evaluate a novel technology system to enhance 
Prolonged Exposure (PE) therapy for the treatment of PTSD. End-user 
input will be used to guide the process and tailor the system to ensure 
maximum relevance and patient acceptability. A pilot RCT will be 
conducted where PE will be delivered for up to 12 sessions. Outcome 
measures will evaluate feasibility and acceptability, as well as self- 
reported and clinician-rated PTSD symptoms. 

3.2. General procedures of the technology system build and beta testing 

Zeriscope will design, build, and test a multidimensional data 
acquisition and storage system to capture real-time biomarkers of 
engagement and self-report during IVEs. This innovation will be realized 
using wearables linked to a cloud-based system for live streaming data, 
online storage, and analysis. The system will include a customized (1) 
patient interface, (2) clinician interface, and (3) cloud-based system (see 
Fig. 1). The patient interface will consist of (a) wearables that enable 
continuous collection of quantitative (e.g., heart rate, galvanic skin 
conductance) and qualitative data (e.g., video) with as little burden as 
possible to the patient, and (b) software application on a mobile phone. 
The system will include: (a) local (phone) session storage when no 
cellular or Wi-Fi service is available, (b) keypad for self-report of SUDS, 
(c) geo-location, (d) application login and authentication, and (e) intu
itive user control and notification features. The wearables will be 
comfortable and designed to be inconspicuous (e.g., camera looks like a 
shirt button). The clinician interface will include a “dashboard” or display 
(see Fig. 1) to enable live video of the patient’s environment; two-way 
audio to facilitate communication between patient and clinician; real- 
time streaming of HR, GSR, and subjective ratings of distress (SUDS); 
and a secure system to store and review completed IVEs offline. Clini
cians will be able to demarcate moments of interest during IVEs (e.g., 
with a time stamp or event marker) on the clinician dashboard, which 
may be peaks in the patient’s physiological or subjective levels. Event 
markers will be stored and can be reviewed in the future to help prepare 
for subsequent IVEs to optimize engagement and efficiency. The dash
board will include summary statistics for each IVE, such as the total 
number of minutes spent in the exercise, as well as peak HR, GSR, and 
SUDS ratings. The cloud-based system will be HIPAA-compliant and 
designed to rapidly store quantitative and qualitative data from IVEs. 
The database will be secure and backed up daily. 

Beta testing will be used to preliminarily evaluate the feasibility and 
acceptability of the new system with 5 veterans who have previously 
completed PE. Potential participants will be given a full description of 
the study and asked to read and sign an IRB-approved informed consent 
form before any study procedures take place. Participants will receive 
instructions for turning on/off the system. Feasibility will be assessed by 
evaluating if participants can turn on/off the system in ≤5 min. Each 
participant will then complete one “mock” IVE and provide feedback on 
perceptions of comfort, usability, helpfulness, acceptability, and patient 
satisfaction. Subjects will be recruited from clinician referral and flyers 
and receive $25 for volunteering in the beta testing. Based on the beta 
testing, final system modifications or improvements will be made in 
preparation for the RCT. The remaining sections below describe the 
methods and design of the RCT for this project. 

3.3. General procedures of the RCT 

Interested individuals will be screened by telephone or in person. 
Individuals who meet inclusion/exclusion criteria will be invited for a 
comprehensive baseline assessment (see Table 1) to determine eligibility 
for enrollment. Potential participants will be given a full description of 
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the study and asked to read and sign an IRB-approved informed consent 
form before any study procedures occur. All eligible and interested 
participants will then receive 10 to 12, 90-min sessions of PE therapy 
(described below). Following the treatment phase, participants will be 
asked to complete a one-month follow-up visit. All participants receive a 
kit with a phone to use during the study. Ineligible individuals are 

referred clinically for treatment. 
Participants. Participants (N = 40) will be U.S. military veterans be

tween the ages of 18 and 65 with current PTSD. Participants will be 
recruited from the Ralph H. Johnson VA Medical Center in Charleston, 
SC, local veterans’ groups, and online social media advertisements (e.g., 
Facebook). Inclusion criteria include being able to comprehend English 
and meet DSM-5 diagnostic criteria for current (i.e., past 6 months) 
PTSD as assessed by the Clinician-Administered PTSD Scale for DSM-5 
(CAPS-5; [17]. Participants may also meet criteria for a mood disorder 
(except unstable bipolar disorder) or anxiety disorder. The inclusion of 
participants with affective and other anxiety disorders is essential 
because of the marked frequency of the co-existence of mood and other 
anxiety disorders among patients with PTSD [18]. Individuals taking 
psychotropic medications will be required to be maintained on a stable 
dose for at least four weeks before study initiation. Individuals with 
clinically significant medical or psychiatric conditions that in the 
opinion of the investigators may adversely affect safety will be excluded 
and referred for treatment to ensure they receive the appropriate level of 
clinical care. Participants enrolled in ongoing evidence-based behav
ioral therapy for PTSD will be excluded. 

Prolonged Exposure (PE) Therapy and Procedures for using Bio Ware 
During IVEs. PE will be delivered based on the manual developed by Foa 
and colleagues [19]. During session 1, the Study Therapist will provide 
the rationale and an overview of PE, review trauma history, instruct the 
patient on breathing retraining, and provide a brief overview of the 
device to be used in the study. Prior to session 2, a brief (15–30 min) 
in-service appointment will be scheduled with a Bio Ware technician to 
familiarize the patient with the device, provide instructions on how to 
properly use the equipment, and answer any questions. In-service 
training with the Bio Ware technician was chosen for this first project, 
however it is feasible that therapists can provide the device training. A 
step-by-step instruction manual will also be provided to participants. 
Session 2 includes a review of common reactions to trauma, introduction 
of SUDS, in vivo hierarchy development, and a brief review (~5 min) of 
how to use the device. Starting in session 3 through the final session of 
treatment, in vivo “homework” is reviewed, the next in vivo assignments 
are planned, and imaginal exposure is conducted followed by emotional 
processing. During the final session, the therapist and patient review 
treatment progress and discuss potential next steps depending on each 
patient’s needs (e.g., couples therapy, vocational counseling). Partici
pants receive 10 or 12 sessions of PE, determined by reductions in the 
PCL-5 assessment [20]. Participants with less than a 10-point reduction 
on the PCL-5 by session 10 will be offered 2 additional sessions. Study 
Therapists will have a master’s or doctoral degree and attend weekly 
supervision during the trial. Sessions will be recorded, and a subset 
(10%) randomly selected and rated for fidelity to the manual using 
existing checklists. 

Fig. 1. Overview of the Bio Ware technology-based system for therapist-guided in vivo exposures (IVEs).  

Table 1 
Assessment measures and timeline.  

Instrument Purpose/Domain BSL Weekly End 
of 
TX 

1- 
Month 
Follow- 
Up 

Informed Consent Obtain informed 
consent 

X    

Demographics Form Characterize 
sample 
demographics 

X    

MINI International 
Neuropsychiatric 
Interview 

Assess DSM-5 
psychiatric 
disorders 

X    

Adverse Events: AEs Monitor AEs and 
safety  

X X X 

Life Events 
Checklist 

Assess lifetime 
trauma exposure 

X    

Clinician 
Administered 
PTSD Scale: 
CAPS-5 

PTSD symptom 
severity (clinician- 
rated) 

X  X X 

PTSD Checklist: 
PCL-5 

PTSD symptom 
severity (self- 
report) 

X X X X 

Beck Depression 
Inventory-II: BDI- 
II 

Measure depressive 
symptoms 

X X X X 

Client Satisfaction 
Questionnaire-8: 
CSQ 

Assess satisfaction 
with treatment   

X  

Helping Alliance 
Questionnaire: 
HAQ-II 

Measure 
therapeutic alliance   

X  

System Usability 
Survey: SUS 

Assess usability and 
comfort  

X X  

In Vivo Exposures: 
IVEs 

Assess biological 
and self-report 
indices of 
engagement (HR, 
GSR, SUDS), 
feasibility, and 
acceptability  

X   

Note. BSL = baseline, TX = treatment, HR = heart rate, GSR = galvanic skin 
response, SUDS = Subjective Units of Distress Scale. 
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Participants will be randomly assigned, using a randomization 
scheme developed by a statistician not associated with the project, to 
either (1) therapist-guided IVEs or (2) record-only IVEs. In the therapist- 
guided group, study therapists will schedule therapist-guided IVE ses
sions between PE treatment sessions, starting after session 2. During 
therapist-guided IVE sessions, therapists will log into the online clinician 
dashboard to connect with the patient using the Bio Ware wearable 
device and start the IVE. Therapists will use the clinician dashboard to 
view the patient’s real-time physiological data (e.g., HR, GSR) and their 
SUDS (recorded every ~5 min for therapist-guided IVEs) and use this 
information to modify the patient’s behavior during the exposure. For 
example, if a patient is not exhibiting increased HR, GSR, or SUDS 
during the exercise, the therapist can make recommendations to help 
increase the patient’s engagement (e.g., instruct the patient go down a 
more crowed shopping aisle, instruct the patient to sit with their back to 
the door instead of facing it). Therapists will virtually accompany pa
tients to at least three IVEs during the first few weeks of treatment and 
may attend one IVE each week as needed. Therapists and patients will 
collaboratively discuss which IVEs are the most appropriate to select as 
therapist-guided IVEs. After selecting these IVEs, therapists and patients 
will find an appropriate time to schedule the IVE. IVEs can be completed 
outside of normal office hours (e.g., weekends, evenings) if needed. In 
the record-only group, participants will be instructed to wear the device 
during their IVEs, but the therapist will not virtually accompany them, 
nor will the therapist review the recorded IVEs. The record-only con
dition is similar to standard PE with the exception that the participants 
wear the device, which records physiological activity and SUDS from 
IVE activities. Consistent with standard PE, patients report on the IVE to 
the therapist at the next session. As part of this project, therapists do not 
watch recorded IVEs in the record-only condition. In the case that par
ticipants in either condition do not have Wi-Fi or cellular service, hot 
spots will be provided for the duration of the study. 

Primary Outcome Measures. Primary clinical outcomes include the 
Clinician-Administered PTSD Scale for DSM-5 (CAPS-5 [17]; for 
clinician-rated, and the PTSD Checklist for DSM-5 (PCL-5 [20]; for 
self-reported PTSD symptoms. The CAPS-5 is a semi-structured diag
nostic interview and gold standard for assessing PTSD. The CAPS-5 is 
rated on a 5-point scale (0 = absent to 4 = extreme/incapacitating) with a 
total score ranging from 0 to 80. The CAPS-5 will be administered at the 
baseline, end-of-treatment, and at 1-month follow-up. The PCL for 
DSM-5 is a 20-item self-report measure that will be used assesses PTSD 
severity weekly and at one month follow-up. The PCL-5 has excellent 
psychometric characteristics. 

Secondary Outcome Measures. Secondary outcome measures include 
IVE related assessments of psychophysiological reactivity (HR and GSR), 
which will be measured continuously during IVEs using the patient worn 
data acquisition system (Zeriscope Inc.). Subjective units of distress 
(SUDS; 0 to 100 range) will also be collected via numeric keypad every 5 
min during IVEs for the therapist-guided IVEs. Pre, post, and peak SUDS 
will be collected via numeric keypad for record-only IVEs. Finally, self- 
report questionnaires will assess acceptability by measuring comfort, 
willingness to use, utility, and client satisfaction [16,21–23]. Informa
tion regarding additional measures can be found in Table 1. 

Compensation. Participants will receive $25 for volunteering in the 
beta testing. In the RCT, participants will receive $50 for baseline and 
follow-up visits, and up to $400 for completing the weekly visits. 

3.4. Hypotheses and data analytic plan 

We hypothesize that Bio Ware will be feasible and acceptable, as 
evidenced by at least 80% of participants (1) being able to turn on/off 
the equipment in ≤5 min and (2) reporting positive perceptions toward 
the device via self-report assessments. We hypothesize that participants 
in the therapist-guided group will evidence greater reductions in PTSD 
severity at the end of treatment as compared to the record-only group, as 
measured by the CAPS-5 and PCL-5. However, given the small sample 

size and use of an evidence-based therapy (PE) in both treatment con
ditions, differences between groups may not reach statistical signifi
cance. Bootstrapping will be employed, and effect sizes will be 
calculated to estimate differences in PTSD reductions within and be
tween treatment groups to inform future research. In addition, we hy
pothesize that higher levels of physiological (GSR, HR) and subjective 
(SUDS) engagement during IVEs will be associated with greater re
ductions in PTSD symptoms at end of treatment. 

All analyses will be performed on the intent-to-treat (ITT) sample 
consisting of all randomized subjects. Given the Phase I developmental 
nature of the project, participants will be randomized in a 3:1 fashion to 
allow for more experience and data collection from the therapist-guided 
condition. Baseline clinical and demographic characteristics are 
collected, and contrasts will be performed between treatment groups. 
Baseline characteristics that are associated with the primary outcome 
measures will be included as covariates in subsequent analyses. 

To test the hypothesis that the device will be feasible and acceptable, 
we will examine the percentage of participants who are able to turn on/ 
off the equipment in ≤5 min and participant perceptions of ease, com
fort, utility, and acceptability using self-report measures (see Table 1). 
To test the hypothesis that participants in the therapist-guided group 
will evidence significantly greater pre-to post-treatment reductions in 
PTSD severity as compared to the record-only group, we will use inde
pendent generalized linear mixed effects models to examine CAPS-5 and 
PCL-5 scores at end of treatment by group. Models will be adjusted, 
respectively, for baseline PCL-5 and CAPS-5. Group will be entered as 
the predictor variable. Bootstrapping will be employed to enhance sta
tistical power. In addition, effect sizes will be calculated for within 
group and between group changes in PTSD symptoms. To test the hy
pothesis that higher levels of physiological and subjective engagement 
will predict greater treatment response, we will calculate mean HR, GSR, 
and SUDS responses during IVEs and use multilevel modeling to analyze 
these variables as predictors of PCL-5 and CAPS-5 at end of treatment 
within and between treatment groups. 

Exploratory analyses will examine group differences in the rate of 
reduction in PTSD symptoms, attrition, and durability of effects at 1- 
month follow up. Data from both groups will be harnessed to prelimi
narily explore the development of patient-specific algorithms predicting 
optimal engagement during IVEs, allowing each patient to be fitted with 
a precise algorithm for IVEs personalized to their biological and sub
jective responding. 

4. Discussion 

This paper describes the research design and methodology for an 
ongoing SBIR Phase I project that aims to improve PE therapy for PTSD 
using biomarker-driven technology. While PE is a highly effective, 
evidence-based treatment for PTSD, an estimated one-third of patients 
who complete PE remain symptomatic and drop-out rates are a concern 
in this population [24]. Advances in mobile technology can help address 
these shortcomings and improve treatment outcomes. 

Over the last decade, there has been a notable increase in the use of 
digital technologies to improve PTSD treatment. Acierno and colleagues 
employed telehealth delivery of PE to overcome access barriers to care 
(e.g., transportation problems, travel costs) with comparable efficacy 
and patient satisfaction [25–29]. This is now widely used given the 
ongoing COVID-19 pandemic [30–32]. The advent of mHealth appli
cations (e.g., PE Coach [33]; provides psychoeducation, 
self-management tools, and homework tracking. Importantly, these 
applications are rated by clinicians and patients as feasible, acceptable, 
and highly promising [34–37]. Virtual Reality (VR) for PTSD, which was 
pioneered by Rothbaum and colleagues, uses computer-generated, 
simulated environments presented to patients via head-mounted dis
plays to facilitate exposures [38–41]. Importantly, research consistently 
shows that digital interventions are as effective as face-to-face in
terventions when coupled with human support [42–44]. Thus, while 
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some people may be able to fully benefit from standalone digital in
terventions, the majority require human support or coaching to achieve 
more consistent engagement and positive outcomes. Taken together, 
this growing body of literature suggests patients with PTSD are open to 
and can benefit substantially from technology-enhanced services. 

The technology-based system being investigated in the current study 
adds to the growing body of research in this area by being among the 
first to target IVEs in the patient’s real-world environment, bringing 
biometric and behavioral data “from the field” into the clinician’s office 
and treatment planning in ways that have not previously been possible. 
Clinicians will be able to use objective biomarkers of engagement during 
the IVEs to evaluate and modify patients’ behaviors during IVEs in real- 
time to optimize outcomes. This new technology system may increase 
patients’ willingness, confidence, and ability to attempt and complete 
exposures effectively (e.g., remain in the situation for the full 45 min, 
reduce or eliminate safety behaviors during the exposure). The new 
system also serves as a means of accountability, which can help enhance 
motivation (e.g., the patient knows the clinician will be virtually 
meeting them at the scheduled time for the IVE so they are more likely 
participate in the exercise). Clinicians will no longer have to wait a week 
or more for the patient to return to the next therapy session and provide 
a retrospective account of the IVEs over the past week, which is then 
subject to memory biases, social desirability, or other issues affecting 
accuracy. The advantages provided through this new technology system 
may ultimately improve the efficiency and efficacy of PE and help 
reduce attrition. 

The study is limited by small sample size. Because this initial study is 
designed to determine feasibility and provide information on pre
liminary efficacy, this study will estimate effect sizes for subsequent, 
larger trials. Given the disproportionately high rates of PTSD among 
military veterans, this study is focused on veterans and we anticipate the 
majority of participants (90%) will be male, which limits our ability to 
conduct in-depth examination of sex differences. However, we will 
explore engagement and outcomes by sex to inform future research with 
larger samples of females. In addition, conducting therapist-guided IVEs 
in real-time will increase therapists’ time commitment. Strategies for 
addressing this potential limitation will be explored by gaining feedback 
from therapists participating in the trial. Such feedback will inform 
future iterations on how to best use the Bio Ware wearable technology. 
For example, it may be feasible for other mental health professionals or 
support staff to conduct the guided IVEs under the supervision and di
rection of the therapist, who can prescribe the specific IVE activity, but 
not conduct it. A summary report of the IVE (e.g., amount of time spent 
in IVE, physiological engagement, SUDS levels) could then be shared 
with the therapist for treatment planning purposes. Finally, the inves
tigative team considered including a third standard PE group (no patient 
worn Bio Ware device) but given the scope of this project and the Phase I 
emphasis on product refinement and testing in a clinical population, the 
team decided to include the proposed two groups, which will provide a 
wealth of novel data to inform a larger Phase II project. 

In summary, the current study will develop and evaluate a novel 
technology system to be used during PE, in particular in vivo exercises, 
for the treatment of PTSD to enhance clinical outcomes. The findings 
from this study will provide seminal data on IVEs which will generate 
new knowledge and novel insights to inform clinical practice and 
accelerate the science in the field of exposure therapy for PTSD. The 
ability to capture multidimensional data in real-time and in real-world 
settings will provide an ecologically-valid and nuanced understanding 
of patient-specific physiological, behavioral and affective responses 
during IVEs. Results from this study will inform the development of an 
innovative, biomarker-driven technology system to address critical gaps 
and current limitations in exposure therapy for PTSD. The findings will 
also provide new knowledge to enhance the efficiency and effectiveness 
of exposure therapy for PTSD as well as anxiety disorders, conferring 
strong potential for therapeutic expansion. The findings from this study 
have the potential to make a significant and transformative impact on 

clinical practice. 
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