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ABSTRACT

In recent decades, a growing body of literature has focused on emotion regulation (ER), which
refers to the ability to implement strategies in order to modulate emotional responses and reach
desirable goals. To date, impaired ER (i.e., emotion dysregulation) has been identified as a
transdiagnostic factor across a wide range of psychopathological conditions, which shows the
importance of improving patients’ ability to regulate negative and positive emotions in clinical
practice. In addition to the increasing evidence showing its efficacy in the treatment of several
clinical conditions, virtual reality (VR) has recently emerged as a potentially powerful tool for
enhancing ER, thus breaking new ground in the development of cutting-edge transdiagnostic
interventions. In the present narrative review, we will provide an overview of the existing
evidence about VR-based interventions in the field of ER, emphasizing the promising findings
and the barriers that still have to be addressed. To this aim, the available VR-based literature
will be analysed in relation to four categories of ER strategies: Situational strategies, attentional
strategies, cognitive strategies and response modulation strategies. Furthermore, new emerging
fields of research targeting innovative aspects of ER will be highlighted, including the use of
VR to promote positive emotions and interpersonal ER skills. Besides, its cost-effectiveness
will be discussed, taking into account the costs for both developers (e.g., clinicians and
researchers) and end-users. Finally, future directions in this promising field of research will be

outlined.
Key Practitioner Message

e Emotion dysregulation is considered an important transdiagnostic factor in a wide range
of mental disorders.

e The use of virtual reality has recently emerged as a potentially powerful tool for the
enhancement of emotion regulation.

e A growing body of research has shown the efficacy of virtual reality for improving
situational, attentional, cognitive and response modulation strategies in several mental
disorders.

e Currently, virtual reality-based tools are becoming more accessible, thus opening up

new opportunities for clinical practice.

Keywords: Emotion regulation; emotion dysregulation; virtual reality; biofeedback;

smartphones; mental health.
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1. INTRODUCTION

In the past few decades, emotion regulation (ER) has received increasing attention, becoming
one of the most studied constructs in the psychological field (Fernandez-Alvarez et al., 2018).
ER refers to the set of strategies used to implicitly or explicitly modify an ongoing emotion,
either positive or negative, in order to generate adaptive emotional responses and reach

desirable goals.

One of the first formal definitions of ER was provided more than twenty years ago in Gross’
seminal work: “(...) ER refers to the processes by which individuals influence which emotions
they have, when they have them, and how they experience and express these emotions” (Gross,
1998b). Based on this definition, a large number of researchers developed new
conceptualizations of this construct, for example, by incorporating interpersonal components
(Zaki & Craig Williams, 2013) or studying its implicit dimension (Gyurak et al., 2011).
Therefore, there is now evidence to suggest that ER is a complex process characterized by
physiological underpinnings, behavioural responses, and affective and cognitive correlates
(Desirée Colombo, Fernandez-Alvarez, Palacios, Cipresso, et al., 2019). In addition, the
essential role played by the context where emotions are regulated is becoming increasingly
evident, suggesting that situational and momentary factors also shape the regulation of
emotions (Aldao & Nolen-Hoeksema, 2012; Desirée Colombo, Fernandez-Alvarez, et al.,
2020). In other words, a more articulated conceptualization of ER has been developed, thus
questioning the reliability of laboratory experiments and suggesting the need to adopt an
ecological approach in order to fully understand this process. In this sense, the use of virtual
reality (VR) has recently emerged as an adequate tool to investigate ER in a more ecological
manner (Hoffman et al., 2019; Rodriguez et al., 2015), offering new possibilities to explore
this construct in realistic environments and controlled settings (Desirée Colombo, Fernandez-

Alvarez, Palacios, Cipresso, et al., 2019).

Although ER has been extensively explored in healthy populations, a growing number of
studies have also focused on the mechanisms underlying impaired ER abilities. In fact, emotion
dysregulation has been recognised as a transdiagnostic factor across a wide range of mental
disorders (Aldao et al., 2016; Fernandez et al., 2016; Kring, & Sloan, 2009), which points to
its key role in clinical practice and in developing transdiagnostic interventions (Barlow et al.,
2004; Diaz-Garcia et al., 2021; Gonzalez-Robles et al., 2020). Broadly speaking, the adoption

of a transdiagnostic approach helps to explain the high levels of comorbidity among mental
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disorders, thus supporting the development of interventions that target processes shared by
several psychological conditions, such as ER problems (Harvey et al., 2004; Mansell et al.,

2008).

Emotion dysregulation has been conceptualized in many different ways. It has been defined as
the failure to identify when to regulate, how to regulate, and which strategies to use (Webb et
al., 2012), but also as the result of low emotional awareness, decreased emotional acceptance,
and an impaired ability to control impulsive behaviours (Gratz & Roemer, 2004). Furthermore,
emotion dysregulation emerges when emotions are not adequately tracked and labelled (i.e.,
ER failure) or when, despite correctly recognizing the emotional state, an individual fails to
define the appropriate goal for regulating emotions (i.e., emotion misregulation) (Gross, 2013).
Interestingly, different patterns of emotion dysregulation have been observed depending on the
psychopathological condition, revealing difficulties in either strategy selection or strategy
implementation (Jazaieri et al., 2013). Strategy selection failures have been observed in patients
suffering from social anxiety disorder, who usually report higher levels of suppression and
lower levels of reappraisal (Blalock et al., 2016). Similarly, major depressive disorder has been
associated with the inability to select the best strategy to regulate ongoing emotions,
characterised by a greater tendency to use rumination and less tendency to implement
acceptance and positive reappraisal (Van Meter & Youngstrom, 2016). However, ER strategy
implementation difficulties have also been found to be related to psychopathology. For
instance, depressed patients are not able to use past happy memories to repair sad mood (i.e.,
positive reminiscence) (Joormann et al., 2007), while the ability to implement cognitive
reappraisal effectively is impaired in individuals with high social anxiety (Dryman &
Heimberg, 2018). Aldao et al. (2010) conducted a large meta-analysis to explore ER in various
mental disorders, including depression, anxiety disorders, eating disorders, and substance-
related disorders. This study revealed the significant maladaptive outcomes of certain strategies
such as rumination, avoidance, and suppression, which were associated with more severe
symptoms, and the adaptiveness of problem solving, acceptance, and reappraisal, which were
used less intensely by most patients. In the same vein, a maladaptive use of distraction has been
commonly observed in several psychological conditions, such as generalized anxiety disorder,
posttraumatic stress disorder, borderline personality disorder, bulimia nervosa, and alcohol
dependence (Kring & Sloan, 2009). Recently, the concept of flexibility has been proposed to
explain successful ER abilities (Aldao et al., 2015). Cognitive flexibility refers to the flexible

use of a wide repertoire of strategies depending on the momentary needs and contextual
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demands. In other words, rather than distinguishing between adaptive and maladaptive
strategies, ER would require a flexible and context-sensitive modulation of emotions in order

to achieve long-term personal goals (Barrett et al., 2001; Linehan et al., 1991).

In sum, ER has been shown to play a key role in mental health, and several conceptualizations
of emotion dysregulation have been proposed. Regardless of the definition, there is consistent
evidence showing the presence of ER difficulties in a wide range of mental disorders,
suggesting that emotion dysregulation is an important transdiagnostic factor to target in clinical
interventions. Beyond traditional face-to-face treatments, the situational and contextual
dimensions of this construct are making clinicians and researchers increasingly aware of the
importance of treating emotion dysregulation from a more ecological perspective, thus calling
for the development of innovative approaches (Desirée Colombo, Fernandez-Alvarez,

Palacios, Cipresso, et al., 2019).

The incorporation of VR into clinical practice began more than 20 years ago (Botella et al.,
1998; Cipresso et al., 2018; North et al., 1997; Rothbaum et al., 1995). Although the first
applications were mainly non-immersive environments presented on a screen, technological
advancements made it possible to experience the “sense of being” in a different world just by
wearing a head-mounted display (HMD) to simulate depth perception and provide sensorial
stimulation (Freeman et al., 2017), producing an experience that is extremely close to reality
(Batios et al., 2004). VR-based interventions have been successfully employed in the treatment
of a wide range of mental conditions (Botella et al., 2004; Riva, 2005), such as anxiety disorders
(Carl et al., 2019; Fernandez-Alvarez, Colombo, et al., 2019), post-traumatic stress disorder
(Banos et al., 2009), phobias (Botella et al., 2017; Parsons & Rizzo, 2008; Suso-Ribera et al.,
2019) and depression (Zeng et al., 2018). Analogously, the use of VR recently emerged as a
potentially powerful tool for the treatment of ER (Desirée Colombo, Fernandez-Alvarez,
Palacios, Cipresso, et al., 2019). In fact, the immersion in realistic and personally significant
virtual environments (Botella et al., 2004; Jallais & Gilet, 2010; Riva et al., 2007; Strack et al.,
1985; Zhang et al., 2014) has been shown to effectively induce positive and/or negative
emotions, thus allowing to create a controlled setting in which to train ER (Bafios et al., 2006).
Furthermore, the use of VR-based tools makes it possible to target ER with a more ecological
approach (Hoffman et al., 2019; Rodriguez et al., 2015). On the one hand, patients have the
chance to be immersed in a virtual environment and experience a situation with their own eyes,

which might significantly differ from traditional procedures based on the use of imagination
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and memory. On the other hand, clinicians and/or researchers are able to manipulate the

environment and customize the setting based on the needs of each individual.

In the present narrative review, we will provide an overview of the evidence about VR-based
interventions to enhance ER, in relation to both negative and positive emotions, taking into
account interventions that implicitly or explicitly target ER skills. Likewise, we will examine
the cost-effectiveness of VR-based interventions, highlighting both advantages and
disadvantages, and we will shed light on potential future directions in this promising field of

research.
2. WHAT IS THE EVIDENCE?

Traditionally, ER has been conceptualized by considering the process that leads to the
generation of an emotion, which includes the deployment of antecedent-focused and response-
focused strategies (Gross, 1998a, 2015a). Drawing on the four steps of the emotion generation
process (i.e., situation, attention, appraisal, response), four categories of strategies have been
identified (Gross et al., 2019): 1) Situational strategies, which involve influencing the
generation of an emotion by selecting or modifying an emotion-eliciting situation; 2)
attentional strategies, which focus attention on specific features of a situation that can modify
the associated emotional response; 3) cognitive strategies, which refer to changing the
interpretation and meaning of a stimulus in order to modify its emotional impact; and 5)
response modulation strategies, which refer to attempts to influence an emotional response
once it has been elicited.

Table 1: Overview of the fields of application of VR-based interventions for the enhancement of emotion
regulation strategies.

SITUATIONAL STRATEGIES * Exposure o
e Behavioural activation
e Mindfulness
ATTENTIONAL STRATEGIES e Distraction
e Relaxation
COGNITIVE STRATEGIES e Cognitive reappraisal
RESPONSE MODULATION STRATEGIES * Stress inoculation
e Impulse control

To organize the increasing research on VR-based interventions for improving ER, the model

shown above was followed (see Table 1). It should be noted that many of the developed VR
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interventions have been designed to target more than one strategy, which makes it difficult to
simplify the available literature into this simple schema. Although not exhaustive, we
attempted to provide a clear overview of the current evidence by discussing each VR-based
intervention according to the main strategy targeted. The model proposed in this review is
designed to offer a basic framework for researchers and clinicians who are interested in

understanding the role of ER in VR treatments.
2.1 Situational strategies
Exposure

So far, VR has been extensively used as a tool to foster traditional exposure therapy protocols.
Anxiety disorders, such as agoraphobia, specific phobias, and social anxiety disorder, are
characterized by the presence of excessive and maladaptive experiences of fear and anxiety
when facing specific situations or stimuli, which in turn produces avoidance behaviours
(Barlow, 1988). Rather than merely being a maintenance factor, the tendency to avoid
potentially threatening situations has been shown to further intensify anxious response patterns
and keep patients from implementing adaptive strategies (Salters-Pedneault et al., 2004). When
confronting feared stimuli, exposure therapy, therefore, helps individuals to better regulate

their emotions by reducing avoidance behaviours.

The cornerstones of VR-based exposure therapy consist of creating realistic and personally
relevant environments (Botella, Villa, et al., 2004) that significantly elicit emotional reactions
(Barios et al., 2008; Riva et al., 2007), experiencing the sense of “being there” (i.c., presence)
(Riva, 2009), and interacting with a virtual scenario (Rizzo et al., 1997). In addition, compared
to in vivo exposure, the use of VR offers the opportunity to manipulate a feared stimulus (e.g.,
different features and different contexts) and provide exposure to multiple contexts, which has
been found to be more effective for reducing renewal rates than extinction in a single context
(Shiban et al., 2013, 2015). In addition to immersive VR, the use of augmented reality (AR)
also represents an important alternative to traditional exposure therapy, making it possible to
introduce virtual elements into reality (i.e., feared stimuli) and bring relevant and salient
information to the scene (Botella et al., 2010, 2016; Wrzesien et al., 2013). Unlike VR
immersive systems, AR does not substitute the real world. Instead, a perfect combination of
real and virtual images is achieved that allows users to maintain the sense of presence in the

real world (Botella et al., 2005). Together, VR and AR systems have been shown to provide a
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valid alternative to in vivo exposure to induce specific emotions and expose patients to feared
stimuli in a safe, gradual, and controlled way. In other words, VR-based systems offer the
possibility to select and modify the emotionally eliciting situation that a patient is asked to

confront.

In this regard, several studies have demonstrated the effectiveness of virtual exposure therapy
in_both-adults and children (Bretdn-Lopez et al., 2017; Lopez Soler et al., 2011) for the
treatment of anxiety disorders (e.g., agoraphobia, specific phobia, and social anxiety; see
Wechsler et al., 2019), stress-related disorders (Botella et al., 2015), and to a lesser extent,
eating disorders and addictive behaviours (Maples-Keller et al., 2017). In addition, VR has
been found to be effective for the treatment of persecutory delusions in psychosis (Freeman et
al., 2016; Gega et al., 2013), showing the generalizability of clinical improvements to real life
(Morina et al., 2015) and good stability of the results over time (Opris et al., 2012).
Furthermore, attrition rates for VR are similar to those for face-to-face interventions (Benbow
& Anderson, 2019), and deterioration rates are not higher than in other active treatments
(Fernandez-Alvarez, Rozental, et al., 2019), thus suggesting that VR is an adequate candidate
to decrease avoidance behaviours and improve ER skills. Moreover, self-led and automated
VR-based exposure therapy protocols (i.e., without the presence of a therapist) administered
through smartphones have also been found to be effective in the treatment of several anxiety
disorders, such as public speaking anxiety and acrophobia (Freeman et al., 2018; Lindner et al.,
2019), thus opening up new opportunities to disseminate evidence-based treatments for ER

outside traditional face-to-face settings.
Behavioural activation

Recently, VR has also been applied in the field of behavioural activation, a strategy that has
been shown to be effective for the treatment of depression (Ekers et al., 2014). The aim of
behavioural activation interventions is to increase patients’ engagement in adaptive activities
and decrease engagement in situations that could enhance and/or maintain depressive
symptoms. These goals are pursued by either encouraging patients to join daily adaptive
activities or by inhibiting processes that hinder their participation (e.g., avoidance) (Dimidjian
etal., 2011).

Along these lines, Paul et al. (2020) developed a VR-based intervention to promote behavioural

activation in patients suffering from depression. To do so, 360° videos reproducing different

This article is protected by copyright. All rights reserved.



activities (e.g., travels, nature, animals) were integrated into a broader protocol of behavioural
activation and administered to a patient suffering from MDD. The possibility of virtually
experiencing pleasant activities was hypothesized to motivate behavioural activation and
Increase the patient’s engagement in daily activities. Between each session, the participant was
instructed to watch four virtual scenarios that reflected personally enjoyable activities.
Preliminary results from this case study demonstrated the feasibility and acceptability of the
intervention, which is now being tested in a broader sample of patients suffering from major
depressive disorder. Moreover, significantly reduced depressive symptoms were observed,
which suggests the great potential of this VR tool to support situation selection.

2.2 Attentional strategies
Mindfulness

Mindfulness is an antecedent-focused strategy (Gross, 2015a) defined as the attempt to be fully
present, aware, and focused on the present moment. Mindfulness has been shown to be a highly
adaptive strategy, predicting enhanced levels of daily autonomy (Brown & Ryan, 2003) and
more intense and frequent positive emotions (Brown & Ryan, 2003). Accordingly,
mindfulness-based interventions have shown promising results for the treatment of anxiety
disorders, major depressive disorder, and adjustment disorders (Sundquist et al., 2017). In line

with these encouraging findings, VR has also been used to foster the use of mindfulness skills.

VR-based mindfulness training has been found to significantly reduce both physiological and
self-reported anxiety levels (Tarrant et al., 2018). Navarro-Haro et al. (2019) compared a
traditional mindfulness-based intervention to the same intervention combined with VVR-based
mindfulness training in patients suffering from generalized anxiety disorder. To do so, a virtual
natural scenario was created where patients were asked to navigate while listening to audios
teaching mindfulness skills. Although both groups showed significant clinical improvements
(e.g., reduced symptoms, decreased emotion dysregulation, enhanced mindfulness skills),
adherence was significantly higher among participants in the VR condition. Interestingly, the
efficacy of this VR-based mindfulness intervention was also investigated in a patient suffering
from borderline personality disorder (Navarro-Haro et al., 2016), confirming its acceptability
and clinical efficacy. Cikajlo et al. (2016) developed a VR mobile application to practice real-
time mindfulness skills in a virtual environment. The VR app was used to provide group

mindfulness therapy as part of an 8-week mindfulness-based stress reduction course for
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patients with anxiety and stress-related symptoms. Although only slight improvements were
observed in mindfulness skills, patients were satisfied and pleased with the intervention, thus
suggesting that engagement is an important feature of VR treatments. Finally, although not
directly designed to target ER, some interesting results were also observed by Cebolla et al.
(2019). Using the machine to be another (Bertrand et al., 2014; De Oliveira et al., 2016), the
authors developed a VR-based self-compassion intervention in which participants could
virtually see themselves from a third-person perspective while listening to self-compassion
audios (Cebolla et al., 2019). Two weeks after the treatment, participants who received the VR-
based self-compassion treatment showed increased awareness and attention to the present for
mental events and bodily sensations, thus showing the usefulness of VR to enhance and
facilitate the learning of mindfulness skills.

Distraction

One type of attentional deployment strategy that has received increasing attention in the field
of VR is distraction, which refers to the attempt to move attention away from an emotion-
eliciting stimulus by focusing on external (e.g., neutral or positive details of the stimulus) or

internal (e.g., neutral or positive mental representations) aspects of a situation.

Moreover, VR has been extensively used as a distraction technique for pain management in
paediatric populations (Eijlers et al., 2019): that is, to immerse children in a virtual environment
and distract them from the views and sounds of a hospital room (Hoffman et al., 2004). VR-
based distraction tools have been shown to reduce cognitive and affective components of pain
by focusing attention on the interaction with the virtual environment, which in turn decreases
the attentional resources available to process painful stimuli (Hoffman, Patterson, et al., 2000).
Thus far, VR has been successfully used as a distraction tool in paediatric populations in
different medical contexts, such as wound care (Hoffman, Doctor, et al., 2000), venepuncture
(Atzori, Hoffman, et al., 2018), or dental procedures (Atzori, Grotto, et al., 2018). Similarly,
VR has also been used to increase physical exercise in overweight children (Bafios et al., 2016;
Guixeres et al., 2013) who are assumed to avoid workouts because of the associated bodily
sensations. For this purpose, the authors asked a group of overweight children to run on a
treadmill while observing their avatar racing in a virtual environment projected on a display,
synchronized to participants’ running parameters. In addition to showing higher enjoyment
rates, children who were doing physical exercise in VR were more likely to shift their attention

to the virtual environment and focus less on internal bodily sensations than children who were

This article is protected by copyright. All rights reserved.



running on a traditional treadmill. Finally, important insights also come from the study by
Wiederhold et al. (2014), who demonstrated the efficacy of delivering VR distraction sessions
through low-hand devices (i.e., smartphones) in patients suffering from chronic pain. Although
not as effective as the use of a head-mounted display, the authors demonstrated that patients
who received VR distraction sessions through a smartphone reported reduced levels of pain

and anxiety.
Relaxation

A growing body of studies have shown the efficacy of attentional strategies such as focusing
on relaxing music (Linnemann et al., 2015) or videos of natural environments (Bielinis et al.,
2020; Freeman et al., 2004; Wang et al., 2020) for reducing stress levels and increasing
momentary well-being. In this regard, VR represents a powerful tool to further foster these
strategies because it can provide users with the possibility of experiencing, from a first-person
perspective, a virtual world that integrates pleasant, peaceful, and non-arousing audio and
visual stimuli. Accordingly, VR-based interventions have been developed that put users in a
virtual peaceful condition in order to practice relaxation techniques and lower their
physiological arousal (Pizzoli et al., 2019). Supporting this approach, there is strong evidence
showing the effects of non-immersive and immersive virtual environments for stress recovery
on both physiological and self-reported measures (Anderson et al., 2017; Annerstedt et al.,
2013; Bafos et al., 2004).

In this direction, Bafios et al. (2004) designed a mood induction procedure based on a VR
scenario to elicit relaxation and three further emotional states (sadness, joy, anxiety). Using an
open immersive display and a wireless pad, participants were asked to walk through a virtual
park (The Park of Well-Being) whose light parameters could be changed to induce a specific
emotional state (e.g., the environment turned grey and cloudy to induce sadness). Furthermore,
Velten statements, music, movies, autobiographical recalls, narratives, and pictures inside the
environment could be manipulated depending on the emotion to be elicited. Despite being non-
immersive, the environment was shown to produce an increasing subjective sense of presence
throughout the virtual experience (Bafios et al., 2005). Furthermore, results showed the efficacy
of the virtual environment in inducing a state of relaxation (Bafios et al., 2004) and changing
the induced mood to the opposite emotion (Bafios et al., 2006). Another interesting study in
this field is Relaxation Island, an immersive virtual scenario where participants can freely

navigate while listening to relaxing narratives based on progressive muscular relaxation,
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autogenic training, and deep breathing techniques (Villani & Riva, 2008). After two sessions,
a sample of 60 undergraduate students showed reduced anxiety symptoms, decreased sadness
levels, and higher relaxation rates. Consistent with these encouraging results, Villani et al.
(2012) created a VR stress management protocol based on a virtual wilderness park where
participants could practice progressive muscular relaxation and guided imagery. Confirming
previous findings, the authors demonstrated the efficacy of the VR-based intervention for
improving emotional well-being in individuals with high levels of stress. Although not
immersive, the studies by Serrano et al. (2013, 2016) are also worth mentioning because of the
attempt to foster relaxation through sensory stimulation in a virtual environment. To achieve
this aim, the House of Relaxation was developed, a computer-based VR environment to induce
relaxation through visual, auditory, tactile, and olfactory stimuli. Although not statistically
significant, participants whose sense of touch was stimulated showed higher relaxation and
sense of presence than participants in the VR and VR + olfactory conditions, thus suggesting
that sensory stimulation is a potential tool to further boost VR-based relaxation interventions.
In relation to young populations, an illustrative example of a non-immersive system to train
relaxation techniques is the GameTeen System (GT-System), an interactive VR serious game
platform for the assessment and enhancement of breathing and relaxation strategies in
adolescents (Alcariiz et al., 2014; Rodriguez et al., 2015). This computer-based system includes
two main components: A game to induce frustration and two mini games to train ER skills. A
preliminary study revealed significantly lower frustration levels in almost all the participants
after playing the ER games, thus highlighting the effectiveness of the system for regulating

negative emotions (Rodriguez et al., 2015)..

In addition to enhancing relaxation skills in healthy or subclinical samples, some studies have
also _explored the efficacy of VR-based relaxation interventions in clinical populations. In a
recent study, a group of patients diagnosed with MDD or bipolar disorder were encouraged to
practice different relaxation techniques on a peaceful virtual beach (Shah et al., 2015). At the
end of the treatment, patients reported lower stress levels and depressive and anxiety symptoms
and greater perceived relaxation. Similarly, a VR self-management relaxation protocol with
immersive 360° nature videos was recently developed and tested in a sample of patients
suffering from anxiety, psychotic, depressive, or bipolar disorders (Veling et al., 2020).
Compared to a standard relaxation procedure, VR led to a significantly greater reduction in

negative affect such as momentary anxiety and sadness. These findings are particularly relevant
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because they further confirm the efficacy of delivering VR-based interventions through low-

hand devices such as smartphones.
2.3 Cognitive strategies
Cognitive reappraisal

Cognitive reappraisal refers to the process of rethinking the meaning and interpretation of a
stimulus in order to change its emotional impact (Gross, 2015b), that is, reducing the intensity
of negative emotions (Gross & John, 2003; Richardson, 2017) and increasing positive ones
(Quoidbach et al., 2015). Growing evidence has highlighted its adaptiveness, showing that less
use of this strategy is a transdiagnostic feature across several psychopathological conditions
(Cludius et al., 2020) and associated with higher levels of depression, anxiety, and stress
(Eftekhari et al., 2009).

However, thus far, only a few interventions have been developed to explicitly train cognitive
reappraisal skills by means of VR. The SPARX programme is a computerised cognitive
behavioural therapy (CBT) intervention for adolescents that targets cognitive distortions and
other ER skills (e.g., relaxation, problem solving, social abilities) (Fleming et al., 2012). Based
on the concept of gamification, the intervention involves a virtual character that interacts and
guides young users throughout the intervention, as well as a “game world” in which adolescents
can learn how to cope with negative thoughts or feelings while playing mini games with a
personalized avatar. Although ER skill improvements throughout the intervention were not
directly explored, the results from a randomized control trial showed the efficacy of the
program in reducing depressive symptoms. Furthermore, the use of personalized avatars (i.e.,
avatars that are physically similar to the participant) has been shown to be more effective for
inducing intense emotional states (Wrzesien et al., 2015), thus being suggested as a crucial

element to foster VR-based interventions for ER (Blascovich et al., 2002; Herrera et al., 2020).

Although exposure therapy has traditionally been conceptualized as an intervention that targets
avoidance behaviours (Barlow, 1988), cognitive skills such as cognitive reappraisal are also
involved. Anxiety disorders are characterized by the presence of cognitive distortions and
biases in the way information related to a threatening situation is processed (Kaczkurkin &
Foa, 2015). Thus, exposure therapy aims to change fear memories (i.e., information about fear
stimuli, responses, and meaning) by providing novel incompatible information that challenges

distorted interpretations and facilitates emotional processing (Maples-Keller et al., 2017).
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Accordingly, mechanisms such as negative beliefs, extinction, and inhibitory learning have
been important targets of exposure treatments (Craske et al., 2008; Foa & Kozak, 1986). In this
direction, Wilson et al. (2018) found that participants with considerable contamination
concerns showed increased approach behaviours (i.e., reduced avoidance) when exposure to
potentially contaminated objects was provided along with instructions to reappraise the
emotional stimulus/situation. In another study exploring dental phobia, high-reappraisal
individuals were found to be more efficacious in regulating emotional responses when exposed
to threatening stimuli (Hermann et al., 2013). Therefore, cognitive reappraisal is proposed as
an important strategy to enhance exposure therapy’s efficacy. Furthermore, Botella et al. (2014)
found that patients with fear of flying were likely to prefer VR exposure therapy along with
cognitive restructuring, compared to VR exposure alone, which was perceived as less effective

and more aversive.

In line with this evidence, some attempts have been made to explicitly promote cognitive
restructuring in VR-based exposure therapies. The program “Engaging Media for Mental
Health Application” (EMMA) is a flexible VR system that makes it possible to shape and
customize a virtual environment in order to generate personally significant emotional reactions.
Unlike traditional VR exposure treatments that aim to recreate a traumatic situation with high
realism, EMMA has been tested for the treatment of post-traumatic stress disorder due to its
ability to evoke traumatic situations through the use of symbols, thus focusing more on the
meaning and interpretation of a trauma (Bafios et al., 2009, 2011; Botella, Garcia-Palacios, et
al., 2010; Guillén et al., 2018). Although CBT alone was found to be as effective as CBT plus
virtual reality, participants in the EMMA condition showed greater improvements in terms of
depression, relaxation intensity, social interference, and motivation towards the treatment.
Based on the same conceptual framework, EMMA has also been tested in combination with a
structured CBT manualized program in a patient who reported complicated grief, and, more
specifically, it has been used to target intrusive and irrational thoughts (Botella et al., 2008).
Results revealed a significant decrease in depressive symptoms and negative affect, as well as
lower rates of fear, avoidance, belief in irrational thoughts, and avoidance of intrusive thoughts
after the intervention. Another representative example of the importance of cognitive
restructuring in exposure therapy comes from the field of psychosis, where several studies have
attempted to combine CBT with VR-based exposure. Gega et al. (2013) developed a protocol
in which the exposure to anxiety-provoking situations through VR was integrated with a CBT

intervention that helps patients to identify distorted beliefs and develop alternative ways of
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thinking about the situation. Hence, VR is not only a tool to provide exposure, but also a way
to implement and provide training in cognitive reappraisal skills. Recently, further attempts in
this direction consisted of the gameChange and THRIVE trials, specifically designed to provide
VR cognitive treatment to patients with psychosis (Freeman, Lister, et al., 2019; Freeman, Yu,
et al., 2019). For this purpose, an automated VR intervention was developed, in which patients
are exposed to virtual anxiety-provoking social situations while being guided in practicing
cognitive techniques. According to the authors, the “treatment is not designed as exposure
therapy (participants are not asked to remain in situations until anxiety reduces)”, but rather,
as a way for patients to “test their fear expectations around other people in order to relearn

safety”.
2.4 Response modulation strategies
Stress inoculation

Within the category of response modulation, VR has been widely adopted in the field of stress
inoculation training. The fundamentals underlying this type of intervention involve gradual and
repeated exposure to stressful situations in order to shape the associated emotional reaction and
decrease the emotional impact of stressors on an individual’s affective state (i.e., “mental
readiness”) (Meichenbaum & Deffenbacher, 1988). In line with the advantages discussed in
the paragraph about exposure therapy, VR has been shown to be an adequate tool for use in
this type of intervention because of the possibility of eliciting stress and progressively
modifying the associated emotional response in ecological and controlled settings (Serino et
al., 2014).

Interestingly, most of the available studies have been implemented in military samples. In Stetz
et al. 's study (2007), a stress inoculation training was administered to a group of soldiers and
compared to a VR-enhanced version of the same intervention, which included the possibility
of practicing coping skills in Iraq and Afghan VR combat virtual scenarios. Compared to the
control condition, participants in the VR training group showed reduced stress levels and
increased stress resilience. In similar studies, the use of VR-based stress inoculation training,
combined with graphical feedback of respiratory patterns to practice breathing techniques, was
found to be more effective than traditional military training for reducing tension and stress
(Maciolek et al., 2013a; Maciolek et al., 2013b), although only in the short term (lInicki et al.,
2012).
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Impulse control

Impulse control is another key component of response modulation strategies. Indeed,
successful ER also involves cognitive control processes, that is, the ability to efficiently inhibit
impulsive responses during emotional situations, which in turn allows the person to implement
adequate ER strategies or switch to alternative ones depending on the emotional context
(Pruessner et al., 2020).

Adolescence is often characterized by the emergence of risky behaviours (e.g., risky sexual
behaviours or substance abuse), which in turn have been associated with reduced ER skills
(Hessler & Katz, 2010). Interestingly, there is evidence suggesting that risk decisions are not
motivated by the analysis of facts, but rather by difficulties in accessing and implementing
adaptive strategies when experiencing intense emotional situations (Steinberg, 2007).
Accordingly, some specific ER interventions developed for adolescents focus on implementing
adaptive strategies during intense emotional situations in order to reduce risky behaviours
(Houck et al., 2016). In fact, VR is a valid tool to expose patients to high-risk situations in a
controlled way and explore and teach self-regulation strategies (Kniffin et al., 2014). Related
to the latter, an illustrative example was developed by Hadley et al. (2018). In a randomized
pilot trial, a brief ER and risk reduction intervention was combined with either role-plays or a
VR-based intervention to prevent risk behaviours in adolescents. The authors developed four
virtual scenarios in which adolescents were exposed to potentially risky situations to elicit
negative emotional reactions. Participants were asked to negotiate safe behaviours (e.g.,
refusing substances, purchasing condoms) by using the ER strategies learned during face-to-
face sessions (e.g., distancing, emotional expression, reappraisal). According to the results,
participants in the VR condition reported higher adherence to the protocol. Compared to the
role-play group, adolescents in the VR condition also showed higher ER skills, such as less

difficulty in accessing ER strategies and higher emotional self-efficacy, at the 3-month follow-

up.

Another important field of research involving self-control strategies consists of the use of VR
for the treatment of substance use disorders. Patients with addictions have been shown to
associate specific contextual cues with the rewarding effects of a substance (e.g., nicotine,
alcohol, drugs), which in turn triggers its use. In this regard, VR is a compelling approach for
the treatment of craving, which can be achieved by exposing patients to distressful situations

in order to extinguish this learned association (i.e., cue exposure therapy) (Segawa et al., 2020).
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VR-based cue exposure therapy has been extensively used to quit smoking, revealing that the
gradual exposure to salient cues using VR can reduce cue-induced craving and craving levels
(Lee et al., 2004; Pericot-Valverde et al., 2014), despite being associated with higher relapse
rates than traditional CBT protocols (Pericot-Valverde et al., 2019). Similar results have been
obtained for the treatment of alcohol addiction, revealing that VR-based conditioning through
exposure to high-risk and aversive situations can reduce craving levels in pathological drinkers
(Choi & Lee, 2015; Lee et al., 2009; Son et al., 2015). In addition to addictions, a similar
theoretical framework has been applied with patients suffering from eating disorders, who tend
to show intense anxiogenic reactions when exposed to food stimuli (Clus et al., 2018).
Accordingly, the use of VR to induce food craving has been shown to be effective (Ferrer-
Garcia et al., 2015; Ferrer-Garcia et al., 2013), producing a high sense of presence and intense
emotional reactions in participants (Gorini et al., 2010; Perpifia et al., 2013). In the case of
binge-eating disorder, for instance, VR cue exposure therapy has been suggested as a valid
approach.to induce food craving and extinguish the associated conditioned responses (Ferrer-
Garcia et al., 2017; Pla-Sanjuanelo et al., 2015). Finally, VR has also been explored in relation
to obsessive compulsive disorders and, more specifically, to expose patients to anxiety-
provoking situations. Although in its infancy, the results so far have highlighted VR’s potential
as a tool to provide exposure response prevention and help patients to develop new associations

when facing perceived threatening situations (Belloch et al., 2014; Laforest et al., 2016).

Finally, the serious game PlayMancer was developed with the aim of improving self-control
skills in patients with impulsive behaviours, who are typically characterized by dysfunctional
ER processes (Fernandez-Aranda et al., 2012). The virtual scenario consists of several islands,
each of which provides users with different activities and games to improve self-control skills
(e.g., impulse control, managing adverse and frustrating situations, relaxation techniques).
Interestingly, the video game also includes innovative features such as continuous
physiological monitoring and facial expression recognition, which allows the system to
automatically trigger specific games depending on the user’s momentary state (e.g., relaxing
activities when high frustration is detected). Preliminary findings in patients suffering from
gambling disorder and bulimia nervosa are promising and show significant clinical
improvements in impulsivity, novelty seeking, and anger expression (Giner-Bartolomé et al.,
2015; Térrega et al., 2015).
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3. FURTHER EMERGING FIELDS OF RESEARCH

Although the growing evidence supports VR as a tool to improve ER in different samples and
by enhancing different skills, some aspects of this construct have been explored less. In the
following sections, we will discuss some of the gaps in the current literature, highlighting
preliminary evidence of VR applied to other promising fields of research.

3.1 Regulation of positive emotions: Positive interventions

As discussed in the previous sections, for a long time, most of the ER research focused on how
to improve the regulation of negative emotional states. This is coherent with the general trend
in psychopathology research, which was typically more interested in the downregulation of
negative emotions. However, the upregulation of positive emotion also needs attention. The
elaboration of a new integrative research domain called Positive Psychology represented an
important change from the perspective that had been dominant for many decades. Positive
Psychology emphasizes the importance of exploring positive human experiences and
functioning and identifying factors that increase people’s resilience and happiness (Seligman
& Csikszentmihalyi, 2000). The development of this new theoretical framework also affected
the use of Information and Communication Technologies (ICTs) in the field of clinical
psychology. In 2011, Sander introduced the concept of Positive Computing to refer to “‘the
study and development of information and communication technology that is consciously
designed to support people’s psychological flourishing in a way that honors individuals’ and
communities’ different ideas about the good life” (Sander, 2011). Hence, a new approach called
Positive Technology was proposed, whose aim is to “manipulate and enhance the features of
our personal experience with the goal of increasing wellness, and generating strengths and
resilience in individuals, organizations, and society” (Botella et al., 2012; Riva et al., 2012).
Accordingly, a growing body of literature has begun to focus on the use of VR as a tool to

enhance positive affect and the regulation of positive emotional states.

Positive ER refers to the attempt to create, maintain, and enhance positive emotions by using
savouring strategies (Bryant, 2003; Quoidbach et al., 2015). It has been shown to have
beneficial effects on mental health, including greater happiness, higher positive affect, and
enhanced well-being (Colombo, Pavani, et al., 2020; Jose et al., 2012; Quoidbach et al., 2010).
Additionally, poor use of savouring has been linked to reduced emotional well-being (Li et al.,

2017; Wood et al., 2003), and a dysfunctional regulation of positive affect has been recognised
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as an important feature of emotional disorders (Carl et al., 2013, 2014), suggesting the
importance of targeting the regulation of positive emotional states to enhance mental health.

The Park of Well-Being (Bafios et al., 2004) is a clear example of the way VR has been applied
to increase positive emotional states (i.e., relaxation and joy) through the manipulation of
music, movies, autobiographical recalls, narratives, and pictures inside a virtual environment.
Rather than a mere emotional induction procedure, this VR scenario has also been integrated
into a broader program of positive psychology called the “EARTH of well-being” (Bafios et
al., 2014). In addition to the virtual park, the protocol includes a personal diary to record
positive events and recall positive memories, as well as two further VR scenarios of natural
landscapes (Walk Through Nature) designed to enhance relaxation and joy (Bafios et al., 2012)
through positive reminiscence, savouring, and slow breathing techniques. Several studies have
demonstrated the efficacy of this integrated VR protocol for increasing positive mood in both
clinical and non-clinical populations (Bafios et al., 2014; Botella et al., 2016; Espinoza et al.,
2016). The combined use of the Park of Well-Being and Walk Through Nature virtual scenarios
to induce positive emotional states was also tested in hospitalized patients with metastatic
cancer (Baros et al., 2013). After four sessions, patients showed increased positive emotions
and decreased negative emotions, and they perceived the intervention as useful for teaching
skills such as distraction and relaxation. In another study, the EMMA VR- based system was
adopted to induce positive emotions and promote motivation, self-efficacy, and behaviour
activation in a sample of patients suffering from fibromyalgia syndrome (Botella et al., 2013;
Herrero et al., 2014). The protocol involved both group and face-to-face traditional sessions
and the exposure to a virtual beach with positively valenced music, sounds, images, and
narratives designed by clinicians with expertise in CBT treatments. Preliminary findings
indicated the efficacy of the intervention, highlighting enhanced mood state, positive emotions,
motivation, and self-efficacy. Similarly, the use of VR was recently tested as a tool to expose
depressed patients to positively valenced reinforcing stimuli (Chen et al., 2021). The 13-session
protocol consisted of VR positive induction and imaginal recounting (i.e., recalling positively
valenced elements and emotions experienced in the virtual environments, as well as retrieving
an autobiographical memory associated with the VR experience), and it significantly decreased
patients’ levels of anhedonia, depression, anxiety, and negative affect, although the
mechanisms of change underlying this improvement are still not clear. Finally, a VR-based
positive autobiographical memory training for depression was recently developed using

Google Earth VR, an app that makes it possible to travel to different places around the world
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from a first-person perspective (Fernandez-Alvarez et al., 2020). Positive reminiscence is a
widely recognized strategy to enhance current levels of positive emotions (Bryant et al., 2005;
Quoidbach et al., 2010) by re-experiencing beliefs, emotions, thoughts, and desires from past
positive memories (Klein, 2015). Consistent with the evidence showing that depressed patients
tend to retrieve more negative memories than positive ones (Gaddy & Ingram, 2014; Matt et
al., 1992) and underestimate the positivity of past positive experiences (Colombo et al., 2020),
the goal of this VR-based intervention was to foster the retrieval of positive memories (i.e.,
positive reminiscence). To do so, patients were repeatedly immersed in the virtual environment
where a positive event occurred, thus being provided with a spatial reference for recalling
positive episodes from the past. Promising results were observed in a single case experimental
design with 18 MDD patients, with increased positive affect, daily savouring, and reminiscence

observed in almost all the participants (Fernandez-Alvarez et al., 2020).

It should be pointed out that most of the studies discussed in this section did not assess ER
skills directly. In other words, although all the interventions were found to significantly
enhance positive emotions and other related constructs, whether these findings are due to

improved skills in regulating positive emotional states is still unclear.
3.2 Physiological regulation of emotions: Biofeedback techniques

When discussing the use of VR to enhance ER skills, biofeedback techniques are also worth
mentioning. Through physiological monitoring (e.g., heart rate, brain activity, or breathing), a
large amount of data can be obtained. At the same time, visual, auditory, or tactile feedback
representing physiological patterns can be provided to patients (i.e., biofeedback) in order to
improve the physiological regulation of emotions (Mohr et al., 2017; Snippe et al., 2016). So
far, most.of the attention has been placed on heart rate variability (HRV) and, more specifically,
the high frequencies of HRV, which are directly linked to Respiratory Sinus Arrhythmia and
considered a physiological indicator of emotion dysregulation (Appelhans & Luecken, 2006;
Beauchaine & Bell, 2018). In this direction, some studies have integrated biofeedback

techniques with VR to train ER.

In‘addition to the serious game PlayMancer described in previous sections (Fernandez-Aranda
et al., 2012), another illustrative example is DEEP, a VR video game that uses respiratory-
based biofeedback to help young individuals cope with subclinical stress and anxiety symptoms

(Weerdmeester et al., 2017). The results revealed significantly lower arousal levels in almost
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all the participants after using DEEP, thus emphasizing the effectiveness of this biofeedback
video game in regulating emotions. Broadly speaking, this remarkably versatile tool (i.e.,
game-based biofeedback) has shown promising results for ER and the treatment of stress and
anxiety (Lobel et al., 2016), with some authors advocating its potential as an alternative
delivery model for evidence-based treatments (Schoneveld et al., 2018). In another study,
Gaggioli et al. (2014) developed “Interreality”, a new technological paradigm for the
management and prevention of psychological stress. This paradigm combines virtual scenarios
with real-time monitoring and improvement, using advanced technologies such as wearable
biosensors to provide the heart rate or HRV biofeedback. In their study, the sample was
composed of individuals who were highly exposed to psychological stress in their jobs (i.e.,
teachers and nurses). Participants were randomly assigned to the experimental group, which
received a 5-week treatment based on the Interreality paradigm; to a control group, which
received a 5-week traditional stress management training based on CBT; or to a wait-list group.
Compared to a wait-list condition, both treatments (CBT and Interreality) significantly reduced
perceived stress and significantly increased coping skills. However, only participants who
received Interreality reported a significantly greater reduction in chronic trait anxiety and a
significantly greater increase in emotion-related coping skills, compared to participants in the
CBT condition. Similar results were observed by Rockstroh et al. (2019), who demonstrated
the effectiveness of a VR-based biofeedback training to increase short-term HRV and enhance
motivation for the treatment. Recently, the usability of a mobile application to provide HRV
biofeedback training through virtual environments was also tested, leading the way in
designing innovative self-help and low-hand tools for use in daily life (Fernandez-Alvarez et
al., 2019).

Together, these results are particularly relevant because they suggest that the use of VR with
real-time monitoring using biosensors is clinically efficacious and even provides better
outcomes than traditionally accepted gold standard CBT in the management of psychological

stress.
3.3 Interpersonal emotion regulation

Most of the literature has focused on intrapersonal ER, emphasizing how people regulate
ongoing emotions using different strategies at an individual level. However, another category

of ER was recently proposed that refers to using others to regulate one’s emotions (i.e.,
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interpersonal ER) (Hofmann et al., 2016). The VVR-based literature in this direction is still in

its infancy, although promising results have been pointed out.

In the past decade, VR has been defined as the “ultimate empathy machine” (Milk, 2015)
because it has the potential to make people experience situations from different perspectives
and points of view. Although the available studies in this field are still limited, and definitive
conclusions cannot be drawn, a recent meta-analysis pointed to significant changes in
perspective-taking measures after VR exposure, but no significant improvements in terms of
empathy (Ventura et al., 2020). In this regard, VR-based perspective-taking tasks have been
shown to be a powerful tool to foster short- and long-term empathy and pro-social behaviours
towards outgroup members, especially for individuals with low levels of empathy prior to the
intervention (Ahn et al., 2013; van Loon et al., 2018). Herrera et al. (2018), for example, asked
participants to virtually embody a homeless person from a first-person perspective and imagine
what it would be like to be in that situation. Compared to a traditional perspective-taking task
based on imagery, participants in the VR condition were more likely to sign a petition
supporting the homeless, thus showing more prosocial behaviours. Other studies have shown
that the virtual embodiment of white people in dark-skinned bodies can reduce implicit racial
bias (Banakou et al., 2016; Maister et al., 2013; Peck et al., 2013), whereas self-identification
with virtual bodies can improve self-criticism and self-compassion in both healthy (Falconer
et al., 2014) and depressed individuals (Falconer et al., 2016). Moreover, putting offenders in
the virtual body of a victim of domestic abuse improves socio-perceptual processes such as
emotion recognition (Seinfeld et al., 2018), which might be explained by the neurobiological
changes in the activity of the Default Mode Network observed in people experiencing a violent
situation froma first-person perspective through VR (Seinfeld et al., 2021). Interesting findings
also come from the immersive VR intervention developed by Bailey et al. (2019), based on an
animated media character to train inhibitory control and social compliance in children. In their
study, the authors showed that children in the VR condition, compared to a TV condition (i.e.,
experiencing the same environment on a TV display), showed higher social compliance,
whereas no differences were observed in terms of emotional and physical distress.
Interestingly, children in the VR condition also reported enhanced sharing behaviours, thus
suggesting that VR is a potential tool to strengthen social affiliation behaviours in young
populations. Finally, there is strong evidence supporting the use of VR to improve social
functioning in patients suffering from psychosis (Rus-Calafell et al., 2018; Valmaggia, 2017),

such as conversation skills, assertiveness skills, emotion expression skills, and job interview
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skills (Ku et al., 2007; Park et al., 2011; Smith et al., 2015). Together, these results highlight
the potential of VR to improve, in addition to intrapersonal ER, interpersonal strategies such
as empathy, compassion, social skills, and perspective taking.

4. COST-EFFECTIVENESS OF VIRTUAL REALITY

As briefly summarized in the previous sections, increasing research has shown the efficacy and
effectiveness of VR for the enhancement and treatment of ER. Nevertheless, in the past few
decades, VR has hardly been implemented in clinical settings due to the high costs of devices
and software development. As VR becomes more accessible, new interesting directions are
starting to emerge, which might help to bridge the gap between research and clinical practice

in the near future.

Recently, mobile VR interventions have started to emerge thanks to the proliferation of off-
the-shelf hardware. Today, there are a number of new options that are not only wireless and
low-cost, but also easy and intuitive to use. Gear VR, OculusGo, or Google Cardboards are
some of the cheapest options on the market that can support some of the existing developments
in virtual environments for use by people in daily life or by clinicians in clinical practice. These
low-cost head-mounted displays make it possible to access VR environments without complex
systems or expensive laptops, just by owning a normal smartphone. In this regard, considerable
research has already been published on using mobile VR, confirming its efficacy (Donker et
al., 2019; Kim et al., 2017; Lindner et al., 2019; Miloff et al., 2019) and highlighting the
potential of this tool to reach people in need who otherwise would not receive any treatment.
Compared to the past, evidence-based VR treatments can now be more easily dispensed at very

low cost for end-users.

Regarding software development, advances in recent years have shown that accessible
platforms for VR development have started to become widespread, with a significant impact
on both research and commercial products. Unity3D is one of these platforms. Along with the
growth of VR, companies, start-ups, and freelance programmers have emerged in this context
to help tackle the technical aspects of VR technology implementation. Nevertheless, it is
important to mention that the initial cost of developing a VR environment might be quite high
and require the involvement of a multidisciplinary team of programmers and human-computer
interaction experts. In addition to having considerable psychological knowledge, technical

skills-are also required to develop VR interventions, which psychologists usually do not have.
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Although VR development platforms are now evolving to languages that are more accessible
to the non-specialist population, they are still a long way from achieving the status of easy-to-
use plug-and-play interfaces. When a multidisciplinary collaboration is too costly, there are
many user-friendly options that can help to address technical and economic barriers. For
instance, the emergence of affordable and readily available 360° stereoscopic video cameras
and open-source VR apps is creating a new design space that can be quite beneficial for clinical
purposes. Less expensive than old VR systems, these cameras make it possible to record VR
videos that can be transferred to systems such as Gear VR or Google Cardboard. Recently,
some Initial studies have been carried out using 360° stereoscopic video cameras, with
encouraging results for fear of public speaking (Stupar-Rutenfrans et al., 2017), fear of heights
(Hong et al., 2017), or providing behavioural activation (Paul et al., 2020). Despite being
complex and interactive, the use of 360° videos might be an easily accessible way to distribute
VR interventions in the field of ER.

4. FUTURE DIRECTIONS

In this narrative review, we have provided an overview of the available evidence about VR-
based interventions for ER, taking into consideration the different fields of the applications
explored. It is again important to note that this is not intended to be an exhaustive review
because a systematic methodology was not followed; instead, it is an opportunity to examine
VR-based interventions from an emotion regulation perspective. So far, several frameworks
have been proposed to explain emotion dysregulation (e.g., Koole, 2009; Parkinson &
Totterdell, 1999; Webb et al., 2012). Although we acknowledge the potential conceptual
limitations of adopting a specific strategy-based framework (Berking & Wupperman, 2012), in
the present review we synthesized the available studies based on Gross’ model (Gross et al.,

2019), which is one of the most widely used frameworks for organizing ER processes.

Today, VR is producing an important technological revolution in the treatment of several
psychopathological conditions (Freeman et al., 2017). Regarding the specific case of ER, the
studies discussed in this narrative review suggest that more evidence is needed before drawing
definitive conclusions about the adoption of VR for the enhancement of ER skills in both
healthy and clinical populations. Nevertheless, the findings from both non-immersive and
immersive VR-based literature are encouraging, showing significant clinical improvements
associated with the proposed interventions. The available evidence emphasizes the importance

of concepts such as gaming, gamification, and persuasive technology for the development of
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VR-based treatments targeting ER (Fleming et al., 2016; Li et al., 2011), as reflected by the
high acceptability and adherence rates to the protocols. Because ER is a well-known protective
factor in mental health (Troy & Mauss, 2011), the adoption of VR to strengthen and improve
regulatory skills might lead to the development of transdiagnostic interventions, as well as
innovative approaches in the field of prevention. To achieve this aim, more efforts are needed
to disentangle the mechanisms of change underlying these interventions. Indeed, most of the
available studies mainly evaluated the efficacy of the proposed protocol by considering
symptom reduction and/or mood improvement, disregarding the potential clinical change in
the ER skills targeted by the intervention. This is especially evident in the literature exploring
positive interventions, where most of the studies aimed to improve positive affective states, but
without addressing and/or exploring any specific strategy.

One of the most interesting and promising aspects emerging from this review is the use of low-
hand. devices such as smartphones to provide VR-based interventions. One future challenge
revolves around the development of VR mobile apps for use in daily life, which would increase
the dissemination of evidence-based interventions and reach more people in need. In line with
the observed significant association between VR-based interventions and engagement, the use
of approaches based on gamification should play a key role in app development, in order to
potentially increase not only adherence, but also the efficacy of the intervention (Fleming et
al., 2016). Moreover, future research should also focus on integrating VR with other
technological solutions (Desirée Colombo, Fernandez-Alvarez, Palacios, Cipresso, et al.,
2019). The development of VR-based biofeedback protocols, for instance, is a clear example
of the integration of technologies to concurrently capture different dimensions of ER processes
(i.e., physiological and cognitive aspects) and train one’s control over physiological arousal.
However, further possibilities based on a more integrative approach could be explored in the
near future. Ecological Momentary Assessment (EMA) could be combined with VR-based
interventions in order to elucidate how the treatment impacts the deployment of ER strategies
in daily life and the potential changes in overall daily functioning associated with the newly
acquired skills. Furthermore, big data and deep learning should be incorporated when
combining VR with data gathered through wearable biosensors or EMA, in order to personalize
interventions depending on the specific characteristics of the users. The development of
complex systems based on the continuous monitoring of patients’ physiological parameters
and/or self-reported states would make it possible to trigger real-time interventions (Ecological

Momentary Interventions) (Desirée Colombo, Fernandez-Alvarez, Palacios, Patané, et al.,
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2019), where customized VR-based activities could be suggested based on the specific

momentary needs detected by the system.

Despite the advantages highlighted in the present review, the integration of VR with traditional
therapeutic procedures should be more precisely understood. It is imperative to accurately
understand when VR interventions can be used, when self-help VR interventions are
appropriate, when additional therapeutic face-to-face support is needed, or when the use of
technologies should be ruled out. An innovative potential advancement would be the
incorporation of holograms, which should be incorporated into the broad field of ER.
Holograms would make it possible to have in-person therapists, but without being materially
there. In addition, ethical implications should be considered (Botella et al., 2009). One of the
issues highlighted by the literature is cybersickness (i.e., the experience of nausea, fatigue,
headache while navigating in a virtual environment) (Davis et al., 2014). Although this adverse
side effect affects a very small percentage of patients and can easily be solved by stopping the
experience, it should be considered an ethical requirement to take into account when using VR
in clinical contexts. Another important consideration has to do with the use of VR when treating
children, adolescents, or elderly patients, as well as patients with severe clinical conditions.
Although some evidence suggests that VR does not cause specific negative outcomes or side
effects in these populations, researchers and clinicians should proceed cautiously when using
VR in these samples (Botella et al., 2009). Furthermore, some problems related to technology
addiction, such as internet gaming disorder (recently included in the fifth edition of the
Diagnostic and Statistical Manual of Mental Disorders; DSM-5) (Petry et al., 2014), should
always be kept in mind when developing a treatment plan that is at least partially based on the
use of technologies. Developing immersive experiences in VR is not a trivial task, and the
elaboration of detailed guidelines to facilitate the creation of new environments is paramount.
Overcoming these barriers will further simplify the revolution that new technologies are
producing in the science of behaviour (Insel, 2017) while changing the way we conceptualize

and treat emotion dysregulation problems.
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