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Abstract

Social phobia is an anxiety disorder that results in an excessive and
unreasonable fear of social situations. As a safe and controlled tool, Virtual Reality
Exposure Therapy (VRET) has been used to treat anxiety disorders and phobias. This
paper aims to study whether VRET with active scenarios can challenge a person
more than passive scenarios. By comparing participants who were exposed to active
and passive scenarios in VRET, we show that active scenarios are more effective
than passive scenarios to elicit social anxiety in healthy participants. We focus on
eliciting social anxiety and creating the sense of presence as two parameters
enhancing the efficacy of VRET scenarios.
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1. Introduction

Social phobia is a common anxiety disorder that affects considerable population of the world [1].
Depression, restricted socialization, deficit in social skill, poor education and employment
performance are among common effects of this disorder. In some cases, people suffering from
social phobia have a strong fear of being judged by others that results in avoiding to attend in
social situations such as walking on streets, talking to people, communications with sellers, using
public restrooms, and speaking in a class or a meeting. Research has already shown the
effectiveness of cognitive behavioral therapy (CBT) [2-7] to treat this anxiety disorder. The goal of
CBT is to train people to cope with social phobia [8]. CBT includes a set of interventions in order
to make changes in the content and context of behaviors, thoughts, and feelings [9].

Exposure therapy, which involves the exposure of a patient to the feared object or context, is
an effective treatment for social anxiety disorders [10]. In recent years, virtual reality and
simulated environments have gained popularity in the treatment of various mental and physical
disorders [11 -18]. A significant proportion of individuals with social anxiety disorder prefer
virtual reality exposure therapy (VRET) to in vivo exposure. In comparison to in vivo exposure,
VRET has advantages of the full control over the severity of scenarios, lower costs, and the
possibility of holding therapy sessions in a safe environment. According to the emotional
processing theory [19], the virtual environment in VRET should be generalizable to real-life
situations in order to provide the sense of immersion. Such an environment can elicit physiological
arousal addressing the core elements of the fear. Fulfilling these requirements is closely related to
a “fear-eliciting” environment.

With the advent of virtual reality as a clinical tool, it will grow increasingly important to
identify factors that might mitigate or enhance the effectiveness of these technologies. As one of
these important factors, we argue in comparison to passive VRET scenarios, active scenarios that
dynamically require actions and decisions during the exposure scenarios can result in a better
“fear-eliciting” environment. Previous research shows that virtual reality can elicit physiological
arousal as well as self-reported distress [20]. However, no research has compared the effects of
active and passive VRET scenarios for this purpose. This study extends previous research in three
ways. First, we examine and compare the ability of active and passive exposure scenarios in terms
of eliciting subjective distress. We hypothesize that when placed in either a passive or an active
virtual social interaction situation, healthy people would experience subjective distress. We also
hypothesize that individuals would have a greater increase in subjective distress in the case of
active scenarios than passive VRET scenarios. Second, we hypothesize that all participants would
feel present during both active and passive scenarios, but more so during active exposure
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scenarios. Finally, we hypothesize that participants would feel more entertained using active
scenarios than passive scenarios.

2. Motivation: Active vs. Passive VRET Scenarios

The motivation behind our hypothesis that the active exposure scenarios should be superior to
passive scenarios comes from the rapidly developing literature on human-computer-interaction and
virtual reality. Virtual reality is a 3D computer generated environment that is explored and
interacted with [21, 22]. In this setting, the person feels immersed in the virtual world such that she
becomes a part of this world. Generally, virtual reality applications employ head mounted displays
(HMDs) to present a virtual environment. This setting results in the sense of being “in” the virtual
environment than just observing it from the outside. This psychological sense is called “presence”
[23-24] in the human computer interaction literature. Lawful and meaningful responses to an
individual in a VR environment results in the sense of presence [24, 25]. Thus, interactive
scenarios in which the content of the VR environment is changed in real-time in response to the
behavior of users are more likely to elicit presence. We argue such active scenarios result in more
presence, that consequently increase the quality of exposure. Despite the apparent potential for VR
applications to be powerful to simulate exposure scenarios, there is no study of the comparison
between active and passive exposure scenarios for social phobia.

Research has also shown the efficacy of active learning in comparison to passive learning
from infants to adults. The active approach is more concerned with learning and experience, while
the passive approach explains the perception by understanding of stimulus characteristics.
According to a study on infants [26], a passive observation is not sufficient to change infants’
behaviors. Based on adult learning theory, training adults can also be more successful when they
are exposed to learning strategies that involve active practices [27]. The idea behind the active
learning is the engagement of a learner in the learning process. Social phobia is a cognitive
disorder that requires the engagement of a patient for treatment.

It is also shown that active distraction is more effective for patients undergoing painful
procedures [28]. In comparison to passive scenarios, tasks that require patients to manipulate the
environment utilize more attentional resources [29]. The process of interaction blocks additional
modalities of sensory input, where this does not happen in passive distraction [30]. The exposure
scenarios for phobia treatment are not effective when the patient is not engaged [31]. Active
desensitization, in which the patient is asked to actively contact the source of fear, is an effective
and rapid way to eliminate the fear [32].

3. Related Work

Various virtual reality applications to treat mental health problems have been proposed in recent
years [33]. Research shows the efficacy of using VRET in comparison to waitlist control [34] [35].
In [36], healthy controls rated their fear higher during VR conversation than during in vivo
conversation. It is also shown that VRET is more cost-effective method to treat social anxiety
disorders [37, 38]. The power of Second Life in behavior therapy to treat social anxiety disorders
are studied in [9]. It is shown that this technique has a significant effect on improving social
anxiety symptoms and depression. In [39], a virtual reality system is proposed to treat those
suffering from social phobia. Instead of creating a 3D environment, the authors crated the sense of
immersion using three-dimensional images without a need to use head mounted displays. Some
research such as [19] has addressed the public speaking phobia as a specific type of social phobia.
It is shown that VR public speaking scenarios can result in increasing heart rate, electrodermal
activity, and self-reported distress.

In terms of creating a believable environment for VRET scenarios, various parameters such as
increasing the sense of immersion and the sense of presence are taken into account [40]. These
parameters have been reported for VR scenarios presented through HMDs. Research has shown
that sophisticated simulations result in higher immersion and presence. As argued in [41], there are
correlations between anxiety and presence. According to [42], different aspects of presence are
associated with the experience of fear. In [43], it is shown that experienced presence in VRET
scenarios are higher than the real world simulation. In [36], the lack of sync between an avatar’s
gestures and the voice has been considered as one of the main problems of VRET in terms of
creating believable scenarios that engage users. They argue that providing facilities for a therapist
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to converse with the patient in real time in VRET scenarios makes it possible to create more a
realistic space.

According to [44], VRET can result in behavior changes in real-life situations. Findings of
[45] showed that younger patients who suffer from social phobia can better take advantages of
VRET in comparison to older adults. In [33], the effect of VR using mobile applications to treat
patients suffering from social phobia has been studied. In [1], social scenarios including
conversion in a bus stop, a train station, and a clothing shop are used as VRET scenarios. As
discussed in [1], the attitude of virtual character in a VRET scenario may affect the anxiety-level
of people. Other scenarios such as bar, coffee shop scenario, dinner with neighbors, public
transport and shoe store scenarios are already used in VRET scenarios [46]. In [47], in a public
speaking phobia scenario, a patient has to deliver a speech or a presentation for virtual audience.

4. VRET Applications

In order to study and compare the effect of active and passive scenarios, we developed three active
and passive virtual reality scenarios. In the following, the details of implementations as well as the
specifications of these scenarios are explained.

4.1 Specifications of the Scenarios

Asking people to involve in boring scenarios can result in drop out from the whole therapy [8].
Designing therapy sessions as digital games can transform this unattractive process into
intrinsically motivated action. The VRET scenarios proposed in this paper are implemented using
attractive games, where the participants are exposed to social phobia in terms of game challenges.
In these serious games, training, therapy, or behavioral change precedes the entertainment [48-54].
The virtual reality game developed for this study includes city, supermarket and metro scenarios,
where each scenario is developed in both active and passive modes. In this game, players have to
deal with people. This helps to encounter assertively with communication challenges and
entertaining positive thoughts about themselves or their social environment. In order to achieve an
optimal effectiveness, the exposure to a source of fear must be graduated [49]. In the city scenario,
the game starts with a moderate social phobia condition in which the user has to move in a city full
of people walking on the street. Later levels increase the challenge by requiring new interactive
behaviors. In the supermarket scenario, the player must explore the store to find and pick up
indicated items in order to complete the game. The player has to deal with other people in the
supermarket and ask questions to find the items. They also need to interact with the seller to
checkout the goods. Finally, in the metro scenario, the player must go to a destination indicated by
the game. There is no map on the metro station, and the player has to ask several questions from
passengers in the metro station to find her way. Screenshots of city, supermarket and metro
scenarios are shown in Figure 1, Figure 2 and Figure 3, respectively.

Figure 1. Screenshots of the city scenario, in which a player has to communicate with people in
order to find her way to a predetermined location
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Figure 2. Screenshots of the supermarket scenario, in which a player has to ask customers where
she can find a particular product.

J | VT- i
Figure 3. Screenshots of the metro scenario, in which a player has to communicate with
passengers to find out which train she should take to a predetermined location.

4.2 Active vs. Passive Scenarios

Since the focus of this paper is to compare active and passive virtual reality exposure scenarios to
elicit social anxiety, we need to carefully explain this concept. Active scenarios differ from the
passive scenarios in that they require players to actively solve problems while playing the game. In
these scenarios, the player needs to make quick decisions about which direction to move and how
to avoid some other situations. For example, in the active city scenario, a player has a full control
on the movements and behaviors of the character walking on the street. In this scenario, a player
needs to stop in front of some random passengers in order to ask the address of a pre-defined
destination. On the other hand, in the passive city scenario, the player has no control on the
movements and the behaviors of the character. In this scenario, the camera automatically moves
towards a pre-determined passenger on the street, where the player has to ask the address of the
destination from this passenger. In this situation, the player cannot progress in the game without
interaction with this passenger. Although in an active scenario a player still needs to ask an address
to find her way, she can decide whom to ask or when to ask questions.

In the active supermarket scenario, a player can move between the racks, ask the employees
where she can find items, and search for the items she wants to buy. On the other hand, in the
passive supermarket scenario, the camera moves in the pre-determined path by the game. The
camera stops in front of some selected employees where the player needs to ask where she can find
some particular items. Accordingly, in the active metro scenario, this is the player who decides in
which direction she must move or whom to ask about the trains. However, in the passive metro
scenario, the player has to move in a pre-determined path and ask from passengers already defined
by the scenarios of the game.

4.3 Technical Specifications

The prototypes of the games are android applications implemented in Unity game engine. In order
to create a virtual reality environment, the mobile device is placed in VR Box head mounted
display, which is an affordable virtual reality HMD similar to Google cardboard (Participants
using this system in our experiments are shown in Figure 4).
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The non-player characters in the games are random people walking around the city. These
characters are programmed to sense the world and take appropriate reactions based on a player’s
action in the game. Generally, in computer games based on artificial intelligence, the decision
making process is programmed using the sense-think-act model, in which a non-player character
uses different sensors to receive the status of world (sense), decides what to do based on this data
(think), and performs some actions (action) [55]. In the game proposed in this paper, the RAIN
component of Unity is used to develop sensors in the game that allows recognizing the player and
non-player characters in the game space. Accordingly, the thinking section of the Al is developed
using the behavior trees of RAIN as well as a Finite State Machine (FSM). Finally, the acting part
including walking on the streets are developed using Navigation Mesh in Unity engine as well as
waypoint module in RAIN. The overall architecture of the VR prototypes used in this paper is
shown in Figure 5. Interaction with the game is provided through changing the position of the
camera. For example, when the player looks up, the character moves in the forward direction. On
the other hand, when the user looks down, the character stops. The source code of the prototypes is
freely available to download at (removed for anonymity).

4. 4 Game Properties Eliciting Anxiety

The VRET game proposed in this paper has some unique features that make this game different
from simple social phobia simulations. The exposure scenarios are designed in terms of some
attractive plans that persuades players to gain more rewards by passing through the crowds and
communicating with them. Non-player characters in this game perform some distracting behaviors
(e.g., sudden laugh or frequently looking around) to create more anxiety in the players who
interact with them. Players gain more rewards communicating with these characters. All the
communications are recorded in the game. This makes it possible for players to review the
communications they had with the characters in the game. This feedback helps players to improve
their communications in the future contacts.

In some extreme cases, non-player characters may approach the player to open a discussion or
ask a question. These characters stay near the player until the player stops talking. The duration of
time spent with these characters is mapped to particular rewards in the game that make it possible
to progress in the game. During the game, a group of characters may stand near the player and
speak about the player to create more anxiety. Players gain more rewards if they do not escape
these situations. In the metro scenario, many Non-player characters may come close to the player
in stand near the player when there is no enough space on the train. All of these techniques are
used to elicit more anxiety in the player that support the desired treatment.

5. Methods

5.1 Participants

The total of 24 participants (fourteen females and ten males) from the students of (removed for
anonymity) University were recruited for this study. The average age of the participants was 22.56
(SD = 0.46). We did not perform a structured diagnostic interview. However, we used LSAS
interviewer-rated questions [50] to assess the initial fear and avoidance of social situations.
According to the mean value of 33.35 with SD = 15.45, we categorize participants as healthy
participants in terms of social phobia. The experiments were conducted without any dropouts.
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Note that the population of participants for this research has been selected from healthy
people. The rationale is that the focus of this paper is to show which of active or passive VRET
scenarios can result in eliciting more social anxiety during exposure scenarios. Research has
shown that VR exposure scenarios elicit psychological and physiological response patterns both in
patients and healthy participants [47]. As discussed in [1], VRET scenarios can result in evoking
anxiety in none-phobic participants. As discussed in [36], healthy participants can be used to
measure if conversations with virtual avatars can result in increasing the feelings of social anxiety.
Note that we do not claim the efficacy of using active scenarios to treat social phobia.
Consequently, although the low LSAS mean indicates that most participants probably did not have
the disorder, we focus on eliciting social anxiety and creating the sense of presence as two
parameters reinforcing the efficacy of VRET to treat social anxiety disorders.

5.2 Design

The independent variable in this study is the type of virtual reality game that can include active
scenarios (AS) or passive scenarios (PS). Since the environment, goal and the scenarios are almost
the same in both AS and PS with a difference in the control of scenarios, in order to prevent the
learning effect, we designed a between-subjects study, where the half of the participants (n=12)
used AS, and the other half (n=12) used PS. Consequently, each participant was exposed only to
one of the systems.

This paper aims to show that active VRET in which participants are actively engaging in the
therapy session are more effective than passive scenarios. To this end, we examine and compare
the ability of active and passive exposure scenarios in terms of eliciting subjective distress. We
argue this is a construct valid measuring method to proof this idea because research has already
shown that controlled increase in distress and anxiety of people in VRET scenarios results in the
efficacy of using this technique to treat social anxiety disorders in long term. This makes sure the
tests we use measures this claim.
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Figure 5. The overall architecture of the VR prototypes developed in this paper.

5.3 Procedure

The exposure process must be repeated and prolonged, and practice tasks should be clearly
specified. Consequently, we designed a therapy including nine sessions (three sessions in a week,
three weeks in a row). Each of three main scenarios (city, supermarket, and metro) was
implemented at three difficulty levels including easy, intermediate and difficult levels. The number
of people a player needs to interact with during the game, the type of conversation, and the length
of scenarios are parameters indicating the difficulty of games. The first week starts with easy
scenarios followed by the intermediate levels in the second week and finishes by the difficult
scenarios in the third week. In the first introductory session, participants were asked to sign
informed consent before starting the experiment. They were also asked to fill out a pre-study
questionnaire regarding their background information.

6. Results

In this section, we report the results of various tests have been conducted to compare the effect of
passive and active scenarios to elicit social anxiety and create the sense of presence and enjoyment
in participants.
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6.1 Social Anxiety

The social anxiety index was measured in the beginning of the introductory sessions as well as at
the end of each therapy session. A pair-wise Wilcoxon-Mann-Whitney test was conducted on this
subjective data to identify if there were any statistically significant differences as a result of using
passive (PS) and active (AS) scenarios for social phobia treatment using virtual reality exposure
therapy. The rationale behind using this test is that there is no assumption of a specific distribution
for the population. As shown in Table 1, the analysis found statistically significant differences
between the anxiety levels in pre-test and post-test (after 3 weeks and 9 sessions of exposure for
active and passive scenarios). In addition, the results show statistically significant differences
between the post-test values of PS and AS. According to the results, the Z value is less than -1:96
and p-value is less than 0.05. Consequently, there are statistically significant differences between
social anxiety in AS and PS.

Table 1. Pair-wise comparison of the measure of confidence in the results social anxiety
using Wilcoxon-Mann-Whitney tests.
Comparison of Data Sets Wilcoxon-Mann-Whitney Results
(PS pre-test) — (PS post-test) Z=-2.061, p =0.0391
(AS pre-test) — (AS post-test) Z =-3.329, p = 0.0009
(PS post-test) — (AS post-test) Z =-4.329, p = 0.0007

6.2 Presence, Enjoyment and SUD

We used Multivariate analysis of variance (MANOVA) to determine the statistical impact each
method (passive or active) have on dependent variables including presence, enjoyment and SUD.
To measure social anxiety, we used Social Anxiety Questionnaire for Adults (SAQ-A30) [51].
This questionnaire includes series of social situations that may cause unease, Stress or nervousness.
Participants were asked to indicate their reaction in each situation, where "1" represents no unease,
stress, or nervousness, and "5" represents very high or extreme unease, stress, or nervousness. The
SUD scale is a measure of subjective anxiety (0 = no disturbance to 100 = most disturbance)
reported by participants after using each system8. In order to measure presence, MECSPQ [52],
which is a questionnaire to measure the sense of presence in virtual environments, was used. This
questionnaire covers different aspects of presence including attention, involvement, spatial, and
social presence. We asked participants to answer the questions that were rated on a 5-point Likert
scale. The experience of enjoying the game was measured using 7-point rating scales including
likeable, funny, interesting, exciting, challenging, and useful [56]. In each treatment session,
participants were exposed to all city, metro and supermarket scenarios. However, different
parameters including presence, enjoyment, SUD were analyzed separately.

Presence. The sense of presence is an important issue with regard to virtual reality
environments [53]. Presence is defined as “the subjective expression of being in one place or
environment, even one is physically situated in another” [54]. Different parameters can affect the
sense of presence. What we measure in terms of the sense of presence for the VRET scenarios
presented in this paper is the overall sense of presence by taking into account the application and
the environmental parameters.

As shown in Table 2, the results indicate a significant effect of active scenarios to increase the
presence levels of participants. In particular, the MANOVA test shows that subjects using active
scenarios had significantly higher mean score of presence than subjects using passive scenarios. In
particular, the results showed that participants rated active scenarios (M = 4.33, SD = 1.01)
significantly more than passive scenarios (M = 3.75, SD = 1.36). The independent analysis of
different scenarios shows that there are also significant differences between active and passive
scenarios for all scenarios (city scenario: F = 0.85, supermarket scenario: F = 2.01, metro scenario
1.12, p < 0.01). The results indicate that active scenarios can produce more presence than passive
scenarios for the players. The original MECSPQ questionnaire is divided into four sections
including involvement, interactivity, spatial presence and social presence as different aspects of
presence. We analyzed the results of active and passive scenarios in terms of these four different
aspects. The results showed that there are statistically significant differences between active and
passive scenarios in terms of interactivity and social presence. However, there is no statistically
significant difference between active and passive scenarios in terms of involvement, and spatial
presence.
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Table 2. The results of multivariate analysis of variance on SUD, presence and Enjoyment

Passive Active F
Scenarios Scenarios
M SD M SD
Presence 3.75 1.36 4.33 1.01 15.12**
City 2.95 0.95 3.98 1.09 19.47**
Supermarket 3.21 1.26 4.06 0.85 16.19**
Metro 3.09 1.30 4.36 0.96 23.22%*
Enjoyment 4.58 0.98 4.95 0.75 1.13
City 4.26 1.25 4.76 0.95 0.85
Supermarket 4.33 0.88 5.13 0.96 2.01
Metro 4.48 0.53 4.93 0.75 1.12
SUD 49.61 15.85 59.52 9.73 13.86**
City 48.26 14.25 69.36 10.58 26.33**
Supermarket 45.12 11.05 58.35 15.65 23.25**
Metro 59.33 12.66 71.02 11.26 16.08**

**p < 0.01

Enjoyment. Descriptive statistics for the experience of the game as a whole and for separate
levels for AS and PS can be found in Table 2. As shown in this table, there is no statistically
significant differences between active and passive scenarios in terms of enjoyment for all
scenarios. This rejects our hypothesis that active scenarios can result in more enjoyment for the
players than passive sceanrios.

SUD. We were also interested to measure the subjective unit of disturbance (SUD) during the
experiments in long-term. To this end, participants were asked to rate their subjective anxiety by a
number between 0 and 100 after performing each scenario. Only one number is recorded for each
performing of scenarios that relates to the highest level that their SUDs reached. As shown in
Table 2, there is statistical significance in the differences (F=13.86) between the SUD values of
active scenarios (M = 59.52, SD = 9.73) and passive scenarios (M = 49.61, SD = 15.85). As a
result, we conclude that the hypothesis that active scenarios can result in more anxiety is
supported. We were also interested to find the trends of anxiety level for PS and AS during for
whole therapy process. The distribution of SUD values for participants of passive and active
scenarios are shown in box plots in Figure 6.
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Figure 6. The distribution of SUD values each passive and active therapy sessions

Correlation analysis. We performed Pearson correlation analysis to measure the strengths of
association between presence and SUD. In terms of the strength of relationship, according to
r=0.897 for participants using passive scenarios (Figure 7(a)), and r=0.952 for participants using
passive scenarios (Figure 7(b)), there is a high degree of association between presence and SUD.
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Figure 7. Correlation between SUD and the sense of presence in the experiments

7. Discussion

This pilot study aimed to test whether virtual reality exposure therapies with active scenarios are
more effective than passive scenarios to elicit social anxiety. As predicted based on theoretical
findings regarding active engagement in the treatment procedure, VRET with active scenarios
(AS) showed a higher decrease of social anxiety than the VRET with passive scenarios (PS). The
results showed that both active and passive scenarios are effective to reduce social anxiety
disorders. However, it was concluded that the hypothesis of “active social phobia exposure
scenarios are more effective than passive exposure scenarios in terms of reducing the social
anxiety level” is supported.

As also expected, the AS condition outperformed the PS condition on the presence measures.
As expected, involvement and spatial presence were not affected by the parameter of passive or
active scenarios. between the user and the virtual environment. However, social presence, which is
known as (“the sense of being together with another.”) as well as interaction parameters were
directly affected by the interaction techniques used in active and passive scenarios.

Participants rated their subjective anxiety for the AS condition higher than the PS condition,
concluding that active scenarios can result in more anxiety and as a result, a better exposure to
social phobia conditions. This indicates that the active engagement of people in exposure scenarios
results in more anxiety and consequently, a stronger exposure scenario. The results also showed
that participants had a higher level of anxiety in the first week of the therapy sessions, while the
anxiety level was reduced considerably one session after another. One possible explanation is that
participants were adapted to VR scenarios very soon. These findings imply that in order to make
gradual changes in the anxiety level of participants, passive scenarios can be used in the first few
therapy sessions, while active scenarios can be used in the later sessions.

The analyses of enjoyment did not reveal a difference between AS and PS conditions. One
possible explanation is that although active scenarios are more challenging and should result in
more fun and enjoyment based on the theory of fun in computer games, since players are more
comfortable to play the passive scenarios, this may have resulted in reducing the enjoyment. We
argue in order to increase the enjoyment of the game, other factors such as creating multiple goals
in the game and balancing between the skills of a player and the challenges of the game should be
taken into account in the design of VRET games.

One of the main features of the technique we propose is the ability of performing the exposure
sessions at the users’ place without the direct intervention of therapist, where the rest of the
sessions can be held at the users place with an online sending of the usage report directly to the
therapist. However, in this study, in order to control the environment and make sure all
participants go through the same procedure, all exposure sessions were held at (removed for
anonymity).

Since all active and passive scenarios proposed in this paper are applied using head mounted
displays, technology imposed anxiety for both scenarios are the same. In order to alleviate the
effect of technology imposed anxiety, all participants were recruited from the students of
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Multimedia department, where they all had an experience of working with and implementing VR
scenarios in practice. Moreover, participants were asked to use some sample fun scenarios (other
than the scenarios were used in the main experiments) to become familiar with the VR technology.
However, it is possible that part of the anxiety measured during the experiments may have been
due to technology anxiety.

8. Conclusion and Future work

In this paper, we studied and compared the effect of active and passive virtual reality scenarios to
elicit social anxiety. With the advent of virtual reality as a clinical tool, it will grow increasingly
important to identify factors that might mitigate or enhance the effectiveness of these technologies.
We compared active and passive anxiety eliciting scenarios in an experimental study. According to
the results of experiments, although both active and passive scenarios are effective to elicit social
anxiety, active social phobia exposure scenarios are more effective than passive exposure
scenarios in terms of eliciting anxiety and consequently, creating stronger exposure scenarios. We
argue this difference is because of using anxiety eliciting techniques in the active game scenarios.
In terms of enjoyment, our study did not find statistically significant differences between the
enjoyment of participants using active and passive scenarios.

This study suffers from some limitations that we aim to address in future work. First, as the
current study focused on differences between passive and active scenarios in eliciting social
anxiety, we tested healthy participants. In the future work, we will study the effectiveness of
different anxiety eliciting techniques employed in this paper. We also aim to determine the effect
of these scenarios on patients with high social anxiety. Although SUDs and self-reported
questioners are often used to measure the level of anxiety and fear, we aim to incorporate
physiological measures such as heart rate, blood pressure and skin conductance to better measure
distress and anxiety.
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