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This mini review presents the current state of the art in studies on the personalization of virtual reality for basic research and treatment of fear-related disorders. Of particular interest to the review are the choice of self-report measures and manipulations of contextual factors that researchers are using in their virtual reality procedures. As this mini review will show, work is starting to emerge on the area of the interaction between context and individual differences, yet this topic remains a current gap in the literature on fear learning mechanisms and therapies for fear-related disorders. Studies in this review conclude that virtual reality environments offer many advantages, as they can be adjusted to model different contexts with great precision and control of the experimental context. Virtual reality is also seen by researchers as an opportunity to decrease the translational gap that exists between the research laboratories and the practical use for therapy treatments in clinics. However, the heterogeneity of methodological approaches that have created replicability as well as comparability issues in the field of fear learning is also a concern in studies using virtual reality. Thus, another, albeit secondary, aim of this mini review will be to point out some of the methodological challenges that should be addressed in future research aimed at the personalization of virtual reality for the research and treatment of fear-related disorders. Factors that will be addressed are 1) the use of self-report measures, and 2) interactivity aspects of contextual factor design in the virtual reality environment.
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INTRODUCTION
Global statistics of persons affected by fear-related disorders show that the development of new research and treatment tools for these disorders should be a high priority. In 2019, the prevalence of anxiety and fear-related disorders was about 300 million persons, amounting to around 4% of the total world population (Global Burden of Disease Collaborative Network, 2019). Anxiety and fear-related disorders refer to a collection of disorders that produce excessive responses either to imminent threat or to anticipated threats (real or perceived). Fear-related disorders are associated with excessive fight or flight reactions and concern the alarm system for imminent danger. Anxiety-related disorders are more often characterized by mood disorders leading to avoidance behaviour, and triggered by the expectation of future danger (Craske et al., 2011; American Psychiatric Association, 2013). These disorders include amongst others Post-traumatic Stress Disorder (PTSD), Obsessive-Compulsive Disorder (OCD), General Anxiety Disorder (GAD), Social Anxiety Disorder (SAD), panic disorder, agoraphobia, selective mutism and other specific phobias, as described in Diagnostic and statistical manual of mental disorders, 5th edition (DSM-V) for current classification of fear and anxiety disorders (World Health Organization, 2019; American Psychiatric Association, 2013; Kogan et al., 2016). Specific phobias are the most common type of anxiety disorders and are marked by fear or anxiety about a specific object or situation, such as fear of flying, fear of heights, of animals, of taking a vaccine and seeing blood (American Psychiatric Association, 2013). Situations in which fear-related cues are present are usually avoided, which in turn can contribute to a reinforced behavioral pattern restricting one’s quality of life. Finding new ways to understand and treat fear-related disorders is important because these disorders often come with a high physical and emotional burden, as well as high economical costs for society and for individuals themselves.
Treatments for anxiety and fear-related disorders involve mainly exposure-based therapies such as cognitive behavioral therapy (CBT), in vivo exposure therapy, imaginal therapy, and virtual reality exposure therapy (VRET). Some challenges of exposure therapies are related to the need to expose patients to what they fear most. This can be one of the reasons why many patients either avoid treatment in the first place, fail to complete the whole treatment, or experience relapse over time (Bouton, 2002; Craske et al., 2006; Hermans et al., 2006; Phelps et al., 2010; Davis, 2011; Otte, 2011; Schiller & Phelps, 2011; Milad et al., 2014; Grillon et al., 2019). Drug-based treatments are used as alternatives to exposure-based therapies, or may be used in conjunction with them, and involve the use of anxiolytic or antidepressants drugs (Bandelow et al., 2017; Gomez et al., 2018).
Exposure therapies work in many cases, but not in all (Bouton, 2002; Craske et al., 2006; Hermans et al., 2006; Phelps et al., 2010; Davis, 2011; Otte, 2011; Schiller and Phelps, 2011; Milad et al., 2014; Grillon et al., 2019). Two main lines of thought on how to address this problem have so far dominated the field of fear-learning research and treatment. The first line prioritizes understanding the role of contextual factors in fear learning, because deficient processing of contextual information (Baas et al., 2004) and problems with separating cue and context (Baas, 2013) may be main factors behind the development of these disorders. The second line argues that the solution to improve the efficacy of exposure therapies lies in understanding the interaction between individual experiential, biological and temperamental differences (Lonsdorf and Merz, 2017). This is because fear may be thought of as primarily an individual subjective state (LeDoux and Pine, 2016).
The fact that these disorders can range from a specific stimulus (as in specific phobia) to more complex or broad situations (as in social phobia), highlights the need for personalized understanding and treatment. Virtual reality has emerged as a suitable paradigm to combine these two lines of thought and investigate the effect of individual differences and of context in fear learning, both separately and in their interaction. Such research is targeting the personalization potential of virtual reality technologies, for example via the use of individual baseline measures to dynamically adjust contextual factors (Freeman et al., 2018; Kritikos et al., 2020; Kritikos et al., 2021). To achieve this, such systems combine virtual reality with electromyography (EMG), fear potentiated startle, functional magnetic resonance (fMRI), electroencephalography (EEG), skin-conductance response (SCR) and other behavioral and biological measures. This third line of thought prioritizes interactivity. This line of thought is built on the idea that even if context may strongly condition possibilities for action, people will still have agency, that is, their interaction with the context will be key in developing either maladaptive or adequate fear responses.
This mini review presents the current state of the art in studies on the personalization of virtual reality for basic research and treatment of fear-related disorders. As this mini review will show, work is starting to emerge on the area of the interaction between context and individual differences, yet this topic remains a current gap in the literature. In addition, research on methodological harmonization is also lagging. The heterogeneity of methodological approaches that have created replicability as well as comparability issues in the field of fear learning (Lonsdorf and Merz, 2017) is also a concern in studies using virtual reality. Thus, a secondary aim of this mini review is to point out some of these methodological challenges. Factors that will be addressed are the use of self-report measures and interactivity aspects of contextual factor design in the virtual reality environment.
METHODS
The review was conducted using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for Scoping Reviews, PRISMA-ScR (Tricco et al., 2018).
Inclusion and Exclusion Criteria
Studies using virtual reality to investigate individual differences and/or context in fear learning mechanisms were selected. The search was conducted for studies published in the last ten years, from 2011 until November 2021. The review was conducted in November 2021 and submitted in the first week of December 2021. The following databases were searched: PsycINFO (OVID), Web of Science, and Medline (OVID) as recommended by the librarian specializing in systematic reviews in this specific field at the Department of Psychology, UiT The Arctic University of Norway. Search criteria were developed in collaboration with the librarian, who recommended a strategy using controlled terms in PsycINFO. We built a thesaurus for term selection (see Supplementary Materials). From this term selection, we performed a stepwise controlled search (instead of single string search) in the relevant databases, which allowed us to assess the contribution of each search term to the results, as a quality control measure. Articles that dealt with genetics or pharmacology were excluded, as reviewing those aspects was beyond the scope of this paper. Review articles were excluded. Animal studies were excluded. Non-peer reviewed publications, case studies, study protocols, conference papers and dissertations were also excluded. Upon review, the anonymous reviewer suggested an additional set of eight relevant papers. These were screened for suitability. None of these papers was included in our final set. Papers were excluded because they did not deal with either context and/or individual differences (n = 5), because they were case reports or study protocols (n = 2), or because they had serious inconsistencies in the reported methods (n = 1). Both authors were involved in reviewing the articles and deciding which ones to keep.
Search Terms
In PsycINFO and Medline, the search was conducted using a controlled search procedure with the explode function and mapping of terms to the database thesaurus. The search terms used were individual differences, individual, individual differen*; context, contextual factors; fear, fear learning, conditioned fear; and virtual reality, VR, virtual reality exposure therapy, respectively.
RESULTS AND ANALYSIS
The process for filtering results is represented in the following PRISMA-ScR Flow Diagram:
[image: Figure 1]FIGURE 1 | PRISMA-ScR Flow Diagram.
The list of selected studies with their corresponding IDs is provided at the end of the paper.
Coding and Analysis Protocol
Data from the included records (n = 20) were extracted and coded to form the coding matrix. The coding matrix included ID, author, title, year of the record, study type, study design, sample characteristics (including age and number of participants), inclusion/exclusion criteria, covariates, self-report measures, behavioural measures in the virtual reality procedure, physiological measures, individual difference studied, VR setup (including equipment used), interactivity level, type of fear-related disorder studied, and key findings. Every record was assigned with a unique identification number (ID column).
Results are reported for the columns of interest for this review, which are self-report measures and contextual factor measures in the virtual reality procedure. These two types of measures are considered as the clearest indicators of the types of individual differences studied and the types of context manipulations performed in the studies.
Results From Self-Report Measures
Studies used a wide variety of self-report measures: in total, 42 different self-report measures were used, of which 30 were validated questionnaires, while 12 were unvalidated custom rating scales developed for the specific experiment. Eleven studies from four different distinct groups of researchers involved use of a version and part of the State Trait Anxiety Inventory (STAI, STAI-Y, and STAI-DY2). Six studies from a single research laboratory involved administration of the Positive and Negative Affect Schedule (PANAS). STAI (State-Trait Anxiety Index, an instrument with 20 items for assessing trait anxiety and 20 for state anxiety, rated on a 4-point scale from 1—almost never to 4- almost always) and PANAS (Possitive and Negative Affect Schedule, an instrument with 10 items for assessing positive and negative affect, rated on a 5-point scale from 1—not at all to 5- very much) were the two most used self-report measures, but STAI was used by a wider number of research laboratories. For readers interested in more detailed explanations of the different measures, we refer them to the methods sections of the articles included in our review.
TABLE 1 | Self-report measures.
[image: Table 1]Studies investigating therapeutical applications showed comprehensive use of self-report measure results. For example, one study looking at the use of virtual reality for the treatment of fear of heights (McInerney et al. (2021), study ID = 1) made an extensive analysis involving linear mixed effects models of manipulation efficacy accounting for individual baseline Acrophobia Questionnaire (AQU) score. The study also presented individual linear regressions of individual baseline predictors on post-conviction and pre-conviction of estimated fear of heights, as a measure to identify the extent to which beliefs moderated the effectiveness of the virtual reality intervention. A thorough consideration of the validity of the four self-report measures selected for the experiment and a solid rationale for the combination of these measures with other behavioral and physiological measures in the study were provided.
In studies on basic mechanisms of fear learning, there was either 1) no reporting of the results, 2) reporting that the results of self-measures were not significant, or 3) self-report measure scores were used to stratify participants into different analysis groups. For example, Andreatta et al. (2020) (study ID = 2) reported administering the State Trait Anxiety Inventory (STAI) but made no use of score results in the analysis of results. Another study using healthy young adults as participants (Kroes et al. (2017), study ID = 11) found no evidence of moderation of EMG scores by scores from the Trait section of the State Trait Anxiety Inventory (STAI-T), Intolerance of Uncertainty Scale (IUS), or Childhood Trauma Questionnaire, and explained this finding by pointing out that self-report measures scores for the healthy young adult population tend to be low and homogeneous. A third study (Neueder et al. (2019), study ID = 3) used several measures of anxiety and fear related disorders to confirm the difference between a group of participants clinically diagnosed with panic attack disorder and healthy controls. The study found differences in terms of contextual fear conditioning between these two groups, where the panic attack group was more prone to generalize fear across contexts.
RESULTS FROM CONTEXTUAL FACTORS MEASURES
Measures addressing the role of context included the design of the interaction with and appearance of the virtual environment. In what concerns interaction with the virtual environment, 15 studies (study ID = 2, 4, 5, 7, 8, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20) used passive virtual reality procedures: participants were either exposed to stimuli and asked not to move during exposure, or they were guided passively around a set of virtual rooms. Three studies (study ID = 1, 9, 6) used interactive tasks as part of the virtual reality procedure, asking the participants to either walk around, grab, or use objects in the virtual environment. Two studies (study ID = 3, 10) allowed participants to explore the virtual environment prior to the experiment to make participants acquainted with the environment. However, these two studied did not allow interactivity during the experimental phase. In addition, five studies (study ID = 2, 5, 7, 12, 15) used virtual reality to manipulate cue conditioning, nine studies (study ID = 3, 9, 10, 11, 13, 14, 17, 18, 19) used virtual reality to manipulate context, and six studies (study ID = 1, 4, 6, 8, 16, 20) used virtual reality for both cue and context manipulation.
Studies on therapeutical applications coupled changes in the appearance of the virtual context with requests for increasing interaction with the environment to overcome specific fears. For example, one study on fear of heights (study ID = 1) asked participants to first tell a virtual therapist to gradually lower a balcony barrier. On the first floor, the barrier was a solid color, whereas on subsequent floors, the barrier was glasslike. When the barrier was fully lowered, participants were asked to pick up colored balls from a bucket and throw them over the edge.
While studies on fear learning mechanisms tended to use static scenarios, there were also examples of studies using interactivity to alter context appearance. One study (study ID = 6) used an interactive horror video scenario (“A Chair in a Room”) where the participant had the ability to turn on and off a rechargeable flashlight by clicking the mouse button.
Only one study in the review (study ID = 7) investigated whether virtual reality would be better or equal than other types of exposure therapy. This involved a comparison between film and virtual reality. The conclusion of this study was that virtual reality was more effective than film, but more research was needed to support this claim. No studies in the current set made a comparison between the virtual reality treatment and in vivo exposure.
DISCUSSION
This review uses self-report measures as an index for individual differences studied. On this aspect, the review revealed that a wide variety of self-report measures were in use, at times without a good explanation of why these specific measures were collected. For example, several studies reported collecting measures from STAI, but these measures had consistently little impact on study results. STAI scores were not significant, and therefore not used to explain variation in fear learning responses. This is likely explained by the fact that most to the participants were healthy young people. Also, what was seen in the results was that the self-report measures were applied without presenting an adequate rationale for continued use: a single laboratory kept using the same self-report measures across all experiments, even when these self-report measures had proved unhelpful to explain variation in the data in previous experiments. Often, the self-report measures used were not critically assessed in the experiments. Many studies used measures that were developed in the 1970s, ‘80s and ‘90s. This is not necessarily a problem, but few studies provided an indication of whether newer research on the continued validity and reliability of these measures was considered before these were adopted for the study. In sum, we see that many researchers in the papers we reviewed expose informants to a long battery of measures. This can create fatigue, which in turn may diminish the quality of the results.
Our recommendation for researchers is to use self-report measures only to the extent to which these are directly connected to the variables studied. For example, if the study in question is looking at issues related to personality differences, it would be appropriate to integrate a measure such as the STAI, since it assesses anxiety both as a transitory and as a personality related state. In another example, if the variable related to individual differences or context has to do with mood as a moderator of fear, then it is appropriate to use a measure such as PANAS-SF, because this measure is about capturing an individual’s positive or negative mood. However, it is irrelevant to use either one of these measures when the variables in question do not have directly to do with any assumptions about the relationship between a subject’s personality or mood and fear learning mechanisms.
We take as example of best practice study 1 in our set (McInerney et al., 2021). In this study, the researchers administered the Risk orientation scale (Brown 2020) because one of the issues being studied was the willingness of subjects to take a risk and do increasingly harder “fear-defeating” tasks. Another measure was the Fear of heights threat belief (Craske 2014), which was appropriate since the scenarios used were floors in a high-rise building. Variables of interest included the extent to which subjects would be willing to go to increasingly higher floor heights, or willing to gaze down. What matters then is not only that the self-report measures used are robust and reliable as well as sufficiently validated, but also that they are relevant to the variables studied.
In what concerns the study of context, many researchers in the field of fear learning are currently searching for new ways to improve the control of contextual factors in their experiments. Studies in this review have concluded that virtual reality environments offer many advantages, as they can be adjusted to model different contexts with great precision and control of the experimental design. Virtual reality is also seen by researchers as an opportunity to decrease the translational gap that exists between the research laboratories and the practical use for therapy treatments in clinics.
Virtual reality offers the possibility to adjust individual differences to better respond to treatment settings. This may be achieved through interaction inside the virtual reality system, and dynamic response to this interaction. However, only a small number of studies in this review (n = 3) have made full use of the interactive capabilities of virtual reality. The review found that studies using virtual reality to understand the basic mechanisms of fear learning have mostly employed passive procedures. In contrast, the studies focusing on therapeutical applications of virtual reality have incorporated interactivity. Some studies harnessed more fully the potential of VR, since they required participants to not only focus on audiovisual cues, but also use touch (the feeling of grabbing something in the environment) or proprioception (for example, “walking towards one’s fear”). This shows that the possibilities of VR extend beyond visual or auditory cues. We expect that future versions of these technologies will also make more accessible the implementation of smell and/or flavor cues.
One must also consider that different types of learning mechanisms may be involved in studies where subjects are passive versus studies where interactivity is required. Studies in our set were based on a Pavlovian classical conditioning fear learning paradigm. This paradigm focuses on learning that occurs as a result of instinctive responses. One can hypothesize that studies using the operant conditioning paradigm, which is about learning that is related to the subject’s willful actions, would have more often included interactivity as part of the virtual reality procedure. Two experiments on basic learning mechanisms included in this review used an avoidance behavior paradigm, which is closer to operant conditioning (instrumental phase). These studies included interactivity, though not as part of the virtual reality procedure itself. Also, these studies did not refer to the operant conditioning literature explicitly. A specific search for studies on basic fear learning mechanisms from within an operant conditioning paradigm could be conducted as a follow up, to assess the extent to which the researchers apply interactivity as part of the virtual reality procedure.
In what concerns drawbacks of using virtual reality, for researchers, the most obvious drawback is that the technology changes very rapidly and this will create consistency, comparability and therefore replicability problems. Even within the same laboratory, procedures and programs may have to be redone very often to keep up with the changes in device design. For patients, some applications may cause discomfort, purely because of design choices that increase the likelihood of producing motion sickness. Likewise, even when not feeling this kind of discomfort, it may be undesirable for patients to wear a device that “locks them out” of their surroundings, even when this is one of the reasons why the therapy may be more efficient. In our experience, at least in the beginning stages of using VR, one may experience a certain loss of control when wearing the device. Thus, instead of having a calming effect, using VR may produce even more fear and anxiety in patients. Some of these issues are being addressed in newer devices (for instance, new devices allow for modes of operation that let users quickly shift to an infrared camera that shows the surroundings). For clinicians, not being able to correctly “read” the reactions of patients during a treatment session may also be a problem since there is loss of eye contact and other facial expression cues.
Finally, the diversity of study designs and statistical analytic approaches in this review reveals that the field of fear learning has some challenges to overcome when in relation to producing replicable results. As shown by the review, there is a vast amount of variation in procedures and measures in use, even in such a small set of studies as this. If the field is to become more robust, guidelines to increase the compatibility of approaches must be agreed upon, made available, and followed by researchers.
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