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Abstract 

The current literature on psychological VR interventions lacks methodological rigour in terms of 

including all information regarding the creation and use of the VR environments. Therefore, the 

following literature review identified trends across categories and all types of information reporting 

regarding the content of the virtual reality utilised within these interventions. The dataset was taken 

from Elsevier’s Scopus and after the screening procedure included 61 reports of psychological immersive 

VR interventions. The inclusion criteria were limited to reports of psychological VR interventions whose 

VR environment presentation was considered fully-immersive. The initial results gathered consisted of 

trends across all included studies, including but not limited to types of VR stimuli, VR interaction, and VR 

presentations. The reports were further categorised by the author based on the type of therapy utilised 

or the goal of the particular intervention. These categories and the data gathered regarding important 

factors of VR environments were utilised for the creation of a checklist aimed at future VR researchers. 

Specifically, the created checklist poses questions regarding different aspects of VR, including but not 

limited to interact-ability, sensory feedback and amount of detail, in order to help future researchers 

enhance their psychological VR interventions and their subsequent reporting.  
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Introduction 

Recent scientific and technological developments give rise to new technological advancements, 

such is the case with Extended reality, the appeal of which started as a source of entertainment and 

developed into uses within the field of psychology. Extended reality (XR) is considered an umbrella term 

for all immersive technologies, including Augmented Reality (AR), Virtual Reality (VR), and Mixed Reality 

(MR) (Marr, 2019). AR combines the real world with the virtual by taking virtual information and objects 

and overlaying them in the real world. This virtual information can range from camera filters to 

additional text, images, or animations (Marr, 2019). VR, on the other hand, creates a fully immersive 

digital environment using a head-mounted display which allows for 360-degree view of the virtual 

environment (Marr, 2019). Finally, MR is the most recent technological advancement in terms of XR and 

encompasses both VR and AR. Simply put, MR allows you to interact with your real environment using 

digital objects, for instance allowing you to place a digital object on a real table (Marr, 2019). This rise of 

new XR technologies resulted in a spike in research concerning the use of XR for psychological 

interventions, reflected in the rise of published articles within this field in recent years. This research is 

expansive in terms of types and variety of interventions created within VR, including psychological 

interventions aimed at particular target groups, including but not limited to people with autism 

spectrum disorder (ASD) (Bekele et al., 2014), posttraumatic stress disorder (PTSD) (Beidel et al., 2019), 

phobias (Banos et al., 2002) and social anxiety disorder (SAD) (Beidel et al., 2021).  

The advantages that Virtual reality interventions may provide for psychology range from cost-

effectiveness to control of variables. Namely, for certain types of therapies, the creation and use of VR 

interventions solve issues of cost and availability due to a lack of therapeutic staff (Riva, 2022). 

Furthermore, the very nature of VR interventions allows for a high amount of control regarding all 

variables as well as safety thanks to the ability to leave the VR environment at any point (Riva, 2022). 

Virtual Reality can transcend not only geographical constraints but also reality through the creation of 
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environments beyond real-life. Exposure to feared stimuli, for instance for individuals with phobias, is 

also able to bypass social stigma by allowing individuals to conduct exposure in VR instead of in public. 

Certain types of therapies can benefit from these advantages more than others, for instance, Exposure 

therapy, Reminiscence therapy, or natural relaxation interventions.  

Exposure therapy is used as a treatment program for different types of phobias, PTSD, SAD and 

more. In Exposure therapy, the psychologist creates a safe environment for the patient to gradually 

expose the individual to whatever they fear or are trying to avoid (American Psychological Association, 

2017). The form of exposure therapy depends on the problems being treated, namely what the patients 

are going to be exposed to and how they will be exposed to it. Several variations of exposure therapy 

exist, however, in vivo exposure also known as direct exposure, is the main form that can benefit from 

being transported to VR as it encompasses direct exposure to the feared stimulus (American 

Psychological Association, 2017). Certain forms of in vivo exposure therapy, for instance, ones aimed at 

aerophobia (fear of flying), can be very costly and difficult to administer (Banos et al., 2002). 

Furthermore, VR has been tested for its fear-inducing abilities and found can activate several fears, 

including claustrophobia (Botella et al., 1998) and acrophobia (Freeman et al., 2018). Utilization of VR in 

these cases would allow for a cost-effective solution to interventions that might otherwise not take 

place due to the difficulty of maintaining constant exposure levels and guaranteeing the safety of the 

patients. Another exposure intervention that would benefit from being conducted in VR is one aimed at 

combat-related PTSD, which is characterized by unwanted memories, nightmares, and psychological 

distress (Beidel et al., 2019). Due to the types of events that create combat-related PTSD, it is impossible 

to ethically conduct in vivo exposure therapy. Hence, there is a great potential benefit in VR exposure 

programs such as Virtual Iraq, which uses visual, auditory, olfactory, and tactile cues for exposure 

therapy (Beidel et al., 2019). The results of trials for Virtual Iraq revealed statistically significant 

improvements across a range of symptoms (Beidel et al., 2019). 
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Reminiscence Therapy is a form of psychotherapy in which individuals, mostly the elderly or 

patients with dementia, recall past events and pleasurable memories to enhance their sense of well-

being (Field, 2023). Virtual Reality allows Reminiscence therapy to become more complex than simple 

talk therapy by for instance, exposing the patient to photos from their life along with music reminding 

them of that time-period. Furthermore, VR allows the participant to explore different virtual 

environments, relevant to the specific participant, to enhance the reminiscence experience (Khirallah 

Abd El Fatah et al., 2024). The very nature of VR allows not only for the creation of different 

environments that can enhance reminiscence therapy but also to able to overcome mobility limitations 

of the patients.  

Nature relaxation interventions are not considered an official form of therapy, however, in this 

paper, they encompass all interventions whose method is the exposure of participants to natural 

environments to achieve relaxation, reduce stress or enhance well-being. An extensive literature review 

found strong evidence of an association “between exposure to nature and improved cognitive function, 

brain activity, blood pressure, mental health, physical activity, and sleep” (Jimenez et al., 2021, p. 13). 

Due to geographical and personal limitations, certain individuals are unable to experience ‘in vivo’ 

nature exposure, hence virtual reality can provide immersive exposure to natural environments. The 

amount of control over VR enables patients to experience fantastical realities as well as giving them the 

ability to change certain aspects of the environment themselves, to enhance the experience for their 

personal relaxation.  

The above-mentioned VR therapies represent a small number of therapies which can be directly 

translated into VR. However, many different types of therapies cannot be conducted using VR, and 

many therapies surface with VR and can only be conducted using this technology. As research into 

psychological intervention using VR is new, the need for a recognized standardized methodology arises 

to allow for analysis and comparison of the different VR environments created for psychological 
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interventions. Multiple literature reviews conducted on VR psychological interventions focused on a 

specific domain such as promoting positive mental health (Li Pira et al., 2023) or managing pain and 

anxiety in children (Ahmadpour et al., 2020). Another literature review focusing on the outcomes of VR 

psychological interventions outlined the main result as the need for VR intervention studies to improve 

their methodological rigor (Turner & Casey, 2014). These interventions highlight the gap within the VR 

intervention field, regarding the guidelines and guidance for intervention creation, as well as lack of 

clear reporting of these interventions. Due to this, the current paper will focus on creating a checklist 

aimed at VR researchers to provide them with all the necessary aspects of VR environment that they 

must consider during intervention creation. The checklist will include information and questions 

regarding all sensory factors, interactivity, immersion and other important factors found in VR 

interventions through a systematic literature review. Due to the current state of VR intervention 

literature lacking methodological rigor, the author anticipates lacking information regarding certain 

aspects of the VR environment. Hence, the checklist created will be aimed at posing main and follow-up 

questions, regarding all VR factors identified in the literature review, to have the researcher consider the 

given factor and its presentation, rather than providing clear guidelines. The usefulness of this checklist 

lies with giving researchers ideas on how to enhance their intervention, for instance by addition of a 

specific sensory input, providing thinking questions regarding the presentation and consequence of the 

addition of certain factors, and highlighting the necessity of including all used factors in the written 

report. The checklist will emphasize the need for methodological rigor to enhance the replicability and 

credibility of future VR interventions.  

The following paper contains a systematic literature review of studies that were concerned with 

creation and/or testing immersive psychological VR interventions. This paper has been focused only on 

psychological interventions which are deemed as immersive, due to the extensive number of elements 

required for the creation of an immersive VR environment as well as the fact that VR programs rely on 
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immersion to trigger emotional, psychological, and/or physical reactions (Martens et al., 2019). The 

following paper identified key elements of VR interventions, namely elements of interactivity, sensory 

feedback, and use of avatars, to use the information for the creation of the checklist that will guide 

future researchers in the creation and reporting of new immersive psychological VR interventions. 

Therefore, the Research question which will drive the following literature review is: 

What factors and stimuli of virtual environments are associated with VR-based immersive 

psychological interventions? 

 This research question will be answered to use said findings for creation of a checklist 

aimed at guiding researchers in the creation and reporting of future VR interventions.  

Methods 

The methodology of the following paper was designed to encompass the latest developments in 

psychological VR interventions with attention put on transparency of the review process to allow for 

replication. The following sections will elaborate on the key steps of this paper, including defining key 

words and search strings, establishing inclusion and exclusion criteria, conducting data extraction, 

employing a selection process, finalizing paper selection, and extracting critical findings regarding set-up 

and creation of XR interventions. The following study adhered to the PRISMA (Preferred Reporting Items 

for Systematic Reviews and Meta-Analysis) (Moher, 2009) framework for reporting methodology. 

PRISMA consists of a 27-item checklist and a four-phase flow diagram aimed at helping researchers 

improve the reporting of systematic reviews (Moher, 2009). 

Eligibility Criteria 

Before the search strategy could be established, the eligibility criteria were created for the 

screening of reports. The inclusion criteria contained VR psychological interventions which utilized 

immersive virtual reality. The immersion of a given intervention was determined by the way the 

environment was presented to the participant. Specifically, all interventions utilizing a head-mounted 
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display were considered to be immersive, with other types of presentation being judged on one-to-one 

basis to determine the level of immersion. As the research questions is focused on immersive VR 

interventions, all other types of extended reality interventions were excluded, including AR and MR. 

Other types of exclusion criteria included studies which did not use VR, were not psychological 

interventions or interventions at all, studies that were not published in English or were inaccessible 

through the UT library, duplicates, other literature reviews and grey literature papers (e.g. conference 

papers, study proposals and case studies). Studies were deemed as medical (not psychological) 

interventions when they included samples of individuals with specific medical conditions (for instance, 

dementia or traumatic brain injuries). The distinction between psychological and medical conditions was 

based on the definition of mental disorders provided by the Diagnostic and Statistical Manual of Mental 

Disorders, which defines it as “a syndrome characterized by clinically significant disturbance in an 

individual’s cognition, emotion regulation, or behavior that reflects a dysfunction in the psychological, 

biological or developmental processes underlying mental functioning” (American Psychiatric 

Association, 2013, p. 20). Hence, all studies which included samples of individuals with specific 

conditions were compared to this definition to determine if they were eligible for inclusion, except for 

dementia which was identified as a neurocognitive disorder and was hence excluded (American 

Psychiatric Association, 2013). The identification of a paper as an intervention depended on the research 

question which had to focus on the feasibility or effectiveness of the intervention, rather than focusing 

on a third variable that is explored using VR.  

Search Strategy 

 The papers selected for this review were selected from an extensive iterative process of 

search string creation using Elsevier’s Scopus. Due to time constraints, it was not feasible to include 

more than one database within this literature review. Elsevier’s Scopus was chosen based on being one 

of the most extensive databases when it comes to the scope of different fields and not being an 
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exclusively medical database. The search strings were created to limit the number of studies to about 

600 by including and excluding specific keywords to find studies that meet the specific inclusion criteria.  

 The preliminary search string creation involved the identification of inclusion and 

exclusion key words. Due to the specificity of the current research question, the search string was 

focused on identifying psychological immersive VR interventions of all kinds. Therefore, most key words 

are focused on excluding medical interventions and other literature reviews. Each key word was used in 

combination with the search string ‘TITLE-ABS-KEY' to ensure that the search engine looked for the key 

word within the title, abstract or key words of each study. The inclusion key words, each connected by 

AND are as follows: psychology OR psychological, virtual AND reality, Intervention. The exclusion key 

words were all connected by the search term AND NOT and included medical, meta AND analysis, 

orthopedic, cancer OR cardiovascular OR stroke OR cardiac OR covid * OR respiratory, review OR critique, 

spinal OR birth OR tumor, pain AND management. The above-mentioned key words were combined in 

the Scopus search engine and the * sign was used to exclude all words which contain covid within them. 

 Even though all studies were extracted from Scopus, during the screening process, the 

reports' DOIs were used to find further information about each study, hence multiple different websites 

were used for in-depth analysis of the reports. This search was conducted on the 20th of February 2024 

and yielded 614 studies.  

Review Procedure  

To continue with the review process, the full list of extracted studies was transported to 

Ray.Yan. Ray.Yan is a literature screening software which allows for systematic screening of study titles 

and abstracts as well as their categorisation into included and excluded groups. The program identified 4 

duplicates within our studies, after which 2 studies were removed, leaving 612 studies for the review 

process. The screening process consisted of 2 steps which are described below. First, the author and 

another researcher split the studies in half and each of them assessed each study’s title and abstract in 
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their half of the sample. Each study was then marked as ‘included/eligible’, ‘excluded/not eligible’, or 

‘maybe included/maybe eligible’.  

After the first stage of review, 223 were excluded and 110 were identified as ‘maybe included’. 

About 40 studies identified as ‘maybe included’ were then screened by the first supervisor, with the rest 

being screened by the author and another researcher based on the feedback received from the first 

supervisor. After screening of all studies in the maybe category, 314 were excluded, leaving 298 in the 

dataset. The studies excluded using Ray.Yan were excluded with reasons, which are as follows: studies 

did not use XR (n = 81), studies were not psychological interventions (n = 151), studies who’s reports 

could not be retrieved (n = 9) and studies excluded for other reasons (n = 73).  Studies excluded for 

other reasons, were excluded based on the exclusion criteria outlined above, however due to 

procedural failures, the reasonings behind their exclusion were not noted during the process. 

Furthermore, 33 studies were excluded from the dataset as their relevance was limited to providing 

general background theory rather than directly addressing our research focus, leaving 270 for the full-

text examination. The full graphic representation of the screening procedure as well as its description, 

can be found below in Figure 1. 

After the initial screening of titles and abstract, the studies that met the eligibility criteria (n = 

270) were downloaded from Ray.Yan and summarized in a Microsoft Excel table for detailed data 

extraction. The author and another researcher separated this table into 2, with each containing about 

half of the eligible studies. Afterwards, they each analyzed the full texts of their half of the studies and 

summarized the relevant information in an Excel table. During this step, 48 studies were removed due to 

the inability to retrieve the full text documents, mainly due to pay-walls and differing languages. To 

ensure that only studies pertaining to immersive VR psychological interventions were included, the Excel 

table was screened once more. 
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Figure 1 

PRISMA Flowchart of The Study Selection and Screening Process 

 

During this step, 48 studies were removed due to the inability to retrieve the full text 

documents, mainly due to pay-walls and differing languages. To ensure that only studies pertaining to 

immersive VR psychological interventions were included, the Excel table was screened once more. 

During the review of the full reports, one more exclusion criterion was created which removes studies 

which lack significant information regarding VR stimuli. Studies excluded due to this exclusion criterion 

usually either referenced another paper which included the in-depth description of VR stimuli, or simply 

included information regarding study procedure, but no information on VR stimuli. During the final 

screening, studies were removed, due to being study protocols (n = 21), not being immersive (n = 30), 

containing unclear descriptions of the VR programs (n = 56), not being psychological interventions (n = 



  13 

   

47), being in a different language (n = 3), or not using VR (n = 4). Any uncertainties regarding inclusion/ 

exclusion of studies and their categorization in further steps were resolved by the first supervisor. After 

the full-text screening, 61 studies were identified as eligible. The PRISMA flowchart, provided in Figure 1, 

is a clear graphic representation of the procedure from the search results to the final number of 

included studies.  

Data Extraction 

To answer the research question, we gathered information from each study. This information 

included the number of participants (total and per group, where applicable), any important 

demographic information and any relevant diagnostic information. We identified how participants were 

separated into the different conditions. For general information, we also included the most important 

information regarding the research question, procedure and findings of each study. Furthermore, to 

answer the research question, we also gathered information regarding the type of VR used as well as the 

specific program used. We identified any information regarding the VR stimuli, and all the sensory 

effects used for the creation of the virtual environment. Finally, we gathered information about the 

experimental task and any priming or pre-exposure to stimuli that occurred during the procedure. To 

find all this relevant information, the full text of each study was assessed, particularly the methods and 

results sections to gather relevant information, as well as section on the description of the intervention, 

which is the most relevant for this paper. Due to the extensive amount of information gathered required 

for proper screening of studies, only the most relevant information regarding the research question will 

be included in the results tables. 

The information gathered from all the included studies, was used for the creation of a checklist 

intended for the support of the creation of future VR interventions. The checklist was created based on 

the information regarding VR stimuli and their sensory feedback(s) and contains questions that are 

meant to guide future researchers through VR intervention creation by providing questions for the 
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researchers to think about regarding their design decisions. The checklist was created using the Mind-

mapping tool, Miro. The full checklist will be presented and explained in the following results section.  

Results 

After all the screening procedures, 61 articles were included in the final dataset. The following 

results section will first present trends found across all interventions regarding types of interactions and 

stimuli presented in VR. Afterwards, the categorization of the different interventions will be presented 

and explained. Finally, the created checklist will be discussed and explained in detail.  

Trends across categories  

The results tables, presented in the Appendix B, were used for the identification of trends across 

all categories. The trends that were identified are regarding Type of stimuli in VR, the type of VR 

interaction, how the VR was presented, freedom of movement in VR, presence of interactable 

elements/objects, and the ability to change elements of the environment. The following section will 

present the distribution of all studies across these trends and their detailed descriptions. 

Types of Stimuli in VR 

The types of stimuli in VR refers to the main elements of the VR program, namely personal 

stimuli, direct avatar interaction, background avatars, and environment only. Personal stimuli refer to 

interventions in which all content of the intervention is personalized to each participant, such as in 

Reminiscence Therapy. Direct avatar interaction describes VR interventions of which a key part is a 

direct conversation with a virtual avatar. The background avatars describe interventions in which avatars 

are present as part of the environment, meaning no interaction with avatars is present. Finally, 

environment only refers to interventions which contain no avatars, meaning only the environment is 

present. These different elements of VR, except for personal stimuli, overlap in one direction. More 

specifically, if a study is identified as having direct avatar interaction, it is implied that it also contains a 

general environment and may contain background avatars. Studies labeled as background avatars also 
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contain an environment. The final distributions are as follows with the graphical representation being 

presented below in Figure 2: Direct avatar interaction (n = 14), background avatars (n = 13), 

environment only (n = 28), and personal (n = 6). 

Types of VR Interaction 

The trend of Type of VR interaction refers to hardware that the participant used to interact with 

the VR program. The types of interaction within this category are exclusive, meaning each intervention 

could only be placed in one category. The results are as follows, with the graphical representation 

shown below in Figure 3: No interaction (n = 26), VR controllers (n = 28), treadmill (n = 3), exercise bike 

(n = 2), and other (n = 2). The no interaction category refers to intervention in which participant were 

unable to interact with the VR environment, meaning they merely experienced it. The category of VR 

controllers encompasses interventions that utilized VR controllers in the forms of buttons and joysticks, 

as well as interventions that used VR controllers to simulate movement of VR activities, such as 

gardening or fishing. Categories of treadmill and exercise bike used either of the exercise equipment 

during their VR procedures. Finally, the category of Other encompassed studies utilizing a unique type of 

interaction. One study utilized a driving console to simulate driving under the influence to achieve 

behavior change (Vankov et al., 2021), while another study utilized hand gestures to enhance social 

functioning of children with autism (Cai et al., 2013).  

Types of VR Presentations 

The Types of VR presentations refer to how the participant experienced the VR environment. More 

specifically, out of the 61 included studies 59 used head-mounted displays (HMD) for their VR 

presentations. This may be because this study only included immersive VR interventions, which were 

determined by the way they were presented. Due to this, only two studies included used a different 

form of presentation. One study utilized projectors to create wall projections across three of the four 

walls in a room, enabling the participant to still be immersed (Cai et al., 2013). 
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Figure 2 

Bar Graph of the Distribution of Interventions across VR stimulus types 

 

 

Figure 3  

Bar graph of Distribution of interventions across Types of VR interaction  
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 The second study, which did not make use of HMD, utilized three computer screens which were 

presented so the participants saw what was right in front of them in the environment as well as to their 

right and left (Schwebel et al., 2014).  

Types of Sensory Feedback in VR 

This trend category refers to the different senses stimulated by the VR environment and outside 

environmental factors that were kept constant. The sensory factors include Visual, Audio, Tactile, 

Haptic, Olfactory, Proprioceptive and Exteroceptive. In terms of constant environmental variables, they 

included temperature, humidity and PM concentrations. The trend will be presented by reporting the 

number of studies that utilized specific sensory feedback out of the entire dataset, for every sensory 

feedback. As may be evident, all 61 interventions utilized visual feedback, while 44 also used audio 

feedback. The 17 studies which did not use auditory feedback were mostly concerned with natural 

environment exposure or relaxation interventions. Two studies used tactile feedback and two studies 

used haptic feedback. One of the interventions reported as haptic feedback, identified their own 

sensory feedback as tactile, however as they used a rumble platform to recreate shaking of the ground, 

the author believes that reporting this intervention as haptic feedback is more accurate (Brito et al., 

2021). Three studies utilized olfactory feedback. Only one study utilized proprioceptive feedback, the 

form of which was not specified, and exteroceptive feedback, received via a giant fan to increase the 

immersion of a free fall scenario (Brito et al., 2021). Finally, in terms of constant variables, only three 

studies kept the temperature constant throughout the intervention. One of these studies not only 

controlled temperature but also humidity and particle matter concentration using a real-time sensor 

package (Yin et al., 2019). 

Other VR Trends 

The rest of the trends found within this literature review are concerned with the ability to move 

in VR, the presence of interactable elements/objects and the ability for the participant to change 
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aspects of the environment. Due to each of these trends either being present or not, the use of 

graphical representations can be considered unnecessary. In terms of freedom of movement, it refers to 

the participant’s ability to freely move or teleport across the VR environment. From the included 

studies, 23 included Freedom of movement in their intervention, while 38 did not. The presence of 

interactable elements/objects refers to any aspects of the VR that the participants were able to 

‘physically ’interact with, like certain activities (e.g. fishing) or picking up objects. 17 studies utilized 

interactable elements in their program, while 44 did not. Finally, changing aspects of the environment 

refers to the ability of the participant to change the environment to suit their needs or preferences, for 

instance changing the time of day or weather. 57 interventions did not include any change-able 

elements, while four studies, focusing on exposure or relaxation interventions, included the ability to 

change the environment.   

Report Categorization 

To allow for the comparison of the intervention stimuli, the author first categorized the studies 

based on the type of therapy utilized or based on the specific aim of the interventions. All the 61 

included articles were separated into eight categories based on the aims of the interventions. Figure 4, 

below, shows the graphical representation of these categories. The studies in category, ‘Exposure 

Therapy’ (n = 10) utilized VR for the creation of Exposure Therapy interventions. The category 

‘Enhancing Psychological Wellbeing’ (n = 12) encompassed studies whose focus was on improving well-

being or lowering stress in general populations. ‘Environment Research’ (n = 12) focused on 

interventions which utilized exposure to natural environments to achieve different goals. The category 

of ‘Mental Disorder Treatment’ (n = 9) also focused on improving well-being, however the interventions 

were aimed at individuals with specific mental health disorders. Studies found in the category, 

‘Enhancing Social Functioning’ (n = 3) were concerned with enhancing the social skills of individuals who 

might struggle with social situations, such as people with autism. 
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Figure 4 

Bar Graph of the number of studies per category

 

Interventions within the category ‘Behavior Change ’(n = 8) mainly focused on different types of 

behavior changes, including but not limited to pro-environmental behavior or smoking cessation. The 

category of ‘Body Image ’(n = 4) included interventions whose aim was to change the participants ’body 

image, to improve well-being, eating and exercise habits. Finally, the ‘Miscellaneous ’(n = 3) category 

encompasses three studies whose aim did not match any of the previously mentioned categories and 

which will be described individually.  

Using the categories created above, certain similarities and unique stimuli surfaced within each 

category. These environmental properties of the intervention will be presented in the text below, 

separated by the created categories. The full results of each category are presented in Appendix B, with 

the description of the results tables found in Appendix A.  
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Exposure Therapy 

The category of Exposure Therapy was made to include all articles which utilized Exposure 

Therapy in VR. These studies were namely concerned with treating different phobias (n = 2), PTSD (n = 4) 

and anxiety (n = 2), but also include gambling (n = 1) and obsessive-compulsive disorder (OCD) (n = 1). 

The following section will present the descriptions of all the key information gathered from VR exposure 

therapy intervention, with the full results presented in Table B1, at the end of this paper.  

Exposure Therapy is defined by gradual and repeated exposure to a fearful stimulus or situation, 

hence all the studies in this category contained leveled hierarchies of exposure. The interventions aimed 

at phobias, focused on aerophobia and claustrophobia, respectively. Both interventions used more than 

one VR environment for exposure and allowed the participant to freely move around. (Botella et al., 

2000; Banos et al., 2002). In terms of sensory feedback, both interventions utilized both visual and 

auditory stimuli, enhancing the immersion of the exposure scenarios. The aerophobia intervention 

included multiple interactable elements across all three environments, such as the window and tray on 

the airplane (Banos et al., 2002). No interactable objects were present in the claustrophobia 

intervention, but the participants were able to change certain aspects of the virtual environments to 

change their level of exposure (Botella et al., 2000). Finally, unlike the claustrophobia intervention, the 

aerophobia study included not only the airplane environment but also environments associated with 

airplane travel, such as the airport or the participant’s room while they pack for the flight (Banos et al., 

2002).   

The Category of Exposure Therapy included 4 interventions on combat-related PTSD or 

treatment-resistant PTSD. The difference between exposure therapy for PTSD and other forms is that 

the VR stimuli for PTSD interventions must be tailored to the traumatic events of the participant. Due to 

the specificity of VR environments in PTSD interventions, only information regarding sensory feedback 

was included in the final table. One article focusing on combat-related PTSD created personalized 
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exposures for each participant that not only included visual and auditory stimuli but also delivered 

scents associated with the traumatic scene through a scent machine and tactile feedback through a 

rumble platform (Beidel et al., 2019). The other 3 interventions on PTSD all used a form of virtual reality 

and motion-assisted exposure therapy, called 3MDR (van Gelderen et al., 2020; Tang et al., 2021; Smith-

MacDonald et al., 2023). 3MDR involves the participant being put on a treadmill in VR, where they are 

exposed to a pre-selected image that is related to the participant’s traumatic memory. 3MDR uses a 

number recall task after each exposure, music inducing traumatic events and relaxation music to 

desensitize the participant to the memory.  

Both interventions aimed at social or public speaking anxiety utilized social interactions with 

avatars in their exposures. Specifically, the self-guided anxiety intervention exposed the participants to a 

visual-only environment containing multiple avatars. As the intervention was self-guided, participants 

were able to modify aspects of the environment on 3 levels (low, moderate and high), including 

audience size, audience reaction, speaker’s distance from audience, number of speech prompts and 

salience of self (Premkumar et al., 2021). The second VR intervention on social anxiety focused on 

making the exposures more personalized to the participant by creating a hierarchy of virtual visuo-

auditory social situations according to the participant’s anxiety levels (Kampmann et al., 2016). This 

allowed the participants to experience a hierarchal exposure to fearful situations tailored to their 

individual fears. However, this also meant that the study included little information regarding stimuli 

due to the large variety of virtual environments created.  

Finally, Exposure Therapies for gambling and OCD both included being immersed in virtual 

environments with triggering stimuli. The gambling intervention utilized a timed exposure to specific 

triggering VR stimuli, such as video lottery terminals, along with ambient music and sounds to decrease 

the primed urge to gamble (Giroux et al., 2013). The OCD intervention exposed participants to a visual-
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only contaminated area with various degrees of filthiness which were ordered from medium intensity to 

the most distress-provoking stimulus (Miegel et al., 2022). 

Enhancing Psychological Well-being 

The Category titled Enhancing Psychological Wellbeing, focused on interventions that aimed at 

improving the general well-being of people in different contexts. More specifically, it involves studies 

that do not focus on individuals with mental health problems but rather on improving the general well-

being of for instance, university students, people receiving an operation or community-dwelling older 

adults. The articles in this category can be separated based on the VR content and target group as 

follows: four articles utilizing exercise in VR, three articles using natural environments, two interventions 

aimed at self-compassion and self-statements, two interventions aimed at reducing preoperative 

anxiety, and one study utilizing VR drawing programs. The full descriptions of the articles in this category 

are presented in Table B2. 

One study out of four focusing on exercise in VR, aimed its intervention at enhancing the 

effectiveness of exercise through VR (Farrow et al., 2018). The intervention using High intensity interval 

training focused on improving performance by utilizing VR to motivate participants (Farrow et al., 2018). 

Participants exercised on a stationary bike while leaning their head to the side to avoid collisions in the 

visual-only VR. Motivation was increased via the presence of a ‘ghost’ representing the participant’s 

previous performance, as well as switches from a day environment to a night environment when 

switches occurred between low and high intensity, respectively (Farrow et al., 2018). 

The other three interventions involving exercise focused on introducing VR exercises into the 

participants’ lives to increase their general well-being (Brito et al., 2021; Basharat et al., 2023; Shaw & 

Lubetzky, 2021). The sensorimotor rehabilitation intervention used various environments, including 

urban and natural settings, a high-rise building and a free fall simulation (Brito et al., 2021).  Just like the 

exercise intervention described above, the sensorimotor rehabilitation intervention used a stationary 
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bike for its exploration scenario (Farrow et al., 2018; Brito et al., 2021). The VR environments of this 

intervention featured visual and auditory feedback with certain scenarios also including olfactory, 

proprioceptive, tactile and temperature stimuli. For instance, giant fans were used to help increase the 

immersion of the free fall scenario (Brito et al., 2021). Another exercise intervention, Seas the Day, 

created a VR environment of an animated island with simple shapes and saturated colors, where 

participants could interact with the environment through activities like Tai-chi, boat rowing and fishing, 

using controllers to simulate the movements of these activities (Basharat et al., 2023). Finally, an 

intervention focusing on reducing stress and anxiety utilized upper body movements in a visual-only VRs 

environment to play dodgeball (Shaw & Lubetzky, 2021). 

Three studies focusing on improving psychological well-being used natural VR environments to 

induce relaxation and mindfulness in participants (Cawley & Tejeiro, 2024; Chan et al., 2020; Naylor et 

al., 2019). Both interventions on mindfulness and pre-operative anxiety utilized exposure to natural 

environments to reduce stress, with the mindfulness intervention using varied animated environments, 

while the pre-operative anxiety intervention used real-life 360-degree recordings of natural 

environments (Cawley & Tejeiro, 2024; Chan et al., 2020). Both interventions also encompassed 

breathing exercises in VR, with the pre-operative anxiety intervention being accompanied by relaxing 

music (Chan et al., 2020). Finally, the SoundSelf intervention immersed individuals in a world of colorful 

lights and relaxing music, using a program that creates unique visual effects based on the input music 

(Naylor et al., 2019).  

Two studies from this category focus on raising self-compassion and well-being through positive 

statements and reflection (Hidding et al., 2024; Kim et al., 2020). The first intervention utilized a 

microphone with voice morphing for the creation of a virtual avatar, which was able to react to the 

participant through voice, movement and facial expressions (Hidding et al.). After the perspective 

change occurred, the intervention used the voice recording of the participant as the voice of the virtual 
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avatar. The second intervention also utilized virtual avatars but within 3 different environments, an 

office, a lecture room and radio station (Kim et al., 2020). Participants were able to interact with certain 

objects, namely books, in two of the three scenarios, which each represented a different domain of life, 

acting as a guide for conversations with virtual avatars. In the 2nd scenario, the books transport the 

participant to the lecture room environment, which differs based on the book chosen by presenting 

different images relevant to the domain in the background of the environment (Kim et al., 2020). 

Within the category of Enhancing psychological wellbeing two studies focused on lowering pre-

operation anxiety in children using virtual cartoon characters (Chamberland et al., 2023; Han et al., 

2019). The first intervention utilized visuo-auditory augmented reality (AR) to add cartoon characters 

into the real-life environment of the waiting room. (Chamberland et al., 2023). The intervention used 

progressive muscle relaxation and breathing exercises guided by the cartoon characters, to reduce pre-

operative anxiety. Both interventions adopted the cartoon characters to have them explain the 

importance and process of the operation (Chamberland et al., 2023; Han et al., 2019). Instead of 

employing augmented reality, the second intervention utilized a 360-degree 3D virtual operating room 

in which all equipment and machines required for radiography were rendered graphically (Han et al., 

2019). 

The final intervention present in this category involved the investigation of the effect of VR art 

programs on physiological and psychological stress measures (Richesin et al., 2021). Specifically, 

participants in the experimental group received 15 minutes in the VR application, Google Tilt Brush, in 

which they were free to use any virtual equipment to draw freely. The unique part of a VR drawing 

application is that it allows one to draw in 3D space, creating an immersive environment.   

Environment Research  

The category of Environment Research was created to encompass all articles whose intervention 

stimuli include natural environments. More specifically, interventions in this category were focused on 



  25 

   

exposing participants to different types of natural environments to achieve their aim. The final articles in 

this category can be separated into two subcategories based on the form of the environmental stimuli: 

Virtual environments (n = 6) and real-life recordings/images (n = 6). The full descriptions of all articles in 

this category are in Table B3, at the end of this paper.  

The six interventions using virtual environments all created their own animated natural 

environments using different graphics programs (Ilioudi et al., 2023; Yin et al., 2019; Wang et al., 2022; 

Riches et al., 2023; Lau et al., 2010; Batistatou et al., 2022).  The VR calm room intervention created a 

virtual beach with mountains and trees in which participants were able to change certain aspects of the 

environment, including time of day, types of weather and enabling/disabling animal sounds while other 

aspects changed to match, such as sounds of rain when selecting rainy weather (Ilioudi et al., 2023). 

Another intervention aimed at decreasing anxiety and depression symptoms, created a VR environment 

of an animated park, where participants could walk around and interact with the environment through 

activities such as flying a kite, watering vegetables, fishing and feeding birds, using controllers to 

simulate the movements of these activities (Wang et al., 2022). Just like in the previous study, the 

relaxation intervention for acute psychiatric services created an audio-visual environment of a beach 

island which the participants were free to explore and interact with through different activities such as 

meditation, scuba diving with dolphins and relaxation exercises (Riches et al., 2023). Two interventions 

focused on the influence of greenery in different urban environments on emotions and stress reactions 

(Yin et al., 2019; Batistatou et al., 2022). Yin and others (2019), focused on natural elements and natural 

analogues in different office environments, while Batistatou and others (2022) created a virtual 

university campus with and without greenery. The difference between these interventions lies not only 

with the environment that was used, but also in the fact that the office intervention utilized a real-time 

sensor package to keep environmental conditions, including temperature, relative humidity and PM 

concentrations, stable across conditions and participants (Yin et al., 2019). Finally, the Virtual psychiatric 
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ward intervention created a virtual environment replicating the real-life ward in which participants were 

free to explore and interact with certain objects, with specific places triggering the appearance of a pop-

up message which explained the important aspects of the ward, such as the locked-door policy (Lau et 

al., 2010). 

The other six interventions in this category used real-life 360-degree recordings or panoramic 

images to expose participants to natural environments (Zhang et al., 2023; Ho et al., 2023; Theodorou et 

al., 2023; Browning et al., 2023; De Jesus Junior et al., 2023; Woo et al., 2024). Two of these 

interventions have chosen the specific natural environments used based on having no evidence of 

human activity (Zhang et al., 2023; Browning et al., 2023). The natural environment used in Zhang and 

other’s (2023) intervention was also chosen by the diversity of vegetation and included environmental 

sounds. Browning and others (2023) used many environments, including forests, beaches, rainforests 

and waters, which all included a mixture of three components of natural landscapes, plants, water and 

rocks/minerals. Another intervention aimed at enhancing subjective vitality, made use of panoramic 

photos of four different environments, urban, park, lake and arctic which were all taken by the 

researchers to ensure that they were semi-open spaces with no humans and comparable lighting 

(Theodorou et al., 2023). Another article was aimed at lowering physiological and psychological stress of 

factory workers through exposure to 360-degree recordings of real-life environments including parks, 

hiking trails, forest paths and bikeways recorded during sunny afternoons (Ho et al., 2023). A relaxation 

intervention aimed at individuals in palliative care, FLOW-VRT, encompassed relaxation coaching in 

combination with eight 360-degree real-life recordings which were selected based on the following 

criteria: a serene environment with comforting sounds and visuals, filmed on stationary cameras to 

minimize motions, low visual disturbances and allowed focusing on a singular point (Woo et al., 2024). 

The final intervention aimed at individuals with PTSD utilized three virtual audio-visual environments of 
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an in-mountain lake, Canadian beach and rocky seaside, some of which contained natural sounds and 

odors, breathing exercise or audio-guided meditation (De Jesus Junior et al., 2023).  

Mental Disorder Treatment 

The Mental Disorder Treatment category includes VR interventions targeted at individuals with a 

specific mental disorder and whose intervention procedures do not fit to other established categories. 

Due to the variety and specificity of all articles within this category, no sub-categories can be 

established. The full description of all studies within this category can be found in Table B4.  

The fear of darkness intervention utilizes mobile-assisted VR with five scenarios of increasing 

difficulty (Paulus et al., 2019). Participants navigate through an animated forest with varying light 

conditions and torch distances, as well as auditory stimuli like bird and door sounds to enhance 

immersion.  

The intervention aimed at refractory auditory verbal hallucinations made use of a virtual avatar 

customization procedure, in which participants created avatars embodying their hallucinations (du Sert 

et al., 2018). The immersiveness of the participant-avatar conversation was enhanced by real-time 

simulation of the avatar’s voice using a microphone with voice transformer and lip-synchronization. 

Freeman and others (2018) created an automated VR intervention aimed at fear of heights, 

which involved a virtual coach created through motion-capture and voice recordings. The virtual coach 

accompanied the participant through all 10 levels of exposure, each consisting of a different audio-visual 

environment with certain scenarios being engaging, like rescuing a cat from a tree. 

The VR acceptance and commitment therapy intervention utilized audio-visual real-life 

recordings of five environments, empty desk, lake scene, one person behind a desk, three people behind 

a desk and a lecture room full of people, accompanied by audio instructions to conduct in vivo exposure 

(Gorinelli et al., 2023).  
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An intervention targeted at individuals with borderline personality disorder used an animated 

VR environment resembling riding a rollercoaster inside of one’s brain, with different neurons spanning 

all over the environment (McLachlan et al., 2021). The intervention utilized gamified elements by having 

the participants ‘pacify’ red neurons by pointing the controllers in its general direction, followed by 

auditory feedback if the neuron was hit.  

Kim and Lee (2022) created an intervention aimed at individuals with sluggish cognitive tempo 

which utilized an animated VR environment of a car driving down a winding mountain road. Different 

fixations appear above or around the virtual car with audio-visual feedback indicating whether the 

fixation was faster or slower than the previous one, by tinting the screen green with an alarm or red 

with a warning sound, respectively. 

The Psychedelic replication intervention created a VR environment which simulates psychedelic 

experiences through visuals and audio (Kaup et al., 2023). The visuals mostly encompass geometric 

patterns and abstract shapes accompanied by specific soundtracks, created with varying intensities to 

match the visuals of each level. 

The intervention aimed at subjective tinnitus, created participant-specific avatars which 

recreated the subjective tinnitus sounds of the participants by including five types of sounds, whistling, 

hissing, roaring, humming and ringing, matched on frequency and loudness (Park et al., 2022). The 

intervention included four animated audio-visual environments, living room, bedroom, a restaurant and 

city street, each of which contained a noisy part of the environment, like TV for living room 

environment, in which the participant was meant to drown out the noise of the tinnitus avatar. 

Finally, the alcohol use disorder intervention created a VR environment of an animated city with 

several areas, a mini market, pharmacy, art gallery and an interactive home, where participants were 

guided by a therapist to walk around freely while interacting with certain objects to accomplish certain 

tasks, such as buying groceries (Gamito et al., 2021).  
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Enhancing Social Functioning 

The category Enhancing Social Functioning encompasses VR interventions aimed at improving 

the social functioning of individuals who might otherwise struggle in social situations. The final number 

of articles included in this category is three, with each intervention focusing on a different target group, 

specifically people with autism, a psychotic disorder or social anxiety disorder. The full descriptions of all 

the articles in this category can be found in Table B5.  

The intervention aimed at individuals with autism created a virtual dolphinarium displayed via 

three projectors aimed at 3 walls of the lab (Cai et al., 2013). The environment involved an animated 

dolphinarium with a glass covering a side of the pool, allowing the participants to directly interact with 

the dolphins in water. The participants were unable to move within the environment but were able to 

interact with the dolphins using hand gestures with the correct hand gestures eliciting an audio-visual 

response from the dolphins of them doing the correct trick and producing noises.  

The psychotic disorder intervention, DiSCoVR, utilized three animated environments including a 

shopping street, a caffe and a supermarket which included different non-player characters, namely 

people walking down the street, two people interacting together and an NPC interacting with the 

participant directly, respective to each environment (Nijman et al., 2022). The characters on the 

shopping street exhibited multiple facial expressions that were to be identified by the participant, while 

the two individuals in conversation in the caffe used voice recordings to allow the participant to observe 

a personal conversation. The character interacting with the participant directly was controlled and 

spoken for by a therapist using a voice morphing program.  

Finally, the social anxiety intervention, Pegasys-VR, created a VR environment of an animated 

school with non-player characters for the participant to interact with (Beidel et al., 2021).  The 

participants interacted with different characters to conduct peer generalization exercises. The 

environment also includes gamified elements which support the practice of social skills, such as 



  30 

   

identifying open-ended questions. Finally, the in vivo exposure of Pegasys-VR was customized to 

everyone's unique fear, such as giving a speech or reading aloud. 

Behaviour Change 

The category of Behavior Change includes interventions focused on achieving behavior or 

attitudes changes in their participant to enhance their personal wellbeing or the wellbeing of others. 

Due to the variety and specificity of each intervention in this category, no sub-categories were 

identified. The full descriptions of all studies within this category are in Table B6, at the end of this 

paper.  

The first intervention, focusing on pro-environmental dietary change, created three animated 

environments of a living room and a Swedish and US mountain, depending on condition (Plechatá et al., 

2022). The living room included an interactable tablet, showcasing images of different types of foods 

which the participant was expected to select. Both mountain environments were meant to represent 

nature 30 years into the future and because of that two versions of each environment were created to 

reflect the environmental effects of the participant’s food choice. One environment was covered in 

brown smog with dying trees and no grass or animals, while the second environment showed the exact 

opposite, a green flourishing mountain. The participants also received either normative feedback, 

showing the KG of CO2 consumed and compared to the average Scandinavian, or generic feedback which 

included only KG of CO2, both of which were presented via a pop-up message, along with an 

environmental impact food pyramid, after exposure to the mountain environment (Plechatá et al., 

2022).   

Another intervention aimed at lowering hot water use utilized a virtual animated shower with a 

window showcasing different stimuli, depending on the condition (Bailey et al., 2014). The vivid 

conditions showed two tables outside of the window, with one containing a pile of coal which was one 

by one transported to the other table to indicate energy consumption. The vivid personal condition also 
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included a virtual avatar, created using pictures of the participants, which would eat every piece of coal 

transported to the second table, which was accompanied by auditory feedback of crunching sounds and 

haptic feedback to increase immersion of the avatar chewing on coal. The non-vivid conditions 

showcased simple posters hanging on the wall outside the window, stating either “You have used 1 

piece of coal.” or “1 piece of coal was consumed.”, respectively (Bailey et al., 2014, p. 579). 

An intervention enhancing peace promoting attitudes and emotions, utilized a real-life 360-degree 

visuo-auditory recording along with imagined and immersive perspective-change procedures (Hasson et 

al., 2019). The recording showcased a Palestinian couple approaching a military roadblock where they 

are stopped by soldiers who begin inspecting them, with the video ending once the Israeli soldiers point 

their rifles at the couple. The recording contained two versions, one with the camera on the side of the 

Israeli soldiers and one with the camera placed on the other side, to enhance the immersive 

perspective-change conditions.  

Ingram and others (2019) created an intervention aimed at bullying prevention which 

encompassed three VR bullying-relevant animated scenarios along with perspective-change instructions. 

The first scenario involved a virtual character getting bullied by their peers, after the character’s best 

friend starts to get bullied too, the character joins the bullies to regain their social standing. The second 

scenario involves multiple ineffective responses to bullying from a teacher, such as “It’s not a big deal.” 

(Ingram et al., 2019, p. 76). The final scenario transported participants into a future where no bullying 

exists, and the avatars present explain how that was achieved.  

Another intervention focused on reducing driving under the influence by having the participants 

experience what it is like to drive under the influence in a VR environment (Vankov et al., 2021). The first 

animated environment created for this intervention was a night club environment where participants 

were to decide what substance they’d like to experience, alcohol, marihuana, mushrooms or ecstasy. In 

the second animated environment, participants were placed into a driving simulator console before 
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experiencing a winding road with trees along its side. The alcohol condition reduced the participant’s 

field of vision and created a delay between the participants command and the vehicle’s response. In the 

ecstasy condition, everything moved at an increased pace with sharpened sensors and intervals of 

colorful, blurry and flashy colors. When selecting marihuana, the environment would be slowed with a 

reduced vision field and mutated colors. Finally, the magic mushroom condition changed the 

environment to an unrealistic and imaginary scene with characters, while also switching the console 

inputs to their opposites, meaning if the participant wanted to turn right, they had to turn the wheel 

left.  

The intervention for bystander helping behavior, created a VR animated bar environment 

including a bar, a wall of alcohol bottles and three by-stander non-player characters present in the 

environment (Rovira & Slater, 2022). In the VR environment, the participant conversed with an avatar, 

wearing a football uniform, before being approached by a different avatar, wearing a different football 

uniform, who proceeded to start an altercation between two non-player characters. The speech of both 

avatars was presented via pre-recorded voice lines done by two different actors. 

An intervention aimed at teaching children to safely cross the street, created a virtual animated 

environment of a midblock crosswalk across a bidirectional two-lane road (Schwebel et al., 2014). The 

intervention is presented using three computer screens to allow viewing of the crosswalk and cars 

arriving from both directions. The virtual environment is detailed and contains background stimuli of 

suburban houses with trees and different cars passing by. Once the participant decides to cross the 

street, the environment switches to a 3rd person view to show a race- and gender-matched avatar 

crossing the street to see if it was safe or not.  

Nowak and others (2020) created an intervention aimed at increasing intentions to get the 

influenza vaccine. The intervention involved multiple animated environments, namely, a restaurant in 

which the participants transferred influenza to avatars, inside-body environment in which participants 
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were to send immune cells after the influenza virus using VR controllers, a hospital environment with 

the infected avatar, a doctor’s office in which participants were administered influenza vaccine, and the 

restaurant environment without the coughing stimuli (Nowak et al., 2020). Transferring of influenza 

virus was indicated by coughing noises and animations of particles travelling through the air.  

Body Image 

The Category of Body Image includes interventions whose aim is to improve the participants’ 

body image disturbance and body satisfaction. Four studies were included in this category, with two of 

them using multiple models of different sizes which were to be identified and judged by the participant. 

The full descriptions of all four studies within this category can be found in Table B7. 

The body image intervention, Resize Me!, created two virtual animated environments, one replicating 

the lab which was used for character creation and one simulating a typical therapeutic office with indoor 

plants and a mirror which was used for the body weight estimation procedure (Döllinger et al., 2022). 

The researchers created an avatar based on the scans and measurements of the participants after which 

the size of the avatar was edited so that nine weight-different models were created which were 

gradually replacing the original avatar throughout the procedure, while the participant estimated their 

body weight.  

The second intervention which used multiple models of different weights, created a visual-only 

virtual animated environment of an office including planters and bookshelves, in which participants 

were presented with individual models that they had to identify as either thin or fat (Irvine et al., 2020). 

The researchers created an avatar matched by height, gender and baseline measurements which was 

then edited into 15 models ranging in BMI from 15.45 to 33.70 

The body image satisfaction intervention created two visual-only virtual animated 

environments, differing on conditions, in which participants were expected to approach three groups of 

three people in order of their preference (Purvis et al., 2015). The first environment created for the low 
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body salience condition involved an indoor university building in which avatars wore long-sleeved shirts 

and long pants. The second environment created for high body salience encompassed a beach scenario 

with avatars wearing different swimsuits. In both environments, the three groups of three avatars, each 

with different body weights.  

Finally, the full body illusion intervention created a virtual animated environment of an empty 

room in which participants focused on the naked abdomen of their avatar (Keizer et al., 2016). During 

this, a researcher uses a brush to stroke the participant’s abdomen, which also contains a movement 

sensor to allow the simulation of the movement of the brush in VR, creating visuo-tactile feedback.   

Miscellaneous 

The Category of Miscellaneous contains interventions which are completely unique in their 

design and hence do not fit into any other established categories. The three interventions present in this 

category focus on reminiscence therapy, increasing empathy in informal caregivers of people with 

dementia and organizational training, respectively. The full descriptions of all three interventions can be 

found in Table B8. 

The reminiscence therapy intervention utilized interviews to gather personal information 

regarding participant’s key memories and elements associated with those memories, such as music, to 

create a virtual environment as well as slideshow of pictures and videos (Khirallah Abd El Fatah et al., 

2024). Due to the specificity of the VR environments and other stimuli in reminiscence therapy 

interventions, only information regarding sensory feedback and types of stimuli was included in the final 

table. The stimuli included exposure to a slideshow containing old photos along with audio descriptions 

of the important memories associated with those pictures. VR Wander was also used for re-creation of 

participant’s hometown in the VR environment accompanied by music from participant’s early lives. 

The second intervention, D’mentia, used a shipping container which was furnished as a living 

room with a kitchen along with projections across the room to help simulate what it is like to have 
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dementia (Wijma et al., 2017). The projections encompassed different audio-visual animated movie 

scenes that the participants watched, including a person with dementia struggling to find the fridge to 

clear the groceries and realizing they bought the groceries twice, a person with dementia being 

confronted by their informal caregiver about where the TV remote is before complaining about the 

situation to someone on the phone, and the person with dementia celebrating their birthday with other 

people but they do not understand why there is cake and have a strong feeling that they want to go 

home even though they already are.  

Finally, the organizational training intervention created a virtual animated visuo-auditory 

environment of a biotech laboratory including virtual scientists which guided the participant through the 

organizational training (Baceviciute et al., 2021). The virtual laboratory presents the participants with 

different information in different forms, namely conceptual information presented through exercises 

requiring body movements that simulate conducting lab experiments, factual information presented via 

static posters around the lab, and spatial knowledge presented in the same way as conceptual 

knowledge with more emphasis on spatial visual representations.  

Checklist 

The following section will introduce and explain all sections of the checklist created using the 

information gathered in this literature review. The checklist was created with the main aim of enhancing 

the creation and reporting of VR interventions, by providing future researchers with brainstorming 

ideas. Specifically, the checklist is separated into multiple sections based on content, each of which 

presents the researcher with questions that guide the structure of the checklist and follow-up questions 

meant to initiate the consideration of different aspects of the VR environment. Due to the limitations of 

the found evidence, presented in detail in the discussion section, this checklist cannot be considered 

fully complete due to missing valuable information regarding other aspects of VR interventions which 

were not explicitly described in the journal used in this review. However, the main use of this checklist 
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would be to be publicly available for researchers intending to create VR interventions in order to have 

them consider and think about all different aspects of VR environments and how they are able to 

enhance their intervention goals with their addition. The checklist is intended to be used in early stages 

of VR intervention development as it mostly concerns the inclusion of different environmental aspects, 

how they are presented, and how the decisions regarding this aspect my affect the participant 

experience and the effectiveness of the intervention, hence making it the most beneficial during the 

planning of the creation of the intervention.  

For the clarity of the organization of the checklist as well as the ability to skip irrelevant 

questions of the questionnaire, the checklist was separated into different sections by the author, based 

on content of the questions and their relevance to other questions or a specific topic.  The different 

sections created for the checklist are as follows: General questions, VR program Interaction, Sensory 

Feedback, VR avatars, real-life recordings/panoramic images, Digital graphics, and Exposure Therapy. 

The checklist will be described below and presented as a mind-map along with textual explanations, 

separated by the different sections. Mind-maps are a form of diagram that visually organize different 

pieces of information and indicate their relationship to one another. The mind-map was selected as the 

best way of presenting the checklist due to being able to show the connection between all questions 

and answers within one section.  The mind maps of the created checklist are separated into different 

colors to enhance the reader’s understanding in terms of the different types of questions and 

information given by the questionnaire. The following section will briefly explain the meaning behind 

the use of different colours within the mind-map diagrams. Each new section starts with its title in a 

black box. The main questions on the checklist are presented in red. For most of them, the answers can 

only be yes or no, which are presented in dark blue squares. The turquoise squares, always connected to 

the yes/no answers, are follow-up questions or statements, aimed having the researcher consider all the 

related aspects and elements. Finally, green squares are presented in certain sections and indicate if 
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they should be skipped. For instance, the section VR avatars begins with the question, “Does your 

intervention make use of virtual characters or avatars?” and if one answers no, the entire section can be 

skipped. The arrows connecting each square are colored according to the square that they point to. The 

colors are also meant to help represent how the checklist would look like in the intended survey-format. 

The blue questions are to be presented as the main questions of the survey, with a multiple-choice 

answer. Depending on which answer is chosen, the researcher is then presented with the follow-up 

questions/statements relevant to their answer. At the end of the survey, the researchers would be 

presented with all the follow-up information, essentially receiving a list of suggestions and questions 

that they may further consider regarding their intervention. Before the researcher is presented with the 

different questions in the checklist, they are first introduced to the checklist via an introductory 

paragraph found in Appendix C. 

General Question Section 

 The section on General Questions, presented below in Figure 5, encompasses questions 

regarding the VR program which do not specifically fit into any of the other established categories and 

are important to consider for all types of VR interventions. The questions presented in this section 

encompass freedom of movement, interact-ability of objects, participant’s ability to change the 

environment, constant environmental variables and motion sickness. The follow-up statements 

presented for each question are tailored to the answer given (either yes or no) and provide either advice 

or more questions for the researcher to consider before full implementation of the subject in question. 

These questions were picked based on encompassing general information relevant for all interventions.    

VR Program Interaction Section 

The VR program Interaction section contains questions about the types of interactions available 

to the participants. The full mind map is presented below in Figure 6. Specifically, this section of the 

checklist focuses on the hardware used for the interaction between the participant and VR environment. 
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This section's main concern is raising questions about participant safety and how natural the interaction 

feels for the participants. 

Figure 5 

Mind map of the checklist section ‘General Questions’ 
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Figure 6 

Mind map of the checklist section ‘VR program Interaction’ 

 

 

Sensory Feedback Section 

The section on Sensory Feedback was partially focused on any forms of direct feedback that the 

participants received for doing the correct or incorrect thing, and partially focused on the general 

sensory feedback that the participants received within the VR environment. The full mind map of the 

checklist can be found below, in Figure 7. 

The focus of this section is to have the researcher consider all types of sensory feedback and 

whether their addition and implementation can be considered beneficial for the intervention and 

immersion, in the current stage. The follow-up questions are aimed at identifying the ways the feedback 

is presented, if it is beneficial and whether their addition could enhance the intervention. 
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Figure 7 

Mind map of the checklist section ‘Sensory Feedback’ 

 
 
VR Avatars Section 

The checklist section on VR avatars begins by asking the researcher if their intervention contains 

any virtual characters or avatars and if the answer is no, the entire section can be skipped. Otherwise, 

the section contains questions regarding the type of interaction and how they are being held. The full 

checklist can be found below, in Figure 8.  
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Figure 8 

Mind map of the checklist section ‘VR avatars’ 

 
The questions found in this section mostly focus on the level of interaction between the 

participant and the VR avatar, how this interaction is conducted, and the level of detail in the creation of 

the avatars. The suggestions given focus on testing the avatars for the uncanny valley effect, highlighting 

all forms of communication that can be utilized, and enhancing immersion through the way the 

interactions are being held.  

Real-life Recordings/Panoramic Images Section 

The checklist section on Real-life recordings and panoramic images is connected to the Digital 

graphics section via the first question which asks the researcher to identify which of the two types of 
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environments are utilized in their intervention. Meaning if the participant selects real-life 

recordings/panoramic images, they will be presented with this section, otherwise they’ll receive the 

Digital Graphics section. The full mind map of this checklist section can be found below in Figure 9. 

This section of the checklist focuses on interventions which utilize real-life recordings for their 

environments and specifically provides questions and advice regarding the different criteria for 

recording creation, recording of audio and the interact-ability of the recordings themselves.  

Figure 9 

Mind map of the checklist section ‘Real-life recordings/Panoramic images’
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Digital Graphics Section 

As mentioned in the section above, this part of the checklist begins with the researcher 

identifying their VR environment as either Digital graphics or real-life recordings. The Digital Graphics 

section is concerned with identifying the level of detail of used in the VR environment, the participant’s 

ability to view oneself in VR and the style of the VR environment. The follow-up statements are aimed at 

identifying the levels of detail and style required for different types of interventions, at least regarding 

those identified within the literature review. The full mind map of the Digital Graphics can be found 

below in Figure 10.  

Figure 10 

Mind map of the checklist section ‘Digital Graphics ’ 
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Exposure Therapy Section 

Finally, the Exposure Therapy section represents the only section of the checklist which is aimed at a 

particular type of therapy. This is because most of the articles within the literature review utilized VR-

specific interventions or a type of therapy which was only used by one article. Exposure Therapy, 

however, was the most common type of therapy utilized and contains certain aspects which are the 

same, across all types of VR Exposure Therapies (VRET). The full mind map of this section can be found 

below, in Figure 11.  

Figure 11 

Mind Map of the Checklist Section‘Exposure Therapy’ 
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 At the beginning of the checklist, the researcher can identify their intervention as one of the 

specific types of interventions outlined in the checklist, which is currently only Exposure Therapy. Thanks 

to this, the participants will be presented with this section of the questionnaire which is concerned with 

elements of the VR program that specifically concern exposure. The checklist poses questions for the 

researcher regarding the personalization of the environment to the participant, the number of breaks, 

use of hierarchy in exposure, behavioral assessment tasks, randomization of scenarios, and customizable 

elements of the environment.  

Discussion 

This review aimed to collect information about the key elements used for the creation of 

psychological immersive VR interventions, to create a checklist to enable systematic mapping of VR 

environments. The elements identified by this paper concerned types of VR stimuli, sensory feedback in 

VR, VR interaction, VR presentation, freedom of movement, presence of interactable objects and the 

ability to change aspects of the environment.  

When it comes to types of VR stimuli used, out of 61 studies most interventions identified used 

the VR environment without any avatars (n = 28), while only 14 studies used direct avatar interaction, 

with the rest of the interventions using personalized environments or background avatars only. 12 out 

of the 28 interventions that used only the VR environment were categorized into Environment Research, 

meaning they focused on exposing participants to different natural environments to reduce stress and 

anxiety and promote relaxation. In terms of VR interaction, the most common types of VR interaction as 

utilising VR controllers or using no interaction, with a handful of interventions using treadmills, exercise 

bikes or hand gestures due to the specificity of the procedure. The trends of VR interaction and VR 

stimuli, indicate that the most common types of psychological interventions are ones utilising a simple 

environment with no avatars and no interaction. These results are quite surprising as one would assume 

that the relatively free level of interaction in VR, at least compared to for instance serious games, is the 



  46 

   

driving force of VR intervention creation. However, these results seem to indicate that the main 

usefulness of VR intervention stems from the ability to immerse the participant into a completely 

different environment, rather than the activities and interactions they can have in said environment.  

Other trends identified across the reports used within this literature review, contained 

information regarding sensory feedback and types of Vr presentation. In terms of sensory feedback, 44 

interventions were found to utilize auditory feedback with very few studies utilizing any other types of 

senses. Specifically, one intervention aimed at sensorimotor rehabilitation was the only intervention 

that used proprioceptive or exteroceptive feedback, but also included auditory, olfactory, tactile, and 

temperature feedback (Brito et al., 2021). Only two other studies included olfactory feedback with both 

focusing on individuals with PTSD (Beidel et al., 2019; De Jesus Junior et. al., 2023). Due to this, it seems 

that the field of immersive VR interventions does not utilize varied types of sensory feedback, except for 

personalized interventions or interventions aimed at PTSD as the inclusion of specific sensory feedback 

in those cases could result in a higher sense of immersion and/or exposure. These results were 

surprising as the author presumed that one of the main advantageous that VR interventions can provide 

is the immersion of the participant to a completely new environment. Therefore, the author 

hypothesized that VR interventions will contain multitude of different forms of sensory feedback to 

create interventions with the highest immersion possible. Therefore, the checklist also contained a big 

section regarding different forms of sensory feedback, as currently they seem to be underutilized and 

the author believes that their addition across psychological VR interventions would greatly benefit their 

effectiveness and the participant experience.  

As mentioned within the introduction, multiple literature reviews, including the current paper, 

identified a large problem of a lack of methodological rigor within the field of VR interventions (Turner & 

Casey, 2014). In the case of this paper, it did not include only reports that were excluded due to this 

reason, but also certain studies that were included, however lacked information regarding certain 
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aspects of the VR environment. For instance, the only study that made use of tactile, proprioceptive and 

exteroceptive feedback, simply mentioned the forms of feedback contained within the intervention but 

did not describe in what ways these senses were triggered (Brito et. al., 2021; Drazich et. al., 2023). This 

information can be considered sufficient for inclusion into this paper; however, it is still not clear enough 

to allow for replicability, negatively affecting the credibility of the intervention. This was a common 

problem found in multiple reports during the screening procedure. Due to these findings, the author 

opted for the inclusion of an introductory paragraph into the checklist which emphasizes the goal of the 

checklist as well as the importance of the reporting of all aspects of the VR environment. Both the 

introduction and the summary of the results presented at the end of the checklist specifically mention 

the reporting of the intervention design to make sure the researchers taking the checklist understand 

that all decisions and aspects concerning the intervention also must be included in the report, explicitly. 

All the different elements found during the screening process, were utilized for the creation of a 

checklist, aimed at guiding future researchers in the creation of VR interventions and their reporting. 

The checklist is divided into multiple sections, including General questions, VR program Interaction, 

Sensory feedback, VR avatars, real-life recordings/panoramic images, Digital graphics and Exposure 

Therapy. Except General questions and Exposure Therapy, each section focuses on an element of the VR 

environment design  and poses questions about all aspects of the given element identified in the 

literature review. The section on general questions focuses on elements present in all types of VR 

interventions and Exposure Therapy focuses on elements unique to exposure therapy, such as the 

presence of hierarchies of exposure. 

Limitations of the evidence found in the review 

This systematic literature review contains certain limitations due to the limitations of the 

interventions included in the review. As was already highlighted in the introduction, the main limitation 

of the evidence of this review is the lack of methodological rigor regarding the different elements of the 
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VR programs. During the final screening procedure, the biggest number of studies (n = 56) were 

excluded due to unclear descriptions of the VR programs and certain studies that were included did not 

include all information relevant to the VR program. For instance, the sensorimotor rehabilitation created 

by Brito and others (2021), utilized six different types of sensory feedback, however, the forms in which 

this feedback was given are unclear as the report only lists the different types of sensory feedback, but 

does not describe the form in which they took place. This intervention provides just one example of the 

lack of methodological rigor found in this field. With other interventions, the author had to infer the use 

of different sensory feedback based on the descriptions of the procedure given, indicating an insufficient 

description of the VR environment. The presence of this limitation within the field of VR interventions 

was also identified by Turner and Casey (2014), which highlighted the lack of methodological rigor as 

one of the key findings of their review. 

Furthermore, 13 interventions used background avatars, while 14 studies utilized direct avatar 

interaction and only one intervention reported checking their virtual avatars for the presence of the 

uncanny valley effect. The uncanny valley effect is the theorized relationship between human likeness 

and a person’s affinity towards it, which states that as human likeness increases, so does one’s affinity 

for it (Kendall, 2024). This effect continues to a certain point at which the likeness nears complete 

accuracy, at which point the person’s affinity flips to feelings of discomfort (Kendall, 2024). This feeling 

of discomfort can have drastic effects on the way the participant experiences the VR environment. This 

is especially true for specific types of interventions, for instance Exposure Therapy, in which the feeling 

of discomfort caused by the uncanny valley effect could increase the amount of distress the participant 

already feels being exposed to certain feared stimuli. The body image intervention, Resize Me! asked 

the participants to complete the uncanny valley index to identify the presence of the uncanny valley 

effect in the 13 models created for the body modification procedure (Döllinger et al., 2022). As the 

presence of the uncanny valley effect in VR interventions can have drastic effects on its effectiveness 
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and has the potential to cause great distress to participants, the author considers the lack of 

consideration of this effect when creating the interventions a limitation of the evidence found in the 

review. 

Limitations of the review process 

Once again, due to the lack of methodological rigor found in studies included within this 

literature review, the author believes that the checklist is missing valuable information regarding VR 

environments that were not described in the included studies. More specifically, there is lacking 

information regarding any testing for the uncanny valley effect, the amount of detail that is 

recommended or necessary for specific types of environments or immersion levels, and detailed 

information regarding the creation of personalized interventions. Personalized interventions are created 

specifically for each participant; however, their reports should still contain information regarding 

different considerations and information, including visual, that is used for their creation. Finally, as 

mentioned in the section above, there is a lack  of specific information regarding different forms of 

sensory feedback used. As the created checklist is meant to enhance the creative process of intervention 

creation, it would greatly benefit from containing a multitude of examples for the inclusion of each type 

of sensory feedback. Therefore, the author recommends that further improvement and expansion of the 

current checklist is necessary in order for the checklist to be considered complete and fully beneficial for 

future VR intervention researchers. Future expansions of the current checklist should also focus on the 

addition of sections specific to forms of therapies, other than exposure therapy, especially for therapies 

which utilise a unique intervention design, compared to other, more general interventions.  

Conclusion 

To conclude, the objective of this research was to identify the key elements of VR environments 

of psychological immersive VR interventions, using a systematic literature review, to create a checklist 

that is meant to facilitate future VR intervention creation and reporting. The identified elements 
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included information regarding types of VR stimuli, sensory feedback in VR, VR interaction, VR 

presentation, freedom of movement, presence of interact-table objects and ability to change aspects of 

the environment. Utilizing the above-mentioned elements and the categories created for the analysis, a 

checklist was created, meant to question researchers about the different elements of their VR 

environment and provide suggestions and follow-up questions to enhance the effectiveness and 

immersion of the intervention. However, the most substantial finding of the systematic literature review 

was the identification of a lack of methodological rigor regarding the descriptions of VR environments 

and all its aspects, within the field of psychological VR interventions. Therefore, the author recommends 

that future research focuses on expanding the checklist and testing its usefulness to enable its 

widespread use, meant to enhance the interventions and the way they are being reported.  
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Appendix A 

Description of information found in results tables in Appendix B 

The full descriptions of each study found within each category can be found in Appendix B. More 

specifically, the first column ‘Article name ’provides the information regarding the name of the article. 

The ‘experimental task ’column contains a basic overview of the experimental procedure, excluding 

procedures of any controls or other conditions. The conditions column refers to how many different 

conditions were present within the intervention and lists them. The following column, Priming/Pre-

exposure Stimuli contains any information regarding any form of priming that took place before the 

experimental task, such as inducing a certain mood. The ‘Stimuli ’column contains any information 

regarding the VR stimuli and VR environment present in the intervention. It usually encompasses a 

description of the different elements that participants experienced. Finally, the last column ‘Sensory 

Factors ’lists all kinds of sensory feedback which was used in each intervention, including but not limited 

to auditory, olfactory and tactile feedback. Due to space limitations, the following acronyms are present 

within the results tables: 

- Virtual Environment (VE) 

- Trauma Management Therapy (TMT) 

- Virtual Reality Exposure Therapy (VRET) 

- Virtual Exposure and Response Prevention (VERP) 

- High Intensity Interval Training (HIIT) 

- Virtual Reality Therapy (VRT) 

- Virtual Reality Acceptance and Commitment Therapy (VRACT) 

- Point of View (POV) 

Any acronyms not listed above are acronyms of names of specific interventions, such as Pegasys-VR or 

DiSCoVR. 
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Appendix B 

Table B1 

Descriptions of Studies in Category ‘Exposure Therapy’ 
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Table B2 

Descriptions of Studies in Category ‘Enhancing Psychological Wellbeing’ 
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Table B3 

Descriptions of Studies in Category ‘Environment Research’ 

 
 
 
 
 
 



  79 

   

 
 
 
 
 



  80 

   

 
 
 
 



  81 

   

 
 
 
 



  82 

   

 
 
 
 
 
 



  83 

   

 
 
 



  84 

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  85 

   

Table B4 

Descriptions of Studies in Category ‘Mental Disorder Treatment’ 
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Table B5 

Descriptions of Studies in Category ‘Enhancing Social Functioning’ 
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Table B6 

Descriptions of Studies in Category ‘Behavior Change’ 
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Table B7 

Descriptions of Studies in Category ‘Body Image’ 
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Table B8 

Descriptions of Studies in Category ‘Miscellaneous’ 
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Appendix C  

Introductory paragraph of the Checklist 

The following checklist is meant to provide guidance to any researcher working on creating a VR 

psychological immersive intervention. You will be presented with multiple-choice questions, regarding 

different elements of the VR program, that you are meant to fill out based on the current plan of your 

intervention. Based on your given answers, you will be presented with follow-up questions and 

recommendation statements which you may consider in context of your intervention. The follow-up 

questions and statements will be presented to you in summary at the end of the checklist to ensure you 

are able to take your time considering the addition or changing of certain VR elements. Please make 

sure that all the elements added into your intervention are described in detail in your written report to 

increase the methodological rigor of the VR intervention field.  
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