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Abstract

Virtual Reality (VR) has been proposed as a tool to mitigate anxiety, and VR systems for anxiety
mitigation can be categorized into two main types: VR exposure therapy systems and VR relaxation
training systems. Some of these systems use biofeedback mechanisms to improve relaxation effects by
detecting the user’s affective state through physiological sensors. Given the potential of virtual agents
to influence attitudes and behaviors, their use in anxiety mitigation systems could be beneficial. This
paper investigates the role of virtual agents and biofeedback in systems for anxiety mitigation, focusing
on three aspects: (i) the role of a single virtual agent and multiple virtual agents as stressors in VR
exposure therapy systems, (ii) the role of biofeedback in a VR relaxation training system, (iii) the
exploration of different technologies for displaying systems for anxiety mitigation. The paper describes
the modalities in which we intend to pursue these goals.
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1. Introduction and Background

In recent years, Virtual Reality (VR) has been proposed as a technological tool that could be
employed in mitigating anxiety, a condition that affects many individuals and has debilitating
effects. Indeed, the World Health Organization estimates that anxiety and depression cost the
global economy 1$ trillion annually.

In the literature, VR systems for anxiety mitigation can be classified into two main categories: VR
exposure therapy systems and VR relaxation training systems. Over the past two decades, VR
exposure therapy systems, have increasingly been used as an alternative to in vivo exposure to
treat anxiety disorders [1]. In these systems, users are repeatedly confronted with the feared
stimulus over time in a virtual environment (VE), resulting in a gradual decrease in elicited
anxiety and making the stimulus less fearful. The VE must be able to produce anxiety responses
for the de-sensitization process to occur. In contrast, VR relaxation training systems aim to
mitigate anxiety through relaxation training techniques in VR, such as slow and deep breathing
(e.g. [2, 3]).

The literature has shown that VR is an appealing alternative for treating anxiety as it offers a safe
and effective medium that can induce relaxation in both patients (e.g., [4]) and healthy individuals
(e.g., [3])- To enhance the relaxation effect, some systems have augmented the relaxing VEs with
a biofeedback mechanism by which the VE detects the user’s affective state through physiological
sensors measuring parameters such as breathing, cardiac, electrodermal, or brain activity. The
aim of biofeedback is to help users learn how to change their physiological activity over time to
improve health and performance, reduce stress-related symptoms, and enhance well-being.
Studies on VR biofeedback systems for relaxation training have shown efficacy in reducing
anxiety levels (e.g, [2, 5]).
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Humanlike virtual agents have been extensively used in education, training, healthcare, and other
fields. Increasingly, research is exploring their possible role as persuasive communicators (e.g.,
[6, 7]) due to their capability to simulate social interaction. To be effective and persuasive, virtual
agents should appear credible, trust-worthy, confident, and non-threatening. Since the literature
has already shown the ability of virtual agents to induce attitude and behavior change (e.g., [8]),
their use in systems for anxiety mitigation could be beneficial.

Our aim is to further investigate the role of virtual agents and biofeedback in systems for anxiety
mitigation. Specifically, we will focus on three areas: (i) the use of a single virtual agent and
multiple virtual agents as stressors in VR exposure therapy systems, (ii) the use of biofeedback
in a VR relaxation training system, (iii) the exploration of different technologies for displaying
systems for anxiety mitigation. In the following, we will explain the modalities we intend to use
to pursue these goals.

2. Methodologies
2.1.Single and multiple virtual agents as stressors for a specific type of anxiety

To investigate the role of a single virtual agent as a stressor, we are going to design, develop,
and evaluate a VR exposure therapy system for test anxiety mitigation. Test anxiety is an
emotional state characterized by subjective feelings of discomfort, fear, and worry about the
evaluation made by an external authority [9]. Anxiety can have a considerable negative impact on
students’ academic performance [10, 11], motivating the study of techniques that could help
students in reducing it. VR exposure therapy systems for test anxiety should reproduce different
exams situations [12], and the simulated exam should be able to elicit anxiety responses in the
student to support the desensitization process.

The current literature on VR exposure therapy systems for test anxiety is very limited [12-14]
and suffers from three major limitations. First, not all of them assess the capability of the system
to elicit anxiety, which is a prerequisite for possible VR exposure use. Second, all of them focus on
written exams. Since oral tests elicit higher levels of test anxiety than written tests [15], the
availability of VR exposure systems for oral tests would be precious to a large population of
students worldwide. Third, existing VR exposure systems for test anxiety require a head-mounted
display, posing a barrier to widespread use, especially at home.

Our aim is to address all three limitations by proposing a VR exposure therapy system for test
anxiety that will focus on oral tests and will use a virtual examiner to conduct the oral exam. The
virtual examiner will perform three different sets of behavior, creating different oral exam
scenarios aimed at eliciting three levels of increasing anxiety for purposes of progressive
exposure. First, we will assess the feasibility of the system to elicit increasing levels of anxiety
through a user study. Then, we will assess the system as a treatment for test anxiety.

To investigate the role of multiple virtual agents as stressors, we are going to de-sign, develop,
and evaluate a VR exposure therapy system for public speaking anxiety mitigation. According to
the American Psychological Association, public speaking anxiety is the “fear of giving a speech or
presentation in public because of the expectation of being negatively evaluated or humiliated by
others”. The literature has pro-posed several VR exposure therapy systems for public speaking
anxiety mitigation that allow the user to give a speech to a virtual audience (e.g., [16-19]). Studies
(e.g., [18, 19]) have shown that some of these systems are able to increase the level of anxiety and
distress in participants, confirming the feasibility of using VR exposure for public speaking
anxiety. Other studies (e.g., [16, 17]) have used the systems for treatment, showing that the VR
exposure approach is successful in reducing the level of public speaking anxiety. To the best of
our knowledge, there are no studies on systems for public speaking anxiety mitigation that use
virtual audiences in AR, and there are no studies that contrast how the same virtual audience is
perceived when displayed in VR vs. AR.

We will propose a VR exposure therapy system for public speaking anxiety where a small or a
large virtual audience will listen to a user while giving a speech. We aim to examine whether the



level of anxiety experienced by users when speaking to a small or large virtual audience might
differ in VR and AR.

2.2.Biofeedback mechanisms for breathing and relaxation training

To investigate the role of biofeedback mechanisms in anxiety mitigation, we are going to
design, develop, and evaluate a VR relaxation training system.

In the literature, VR biofeedback systems for relaxation training have substantial limitations.
For example, almost all of them employ a single physiological sensor whose value is mapped into
one or more VE elements (e.g., [2, 5]). Moreover, they do not explore the ample design space of
virtual experiences, as they restrict them-selves to a primitive experience that perpetually
mirrors an activity the user has to perform during most of the experience, e.g., maintaining slow
and deep breathing. Regarding evaluation, only a few studies of VR biofeedback systems for
relaxation training have considered possible placebo effects to ensure that the proposed
treatment is actually better by excluding possible user suggestibility [20, 21], which refers to the
phenomenon in which an individual's belief in the effectiveness of a treatment produces a
beneficial effect, also if the treatment is actually sham.

Our aim is to address these limitations by designing and developing a complex VE representing
a natural environment, rich in stimuli, where biofeedback affects several elements of the VE
through different mechanisms and using multiple physiological parameters. The system will
include compelling components in the VE to encourage and motivate individuals to continue
using the system on a regular basis. Additionally, the system will include a narrative into the
virtual experience in such a way that, by performing the tasks, the user progresses through the
story, to keep user’s curiosity, attention, and sense of awe alive.

Our study will also include a placebo biofeedback condition, in which unaware participants
will receive a sham biofeedback treatment instead of the real biofeedback treatment. Participants
will be assigned to one of two conditions: VR system with real biofeedback and VR system with
sham biofeedback, to explore the possible role played by biofeedback. The study will analyze
psychophysiological measures and subjective measures to assess state anxiety. Objective
measures and state anxiety measures administered before and after the use of the system will be
compared to assess the system capacity to mitigate anxiety and the effective contribution of bio-
feedback in doing so.

2.3.Exploration of different display modes for the development of systems for
anxiety mitigation.

We are going to use different display modes in our proposed systems for anxiety mitigation.
Specifically, we will use non-immersive VR in our exposure therapy system for test anxiety to
allow users to use the system on their own computers.

We will use both immersive VR and AR in our exposure therapy system for public speaking
anxiety to evaluate with a user study whether participants’ perception of the virtual audience
changes when displayed in VR vs. AR.

We will use immersive VR in our biofeedback system for relaxation training to enhance the
user’s feel of presence in the VE.

Regarding virtual agents, the literature indicates that the gender of the virtual agent may have
an impact on how the user perceives the agent as a communicator (e.g., [8, 22-24]). However,
studies on these effects have reported mixed results. Moreover, the role of virtual agents and how
they are perceived has mainly been studied in immersive (e.g., [8, 22]), or non-immersive virtual
reality (VR) (e.g., [23, 24]), whereas studies in AR are still rare [25-27]. In addition, to the best of
our knowledge, there are no studies that contrast how the same virtual agents are perceived
when displayed in VR vs. AR. To begin filling this gap, we will carry out a study to investigate
whether the user’s perception of a virtual agent change when displayed in VR vs. AR and whether
the possible change might depend on the gender of the virtual agent.



In our study, users will use the system in VR or AR and will listen to a male or female virtual
agent who will give them a speech. The study will analyze subjective measures to assess the
amount of attention the participant will allocate to and perceive to receive from the virtual agent,
the perceived ability of the participant to understand the agent’s emotional and attentional states,
and how the participant will perceive the speaker as credible and strong. More details regarding
this study can be found in [28].

3. Preliminary and expected results

To date, we have concluded the study on the perception of virtual agents in VR vs. AR. Results
have shown that the transition from VR to AR seems to change the perception of some
communicator aspects to the advantage of the female agent. Figure 1 shows the female agent and
the male agent used in our study described in [28].

Figure 1: The female agent and the male agent used in [28].

In our feasibility study of the VR exposure therapy system for test anxiety, we expect that the
virtual agent will be able to elicit different increasing levels of test anxiety. As a result, it will be
possible to use the system as a treatment for test anxiety.

In our study of the VR exposure therapy system for public speaking anxiety, we expect that the
large virtual audience will elicit higher anxiety than the small virtual audience. Moreover, we
expect that the system in AR will be able to elicit in participants a level of anxiety comparable to
that elicited by the system in VR.

In our study of the VR biofeedback system for relaxation training, we expect that the system
will relax participants and biofeedback will enhance the relaxation effect.
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