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Moving from VR into AR using Bio-Cybernetic Loops and Physiological 
Sensory Devices for Intervention on Anxiety Disorders
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Abstract Anxiety disorders  comprise different  clinical  conditions that  affect  individuals in their personal,
professional and social domains. The development of new intervention approaches for the treatment of anxiety
disorders is crucial. As a step forward into promoting the well-being through adaptive physiological responses,
we developed an Augmented Reality (AR) based system using bio-cybernetic loops to create an adaptive system
for exposure therapy in anxiety disorders. The system was built using open source software (e.g., NyARToolkit,
and Unity 3D). AR technology uses computer-generated information to enrich the real world. It can be used with
less intrusive devices to collect physiological data (e.g., Bitalino) describing human behavior in a cycle. In this
context our research project aims to study behavior during exposure to biologically relevant stimuli such as
snakes. Phobia is described as an irrational fear to an object/stimulus. This fear triggers several physiological
responses from sensors as increased heart rate (ECG) and skin conductance (EDA), which are responses from the
autonomous nervous system. This approach can be used in several sessions, where the system through machine
learning algorithms adapts the tresholds to the individual profile of each participant from historical data. Our
study has been carried out in two stages: (1) The participants in a total of 35 students (30 males and 5 females
with ages ranging from 19 to 29 years) were invited to fill a snake questionnaire (SNAQ). (2) A sub-sample was
enrolled in an exposure session in AR using a virtual snake while collecting psychophysiological responses from
sensors data.  The results have shown increased physiological  responses in two AR exposure sessions using
snakes  as  stimuli.  Therefore  we  conclude  that  the  system was  efficient  to  detect  changes  in  physiological
responses during the exposure sessions.
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 1 Introduction
Nowadays, Virtual Reality (VR) technology is used in variety of fields (Parsons & Rizzo, 2008), products and
areas such as Education, Military, Medical, and Gaming (Gamito et al., 2011; Van Rooij et al., 2016), where each
of the participants is fully immersed in a virtual environment. On the other hand, Augmented Reality (AR) (Baus
& Bouchard, 2014) move each of those participants into a next level of interaction, where real and virtual worlds
are  combined.  Such combination  allows  them to  interact  and  manipulate  the  virtual  objects  using external
stimulus.

The solution package specifically developed for this study is a suite of integrated applications that a therapist
can  use  to  collect,  store,  manage  and  interpret  data  from  sensory  devices  during  the  therapeutic  sessions
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(Arquissandás, Lamas, and Oliveira, 2019). One of such device is the Bitalino, which reads electrical signals
from sensors, connected to each of the participants body and allows to transform those signals into meaningful
data through classification procedures of the input signal. To continuously read those signals and extract features,
we used a systematic and recurring methods based on bio-cybernetic loop process (Muñoz et al., 2017). The
extracted features with meaningful data are then presented on screen to each participant, using an Augmented
Reality  (AR)  software  (i.e.,  NyARToolkit)  and  a  3D  modeling  software  package  (i.e.,  Unity  3D).  The
programming language used for development was C# for mono develop in Unity 3D. The compilation was done
using .Net framework 3.5. This solution was prepared to run on a variety of platforms such as Windows and
Android, with the use of an internal database for historical data storage such as SQLite 3.8 and Flat file - CSV.

The main requirements  we had when initially identified  hardware and software for  this  solution,  were  the
following: (1) The need to be non-intrusiveness; (2) The need to offer a low cost solution; (3) The need to offer a
reusable hardware platform; (4) The need to use available free or open source software with focus on community
help;  (5)  The simplicity of  integration and  ease  of  development  process;  (6)  System performance;  and  (7)
Interoperability.

This paper aims to describe a technological solution for the exposure therapy (Suso-Ribera et al., 2019) in a
anxiety disorders (Botella, 2004). In this solution, the key players are the therapists and the participants (Riva,
Molinari,  and  Vincelli,  2002).  In  this  approach,  besides  the  clinical  assessment  and  therapy,  the  therapists
conduct the therapeutic sessions plugging each of the participants to the system and controlling the evolution
among multiple sessions in terms of psychophysiological responses, using historical data stored on each of the
session. The positive results are given by the decreases in psychophysiological activation to the stimulus and the
ability to interact with such object in the augmented reality. For the purpose of this study, we assessed a group of
participants  without  history  of  anxiety  disorders.  The  selected  group  of  35  participants  filled  the  Snake
Questionnaire - SNQ (Klorman et al., 1974) and signed the informed consent regarding data privacy. The SNQ
had some direct questions with ranging score of 0 or 1 where 0 means negative|false and 1 means positive|true.
There were also some questions evaluated in a reverse order for validity assessment. The participants were first
selected from the SNQ self-report results and involved in the second stage of the study, which consisted off
plugging the sensor device for psychophysiological data capture, while the participants were subject to a brief
exposure session of 20 minutes. One of the sensors read electrocardiogram (ECG) signals (Gacek & Pedrycz,
2011) which measured the heart rate activity, while the other sensor read electrodermal activity (EDA) (Muñoz,
Gouveia, Cameirão, and Badia, 2017) which measured the skin conductance. The combination of both sensors
actuators, results in an overall signal reading from activation status of participants stimulus related to electrical
activity when the participants were exposed to biologically relevant stimulus as a snake that triggers fight-or-
flight responses. All the procedures and exposure sessions are non-intrusive. The solution system is adaptive,
scalable, as well as portable. The expected results are toward a decrease of electrical activity over consecutive
sessions and an increased interactivity with fear cue, indicating a decrease in fear response to snake stimuli.

 1.1 Problem statement
A Virtual Reality (VR) system drive each of the participants into a very limited and confined environment,
where the experience is engaged in an synthetic virtual world on which the participant is immersed (Powers &
Emmelkamp, 2008). On such environment, the participants lose perception of the surrounding real world. To
overcome this problem and take them into a journey of interaction sensations while experiencing the real world,
the Augmented Reality (AR) (Wiederhold, 2012) was the choice.  On such environment the participants can
interact with the fear cue that otherwise would not be possible to manipulate (i.e., representation of a virtual
snake in opposite to real one, due to the danger it represents, as well as the possibility of addressing even greater
arousal to the participant) (Emmelkamp el al, 2002). This approach (Wrzesien, Burkhardt, Alcañiz, and Botella,
2011) allows the therapists to assist in real time all the reactions the participants are experiencing during the
therapeutic  sessions  and  validate  if  they are  responding  positively to  the  fear  cue  by using the  method of
crossmodal  exposure when visually facing and touching the fear  cue object.  To accomplish such task, it  is
necessary to develop a predictive system for the treatment of specific phobias (Wolitzky, Horowitz, Powers, and
Telch, 2008). Phobias are classified in the umbrella of anxiety disorders, being a mental disorder, according to
the DSM 5 (APA, 2013). The treatment of such mental disorders involves exposure therapy (Duenser, 2014),
which is usually conducted on a gradual and systematic basis. The content of the therapeutic sessions changes
throughout treatment in order to meet the specific needs of the patient at each treatment stage. To meet these
conditions,  the therapist  needs to  evaluate the participant's  responses  in  the previous sessions to define the
content of the subsequent sessions.
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 1.2 Objectives
The main objective of this paper is to provide to a suite of internal tools that assist therapists and participants in
the treatment process for phobias, by avoiding time consumption spent by the therapists in patient assessment,
and also to make this assessment less prone to the human error when conducting phobia treatment. In order to
achieve this goal, first our intent was to build an adaptive,  user-friendly and non-intrusive solution to study
psychophysiological responses to fear relevant stimuli  in immersive AR exposure.  This solution must apply
stimulus to the participants using a virtual object as well as a real object for crossmodal exposure sensation.
Second, the solution to build should provide an interface capable of reading psychophysiological response data
from peripheral devices (i.e., sensors) and register historical data on physical support (i.e., database, flat file).
Finally, the solution must be able to generate reports based on session progression, export data to the external
support devices for later review and analysis,  as well  as maintain a detailed log of all the tasks during the
therapeutic sessions.

 2 Background

 2.1 Traditional Treatment
The  treatment  of  certain  phobias,  may  rely  on  different  methods.  One  of  such  method  is  the  Cognitive
Behavioral Therapy (CBT) which is a combination of Cognitive Therapy and Behavior Therapy. In this type of
therapy,  the  therapists  identify  the  maladaptive  cognitions  and  replace  them  therapeutically  with  adaptive
cognition (Emmelkamp et  al.,  1992).  Since the  human behaviors  and  feeling may be a result  from mental
activities and external events or the interaction between both, one of the benefits of such condition is the ability
to change the mental state in order to reflect changes in thinking and behaviors facing same situation. Therefore,
each of the participants can be put on a imagery anxiety-challenging or demanding situation in order to identify
unrealistic thoughts, trigger those thoughts, and replace these maladaptive thoughts by adaptive cognitions in
their place.

 2.2 Exposure Treatment
The exposure therapy is used on participants suffering from phobia. On this type of therapy, the exposure to
anxiety challenging or demanding situations is carried out gradually in order to allow memory replacement from
old anxiety experiences. The exposure therapy can be performed in vivo which means that it is done in real life
with  real  life  situations  or  in  vitro,  which  means  that  it  is  done  by  imagining  the  anxiety  challenging  or
demanding situation. According to some research (Botella et al., 2016) the in vivo therapy is more effective than
in vitro when treating phobias. Other research points to the negative side of the use of in vivo therapy, due to the
fact  that  the  participants  find  it  more  challenging  or  demanding  when  dealing  with  the  real  life  situation,
therefore impacting on treatment adherence (Frans, 2004).

 2.3 AR System for Treating Anxiety Disorders through psychophysiological assessments
There are a variety of studies using AR systems with success for the specific phobias treatments, such as phobias
for the small animals (cockroaches, spiders and snakes). Some of these studies are focused on evaluating the AR
system efficacy (Juan and Calatrava, 2011; Juan and Joele, 2011), while others are focused on the environment
side (Wrzesien et al., 2011a) and the sense of presence (Juan and Prez, 2010). Overall studies seem to point to
AR, being a promising and useful tool for interventions in the treatment of specific phobias where each of the
participants find themselves in a safe environment under therapist's  supervision, while they are subjected to
experiments  with  changing  situations,  such  as  the  exposure  to  fear  or  phobic  stimuli.  In  our  study,  the
electrocardiogram (ECG) and electrodermal activity (EDA) signals of each of the participants are measured
during the AR exposure sessions. The HRV - heart rate variability signal measures the heart’s electrical activity
over a period of time, which reflect arousal associated with emotional responses. These changes in HRV are
controlled both by sympathetic and parasympathetic divisions of the autonomic nervous system. Combining
different psychophysiological techniques, it is possible to identify human emotions and mental stress (Agrafioti
et  al.,  2012;  Rattanyu and Mizukawa,  2011;  Ohkura  et  al.,  2011;  Harada et  al.,  2014).  The Galvanic  Skin
Response (GSR) via EDA measures the changes in the electrical conductivity properties of the skin, caused by
the sweat glands (which are controlled by the sympathetic division of the autonomic nervous system), when they
are subjected to higher (fear and excited) or lower (sad and relaxed) stimuli. Due to these properties, the EDA (or
electrodermal  activity)  is  used to  measure physiological  arousal  levels  and mental  stress  (Kim et  al.,  2004;
Nakasone et al., 2004).
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 2.4 Anxiety-AR Application Literature
The current solutions available for the treatment of anxiety disorders are based on Virtual Reality (VR), and
most without the aggregated solutions for sensor data collection. In Virtual Reality (VR), each of the participants
are normally immersed into a reality from which he/she is not able to perceive the real world around and interact
with a physical fear cue. In order to improve their experience with real world, the Augmented Reality (AR)
solution was the choice, because it allows direct visualization of the world and, at the same time, to interact with
the fear cues by its projection into current field of view (FOV). Moreover, the therapist can have access to the
same FOV as the participant and monitor his progress throughout treatment sessions. The therapist is also able to
monitor  not only the body language,  but also the participant  interaction and behavioral  and non-behavioral
responses to stimulus provided during the sessions. Since the sessions configurations changes in an adaptive
manner, there is no need to remember instructions, keeping the system free of error. It would be very hard to
track participants performance and also to generate reports without the properties described for this system. The
Anxiety-AR is programmed to perform an adaptive session with participants suffering from the specific anxiety
disorder,  such as  snake phobia.  The procedures  followed to start  these  sessions are  the following:  1)  Start
application and choose the intervention session for the particular participant; 2) register each of the participant
into the system; 3) inform the participant, what the session is about and what is expected to do; 4) program each
of the session duration time; 5) follow the progress of each participant during the therapeutic session; and 6)
analyze the final report of overall session success.

 3 Methods and materials
We have stepped into multiple phases to address the correct approach toward the AR solution preparation, such
as: (1) Requirements Phase – The early version of the documentation was produced, taking in consideration the
architecture to be validated in the System Design Phase. (2) System Design Phase – This phase represents the
design  of  a  prototype  and  all  the  aspects  that  needed  in  terms  of  hardware  and  software  requirements  to
accomplish the next phase. The initial documentation was also updated in order to describe the procedures. (3)
Development Phase – The first working prototype was assembled and a proof-of-concept (POC) carried out with
success. For this test, we have submitted each of the participants to the AR solution by projecting snake images
and measuring the feedback responses from sensors data collected using external sensory device for ECG//HRV
and EDA data capture. (4) Transition / Training Phase – The Transition/Training Phase, intended to expand the
initial test group, for more than one participant in order to achieve more reliable results. This study uses different
data collection methods such as: the survey data collected from questionnaire, and the psychophysiological data
collected from sensory device. The document was updated, with survey data collected from questionnaire and
their  findings.  The  Architectural  Goals  and  Constraints  of  AR  solution  were  related  to:  The  use  of
psychophysiological responses from the participants during the sessions through peripheral sensors (i.e., ECG,
EDA), but also related to collecting the participatory input through a visual analog scale (i.e., tactile feedback
input system, avoiding large hands movements and interruptions during ongoing session) as an indicator of the
subjective experience of emotions during the session (i.e., figures depicting different states adapted from the
Self-Assessment Manikin (SAM) (Bradley and Lang, 1994)). Moreover, the concerns with the General Data
Protection Regulation (GDPR) security issues of the participants data access were also continuously assessed
during this implementation, making it  highly restricted and anonymized in such way that  there is  no direct
linkage between the participants and his/her psychophysiological data. This link was done using a numeric code
that was only available to the researcher responsible for collecting the data. The build process followed some
guiding principles in order to satisfy standards and measurements. One of those principles was the design aspect
in order to validate and align with global architecture. Other principles were the scalability in both direction (i.e.,
horizontally by adding more sensors  and vertically by adding more hardware resources,  as  memory,  power
lifetime, extra communication peripherals). In terms of software, it can be extended in order to incorporate other
AR platforms or  frameworks.  The AR solution,  can  be  flexible enough to accommodate new requirements
without affecting the existing ones. In order to allow for the easy integration of the new features within the
application, the AR solution was built on a modular architecture. The AR solution complies with the standard in
the application developments, as well as with the design and the architecture. As an example of the software
standards, it includes .Net, C#, Unity 3D. As an example of the hardware standards, it includes Bitalino, Atmel
Chip.  The  design  and  development  of  the  AR solution,  uses  Unity 3D/Mono Develop.  As  object  oriented
software, it allows the use of elements of the design patterns. These elements can be reusable, allowing easy
adaptation in the particular context. Since these elements are commonly used by the developers, most issues, as
well as pros and cons of the implementation were well known beforehand.
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 3.1 Participants
In order to analyze the usage of this application as an AR exposure technique in the context of phobia treatment,
we have divided the tasks in two phases: (1) The participants in a total of 35 university students (30 males and 5
females with ages ranging from 19 to 29 years, M=23 years, SD=10,22) were invited to fill a snake questionnaire
(SNAQ) as in Table 1 below. (2) Enroll each of those participants later on, in a Exposure intervention session to
collect psychophysiological responses of ECG and EDA, in a presence of the fear cues using AR and sensory
technology. According to overall participants electrical activity levels and arousal feedbacks, some messages and
audio feedback are sent to the participant in order to encourage him to a relaxation state (i.e, "Stay calm", "Take
deep breath", "Would you like to stop the session?").

Table 1: Snake Questionnaire (SNAQ) Sample - (Klorman et al., 1974).

 3.2 SNQ Questionnaire
The questionnaire results are shown in Table 2 below. The participants were recruited from a university campus,
and they have participated on a voluntary basis after filling the consent agreement. We have found a variety of
sociodemographic coverage:

Table 2: The Questionnaire overall sociodemographic coverage.

The Snake Questionnaire consists of 30 self-reported questions which measures the level of the fear and phobia
of  snakes.  It  uses  (true;  false)  dichotomous  responses  format,  with  “True”  responses  summarizing  a  score
ranging from 0 to 30. It also has 9 reverse-scored questions (numbers 6, 12, 14, 16, 17, 20, 25, 27 and 28) which
was not accounted, since those questions are harder to answer correctly, and do not appear to measure the same
phenomenon. The Fig. 1 and Fig. 2 shows the sociodemographic distribution according to question number.

Figure 1: Summary responses of SNQ by Origin/Gender.

Figure 2: Sociodemographic data.

The Exposure intervention session to collect psychophysiological responses of ECG and EDA in a presence of
the fear cues using AR and sensory technology, was performed with each of the participants (Table 3).  The
participant was subject to a brief interview to introduce to the session topics and fill the SNQ. The next step was
to plug the sensory device into specific regions of the body for collecting the ECG and EDA signals in four
distinct  5  minutes  assessment  moments.  The first  assessment  moment  was  defined  as  the  first  baseline,  to
measure signals during a relaxation state. The second moment was the AR session to measure activation during
exposure to a virtual snake during visual interaction. The third moment was the second baseline to measure
relaxation following the activation phase of AR exposure. Finally, the fourth moment was the crossmodal session
with a rubber snake to measure activation to tactile and visual interactions. The analysis of the data obtained
from ECG and EDA indicates that electrical signals values changes according to the task condition (baseline,
activation tasks) which suggest that this system is effective in capturing psychophysiological changes. The Fig. 3
shows data sample from these assessment moments.

Table 3: The Snake Questionnaire (SNQ) results of the participants.

Figure 3: Psychophysiological data sample from assessments moments.

The result from each of four assessment moments are compiled in order to show the overall progress in a 20
minutes session. The Fig. 4 shows that the participant in session (1) and session (3) had several activations due to
stress level variations as in Fig. 5. In session (2) the same participant has achieved the target hit (red smile)
which mean that the snake killed the mouse as in the Fig. 6. The overall purpose of the activation sessions was to
avoid the snake of killing the mouse by lowering activation to baseline state. Finally in the session (4) there was
an activation due to fear cue while handling it physically as in the Fig. 7.

Figure 4: Psychophysiological data analysis from four (4) data sessions of 5 minutes each one.
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Figure 5: Baseline sessions (1,3).

Figure 6: AR session (2).

Figure 7: SNAKE session (4).

 3.3 AR Exposure
The AR exposure session was carried out in a one-session intervention related with fear of snakes for each of the
participant.  During  the  session,  the  ECG  and  EDA sensors  were  attached  to  the  participant  and  the  AR
application system was initialized. After the initialization, the system presents the fear cue and starts collecting
the electrical signals related to ECG and EDA. The observation was done in three steps: (1) In the first step the
participant is instructed to relax and watch some neutral images such as (i.e., geometric figures, programming
languages,  animals,  and math formulas)  while  the baseline signals  are collected.  (2)  In  the second step the
participant is instructed to lower down the anxiety level in order to avoid the mouse being captured by the snake,
by controlling the breathing and try to relax, while watching the AR snake interaction with the mouse. (3) In the
third step the participant is instructed to play with a rubber snake while the signals are collected.

 3.4 Architecture Diagram
The below diagram in Fig. 8 illustrates the AR solution architecture and the communication between different
components.

Figure 8: Architecture Diagram.

The main component of the AR solution, use camera orientation to collect images from webcam. The collected
images are subjected to a rendering process by which the image is segmented, and features are extracted. Finally,
the image is  augmented  by a  marker  detection.  The Unity 3D is  responsible  for  providing the  application
component and visual presentation. This component, also reads data from external devices and manage the use
and  storage  of  such  data  by  AR  system.  The  visual  presentation  part  allows  the  interaction  between  the
participant  and  the  AR system.  The interaction  is  initiated  by identifying  each  of  the  participants  prior  to
session's start. During the session, the time and arousal levels are also registered. Finally, it provides a detailed
report  of  overall  session  outcome,  based  on  previous  sessions.  As  a  back-end  unit  for  AR system,  all  the
sampling data are stored in SQLite database in separate tables and in a flat file. These tables are part of an
organized structure which represents physical files for fast data access and performance. A backup copy of such
data is also copied to comma separated value (CSV) files. Since there can be sensitive data in future application
of this technology, in order to protect them in terms of security threat, some table fields data may be encrypted.
The data are collected continuously during the therapeutic session by the Bitalino device sensors.

 3.5 Application Architecture
The application architecture in the Fig. 9, defines the various components and their interactions in the context of
AR system. It  represents the layered context in between the four main layers: (1) Presentation. (2) Business
logic.  (3)  Data  layer.  (4)  Resource  layer.  This  type  of  modular  organization,  highly  simplify  the  software
architecture by removing all of the complexity aspects, such as (i.e., excessive coding, deployment, need of
component reuse, and scalability). The AR system architecture can be then represented at conceptual level by its
functionality in the following diagram below, where the layers are illustrated:

Figure 9: Application Architecture Overview.

 3.6 Application Implementation
The build process and the deployment of the Anxiety-AR application, follows a modular structure as in the Fig.
10. The modules point  to corresponding package structure,  such as:  (1) AR framework.  (2)  Bitalino device
handling.  (3)  Unity code to  manage the  whole application.  (4)  Additional  libraries.  The compilation of  the
solution was done using Unity3D 2018.2.0f2, which produces either an executable binary file (exe) for windows
8 using .Net framework 3.5, or a single package (apk) for Android supporting platforms 20 (build tools-4.4W).
The AR experience was conducted using the ASUS laptop with 15 inch display monitor and G-Force graphic
adapter.

The Schematic layout of Anxiety-AR deployment structure is shown below:
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Figure 10: Anxiety-AR Package Structure for Deployment.

 4 Results
Taking in consideration some reasonable usage during short period of time, the application has shown to be an
additional  asset  as  a  non-intrusive tool  for  the  therapists  to  use  in  the  anxiety disorders  interventions.  The
Anxiety-AR application has a very user-friendly interface, which may comprise a feasible solution for therapists
to use in phobia treatment,  due to advantages related to the manipulation and management of  the adaptive
operations in a Bio-cybernetic Loop as shown in the Fig. 11, as well as costly efficient based on its hardware
design.

Figure 11: A Cybernetic Loop.

 5 Discussion And Future Work
In this work, we have built an AR system for AR exposure in the context of snake phobia. The AR system is
based on the marker detection algorithm, which detects and tracks an object in the scene. Such a system will
assist therapists and the participants, by providing a more intuitive visualization on the location and size of the
fear cues, based on electrical signals triggered by ECG and EDA. The system successfully achieved real-time
performance on the computer as well as on the Android running device. In the future, we will further evaluate
this system with a larger sample and using other objects as fear cues. Furthermore, considering that there is
limited information we can obtain from current sensory device hardware,  we are planning to build our new
sensory system based on a more powerful low cost device hardware with parallel processing capabilities. Beside
the potential growth of the current solution to other areas, we also expect to explore other solutions such as AR
Oculus,  HoloLens,  OpenCV  and  Gesture  integration,  allowing  our  system  to  provide  a  more  powerful
visualization  and  integration  capabilities  with  other  technologies  in  order  to  scale  this  technology.  Further
enhancements must also be made in order to improve the application graphics and reporting interface to adapt to
the other contexts, as well as addressing security issues, but also to extend to other mobile applications and
platforms, and extend data storage to the cloud.

 6 Conclusions
The  exposure  therapy for  anxiety disorders  is  a  time  consuming treatment  for  both  theapists  and  patients
suffering  from  anxiety  disorders.  During  the  session,  the  therapist  performs  observations  on  each  of  the
participants  behavior,  reactions,  and  evaluates  the  responses  to  self-report  measures  based  on  questionnaire
methods.  This  procedure  places  great  effort  in  these  professionals  and  can  be  assisted  by a  more  accurate
monitoring of the participants reactions as achieved by this system. Therefore, in order to improve this process
during recurring activities of the treatment, one possibility is to automate the therapeutic procedure in order to
assist the therapist in this evaluation and to reduce effort during this procedure. To achieve such goal, it was
necessary to develop an unified interface application, which could bring together both therapists and participants
into a common environment unlike most VR solutions for exposure therapy.

The AR System provides a visually attractive and interactive solution to the therapists since it will deal with all
inputs and adapt its behavior based on the values read from sensor data extracted from each participant. All the
changes in the participants electrophysiology profiles are reflected directly into a graphic screen, accessible by
both therapists and participants. In this case, if each of the participant electrical activity level increase, then the
fear cue is zoomed in requiring an effort of the participant to lower the activation levels. For that, the participant
must stay in a relaxed state of mind, and the fear cue gets zoom out. After certain time, the application stops data
collector, and the report is produced showing the overall session status and progress. 

The use of this solution may bring human error rate to a very minimal and the success rate of all the session
tasks to a desirable state.

The results of AR system were analyzed by considering both Snake Questionnaire (SNAQ) at the beginning and
sensory data that was collected over period of time with each of the participants.

We have identified some Assumptions and Constraints in order to perform initial session. One of such is the
access to AR solution, where each of the participant must use graphic user interface (GUI). In order to use the
system, he/she needs to be identified on the system prior to starting the session. In the session, the participant
needs  to  be  plugged  to  sensory device  in  order  to  collect  data.  The  data  must  be  generated  based  on  the
participant electrical activity level variations when subject to a fear cue, either by touch and feel or by showing
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animated AR images on the screen. The collected data must be then stored in both, a database and CSV file for
later reporting evaluation status. The subsequent sessions must be programmed based on historical data analysis
from  database.  The  system  must  adapt  the  session  parameters  according  to  the  electrical  activity  levels
variations, according to the triggers placed in the session. The therapists must be able to follow and interact with
the participant during the sessions. The success of exposure is assumed, when the participant shows decreased
levels of electrical activity similar to the baseline levels being able to manipulate the fear cue by tactile and
visual sensory modalities. Finally, the legal aspects of data security must be followed in order to prevent the
security issues. Regarding the limitations, one main limitation was related to the test phase of this system, that
was conducted with small  set  of  participants,  which might  not  be sufficient  to  infer  data from each of  the
participants to further validate the system. Further studies should assess this system with a larger sample of
participants,  but  also  with  a  clinical  sample  of  patients  with  anxiety  disorders  to  provide  consistent  data
regarding the efficacy of this application as an exposure therapy technique to help the patients overcome anxiety
disorders. Overall, this paper provides the preliminary evidence for an adaptive and non-intrusive AR solution
for exposure in anxiety disorders.
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