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ABSTRACT
The aims of this systematic literature review were to uncover, analyze, and present design characteristics 
of virtual reality (VR) systems that have been designed as training tools for individuals with autism. 
Specifically, this review sought to (1) assess points of convergence and divergence in how researchers 
define VR, (2) extrapolate individual components of VR systems, and (3) systematically extract how 
design factors are instantiated in these VR projects. A systematic review was conducted to approach 
these goals that followed the Preferred Reporting Items for Systematic reviews and Meta-Analysis 
(PRISMA) standards to provide methodological and reporting quality. English language papers published 
in peer-reviewed academic journals after 1995 were included. Databases searched for this systematic 
review were Web of Science, PubMed, Scopus, IEEE Xplore, ERIC, and Google Scholar. Searches were 
conducted in March, 2020. A total of 82 articles was analyzed which were organized by project, resulting 
in a total of 49 records. Findings from this literature review suggest inconsistencies in how VR is being 
conceptualized which has implications on how purported benefits of VR technologies may be designed 
for and greatly impact the possibilities for learner interactions and how benefits can be realized. Open 
Science Foundation registration:osf.io/5asyg.

1. Rationale

The effectiveness of virtual reality (VR) for individuals with 
autism spectrum disorder (ASD) has been discussed at length 
in the literature (Karami et al., 2021; Mesa-Gresa et al., 2018; 
Parsons, 2016). Although researchers hypothesize that VR 
could be a highly effective training, therapeutic, and interven-
tion modality, extant systematic literature reviews and meta 
analyses suggest only moderate effects (Karami et al., 2021). 
This mismatch between anticipated and actual effectiveness 
has been attributed to methodological limitations, including 
small sample sizes, limited use of control groups, and a lack of 
longitudinal research (Parsons, 2016). However, absent in the 
discourse are considerations of how the design of VR tech-
nology might influence the effectiveness of interventions. 
Interrogating the question of technology design reveals sub-
stantial disparity in how researchers in this area conceive of 
and characterize VR as a whole, as well as how VR interven-
tions for individuals with ASD are designed. For example, 
some researchers have classified driving simulations (e.g. 
Wade et al., 2016) and conversational agents (e.g. Chen 
et al., 2019) as VR. The lack of consensus around what con-
stitutes VR and significant dissimilarities across intervention 
designs confounds efforts to generalize findings, generate 
theory, and translate research to practice. This paper therefore 
has two aims. First, we seek to explore how researchers in this 
area characterize and define VR. Second, we seek to uncover, 
analyze, and present the design characteristics of VR systems 

that have been designed as intervention or training tools for 
individuals with ASD. To these ends, we conducted 
a systematic literature review, based on PRISMA guidelines, 
and informed by frameworks suggested by prominent scholars 
of VR in general (Dalgarno & Lee, 2010) and VR for ASD, 
specifically (Parsons, 2016).

Autism Spectrum Disorder (ASD) is a lifelong neurodeve-
lopmental disorder associated with deficits in communicative 
and social interactions, as well as restrictive and stereotyped 
behaviors (DSM-5 American Psychiatric Association. 
Diagnostic and Statistical Manual of Mental Disorders, 2013) 
that impacts an estimated 1 in 59 children in the United States 
(Baio et al., 2018). Autism is considered a spectrum-based 
disorder with symptoms presenting differently in everyone 
(DSM-5 American Psychiatric Association, 2013), and with 
other psychopathological comorbidities tending to be preva-
lent (Müller et al., 2008). These impairments can severely 
impact an individual’s quality of life resulting in social isola-
tion, difficulties maintaining employment, and mental health 
issues (Eaves & Ho, 2008; Hedley et al., 2017) which has led to 
a need for effective and appropriate interventions to help 
develop skills needed to thrive in social contexts (Bellani 
et al., 2011; Rao et al., 2008). Technology-aided instruction 
has been seen as particularly viable for this population and 
has gained the support of The National Professional 
Development Center on Autism Spectrum Disorder (Bogin, 
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2008). One technology that has been growing in interest to be 
used with this population is virtual reality (VR) as evidence 
suggests that the visually stimulating nature of the modality is 
intrinsically reinforcing for people with ASD (Schmidt et al., 
2019).

VR is “a model of reality with which a human can interact, 
getting information from the model by ordinary human 
senses such as sight, sound, and touch and/or controlling 
the model using ordinary human actions such as position” 
(Hale & Stanney, 2014, p. 34) and typically includes a digitally 
simulated three-dimensional space that can induce sensations 
of telepresence (Miller & Bugnariu, 2016) including both the 
physical sensations delivered through computer generated 
sensory stimuli and the psychological sense of feeling ‘there’ 
within a computer-generated virtual environment (Slater 
et al., 2009; Steuer, 1992). A high degree of interaction and 
immersion is typically provided through VR systems that can 
translate a user’s actions into a virtual environment 
(Bozgeyikli et al., 2018). This effect is often achieved through 
a user’s control of an avatar, which acts as a nexus of inter-
action within the virtual world, allowing for a degree of 
psychological immersion or a sense of embodiment (Kilteni 
et al., 2012). Researchers have investigated a range VR systems 
for ASD including (1) desktop-based systems, (2) projection- 
based systems, (3) cave automatic virtual environments 
(CAVE), (4) fully immersive HMD-based systems, and (5) 
mobile-based systems (Bozgeyikli et al., 2018; Shu et al., 
2019). These VR systems are used to provide users 
a medium to interact with and within a virtual environment 
such as a three-dimensional virtual world, which are seen as 
being beneficial for providing instruction and assessment (cf. 
Dalgarno & Lee, 2010) and especially so for individuals with 
ASD. Due to the affordances of this technology, researchers 
are increasingly looking toward VR as a means to provide 
interventions for this population (Aresti-Bartolome & Garcia- 
Zapirain, 2014) following seminal work that assessed how 
young children with ASD might accept head-mounted dis-
plays (HMD) while engaging in a virtual environment 
(Strickland, 1996).

1.1. Problems of overgeneralization in the literature

Generally speaking, the outcomes of research on VR for 
individuals with ASD are promising and suggest a moderate 
degree of effectiveness. However, questions linger concerning 
whether extant empirical evidence is sufficient to support 
claims of effectiveness (Parsons, 2016). Research summaries 
and syntheses in this research area point to the potential 
benefits of using VR with this population (Karami et al., 
2021; Mesa-Gresa et al., 2018). ASD is widely accepted as 
being a complex, pervasive, heterogeneous condition with 
a wide range of etiologies, subtypes, and developmental tra-
jectories (Masi et al., 2017). Summarizing and synthesizing 
research findings from disparate approaches to intervention 
that implement a broad variety of VR technologies for this 
extraordinarily heterogeneous population requires particular 
care so as to avoid overgeneralizing findings. First, general-
ization of specific findings from research performed with 
a subset of individuals with ASD to the entire ASD population 

is methodologically unsound. Indeed, a recognized limitation 
of research in this area is limited sample sizes and a general 
lack of control groups (Parsons, 2016). Findings from studies 
with adolescents or children with ASD in need of low levels of 
support (the focus of most research) cannot generalize to 
adults, those who are in need of more substantial support, 
or those presenting more severe comorbidities. Broad claims 
that VR can be an efficacious tool for individuals with ASD 
must therefore be reexamined from this perspective and cor-
respondingly tempered (DSM-5 American Psychiatric 
Association, 2013; Müller et al., 2008). Second, VR technolo-
gies used in interventions are not homogenous (Skarbez et al., 
2017); they use a constellation of different technologies, with 
differing affordances and constraints. Interactions afforded to 
individual users by a given system’s interaction possibilities 
and underlying design significantly influence performance 
outcomes. Parsons (2016) suggests there is likely no VR sys-
tem, technology, or associated affordance (e.g., immersion, 
sense of presence) that independently influences intervention 
efficacy for individuals with ASD and calls for researchers to 
consider ‘which technologies work for whom, in which con-
texts, with what kinds of support, and for what kinds of tasks 
or objectives?’ (p. 153). Therefore, it is unclear if findings 
from systematic literature reviews suggesting the effectiveness 
of VR for ASD can be extrapolated to all VR system types.

1.2. Problems with generalization to novel contexts

Generalization is seminally defined by Stokes and Osnes 
(2016) as the “outcome of behavior change and therapy pro-
grams, resulting in effects extraneous to original targeted 
changes” (p. 338). To address concerns of generalization, 
designers of VR systems for this population have historically 
looked in one direction, “towards a closer fit with the real 
world in order to assess cognition and support the general-
ization of learning” (Parsons, 2016, p. 154). However, estab-
lishing evidence of generalization from virtual to real contexts 
remains elusive. Indeed, generalization is widely recognized as 
perhaps the most prominent limitation in all autism research 
(Arnold-Saritepe et al., 2009; Neely et al., 2016). Designing VR 
systems to closely mimic the real world so as to promote 
generalization rests on the “assumption of veridicality;” that 
is, if experiences within VR worlds are authentic and suffi-
ciently realistic, users of these VR systems will behave in the 
virtual world in a similar way as they do in the real world, 
thereby increasing the likelihood that skills learned in the 
virtual world will transfer to the real world (Parsons, 2016; 
Yee et al., 2007). This premise rests on a further assumption 
of intuition, that is, greater fidelity of a VR world will lead to 
a greater sense of telepresence and therefore generalization 
(Dalgarno & Lee, 2010). These assumptions have not yet been 
seriously empirically explored, leading to criticism as there is 
no sufficient evidence to support the claim that learners will 
trust their experiences within a VR world to sufficiently reor-
ganize their mental models of the real world (Dalgarno & Lee, 
2010) and thereby apply lessons learned in a VR intervention 
into naturalistic contexts. Technology alone may be insuffi-
cient to promote generalization (Parsons, 2016). Designers 
must consider the interplay of tasks, environments, 
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participants, and technology, as well as how to introduce and 
fade performance supports and scaffolds in the VR environ-
ment so as to promote generalization (Stokes & Osnes, 2016). 
This suggests a need for more intentional intervention design 
so as to promote generalization, yet researchers have yet to 
address this issue in published research.

1.3. Inherent complexity of designing VR interventions 
for individuals with ASD

We argue a more careful consideration of VR systems design 
is needed if researchers are to meaningfully confront the 
unique challenges that individuals with ASD face in general 
and difficulties with generalization specifically. If VR is to be 
used as a social-psychological tool (Blascovich et al., 2002), 
then the affordances of the technology that are being used and 
how they influence performance need to be better understood 
(Parsons, 2016). This represents a significant challenge, as 
designing VR systems for individuals with ASD, as character-
ized by Schmidt (2014), is a “wicked problem.”

[Designing VR systems for individuals with ASD] is an ill- 
structured problem for which there may be no comprehensive 
solution. The problem appears to be wicked because, on the one 
hand, our knowledge of the problem in general is incomplete and 
perhaps in some ways contradictory. On the other hand, the 
problem is interconnected with a plethora of other problems, 
and solving one problem may exacerbate another. (p. 68). 

Designers of VR interventions face significant challenges in 
creating effective and usable products, as they have to make 
many decisions concerning design that have no “correct” 
solution (Glaser et al., 2021; Sherman & Craig, 2002). One 
of the challenges in designing a VR intervention is determin-
ing how users will interact with the system to exploit the 
affordances of the technology. Unfortunately, much of what 
has been published concerning the use of VR technologies is 
largely ‘show-and-tell’ with evidence being anecdotal and 
unable to be generalized to other system contexts. Dalgarno 
and Lee (2010) suggest two distinguishing characteristics of 
VR technology that can impact learning: (1) representational 
fidelity and (2) learner interaction. Some have interpreted this 
to imply that tweaking representational fidelity and learner 
interactions will innately lead to improved learning outcomes 
(Fowler, 2015). However, this suggestion is not empirically 
validated. There are currently no standards in place to deter-
mine how these characteristics can be brought together to 
promote learning (Dalgarno & Lee, 2010; Parsons, 2016). 
Considerations of how to influence performance begin with 
understanding underlying VR architectures, which in turn can 
impact what interaction possibilities are afforded to users of 
the system (i.e., affordances; Gibson, 2014). Various VR sys-
tem architectures present their own sets of unique affordances 
and constraints, thereby impacting design considerations of 
how to best harness potentially useful characteristics of the 
technology (Dalgarno & Lee, 2010). If researchers are to 
approach the problem of how to design effective VR inter-
ventions for individuals with ASD in an intentional way, then 
an operational definition of VR for this field is needed. To 
inform this operationalization, an understanding of how VR 
systems have been designed to exploit the characteristics of 

the technology is needed. This again points to the need to 
explore which technologies work, for whom, under which 
contexts, with what kinds of support, and for what kinds of 
objectives (Parsons, 2016).

1.4. Research purpose and questions

To summarize, VR is seen as a promising modality to deliver 
instruction for individuals with ASD, and reviews of the 
literature in this research area point to potential benefits 
(Karami et al., 2021; Mesa-Gresa et al., 2018). However, 
while there is evidence to suggest these systems may be 
effective, there are problems with overgeneralization in the 
field as researchers tend to implement a broad variety of VR 
technologies for an extraordinarily heterogeneous population. 
Therefore, the purpose of this systematic literature review is to 
uncover, analyze, and present the design characteristics of VR 
systems that have been designed as intervention or training 
tools for individuals with ASD. The following three research 
questions guide this inquiry:

RQ 1: How do designers of VR interventions for individuals with 
ASD characterize/define VR? 

RQ 2: To what extent do VR systems described in the literature 
address the questions proposed by Parsons (2016), namely: (a) 
which technologies were used, (b) for whom, (c) in which con-
texts, (d) with what kinds of support, and (e) for what kinds of 
tasks/objectives? 

RQ 3: How are the distinguishing characteristics of virtual learn-
ing environments, as outlined by Dalgarno and Lee (2010), instan-
tiated in VR interventions designed for individuals with ASD? 

2. Methods

A systematic review was conducted to approach these over-
arching aims (Davis et al., 2014) with the goal of providing 
reliable conclusions to better inform the field regarding iden-
tified issues (Moher et al., 2009). The Preferred Reporting 
Items for Systematic reviews and Meta-Analysis (PRISMA) 
standards were followed to provide methodological and 
reporting quality (Moher et al., 2009). The Problem, 
Interest, COntext approach (PICo) was used to inform the 
focus of this systematic review (Stern et al., 2014), a qualitative 
recasting of the established PICO framework for meta- 
analyses (Stern et al., 2014; Butler et al., 2016). Keyword and 
controlled vocabulary search strategies and search filters were 
established using the following PICo framework for 
Qualitative Studies (Butler et al., 2016):

(1) Population (P): Researchers of VR interventions for 
individuals with ASD

(2) Interest (I): Designs, definitions/operationalizations 
of VR training applications and interventions for 
the population.

(3) Context (Co): Research projects that use VR as a tool 
to deliver interventions to people with ASD.

To identify articles to be included for this review, the 
electronic databases Web of Science, PubMed, Scopus, IEEE 
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Xplore, and ERIC were searched. Google Scholar was also 
searched as a secondary tool to seek literature that may have 
been missed in the full systematic review of the electronic 
databases (Gusenbauer & Haddaway, 2020; Haddaway et al., 
2015).

2.1. Protocol and registration

The protocol for this systematic literature was developed 
following PRISMA guidelines (Moher et al., 2009). The pro-
tocol was registered as per PRISMA guidelines and can be 
found on the Open Science Foundation at osf.io/5asyg.

2.2. Eligibility criteria

Manuscripts were considered to be eligible for inclusion based 
on the following criteria. Firstly, manuscripts had to be peer 
reviewed articles, published in academic journals, and in 
English. The decision to include only peer-reviewed journal 
articles (as opposed to “gray” literature such as conference 
proceedings, theses, and dissertations) was made so as to 
identify work of highest quality. Conference proceedings, 
“gray” literature, literature reviews, conceptual papers, 
patents, and citations were excluded. Only articles published 
after 1995 were included, as the first work concerning the use 
of virtual reality and autism was published in 1996 
(Strickland, 1996b). Next, articles had to provide 
a description of a VR system specifically designed for indivi-
duals with ASD (i.e., a bespoke system). To be included in this 
literature review, the projects had to be specifically referred to 
as being ‘virtual reality’ or to have the technology’s affor-
dances and benefits described. Manuscripts that did not 
describe a VR system or that described VR systems not 
specifically designed for individuals with ASD (e.g., general, 
off-the shelf systems such as console video games, driving 
simulators, etc.), as were manuscripts that miscategorized 
their intervention as VR when it was something else (e.g., 
augmented reality, text-based virtual environments, etc.). 
Further, the VR system described had to have been used to 
deliver an intervention or training. Manuscripts that 
described VR systems that were used for diagnosis of ASD 
or for enjoyment or entertainment were excluded, as were 
those that evaluated feasibility and acceptance of technology 
but lacked an intervention/training component. In addition to 
this, evaluation or empirical research data on the VR system, 
virtual world, or virtual environment had to be presented. 
Manuscripts that only described design or provided proof-of- 
concept descriptions were excluded. Finally, the training or 
intervention had to include individuals with ASD as users. 
Studies that, for example, only reported on expert review or 
parent perceptions of a VR system were excluded.

2.3. Information sources

All searches were conducted in March, 2020. Databases 
searched for this systematic review were Web of Science, 
PubMed, Scopus, IEEE Xplore, ERIC, and Google Scholar. 
Web of Science is a subscription-based scientific indexing 
platform that provides comprehensive citation data across 

many disciplines. The Web of Science Core Collection is 
made up of six databases. PubMed is a database maintained 
by the National Center for Biotechnology Information and 
includes more than 30 million citations primarily related to 
life sciences and biomedical topics. Scopus is an abstract and 
citation database launched by Elsevier. Scopus includes book 
series, trade journals, and journals related to life sciences, 
social sciences, health sciences, and the physical sciences. 
IEEE Xplore is a digital library that provides access to over 
five million publications related to electrical engineering, 
computer science, and electronics. More than 20,000 new 
documents are added to the IEEE Xplore library every 
month. The ERIC Collection is an online library that was 
established in 1966. ERIC is currently sponsored by the 
Institute of Education Sciences by the United States 
Department of Education. It includes various types of pub-
lications including journal articles, books, conference papers, 
technical reports, dissertations, and more. The ERIC dataset 
includes over 1.5 million records which are largely available in 
Adobe PDF format. Google Scholar is a free search engine 
that indexes full text and metadata of the literature including 
peer-reviewed manuscripts, conference papers, dissertations, 
preprints, technical reports, patents, and other scholarly 
works. Google Scholar is estimated to include approximately 
400 million documents in its index. Google Scholar was also 
searched as it has emerged as being the go-to academic search 
tool for many in the field due to its ease-of-use and conve-
nience (Gusenbauer & Haddaway, 2020). However, while 
Google Scholar’s immense dataset serves as 
a multidisciplinary collection of knowledge, it lacks many of 
the features required for conducting a systematic search such 
as the ability to specify tailored queries with high recall and 
precision. Therefore, this search engine was only used as 
a secondary tool to seek literature that may have been missed 
in the full systematic review of the electronic databases 
(Gusenbauer & Haddaway, 2020; Haddaway et al., 2015).

2.4. Search

An iterative approach was used to develop the search strategy. 
Cursory searches were conducted and initial results were 
reviewed to examine the nature of the returned literature. 
This strategy was refined over several iterations. Ultimately, 
the search terms used in this systematic review included 
variations of autism AND virtual reality and/or environments. 
In addition to using the PICo strategy for developing search 
queries, additional variations in terminology were adapted 
from other reviews of the literature in the field (Alcañiz 
et al., 2019; Brattan, 2019; Karami, 2020; Mesa-Gresa et al., 
2018). We chose to include keywords such as ‘virtual worlds’ 
based upon published search strategies from other reviews of 
the literature (see Karami, 2020; Mesa-Gresa et al., 2018) and 
because of the broad conceptualizations of how VR is often 
conceived and defined with no consideration toward hard-
ware and software perceptions in the field of autism research. 
An example query is provided in Table 1. See Appendix A for 
our full keyword strategy.

A search was conducted across all databases and search 
indexes stated above. A comprehensive list of search queries 
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across databases is provided in Appendix A. Filters and limits 
were applied based on the nature of the index and provided 
functionality (e.g., IEEE Xplore only goes back to 2005; see 
Table 2).

2.4.1. Search results reliability
An analysis was performed to assess reliability of search 
results. Six days after the initial search was conducted, 
the second author performed database searches using the 
same search strategy (queries, keywords, filters, etc.) across 
the databases to validate the number of returned results. 
Results suggested high agreement. In total, there was 
a difference of five records in comparison to the first author. 
Upon further analysis, these differences were found to be due 
to (1) new articles becoming available and (2) nuances across 
computing environments (e.g. cookies, browser version, other 
personalizations).

2.5. Study selection

First, a search was conducted and results were imported into 
RefWorks (http://refworks.proquest.com/). Results were com-
pared to identify duplicates. A combination of automated 
searches (Exact Match, Close Match, and Legacy Close 
Match) and manual review was used. Identified duplicates 
were removed. Second, titles and abstracts of the remaining 
corpus were reviewed. Inclusion and exclusion criteria were 
applied. Third and finally, full text was reviewed and inclusion 
and exclusion criteria were applied. The final result was 
a corpus of 82 articles. The study selection process is illu-
strated in Figure 1.

2.5.1. Study selection inter-rater reliability
Screening was performed by the first author, with a subset of 
articles screened by a trained graduate student to establish 
inter-rater reliability. The trained graduate student applied 
inclusion and exclusion criteria to a 25% sample of the corpus 
of manuscripts after duplicates had been removed (n = 765; 
see Figure 1). Reliability was calculated by using the number 
of agreements between the observers and dividing by number 
of agreements plus disagreements. The coefficient was then 

calculated by multiplying that value by 100 to compute the 
percentage of agreement, resulting in an agreement estimate 
of 87.8%, suggesting high agreement.

2.6. Data collection process

We reviewed all publications associated with a given VR 
intervention/project so as to extract all relevant details across 
articles. Although Kitchenham (2004) warns against including 
multiple publications from the same dataset or research pro-
jects to avoid bias, this guideline refers to studies that focus 
specifically on empirical outcomes; however, our research 
questions were focused not on empirical findings but on 
design factors. Therefore, grouping articles that reported on 
the same project was necessary, as sometimes not all design 
details were reported in a single article and had to be 
extracted across multiple articles on the same project. 
Project IDs were created and corresponding articles were 
grouped with those IDs. IDs combined project name (if 
given) and the principal investigator’s last name. In cases 
where a project did not have a stated name, a descriptive 
title was created (e.g. Lorenzo et al. IVRT). In cases where 
we were unable to determine if an article was reporting on the 
same VR system as another article by a similar author group, 
we followed Kitchenham’s (2004) guidelines and contacted 
the authors to seek clarification, keeping projects separate if 
no response was received. The process of extracting relevant 
information on the system’s design, hardware, software, par-
ticipants, training goals, supports, etc., was facilitated using 
customized spreadsheets. A total of 49 projects were identified 
from the corpus of 82 included manuscripts (see Tables 3 and 
Tables 4).

2.7. Data items

Data extracted from each manuscript included:

● Source and full reference: An APA reference was gener-
ated and stored in a reference manager

● Definition of virtual reality: A summary of how authors 
describe/define VR; only included if authors explicitly 

Table 1. Unstructured database search query consisting of search terms and Boolean operators.

Term One Condition Term Two

(virtual reality) OR (virtual realit*) OR (virtual learning environment) OR 
virtual learning environment*) OR (virtual-reality) OR (virtual-realit*) OR 
(VR) OR (virtual environment) OR (virtual environment*) OR (virtual 
world) OR (virtual world*) OR (virtual-world) OR (virtual-world*) OR 
(collaborative virtual learning environment*) OR (3d virtual worlds) OR 
(3d virtual world*) OR (MUVE) OR (CAVE) OR (head-mounted display)

AND (autism) OR (autism*) OR (autistic) OR (autis*) OR (asperger) OR (autism 
spectrum disorder) OR (asd) OR (Asperger Syndrome) OR (asperger’s) OR 

(Asperger*) OR (Autistic Disorder) OR (Autistic)

Table 2. Filters or limits applied to each index used in the literature review.

Database Filters or Limits Applied

PubMed Published between 1995–2020, English language, human subjects
Web of Science Published between 1995–2020, English language, TOPIC
Scopus Published between 1995–2020, English language, article format, published
IEEE Xplore Published between 2005–2020, journals, and magazines
ERIC Published between 1995–2020, peer-reviewed only
Google Scholar Published between 1995–2020, exclude patents, exclude citations, not signed-in/incognito
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defined VR. A description of proposed benefits was not 
considered a definition and was not included.

● Description of technologies: The “which technologies” of 
the Parsons’ (Parsons, 2016) framework. A summary of 
the technologies used in the VR system or intervention. 
This description included both hardware and software 
configurations if provided and included information 

about the number of users the system supported at 
once (e.g Single-user or Multi-user)

● Target audience: The “for whom” of the Parsons’ 
(Parsons, 2016) framework. A summary of participants 
demographics and ASD diagnosis. Ages are categorized 
in categories, including (1) children (0–9 years old), (2) 
adolescents (10–19 years old), and (3) adults (20+ years 

Figure 1. Flow diagram illustrating systematic search and selection process.
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old). If the authors described participants in terms of 
necessary levels of support, that information was also 
included (e.g., “low functioning”, Level 2).

● Context of the study: The “in which contexts” of the 
Parsons’ (Parsons, 2016) framework. A description of 
both the physical context and the virtual context. The 
physical context is defined as where the VR intervention 
was administered (e.g., in a controlled university set-
ting). The virtual context is defined as where the virtual 
activities took place (e.g., in a virtual replication of 
a shopping mall).

● Supports: The “with what kinds of support” of the 
Parsons’ (Parsons, 2016) framework. Supports included 
the instructional, pedagogical, intervention, etc., sup-
ports and scaffolds of the VR intervention and training 
environment.

● Tasks and/or objectives: The “for what kinds of tasks 
or objectives” of the Parsons’ (Parsons, 2016) frame-
work. A description of the overarching task that was 
the instructional or learning focus of the VR system. 
A clinical target was also identified. Clinical targets 
were characterized using the same categories as used 

in Mesa-Gresa and colleagues’ work (Mesa-Gresa 
et al., 2018).

● System Description: A summary of the overall VR system 
including a description of user interactions, goals, and 
supports. Used to provide context for identified design 
factors from the Dalgarno and Lee (2010) framework.

● Design Factors: Design factors that are evident in the VR 
system. Design factors are characterized using the char-
acteristics of Dalgarno and Lee’s elaborated model of 
learning in 3D virtual learning environments (2010). 
These unique characteristics relate to representational 
fidelity (realistic display of environment, smooth display 
of view changes and object motion, consistency of object 
behavior, user representation, spatial audio, kinesthetic 
and tactile force feedback) and learner interaction 
(embodied actions, embodied verbal and non-verbal 
communication, control of environment attributes and 
behavior, construction/scripting of objects and 
behaviors).

● Design Factors Description: A description of how the 
design factors (Dalgarno & Lee, 2010) are instantiated 
in the design of a VR system.

Table 3. Definitions of VR across projects/interventions.

VR System VR Definition

VR Adaptive Driving System (Bian et al., 2013; Wade et al., 2016, Wade et al., 
2017; Zhang et al., 2017)

Engaging visual medium often in the form of video games that can be used to 
create immersive, interactive, and realistic environments.

iSocial (J. Laffey et al., 2012; J. M. Laffey et al., 2014; M. Schmidt et al., 2014; 
Schmidt, 2014; Matthew Schmidt et al., 2012; Stichter et al., 2014; Wang et al., 
2016, Wang et al., 2017)

Auditory and visual interactive technology which may represent a reduction of 
information from a real-world setting but also represents a full description of 
a setting without the need for imagined components.

Immersive VRET and Cognitive Behavioral Therapy System (Maskey et al., 2014, 
M. Maskey et al., 2019; Maskey et al., 2014, Maskey et al., 2019)

Computer-generated virtual images/scenes.

Fire and tornado safety system (Self et al., 2007) Computer-generated, interactive, three-dimensional environment.
Immersive VR 

(Herrero & Lorenzo, 2020)
Where a user is immersed in a computer-generated world so that the point of 
view upgrades according to the position of the user. To provide greater realism 
and interaction.

IVRT research (Lorenzo et al., 2016) A computer generated world, where users are entirely immersed and have the 
impression that they have “stepped inside” a synthetic world.

E-VISP (Babu et al., 2018) A 3D computer generated virtual world that is capable of providing real-life 
imagery of the physical world.

Pronunciation VR platform (Chen et al., 2019) Simulation of the real world based on computer graphics.
VR4VR (Bozgeyikli et al., 2017) A model of reality where one can interact with and get information from 

ordinary human senses and can control the model using ordinary human 
actions.

VR Intervention (Ip et al., 2018; Yuan & Ip, 2018) Immersive, computer generated world that can be created to simulate real-life 
situations.

Virtuoso-SVVR (Schmidt et al., 2019) Three-dimensional, computer simulated environments that can be experienced 
by users with specialized electronic equipment. Promotes concepts of presence, 
telepresence, and spatial immersion.

Street Crossing Platform (Dixon et al., 2019) Computer-based, multisensory, simulated environments that are navigated 
using different technologies.

Virtual Travel Training (Simões et al., 2018) Artificial, 3D, computer-generated environments which the user can explore and 
interact with.

JobTIPS (Strickland et al., 2013) A technology where users can practice context-based social and adaptive skills, 
facilitated in real time by an instructor, within computer generated 
environments.

Blood drawn exposure therapy (Meindl et al., 2019) Technology that can realistically simulate a three-dimensional environment.
3D-SU system (Cheng et al., 2015) A realistic simulated 3D world.
Virtual Reality Social Cognition Training (Didehbani et al., 2016; Kandalaft et al., 

2013)
Computer-based simulation of reality in which visual representations, based in 
everyday life settings, are presented on a screen.

Interaction Training (Ke et al., 2015; Ke & Im, 2013) Computer generated, three-dimensional representation of real-life environment.
Hand-in-Hand (Zhao et al., 2018) Interactive and immersive simulated situations.
VR-CR (M. Wang & Reid, 2013) Simulation of the real world using computer graphics.
VLSS (Volioti et al., 2016) Three-dimensional computing environment in which users can be immersed 

and interact.
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3. Results

The following section summarizes the results of this literature 
review.

3.1. Study selection results

Initial search across five indexes resulted in a total of 1,090 
results. This pool of resources was culled to 766 articles after 
duplicates were removed. A total of 192 articles remained 
after a review of titles and abstracts was conducted for rele-
vance. A full-text review was performed on these 192 articles 
by the first author and inclusion and exclusion criteria were 
applied. The outcome of this process was a final corpus of 84 
articles that met the inclusion criteria. A secondary analysis 
was performed by the second author on these 84 articles, with 
further two articles excluded because they did not have an 
evaluation component or had been published as conference 
proceedings. These 82 articles were then categorized by pro-
ject (as described above), resulting in a total of 49 records 
representing different interventions/projects. A diagram illus-
trating the search and selection process is provided in 
Figure 1. 

RQ 1: How do designers of VR interventions for indivi-
duals with ASD characterize/define VR? 

Analysis of articles associated with the 49 projects found 
that 22 projects (44.9%) provided explicit definitions of VR 
and 27 projects (55.1%) did not, as reported in Table 3.

Of the projects that did define virtual reality in their manu-
scripts, there were a range of characteristics described. For 
instance, ten (20.4%) defined VR as some kind of computer- 
generated environment, scene, or world. Eleven (22.4%) pro-
jects defined VR as providing an environment based on the 
real-world or providing a model of reality that is realistic and 
ecologically sound. Six projects (12.2%) stated that VR pro-
vides sensations of tele-presence including physical immer-
sion or a psychological sense of feeling ‘there’ within 
a synthetic world. Nine projects (18.4%) stated that VR allows 
users to interact with the environment that is being presented 
including other users and objects within the virtual world. 
One project (2%) defined VR as being game-like. We do note 
that there was overlap in how researchers defined virtual 
reality in their work and that several projects fell within 
more than one categorization. 

RQ 2: To what extent do VR systems described in the 
literature address the questions proposed by Parsons 
(2016), namely: (a) which technologies were used, (b) 
for whom, (c) in which contexts, (d) with what kinds of 
support, and (e) for what kinds of tasks/objectives? 

Articles associated with the 49 projects were reviewed and 
data associated with Parsons’ (Parsons, 2016) framework were 
extracted along the dimensions of (a) which technologies, (b) 
for whom, (c) in which contexts, (d) with what kinds of 
support, and (e) for what kinds of tasks/objectives. The results 
of this data extraction process are reported in Table 4.

3.1.1. Which technologies?
Clearly, a wide variety of VR technologies and interfaces are 
used to deliver interventions (see Figure 2). Thirty-two pro-
jects administered interventions on desktop-based interfaces 
that present virtual environments on a computer monitor and 
implement a combination of controller options. Five projects 
used CAVE systems where scenarios were projected onto 
a combination of screens that users could interact with 
through motion trackers, cameras, or other wearables. Eight 
projects used fully HMD where users perceive virtual experi-
ences through wearable helmets and their gestures are cap-
tured through various trackers and controllers. Five projects 
delivered their interventions through mobile-based systems 
that present scenarios through videos and interactive worlds 
that can be perceived through lightweight HMD and control-
lers. Three projects used a projector-based system that 
allowed users to interact with the system through 
a Microsoft Kinect or a motion tracking device.

Varying human-computer interfaces are used to provide pos-
sibilities for user interaction and display of information with the 
different VR technologies illustrated in Figure 2. Desktop-based 
systems included the use of keyboards, computer mice, joysticks, 
haptic devices (e.g. a pressure sensitive Geomagic Touch Haptic 
Device), video game controllers, eye-gaze contingent devices, 
motion trackers, and driving interfaces. Gaze contingent systems 
(18.75% of desktop-based VR) and systems with some combina-
tion of keyboard/mouse or controller options were the most 
common (71.9% of desktop-based VR). CAVE-based interfaces 
utilized a variety of configurations including: 6-walled CAVE, full 
360-degree CAVE, 4-walled CAVE, a half CAVE, and an 
L-shaped CAVE. All five mobile-based VR systems were pre-
sented using lightweight mobile HMD including Google 
Cardboard, Google Daydream, and the Tzumi Dream Vision. 
Three of the mobile-based VR projects (60%) presented digital 
worlds that users could interact with using various input methods. 
Two of the mobile-based VR projects (40%) provided users with 
360-degree video-based scenarios. Of the eight fully immersive 
HMD-based VR systems, five were presented in an Oculus Rift 
(62.5%). The other three fully immersive HMD used the 
ProVison, I-Glasses, and the Z800 3DVisor, respectively.

3.1.2. For whom?
The projects and interventions reviewed were designed for 
a wide range of participants with ASD, with demographics 
that vary considerably in age and diagnostic measures (see 
Table 4). Reporting of necessary levels of support for partici-
pants is inconsistent, and few articles identify participant 
comorbidities. Age ranges of participants are the most com-
monly reported demographic item. The majority of research 
in this field has been conducted with children (aged 0–9) and 
adolescents (aged 10–19). Interventions designed for adults 
(20+) are less common (Figure 3). These findings are in 
agreement with other published reviews (Lal Bozgeyikli 
et al., 2018; Mesa-Gresa et al., 2018; Parsons, 2016).

3.1.3. In which contexts?
Reporting of the physical contexts in which projects/interven-
tions were implemented was inconsistent, with the majority of 
projects (76.5%) failing to include this information. From the 

8 N. GLASER AND M. SCHMIDT



Ta
bl

e 
4.

 D
es

cr
ip

tio
n 

of
 V

R 
pr

oj
ec

ts
/in

te
rv

en
tio

ns
 f

or
 in

di
vi

du
al

s 
w

ith
 A

SD
 a

s 
ca

te
go

riz
ed

 u
sin

g 
th

e 
sc

he
m

a 
su

gg
es

te
d 

by
 P

ar
so

ns
 (

20
16

).

Pr
oj

ec
t 

an
d 

Re
fe

re
nc

es
W

hi
ch

 t
ec

hn
ol

og
ie

s?
Fo

r 
w

ho
m

?
In

 w
hi

ch
 c

on
te

xt
s?

W
ha

t 
ki

nd
s 

of
 s

up
po

rt
?

Fo
r 

w
ha

t 
ki

nd
s 

of
 

ta
sk

s/
ob

je
ct

iv
es

?

VR
 A

da
pt

iv
e 

D
riv

in
g 

Sy
st

em
 (

W
ad

e 
et

 a
l.,

 
20

16
; W

ad
e 

et
 a

l.,
 2

01
7;

 Z
ha

ng
 e

t 
al

., 
20

17
; B

ia
n 

et
 a

l.,
 2

01
9)

Si
ng

le
-U

se
r, 

de
sk

to
p-

ba
se

d 
dr

iv
in

g 
in

te
rfa

ce
 

th
at

 u
se

d 
Lo

gi
te

ch
 G

27
 (

w
he

el
) 

co
nt

ro
lle

r 
an

d 
va

rio
us

 a
dd

on
s 

(e
ye

 t
ra

ck
in

g,
 e

eg
, e

tc
) 

to
 

pr
ov

id
e 

ad
ap

tiv
e 

re
sp

on
se

s 
by

 t
he

 s
ys

te
m

.

Ad
ol

es
ce

nt
s 

be
tw

ee
n 

13
–1

8;
 

Au
tis

m
 d

ia
gn

os
is 

ba
se

d 
on

 S
RS

, S
CQ

, I
Q

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
N

on
fic

tio
na

l. 
A 

re
pl

ic
at

io
n 

of
 a

 c
ity

 in
 t

he
 U

.S
.A

.

●
Co

nt
ex

tu
al

iz
ed

 c
or

re
c-

tiv
e 

fe
ed

ba
ck

●
Ju

st
-in

-t
im

e 
co

rr
ec

tiv
e 

fe
ed

ba
ck

●
To

ke
n 

ec
on

om
y

Pr
og

ra
m

 g
oa

ls
: 

D
riv

in
g 

sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
D

ai
ly

 li
vi

ng
 s

ki
lls

iS
oc

ia
l (

W
an

g 
et

 a
l.,

 2
01

8;
 S

ch
m

id
t, 

20
14

; 
J. 

M
. L

af
fe

y 
et

 a
l.,

 2
01

4;
 J

. L
af

fe
y 

et
 a

l.,
 

20
12

; S
tic

ht
er

 e
t 

al
., 

20
14

; W
an

g 
et

 a
l.,

 
20

16
; W

an
g 

et
 a

l.,
 2

01
7;

 M
. S

ch
m

id
t 

et
 a

l.,
 2

01
4;

 M
at

th
ew

 S
ch

m
id

t 
et

 a
l.,

 
20

12
)

M
ul

ti-
Us

er
, d

es
kt

op
-b

as
ed

 V
R 

bu
ilt

 u
sin

g 
Ja

va
- 

ba
se

d 
O

pe
nW

on
de

rla
nd

 v
irt

ua
l w

or
ld

s 
to

ol
ki

t 
to

 d
el

iv
er

 o
nl

in
e 

tr
ai

ni
ng

 a
t-

a-
di

st
an

ce
.

Yo
ut

h 
be

tw
ee

n 
11

–1
4;

 
H

ig
h-

fu
nc

tio
ni

ng
 a

ut
ism

 
or

 A
sp

er
ge

rs
 b

as
ed

 o
n 

AD
I-R

, A
D

O
S

Ph
ys

ic
al

 c
on

te
xt

: 
Sc

ho
ol

 s
et

tin
g 

Vi
rt

ua
l c

on
te

xt
: 

Fi
ct

io
na

l. 
Fi

ve
 f

an
ta

sy
 e

nv
iro

nm
en

ts
, i

nc
lu

di
ng

 
a 

bo
at

, r
es

ta
ur

an
t, 

ca
st

le
, e

tc
.

●
To

ke
n 

ec
on

om
y

●
“S

oc
ia

l o
rt

ho
tic

s”
●

Vi
su

al
 s

ch
ed

ul
es

●
O

nl
in

e 
gu

id
e

Pr
og

ra
m

 g
oa

ls
: 

D
el

iv
er

 S
CI

-A
 

cu
rr

ic
ul

um
 

Cl
in

ic
al

 t
ar

ge
t: 

So
ci

al
 s

ki
lls

Ga
ze

 s
en

sit
iv

e 
Ad

ap
tiv

e 
Re

sp
on

se
 

Te
ch

no
lo

gy
 (

La
hi

ri 
et

 a
l.,

 2
01

5;
 L

ah
iri

 
et

 a
l.,

 2
01

1;
 L

ah
iri

 e
t 

al
., 

20
11

)

Si
ng

le
-U

se
r, 

Ga
ze

 c
on

tin
ge

nt
 D

es
kt

op
-b

as
ed

 V
R 

bu
ilt

 in
 V

iz
ar

d 
fro

m
 W

or
ld

vi
z 

Ll
c.

Yo
ut

h 
be

tw
ee

n 
13

–1
8;

 
Au

tis
m

 d
ia

gn
os

is 
ba

se
d 

on
 P

PV
T,

 S
RS

, S
CQ

, 
AD

O
S-

G,
 A

D
RI

-R

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Sc
en

ar
io

s 
w

er
e 

ba
se

d 
on

 d
iv

er
se

 
to

pi
cs

 a
nd

 lo
ca

tio
ns

 o
f 

in
te

re
st

 t
o 

te
en

ag
er

s. 
Fo

r 
ex

am
pl

e,
 o

ne
 s

ce
na

rio
 in

vo
lv

ed
 a

 s
ce

ne
 a

t 
th

e 
be

ac
h.

●
Ad

ap
tiv

e 
di

ffi
cu

lty
Pr

og
ra

m
 g

oa
ls

: 
So

ci
al

 In
te

ra
ct

io
n 

tr
ai

ni
ng

 
Cl

in
ic

al
 t

ar
ge

t: 
So

ci
al

 s
ki

lls

Im
m

er
siv

e 
VR

ET
 a

nd
 C

og
ni

tiv
e 

Be
ha

vi
or

al
 

Th
er

ap
y 

Sy
st

em
 (

M
as

ke
y 

et
 a

l.,
 2

01
4;

 
M

as
ke

y,
 M

cC
on

ac
hi

e,
 e

t 
al

., 
20

19
; 

M
as

ke
y,

 R
od

ge
rs

, G
ra

ha
m

e,
 e

t 
al

., 
20

19
; 

M
as

ke
y,

 R
od

ge
rs

, I
ng

ha
m

, e
t 

al
., 

20
19

)

Si
ng

le
-U

se
r, 

CA
VE

-b
as

ed
 s

ys
te

m
 c

al
le

d 
th

e 
‘B

lu
e 

Ro
om

’ w
he

re
 s

ce
ne

s 
ar

e 
pr

oj
ec

te
d 

on
to

 
a 

36
0 

de
gr

ee
 s

cr
ee

ne
d 

ro
om

. S
ce

ne
s 

ar
e 

co
nt

ro
lle

d 
by

 a
 t

he
ra

pi
st

 w
ith

 a
n 

iP
ad

.

Yo
ut

h 
be

tw
ee

n 
8–

14
; 

Au
tis

m
 d

ia
gn

os
is 

ba
se

d 
on

: D
SM

-IV
 o

r 
IC

D
-1

0 
cr

ite
ria

 f
ro

m
 N

H
S;

 
N

o 
co

m
or

bi
d 

le
ar

ni
ng

 
di

sa
bi

lit
ie

s

Ph
ys

ic
al

 c
on

te
xt

: 
Un

iv
er

sit
y 

se
tt

in
g 

Vi
rt

ua
l c

on
te

xt
: 

N
on

fic
tio

na
l. 

Va
rio

us
 s

ce
ne

s 
ba

se
d 

on
 in

di
vi

du
al

 
us

er
’s 

ph
ob

ia
s 

in
cl

ud
in

g:
 S

tr
ee

t 
sc

en
e 

w
ith

 
op

en
 la

nd
. D

og
s 

of
 d

iff
er

en
t s

iz
es

 w
ou

ld
 a

pp
ea

r 
an

d 
ru

n 
ar

ou
nd

; I
ns

id
e 

a 
vi

rt
ua

l c
ar

 t
ha

t 
w

ou
ld

 
dr

iv
e 

th
ro

ug
h 

th
e 

st
re

et
s; 

En
tr

an
ce

 t
o 

a 
sc

ho
ol

 
fro

m
 a

 p
ar

tic
ip

an
t’s

 li
fe

; D
im

ly
 li

t 
co

rr
id

or
; 

Re
pl

ic
a 

of
 a

 lo
ca

l s
po

rt
s 

ce
nt

er
; S

ce
na

rio
s 

of
 fi

re
 

dr
ill

s; 
In

sid
e 

a 
ho

us
e 

du
rin

g 
a 

st
or

m

●
In

di
vi

du
al

 t
re

at
m

en
ts

●
Gr

ad
ua

l e
xp

os
ur

e
●

Co
gn

iti
ve

 B
eh

av
io

ra
l 

Te
ch

ni
qu

es

Pr
og

ra
m

 g
oa

ls
: 

Tr
ea

tm
en

t 
of

 
ph

ob
ia

s 
Cl

in
ic

al
 t

ar
ge

t: 
Ph

ob
ia

 o
r 

fe
ar

Fi
re

 a
nd

 t
or

na
do

 s
af

et
y 

sy
st

em
 (S

el
f 

et
 a

l.,
 

20
07

)
Si

ng
le

-U
se

r, 
D

es
kt

op
-b

as
ed

 V
R 

sy
st

em
 m

ad
e 

w
ith

 E
O

N
 P

ro
fe

ss
io

na
l 5

.0
; 3

D
S 

M
ax

 6
.0

 
so

ftw
ar

e

Yo
ut

h 
be

tw
ee

n 
6 

to
 1

2 
ye

ar
s

Ph
ys

ic
al

 c
on

te
xt

: 
Sc

ho
ol

 s
et

tin
g 

Vi
rt

ua
l c

on
te

xt
: 

Fi
ct

io
na

l. 
Vi

rt
ua

l b
ui

ld
in

gs
 u

nf
am

ili
ar

 t
o 

pa
rt

ic
ip

an
ts

●
N

av
ig

at
io

na
l s

ca
ffo

ld
s

●
Vi

su
al

 c
ue

s 
an

d 
pr

om
pt

in
g

●
Ev

ol
vi

ng
 c

om
pl

ex
iti

es

Pr
og

ra
m

 g
oa

ls
: 

Te
ac

hi
ng

 s
af

et
y 

sk
ill

s 
re

la
te

d 
to

 f
ire

 
an

d 
to

rn
ad

o 
ev

en
ts

 
Cl

in
ic

al
 t

ar
ge

t: 
D

ai
ly

 li
vi

ng
 s

ki
lls

AV
iS

SS
 (

Eh
rli

ch
 &

 M
ill

er
, 2

00
9)

Si
ng

le
-U

se
r, 

D
es

kt
op

-b
as

ed
 V

R 
sy

st
em

 w
he

re
 

us
er

s 
cl

ic
k 

on
 m

ul
tip

le
 c

ho
ic

e 
op

tio
ns

 t
o 

pr
og

re
ss

 t
hr

ou
gh

 s
ce

na
rio

s. 
Cr

ea
te

d 
in

 O
GR

E 
3D

 R
en

de
rin

g 
So

ftw
ar

e

Ad
ol

es
ce

nt
s

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

H
al

lw
ay

s, 
re

st
ro

om
s, 

bu
se

s, 
an

d 
ca

fe
te

ria
s 

un
fa

m
ili

ar
 t

o 
th

e 
pa

rt
ic

ip
an

ts

●
Ab

ili
ty

 t
o 

fa
il 

an
d 

re
pl

ay
 s

ce
na

rio
s

●
Co

rr
ec

tiv
e 

sy
st

em

Pr
og

ra
m

 g
oa

ls
: 

Te
ac

hi
ng

 s
oc

ia
l 

sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
So

ci
al

 s
ki

lls
Bo

b’
s 

Fi
sh

 S
ho

p 
(R

os
en

fie
ld

 e
t 

al
., 

20
19

)
Si

ng
le

-U
se

r, 
H

M
D

-b
as

ed
-V

R 
in

 O
cu

lu
s 

Ri
ft 

m
ad

e 
in

 U
ni

ty
O

ne
 6

 y
ea

r 
ol

d 
ad

ol
es

ce
nt

 w
ith

 A
SD

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Ca
rt

oo
n 

pe
t 

st
or

e

●
Us

er
 p

ro
gr

es
s 

tr
ac

ki
ng

●
Ga

ze
 t

ra
ck

in
g 

an
d 

an
al

ys
is

Pr
og

ra
m

 g
oa

ls
: 

So
ci

al
 s

ki
lls

 
de

ve
lo

pm
en

t 
Cl

in
ic

al
 t

ar
ge

t: 
So

ci
al

 s
ki

lls
Vi

rt
ua

l J
oy

st
ic

k 
(K

im
 e

t 
al

., 
20

15
)

Si
ng

le
-U

se
r, 

D
es

kt
op

-b
as

ed
 V

R 
w

ith
 a

 jo
ys

tic
k 

m
ad

e 
in

 G
am

e 
St

ud
io

 A
6 

re
nd

er
in

g 
en

gi
ne

Yo
ut

h 
be

tw
ee

n 
8–

16
; 

H
ig

h 
Fu

nc
tio

ni
ng

 
di

ag
no

sis
 b

as
ed

 o
n:

 IQ
, 

SC
Q

, A
SS

Q
, S

RS
, M

AS
C,

 
BA

SC
, R

M
E;

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Li
vi

ng
 r

oo
m

 u
nf

am
ili

ar
 t

o 
th

e 
pa

rt
ic

ip
an

ts

●
In

cr
ea

sin
g 

em
ot

io
na

l 
in

te
ns

ity
 le

ve
ls 

on
 

av
at

ar
s

Pr
og

ra
m

 g
oa

ls
: 

Ex
am

in
e 

so
ci

al
 

m
ot

iv
at

io
n 

an
d 

em
ot

io
n 

pe
rc

ep
tio

n 
Cl

in
ic

al
 t

ar
ge

t: 
Em

ot
io

na
l S

ki
lls

(C
on

tin
ue
d

)

INTERNATIONAL JOURNAL OF HUMAN–COMPUTER INTERACTION 9



Ta
bl

e 
4.

 (
Co

nt
in

ue
d)

. 

Pr
oj

ec
t 

an
d 

Re
fe

re
nc

es
W

hi
ch

 t
ec

hn
ol

og
ie

s?
Fo

r 
w

ho
m

?
In

 w
hi

ch
 c

on
te

xt
s?

W
ha

t 
ki

nd
s 

of
 s

up
po

rt
?

Fo
r 

w
ha

t 
ki

nd
s 

of
 

ta
sk

s/
ob

je
ct

iv
es

?

Ci
ce

rO
n 

VR
: V

irt
ua

l S
pe

ec
h 

Co
ac

h 
(R

oj
o 

et
 a

l.,
 2

01
9)

Si
ng

le
-U

se
r, 

M
ob

ile
-b

as
ed

-V
R 

in
 S

am
su

ng
 G

ea
r 

H
M

D
 w

ith
 a

 c
on

tr
ol

le
r 

m
ad

e 
in

 U
ni

ty
 3

D
In

di
vi

du
al

s 
w

ith
 

As
pe

rg
er

’s 
Sy

nd
ro

m
e

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Lo
ca

tio
ns

 f
ro

m
 a

ro
un

d 
th

e 
w

or
ld

●
Ga

m
ifi

ed
●

Gr
ad

ua
l e

xp
os

ur
e

●
Fo

rm
at

iv
e 

as
se

ss
m

en
t 

th
ro

ug
h 

sp
ee

ch
 

re
co

gn
iti

on

Pr
og

ra
m

 g
oa

ls
: 

D
ev

el
op

m
en

t 
of

 
pu

bl
ic

 s
pe

ak
in

g 
sk

ill
s 

an
d 

ad
dr

es
sin

g 
ph

ob
ia

 
re

la
te

d 
to

 t
al

ki
ng

 in
 

fro
nt

 o
f 

ot
he

rs
 

Cl
in

ic
al

 t
ar

ge
t: 

Ph
ob

ia
 o

r 
fe

ar
Ey

e 
ga

ze
 V

R 
(G

ry
ns

zp
an

 e
t 

al
., 

20
19

)
Si

ng
le

-U
se

r, 
Ga

ze
 c

on
tin

ge
nt

 D
es

kt
op

-b
as

ed
 V

R
Yo

un
g 

ad
ul

ts
 w

ith
 a

n 
av

er
ag

e 
ag

e 
of

 2
4.

06
; 

D
ia

gn
os

is 
ba

se
d 

on
 

Ps
yc

hi
at

ris
t 

co
nf

irm
ed

 
di

ag
no

sis
 u

sin
g 

th
e 

D
SM

- 
IV

 R
 c

rit
er

ia

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Tw
o 

tw
in

s 
w

ou
ld

 a
pp

ea
r 

on
 a

 s
cr

ee
n

N
ot

 r
ep

or
te

d
Pr

og
ra

m
 g

oa
ls

: 
In

ve
st

ig
at

e 
at

te
nt

io
na

l f
oc

us
 

ab
ili

tie
s 

Cl
in

ic
al

 t
ar

ge
t: 

At
te

nt
io

n
IV

R (H
er

re
ro

 &
 L

or
en

zo
, 2

02
0)

Si
ng

le
-U

se
r, 

H
M

D
-b

as
ed

-V
R 

in
 O

cu
lu

s 
Ri

ft 
m

ad
e 

in
 U

ni
ty

 3
D

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

8 
to

 
15

; 
Au

tis
m

 d
ia

gn
os

is;
 L

ev
el

 1
 

an
d 

Le
ve

l 2
 o

f 
D

SM
-V

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Ge
ne

ric
 v

irt
ua

l s
ch

oo
l a

nd
 g

ar
de

n

●
Re

du
ct

io
n 

of
 s

tim
ul

i 
th

at
 c

ou
ld

 b
e 

di
st

ra
ct

in
g

●
Si

m
pl

ifi
ed

 c
on

tr
ol

 
sy

st
em

Pr
og

ra
m

 g
oa

ls
: 

Tr
ai

n 
th

e 
em

ot
io

na
l 

an
d 

so
ci

al
 s

ki
lls

 o
f 

st
ud

en
ts

 
Cl

in
ic

al
 t

ar
ge

t: 
Em

ot
io

na
l s

ki
lls

CR
ET

A 
(Z

ha
ng

 e
t 

al
., 

20
20

)
M

ul
ti-

Us
er

, D
es

kt
op

-b
as

ed
 V

R
Yo

ut
h 

w
ith

 a
n 

av
er

ag
e 

ag
e 

of
 1

3.
39

; 
D

ia
gn

os
is 

ba
se

d 
on

: 
SR

S,
 S

CQ
, A

D
O

S,
 IQ

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Pr
ob

le
m

 s
ol

vi
ng

 g
am

es

●
Ad

ap
tiv

e 
sy

st
em

 t
ha

t 
re

sp
on

ds
 to

 h
ow

 a
 u

se
r 

is 
co

m
m

un
ic

at
in

g

Pr
og

ra
m

 g
oa

ls
: 

As
se

ss
in

g 
So

ci
al

 
Co

m
m

un
ic

at
io

n 
an

d 
Co

lla
bo

ra
tio

n 
Cl

in
ic

al
 t

ar
ge

t: 
Co

m
m

un
ic

at
io

n 
ab

ili
ty

Fa
ci

al
 R

ec
og

ni
tio

n 
VR

 (
Be

ke
le

 e
t 

al
., 

20
14

; 
Be

ke
le

 e
t 

al
., 

20
12

; B
ek

el
e 

et
 a

l.,
 2

01
3)

Si
ng

le
-U

se
r, 

Ga
ze

 C
on

tin
ge

nt
 D

es
kt

op
-b

as
ed

 
VR

 m
ad

e 
in

 U
ni

ty
 3

D
Yo

ut
h 

ag
ed

 b
et

w
ee

n 
13

– 
17

; B
el

ow
 ri

sk
 ra

ng
e 

H
ig

h 
fu

nc
tio

ni
ng

 d
ia

gn
os

is 
ba

se
d 

on
: S

RS
, S

CQ
, 

AD
O

S-
6,

 A
D

O
S-

CS
S,

 IQ
;

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Vi
rt

ua
l c

ha
ra

ct
er

s 
di

sp
la

ye
d 

on
 

a 
sc

re
en

N
ot

 r
ep

or
te

d
Pr

og
ra

m
 g

oa
ls

: 
En

ha
nc

in
g 

Fa
ci

al
 

Af
fe

ct
 R

ec
og

ni
tio

n 
Cl

in
ic

al
 t

ar
ge

t: 
Em

ot
io

na
l s

ki
lls

(C
on

tin
ue
d

)

10 N. GLASER AND M. SCHMIDT



Ta
bl

e 
4.

 (
Co

nt
in

ue
d)

. 

Pr
oj

ec
t 

an
d 

Re
fe

re
nc

es
W

hi
ch

 t
ec

hn
ol

og
ie

s?
Fo

r 
w

ho
m

?
In

 w
hi

ch
 c

on
te

xt
s?

W
ha

t 
ki

nd
s 

of
 s

up
po

rt
?

Fo
r 

w
ha

t 
ki

nd
s 

of
 

ta
sk

s/
ob

je
ct

iv
es

?

VR
-J

IT
 (

Sm
ith

 e
t 

al
., 

20
15

; S
m

ith
 e

t 
al

., 
20

14
; S

m
ith

 e
t 

al
., 

20
20

)
Si

ng
le

-U
se

r, 
D

es
kt

op
-b

as
ed

 V
R

Te
en

ag
er

s 
an

d 
ad

ul
ts

 
be

tw
ee

n 
16

 t
o 

31
; 

H
ig

h 
Fu

nc
tio

ni
ng

 
di

ag
no

sis
 b

as
ed

 o
n 

SR
S

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Vi
rt

ua
l c

ha
ra

ct
er

 r
ep

re
se

nt
in

g 
a 

hu
m

an
 r

es
ou

rc
es

 m
an

ag
er

 in
 a

 la
rg

e 
de

pa
rt

m
en

t 
st

or
e

●
Re

pe
tit

iv
e 

sim
ul

at
ed

 
jo

b 
in

te
rv

ie
w

s 
ba

se
d 

on
 h

ie
ra

rc
hi

ca
l l

ea
rn

in
g

●
Al

go
rit

hm
 b

as
ed

 o
n 

cu
st

om
iz

ab
le

 f
ea

tu
re

s 
th

at
 a

da
pt

s 
to

 le
ar

ne
r 

ne
ed

s
●

N
on

-b
ra

nc
hi

ng
 d

es
ig

n 
th

at
 h

as
 o

ve
r 

20
00

 d
if-

fe
re

nt
 s

im
ul

at
io

ns
●

D
isp

la
yi

ng
 s

co
re

s 
ba

se
d 

on
 p

er
fo

rm
an

ce
●

D
iff

ic
ul

ty
 le

ve
ls 

w
he

re
 

th
e 

in
te

rv
ie

w
er

 
be

co
m

es
 m

or
e 

ag
i-

ta
te

d,
 h

os
til

e,
 o

r 
w

ill
 

ev
en

 a
sk

 il
le

ga
l 

qu
es

tio
ns

Pr
og

ra
m

 g
oa

ls
: 

In
te

rv
ie

w
in

g 
sk

ill
s 

Cl
in

ic
al

 t
ar

ge
t: 

D
ai

ly
 li

vi
ng

 s
ki

lls

IV
RT

 r
es

ea
rc

h 
(L

or
en

zo
 e

t 
al

., 
20

16
)

Si
ng

le
-U

se
r, 

L-
sh

ap
ed

 C
AV

E-
ba

se
d 

an
d 

D
es

kt
op

-b
as

ed
 V

R 
de

sig
ne

d 
in

 V
iz

ar
d 

fro
m

 
W

or
ld

vi
z 

Ll
c

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

7–
 

12
Ph

ys
ic

al
 c

on
te

xt
: 

N
ot

 d
es

cr
ib

ed
 

Vi
rt

ua
l c

on
te

xt
: 

Fi
ct

io
na

l. 
Pa

rt
y 

an
d 

a 
cl

as
sr

oo
m

●
Ad

ap
tiv

e 
sy

st
em

 t
ha

t 
re

sp
on

ds
 t

o 
th

e 
ac

tio
ns

 
of

 u
se

rs
 in

 t
he

 
en

vi
ro

nm
en

t

Pr
og

ra
m

 g
oa

ls
: 

Im
pr

ov
e 

em
ot

io
na

l 
sk

ill
s 

Cl
in

ic
al

 t
ar

ge
t: 

Em
ot

io
na

l s
ki

lls
Vi

rt
ua

l D
ol

ph
in

ar
iu

m
 

(C
ai

 e
t 

al
., 

20
13

; L
u 

et
 a

l.,
 L

u)
Si

ng
le

-U
se

r, 
Pr

oj
ec

to
r-

ba
se

d 
w

ith
 M

ic
ro

so
ft 

Ki
ne

ct
Yo

ut
h 

ag
ed

 b
et

w
ee

n 
6–

 
17

; 
M

ild
 t

o 
se

ve
re

 d
ia

gn
os

is 
ba

se
d 

on
; T

O
N

I3
, N

IQ
, 

GA
RS

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

N
ex

t 
to

 a
 p

oo
l/v

irt
ua

l d
ol

ph
in

 la
go

on
 

w
he

re
 u

se
rs

 a
re

 a
bl

e 
to

 in
te

ra
ct

 w
ith

 p
in

k 
do

lp
hi

ns
. T

he
 e

nv
iro

nm
en

t 
al

so
 in

cl
ud

es
 

un
de

rw
at

er
 s

ce
ne

s 
w

he
re

 t
he

 d
ol

ph
in

s 
ca

n 
sw

im
 a

nd
 b

eh
av

e 
na

tu
ra

lis
tic

al
ly

.

●
M

irr
or

in
g 

of
 p

sy
ch

o-
m

ot
or

 s
ki

lls
 f

ro
m

 in
- 

ga
m

e 
av

at
ar

s
●

Ga
m

ifi
ed

●
Ex

pe
rie

nt
ia

l l
ea

rn
in

g 
m

et
ho

ds

Pr
og

ra
m

 g
oa

ls
: 

To
 t

ea
ch

 n
on

ve
rb

al
 

co
m

m
un

ic
at

io
n 

th
ro

ug
h 

ge
st

ur
in

g 
Cl

in
ic

al
 t

ar
ge

t: 
Co

m
m

un
ic

at
io

n 
ab

ili
ty

H
ap

tic
-G

rip
pe

r 
Vi

rt
ua

l R
ea

lit
y 

Sy
st

em
 

(Z
ha

o 
et

 a
l.,

 2
01

8)
Si

ng
le

-U
se

r, 
de

sk
to

p-
ba

se
d 

sy
st

em
 t

ha
t 

us
es

 
a 

ha
pt

ic
 g

rip
 a

tt
ac

hm
en

t 
th

at
 is

 m
ad

e 
by

 
au

gm
en

tin
g 

a 
co

m
m

er
ci

al
 h

ap
tic

 d
ev

ic
e 

(G
eo

m
ag

ic
 T

ou
ch

 H
ap

tic
 D

ev
ic

e)
 w

ith
 a

 3
D

- 
pr

in
te

d 
gr

ip
pe

r 
em

be
dd

ed
 w

ith
 F

or
ce

-S
en

sin
g 

Re
sis

to
rs

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

8–
 

12
; 

D
ia

gn
os

is 
ba

se
d 

on
: 

AD
O

S,
 S

B-
5,

 S
RS

;

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Vi
rt

ua
l t

as
ks

 a
nd

 a
ct

iv
iti

es
 in

cl
ud

in
g 

Le
tt

er
 T

as
ks

 a
nd

 c
ur

ve
d 

Pa
th

 T
as

ks

●
Ad

ap
tiv

e 
ha

pt
ic

, a
ud

i-
bl

e,
 a

nd
 v

isu
al

 
fe

ed
ba

ck

Pr
og

ra
m

 g
oa

ls
: 

Ad
dr

es
s 

m
ot

or
 s

ki
ll 

de
fic

its
 

Cl
in

ic
al

 t
ar

ge
t: 

Ph
ys

ic
al

 a
ct

iv
ity

AS
 S

ys
te

m
 

(K
ur

ia
ko

se
 &

 L
ah

iri
, 2

01
7;

 K
ur

ia
ko

se
 &

 
La

hi
ri,

 2
01

5)

Si
ng

le
-U

se
r, 

D
es

kt
op

-b
as

ed
 V

R 
D

es
ig

ne
d 

in
 

Vi
za

rd
 f

ro
m

 W
or

ld
vi

z 
Ll

c
Yo

ut
h 

ag
ed

 b
et

w
ee

n 
10

– 
16

; 
Ab

ov
e 

Av
er

ag
e 

IQ
 

di
ag

no
sis

 b
as

ed
 o

n:
 S

RS
, 

SC
Q

, S
CA

C;

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

So
ci

al
 s

to
re

s 
in

 r
el

ev
an

t 
so

ci
al

 
sit

ua
tio

ns
 s

uc
h 

as
 a

 c
la

ss
ro

om
, p

ar
k,

 h
ot

el
, a

nd
 

et
c.

●
Tr

ac
ks

 a
nx

ie
ty

 m
ea

-
su

re
s 

of
 in

di
vi

du
al

 
us

er
s

Pr
og

ra
m

 g
oa

ls
: 

So
ci

al
 

Co
m

m
un

ic
at

io
n 

Sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
So

ci
al

 s
ki

lls
E-

VI
SP

 
(B

ab
u 

et
 a

l.,
 2

01
8)

Si
ng

le
-U

se
r, 

Ga
ze

 c
on

tin
ge

nt
 d

es
kt

op
-b

as
ed

 V
R 

D
es

ig
ne

d 
in

 V
iz

ar
d 

fro
m

 W
or

ld
vi

z 
Ll

c
Yo

ut
h 

ag
ed

 b
et

w
ee

n 
10

– 
19

; 
Cl

in
ic

al
 r

an
ge

 d
ia

gn
os

is 
ba

se
d 

on
: S

CA
S,

 S
RS

, 
SC

Q
;

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

So
ci

al
 c

on
te

xt
s 

ta
ki

ng
 p

la
ce

 in
 

sc
en

ar
io

s 
in

cl
ud

in
g:

 B
irt

hd
ay

 p
ar

ty
 a

nd
 

m
ar

ria
ge

 p
ar

ty
, d

in
ne

r, 
cl

as
sr

oo
m

, r
es

ta
ur

an
t, 

m
ov

ie
 t

he
at

er
, a

nd
 s

po
rt

in
g 

ev
en

ts

●
Ey

e 
tr

ac
ki

ng
 t

ec
hn

ol
-

og
y 

th
at

 c
an

 u
se

 g
az

e-
 

ba
se

d 
bi

om
ar

ke
rs

 t
o 

pr
ov

id
e 

qu
an

tit
at

iv
e 

es
tim

at
es

 o
f 

on
e’

s 
an

xi
et

y

Pr
og

ra
m

 g
oa

ls
: 

So
ci

al
 

Co
m

m
un

ic
at

io
n 

Cl
in

ic
al

 t
ar

ge
t: 

So
ci

al
 s

ki
lls (C
on

tin
ue
d

)

INTERNATIONAL JOURNAL OF HUMAN–COMPUTER INTERACTION 11



Ta
bl

e 
4.

 (
Co

nt
in

ue
d)

. 

Pr
oj

ec
t 

an
d 

Re
fe

re
nc

es
W

hi
ch

 t
ec

hn
ol

og
ie

s?
Fo

r 
w

ho
m

?
In

 w
hi

ch
 c

on
te

xt
s?

W
ha

t 
ki

nd
s 

of
 s

up
po

rt
?

Fo
r 

w
ha

t 
ki

nd
s 

of
 

ta
sk

s/
ob

je
ct

iv
es

?

Im
m

er
siv

e 
VR

 S
ys

te
m

 
(H

al
ab

i e
t 

al
., 

20
17

; H
al

ab
i e

t 
al

., 
20

17
)

Si
ng

le
-U

se
r, 

fo
ur

 w
al

le
d 

CA
VE

-b
as

ed
, H

M
D

- 
ba

se
d 

in
 O

cu
lu

s 
Ri

ft,
 a

nd
 D

es
kt

op
-b

as
ed

 V
R

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

4–
 

6;
Ph

ys
ic

al
 c

on
te

xt
: 

N
ot

 d
es

cr
ib

ed
 

Vi
rt

ua
l c

on
te

xt
: 

Fi
ct

io
na

l. 
O

n 
th

e 
gr

ou
nd

s 
of

 a
 s

ch
oo

l a
nd

 in
sid

e 
of

 a
 c

la
ss

ro
om

●
Ro

le
pl

ay
 p

ed
ag

og
y 

to
 

em
bo

dy
 u

se
rs

 in
 t

he
 

ta
sk

●
Au

to
-n

av
ig

at
io

n 
th

ro
ug

h 
th

e 
en

vi
ro

nm
en

t

Pr
og

ra
m

 g
oa

ls
: 

Im
pr

ov
e 

Co
m

m
un

ic
at

io
n 

Sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
Co

m
m

un
ic

at
io

n 
ab

ili
ty

Pr
on

un
ci

at
io

n 
VR

 p
la

tfo
rm

 
(C

he
n 

et
 a

l.,
 2

01
9)

Si
ng

le
-U

se
r, 

Ga
ze

 c
on

tin
ge

nt
 D

es
kt

op
-b

as
ed

 V
R

Yo
ut

h 
w

ith
 a

n 
av

er
ag

e 
ag

e 
of

 6
.6

3;
 

Lo
w

 f
un

ct
io

ni
ng

 
di

ag
no

sis
 b

as
ed

 o
n:

 
GA

RS
-2

, C
AR

S;

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

A 
3D

 v
irt

ua
l t

ut
or

 p
re

se
nt

ed
 a

s 
va

rio
us

 
m

od
el

s 
of

 t
he

ir 
fa

ce
, l

ip
s, 

to
ng

ue
, j

aw
, a

nd
 

na
so

ph
ar

yn
ge

al
 w

al
l. 

Th
e 

m
od

el
 w

ou
ld

 a
ni

m
at

e 
an

d 
ch

an
ge

 in
 o

rd
er

 t
o 

ge
ne

ra
te

 r
ea

lis
tic

 
pr

on
un

ci
at

io
n 

m
od

el
s.

●
M

od
el

in
g 

of
 s

ki
lls

Pr
og

ra
m

 g
oa

ls
: 

W
or

d 
pr

on
un

ci
at

io
n 

tr
ai

ni
ng

 
Cl

in
ic

al
 t

ar
ge

t: 
Co

m
m

un
ic

at
io

n 
ab

ili
ty

AS
 In

te
ra

ct
iv

e 
(P

ar
so

ns
 e

t 
al

., 
20

05
; P

ar
so

ns
 e

t 
al

., 
20

06
; R

ut
te

n 
et

 a
l.,

 2
00

3;
 M

itc
he

ll 
et

 a
l.,

 
20

07
; P

ar
so

ns
 e

t 
al

., 
20

04
; P

ar
so

ns
, 

20
05

)

Si
ng

le
-U

se
r, 

D
es

kt
op

-b
as

ed
 V

R 
sy

st
em

 
co

nt
ro

lle
d 

w
ith

 a
 jo

ys
tic

k 
an

d 
a 

m
ou

se
 t

ha
t 

w
as

 d
es

ig
ne

d 
in

 S
up

er
sc

ap
e 

Vi
rt

ua
l R

ea
lit

y 
To

ol
ki

t

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

of
 

13
–1

8;
 

D
ia

gn
os

is 
ba

se
d 

on
: F

SI
Q

, 
W

AS
I

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

W
ith

in
 a

 s
oc

ia
l c

af
e´

 a
nd

 o
n 

a 
bu

s

●
Sc

af
fo

ld
in

g 
th

ro
ug

h 
va

rio
us

 le
ve

ls 
w

ith
 d

if-
fe

re
nt

 c
om

pl
ex

iti
es

●
Te

ac
he

r-
co

nt
ro

lle
d 

pa
us

e 
fe

at
ur

e 
to

 p
ro

-
vi

de
 o

pp
or

tu
ni

tie
s 

fo
r 

co
m

m
un

ic
at

io
n 

w
ith

 
th

e 
us

er
s 

of
 t

he
 s

ys
te

m
●

Vi
su

al
 a

nd
 v

er
ba

l f
ee

d-
ba

ck
 p

ro
vi

de
d 

to
 u

se
rs

 
on

 t
he

ir 
pe

rfo
rm

an
ce

Pr
og

ra
m

 g
oa

ls
: 

So
ci

al
 S

ki
lls

 a
nd

 
So

ci
al

 C
on

ve
nt

io
ns

 
D

ev
el

op
m

en
t 

Cl
in

ic
al

 t
ar

ge
t: 

So
ci

al
 s

ki
lls

VR
4V

R 
(B

oz
ge

yi
kl

i e
t 

al
., 

20
17

)
Si

ng
le

-U
se

r, 
VR

22
0 

H
M

D
-b

as
ed

 V
R 

sy
st

em
 

m
ad

e 
in

 U
ni

ty
Co

lle
ge

 a
ge

d;
 

H
ig

h 
Fu

nc
tio

ni
ng

 (
Ru

tt
en

 
et

 a
l.,

 2
00

3)

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Se
ve

ra
l v

irt
ua

l e
nv

iro
nm

en
ts

 in
 w

hi
ch

 
th

e 
sk

ill
 m

od
ul

es
 ta

ke
 p

la
ce

 s
uc

h 
as

 w
ar

eh
ou

se
, 

gr
oc

er
y 

st
or

e,
 o

ut
do

or
 p

ar
ki

ng
 lo

t, 
of

fic
e 

sp
ac

e,
 

an
d 

st
re

et
.

●
Tu

to
ria

l l
ev

el
 a

s 
pa

rt
 o

f 
ea

ch
 v

irt
ua

l s
ce

na
rio

●
Sy

st
em

 p
ro

m
pt

s 
pr

o-
vi

de
d 

to
 t

he
 u

se
r 

th
ro

ug
ho

ut
●

Ev
ol

vi
ng

 c
om

pl
ex

iti
es

 
su

ch
 a

s 
th

e 
ad

di
tio

n 
of

 
sy

st
em

 d
ist

ra
ct

or
s

Pr
og

ra
m

 g
oa

ls
: 

Vo
ca

tio
na

l 
Re

ha
bi

lit
at

io
n 

Cl
in

ic
al

 t
ar

ge
t: 

D
ai

ly
 li

vi
ng

 s
ki

lls

St
re

et
-c

ro
ss

in
g 

en
vi

ro
nm

en
t 

(J
os

m
an

 
et

 a
l.,

 2
00

8)
Si

ng
le

-U
se

r, 
D

es
kt

op
-b

as
ed

 V
R 

m
ad

e 
in

 
f 

Su
pe

rs
ca

pe
’s 

3D
 W

eb
m

as
te

r
Yo

ut
h 

ag
ed

 b
et

w
ee

n 
8–

 
16

; 
M

od
er

at
e 

to
 s

ev
er

e 
di

ag
no

sis

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Fo
ur

-la
ne

 d
iv

id
ed

 s
tr

ee
t 

w
ith

 
cr

os
sw

al
ks

●
N

in
e 

le
ve

ls 
of

 e
vo

lv
in

g 
co

m
pl

ex
iti

es
 a

nd
 

ch
al

le
ng

e
●

Sa
fe

 r
ep

ea
ta

bl
e 

le
ve

ls

Pr
og

ra
m

 g
oa

ls
: 

St
re

et
 c

ro
ss

in
g 

sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
D

ai
ly

 li
vi

ng
 s

ki
lls

VR
-T

an
gi

bl
e 

In
te

ra
ct

io
n 

Sy
st

em
 

(J
un

g 
et

 a
l.,

 2
00

6;
 J

un
g 

et
 a

l.,
 2

00
6)

Si
ng

le
-U

se
r, 

Pr
oj

ec
to

r-
ba

se
d 

sy
st

em
 w

ith
 

ph
ys

ic
al

 d
ev

ic
es

 (
e.

g.
 a

 s
tic

k,
 a

 r
ot

at
io

n 
bo

ar
d,

 
a 

tr
am

po
lin

e)

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

5–
6 

D
ia

gn
os

is 
ba

se
d 

on
: 

D
SM

-IV
 c

rit
er

ia

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Br
ea

ki
ng

 v
irt

ua
l b

al
lo

on
s 

w
ith

 a
 r

ea
l 

st
ic

k,
 f

oo
d 

ap
pe

ar
in

g 
on

 a
 s

cr
ee

n,
 f

ac
ia

l 
ex

pr
es

sio
ns

 a
pp

ea
r 

on
 t

he
 s

cr
ee

n

●
Th

er
ap

ist
 c

on
tr

ol
le

d 
le

ve
ls

●
Vi

su
al

 a
nd

 a
ud

ito
ry

 
re

sp
on

se
s 

ar
e 

pr
ov

id
ed

 
to

 g
iv

e 
fe

ed
ba

ck
●

Fi
ve

 p
ha

se
s 

th
at

 p
ar

ti-
ci

pa
nt

s 
gr

ad
ua

lly
 g

o 
th

ro
ug

h

Pr
og

ra
m

 g
oa

ls
: 

In
te

gr
at

e 
se

ns
or

y 
an

d 
m

ot
or

 
ex

pe
rie

nc
es

 
Cl

in
ic

al
 t

ar
ge

t: 
Ph

ys
ic

al
 a

ct
iv

ity

(C
on

tin
ue
d

)

12 N. GLASER AND M. SCHMIDT



Ta
bl

e 
4.

 (
Co

nt
in

ue
d)

. 

Pr
oj

ec
t 

an
d 

Re
fe

re
nc

es
W

hi
ch

 t
ec

hn
ol

og
ie

s?
Fo

r 
w

ho
m

?
In

 w
hi

ch
 c

on
te

xt
s?

W
ha

t 
ki

nd
s 

of
 s

up
po

rt
?

Fo
r 

w
ha

t 
ki

nd
s 

of
 

ta
sk

s/
ob

je
ct

iv
es

?

Em
ot

io
na

l a
nd

 s
oc

ia
l a

da
pt

at
io

nV
R 

In
te

rv
en

tio
n 

(Ip
 e

t 
al

., 
20

18
; Y

ua
n 

& 
Ip

, 2
01

8)

Si
ng

le
-U

se
r, 

H
al

f 
CA

VE
-b

as
ed

 m
ad

e 
in

 
M

id
dl

eV
R 

fo
r 

Un
ity

3D
Yo

ut
h 

w
ith

 a
n 

av
er

ag
e 

ag
e 

of
 9

.0
3

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Fo
ur

 s
ea

so
ns

 s
im

ul
at

io
n,

 a
 h

om
e 

sc
en

e 
to

 p
ra

ct
ic

e 
m

or
ni

ng
 r

ou
tin

es
, t

ak
in

g 
a 

bu
s, 

en
ga

gi
ng

 in
 a

 c
la

ss
ro

om
, a

 s
to

re
, a

nd
 

a 
pl

ay
gr

ou
nd

●
Ga

m
e-

ba
se

d 
le

ar
ni

ng
Pr

og
ra

m
 g

oa
ls

: 
En

ha
nc

e 
em

ot
io

na
l 

an
d 

so
ci

al
 

ad
ap

ta
tio

n 
Cl

in
ic

al
 t

ar
ge

t: 
So

ci
al

 s
ki

lls

Bl
oc

k 
Ch

al
le

ng
e 

(P
ar

so
ns

, 2
01

5)
M

ul
ti-

Us
er

, D
es

kt
op

-b
as

ed
 V

R 
m

ad
e 

in
 D

EM
O

N
Yo

ut
h 

ag
ed

 b
et

w
ee

n 
10

– 
13

; H
ig

h 
Fu

nc
tio

ni
ng

 
D

ia
gn

os
is 

ba
se

d 
on

: S
CQ

;

Ph
ys

ic
al

 c
on

te
xt

: 
Sc

ho
ol

 s
et

tin
g 

Vi
rt

ua
l c

on
te

xt
: 

Fi
ct

io
na

l. 
A 

vi
rt

ua
l i

nt
er

fa
ce

 w
ith

 a
 d

ig
ita

l 
fa

ci
lit

at
or

 a
nd

 d
iff

er
en

t 
co

lo
re

d 
bl

oc
ks

 t
ha

t 
ar

e 
us

ed
 t

o 
so

lv
e 

pu
zz

le
s

●
Su

pp
or

t 
ag

en
t

●
In

-p
er

so
n 

fa
ci

lit
at

or
●

Va
rio

us
 le

ve
ls 

of
 

di
ffi

cu
lty

Pr
og

ra
m

 g
oa

ls
: 

Su
pp

or
tin

g 
co

m
m

un
ic

at
iv

e 
pe

rs
pe

ct
iv

e-
ta

ki
ng

 
sk

ill
s 

Cl
in

ic
al

 t
ar

ge
t: 

Co
m

m
un

ic
at

io
n 

ab
ili

ty
Vi

rt
uo

so
-S

VV
R 

(S
ch

m
id

t 
et

 a
l.,

 2
01

9)
Si

ng
le

-U
se

r, 
M

ob
ile

-b
as

ed
 S

ph
er

ic
al

 v
id

eo
- 

ba
se

d 
vi

rt
ua

l r
ea

lit
y 

in
 G

oo
gl

e 
Ca

rd
bo

ar
d 

an
d 

D
ay

dr
ea

m
 H

M
D

 m
ad

e 
in

 U
ni

ty

Ad
ul

ts
 a

ge
d 

be
tw

ee
n:

 
22

–3
4;

 
D

ia
gn

os
is 

ba
se

d 
on

: 
PP

VT
, S

RS
, B

RI
EF

Ph
ys

ic
al

 c
on

te
xt

: 
Un

iv
er

sit
y 

se
tt

in
g 

Vi
rt

ua
l c

on
te

xt
: 

N
on

fic
tio

n.
 V

id
eo

 s
ce

na
rio

s 
ta

ki
ng

 p
la

ce
 o

n 
a 

un
iv

er
sit

y 
ca

m
pu

s 
an

d 
sh

ut
tle

 b
us

●
Vi

de
o 

m
od

el
in

g
●

Ch
un

ke
d 

co
nt

en
t 

th
at

 
is 

sh
or

t 
an

d 
di

ge
st

ib
le

●
N

ar
ra

tio
n 

th
at

 e
xp

la
in

s 
th

e 
in

st
ru

ct
io

n

Pr
og

ra
m

 g
oa

ls
: 

Pu
bl

ic
 

tr
an

sp
or

ta
tio

n 
tr

ai
ni

ng
 

Cl
in

ic
al

 t
ar

ge
t: 

D
ai

ly
 li

vi
ng

 s
ki

lls
St

re
et

 C
ro

ss
in

g 
Pl

at
fo

rm
 (

D
ix

on
 e

t 
al

., 
20

19
)

Si
ng

le
-U

se
r, 

Sp
he

ric
al

 v
id

eo
-b

as
ed

 v
irt

ua
l 

re
al

ity
 in

 O
cu

lu
s 

Ri
ft 

ra
n 

in
 S

TE
AM

 V
R

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

4–
 

10
; 

Av
er

ag
e 

to
 H

ig
h 

fu
nc

tio
ni

ng
 d

ia
gn

os
is 

ba
se

d 
on

: P
D

D
BI

;

Ph
ys

ic
al

 c
on

te
xt

: 
Au

tis
m

 c
en

te
r 

se
tt

in
g 

Vi
rt

ua
l c

on
te

xt
: 

N
on

fic
tio

na
l. 

36
0 

de
gr

ee
 v

id
eo

s 
of

 t
ra

ffi
c 

pa
tt

er
ns

 t
ak

in
g 

pl
ac

e 
in

 t
he

ir 
lo

ca
l c

om
m

un
ity

N
o 

re
po

rt
ed

Pr
og

ra
m

 g
oa

ls
: 

St
re

et
 c

ro
ss

in
g 

sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
D

ai
ly

 li
vi

ng
 s

ki
lls

M
od

ifi
ed

 V
irt

ua
l E

rr
an

ds
 T

as
k 

(R
aj

en
dr

an
 

et
 a

l.,
 2

01
1)

Si
ng

le
-U

se
r, 

D
es

kt
op

-b
as

ed
 V

R 
m

ad
e 

in
 

Su
pe

rs
ca

pe
 3

D
 W

eb
m

as
te

r 
an

d 
ru

n 
us

in
g 

Su
pe

rs
ca

pe
 V

isu
al

iz
er

Yo
ut

h 
ag

ed
 b

et
w

ee
n:

 
11

–1
7;

 
H

ig
h 

Fu
nc

tio
ni

ng
 

D
ia

gn
os

is 
ba

se
d 

on
: I

Q
, 

W
AS

I, 
VS

IQ
, V

IQ
, P

IQ
 

BA
D

S

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

An
 a

ct
ua

l u
ni

ve
rs

ity
 b

ui
ld

in
g 

co
ns

ist
in

g 
of

 t
hr

ee
 fl

oo
rs

 t
ha

t 
ar

e 
co

nn
ec

te
d 

by
 

st
ai

rw
el

ls

●
Ta

sk
s 

va
rie

d 
in

 c
om

-
pl

ex
iti

es
 a

nd
 r

eq
ui

re
d 

m
or

e 
st

ep
s 

to
 c

om
-

pl
et

e 
th

em
 a

s 
pa

rt
ic

i-
pa

nt
s 

pr
og

re
ss

ed
 

th
ro

ug
h 

th
e 

in
te

rv
en

tio
n

Pr
og

ra
m

 g
oa

ls
: 

M
ul

ti-
ta

sk
in

g 
ev

al
ua

tio
n 

w
hi

le
 

co
nd

uc
tin

g 
va

rio
us

 
er

ra
nd

s 
Cl

in
ic

al
 t

ar
ge

t: 
D

ai
ly

 li
vi

ng
 s

ki
lls

Vi
rt

ua
l M

al
l (

Tr
ep

ag
ni

er
 e

t 
al

., 
20

05
)

Si
ng

le
-U

se
r, 

D
es

kt
op

-b
as

ed
 V

R 
co

nt
ro

lle
d 

w
ith

 
a 

jo
ys

tic
k

Ad
ul

ts
 a

ge
d 

be
tw

ee
n:

 
19

–2
7;

 
Ab

ili
ty

 t
o 

th
in

k 
ou

t 
lo

ud

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Vi
rt

ua
l m

al
l

N
ot

 r
ep

or
te

d
Pr

og
ra

m
 g

oa
ls

: 
N

av
ig

at
in

g 
a 

m
al

l 
an

d 
pe

rfo
rm

in
g 

so
ci

al
ly

 a
pp

ro
pr

ia
te

 
be

ha
vi

or
s 

Cl
in

ic
al

 t
ar

ge
t: 

So
ci

al
 s

ki
lls

Vi
rt

ua
l C

on
ve

rs
at

io
n 

Pa
rt

ne
r 

(T
re

pa
gn

ie
r 

et
 a

l.,
 2

00
5;

 T
re

pa
gn

ie
r 

et
 a

l.,
 2

01
1)

Si
ng

le
-U

se
r, 

D
es

kt
op

-b
as

ed
 V

R
Ag

ed
 b

et
w

ee
n 

16
–3

0;
 

D
ia

gn
os

is 
ba

se
d 

on
: 

W
AS

I

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Pr
er

ec
or

de
d 

vi
rt

ua
l c

ha
ra

ct
er

 t
ha

t 
re

sp
on

se
s 

to
 d

ia
lo

g 
op

tio
ns

●
Po

in
t 

sy
st

em
 t

o 
pr

o-
vi

de
 a

 s
co

re
 a

nd
 in

sig
ht

 
in

to
 t

he
 p

er
fo

rm
an

ce
 

of
 u

se
rs

●
A 

he
lp

 b
ut

to
n 

w
hi

ch
 

in
cl

ud
es

 a
ss

ist
an

ce
 

fe
at

ur
es

Pr
og

ra
m

 g
oa

ls
: 

Co
nv

er
sa

tio
na

l s
ki

lls
 

de
ve

lo
pm

en
t 

Cl
in

ic
al

 t
ar

ge
t: 

Co
m

m
un

ic
at

io
n 

ab
ili

ty

(C
on

tin
ue
d

)

INTERNATIONAL JOURNAL OF HUMAN–COMPUTER INTERACTION 13



Ta
bl

e 
4.

 (
Co

nt
in

ue
d)

. 

Pr
oj

ec
t 

an
d 

Re
fe

re
nc

es
W

hi
ch

 t
ec

hn
ol

og
ie

s?
Fo

r 
w

ho
m

?
In

 w
hi

ch
 c

on
te

xt
s?

W
ha

t 
ki

nd
s 

of
 s

up
po

rt
?

Fo
r 

w
ha

t 
ki

nd
s 

of
 

ta
sk

s/
ob

je
ct

iv
es

?

Vi
rt

ua
l T

ra
ve

l T
ra

in
in

g 
(S

im
õe

s 
et

 a
l.,

 2
01

8)
Si

ng
le

-U
se

r, 
H

M
D

-b
as

ed
 V

R 
in

 O
cu

lu
s 

Ri
ft 

w
ith

 
ga

m
ep

ad
 c

on
tr

ol
le

r
Yo

un
g 

ad
ul

ts
 w

ith
 

av
er

ag
e 

ag
e 

of
 1

8.
9;

 
Lo

w
 t

o 
m

ild
 in

te
lle

ct
ua

l 
di

sa
bi

lit
y

Ph
ys

ic
al

 c
on

te
xt

: 
Au

tis
m

 c
en

te
r 

se
tt

in
g 

Vi
rt

ua
l c

on
te

xt
: 

Fi
ct

io
na

l. 
In

 a
 v

irt
ua

l c
ity

 t
ha

t 
ad

ap
ts

 t
o 

us
er

’s 
bi

of
ee

db
ac

k 
an

d 
w

ith
in

 p
ub

lic
 b

us
se

s

●
D

iff
ic

ul
ty

 le
ve

ls 
of

 
va

ry
in

g 
co

m
pl

ex
iti

es
●

Sc
or

in
g 

sy
st

em
●

Ad
ap

tiv
e 

bi
of

ee
db

ac
k 

sy
st

em

Pr
og

ra
m

 g
oa

ls
: 

Ta
ki

ng
 a

 b
us

 t
o 

re
ac

h 
sp

ec
ifi

ed
 

de
st

in
at

io
ns

 
Cl

in
ic

al
 t

ar
ge

t: 
D

ai
ly

 li
vi

ng
 s

ki
lls

Jo
bT

IP
S 

(S
tr

ic
kl

an
d 

et
 a

l.,
 2

01
3)

M
ul

ti-
Us

er
, D

es
kt

op
-b

as
ed

 V
R 

th
ro

ug
h 

th
e 

Ve
nu

Ge
n4

 v
irt

ua
l r

ea
lit

y 
pl

at
fo

rm
Yo

un
g 

ad
ul

ts
 w

ith
 a

n 
av

er
ag

e 
ag

e:
 1

8.
21

; 
H

ig
h 

Fu
nc

tio
ni

ng
 

D
ia

gn
os

is 
ba

se
d 

on
: S

RS

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

In
 a

 r
ea

lis
tic

 o
ffi

ce
 s

pa
ce

●
Vi

de
o 

m
od

el
s

●
Vi

su
al

 s
up

po
rt

s
●

Cl
in

ic
ia

n 
fe

ed
ba

ck
 in

- 
sy

st
em

●
Co

nc
re

te
 e

xp
la

na
tio

ns

Pr
og

ra
m

 g
oa

ls
: 

In
te

rv
ie

w
in

g 
sk

ill
s 

Cl
in

ic
al

 t
ar

ge
t: 

D
ai

ly
 li

vi
ng

 s
ki

lls

Cr
os

sin
g 

th
e 

St
re

et
 

(S
tr

ic
kl

an
d,

 1
99

7)
Si

ng
le

-U
se

r, 
H

M
D

-b
as

ed
 V

R 
th

at
 u

se
s 

a 
Pr

oV
isi

on
 1

00
 f

ul
ly

 in
te

gr
at

ed
 V

R 
sy

st
em

 b
y 

D
iv

isi
on

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

7–
 

9;
 

m
in

im
al

 v
oc

ab
ul

ar
y

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Si
m

pl
ifi

ed
 s

tr
ee

t 
sc

en
e 

w
ith

 
a 

sid
ew

al
k 

an
d 

te
xt

ur
ed

 b
ui

ld
in

gs

●
Co

nt
in

ua
lly

 m
od

ifi
ed

 
fo

r 
ea

ch
 in

di
vi

du
al

 
be

tw
ee

n 
se

ss
io

ns
●

Re
du

ct
io

n 
of

 in
-w

or
ld

 
di

st
ra

ct
io

ns

Pr
og

ra
m

 g
oa

ls
: 

St
re

et
 s

af
et

y 
Cl

in
ic

al
 t

ar
ge

t: 
D

ai
ly

 li
vi

ng
 s

ki
lls

Fl
or

eo
 P

SM
 (

Pa
ris

h-
M

or
ris

 e
t 

al
., 

20
18

)
Si

ng
le

-U
se

r, 
M

ob
ile

-b
as

ed
 V

R 
lig

ht
w

ei
gh

t 
H

M
D

Us
er

s 
ag

ed
 b

et
w

ee
n 

12
– 

37
; 

D
ia

gn
os

is 
ba

se
d 

on
: 

W
AS

I, 
SC

Q

Ph
ys

ic
al

 c
on

te
xt

: 
Au

tis
m

 c
en

te
r 

se
tt

in
g 

Vi
rt

ua
l c

on
te

xt
: 

Fi
ct

io
na

l. 
Th

ro
ug

ho
ut

 a
 v

irt
ua

l c
om

m
un

ity

●
Th

er
ap

ist
 c

an
 c

on
tr

ol
 

of
fic

er
 r

es
po

ns
es

 t
o 

be
 

ad
ap

tiv
e

●
Sy

st
em

 is
 m

on
ito

re
d 

by
 

a 
th

er
ap

ist
 w

ho
 p

ro
-

vi
de

s 
in

st
an

t 
fe

ed
ba

ck

Pr
og

ra
m

 g
oa

ls
: 

Po
lic

e 
in

te
ra

ct
io

n 
sk

ill
s 

Cl
in

ic
al

 t
ar

ge
t: 

D
ai

ly
 li

vi
ng

 s
ki

lls

Bl
oo

d 
dr

aw
n 

ex
po

su
re

 t
he

ra
py

 (
M

ei
nd

l 
et

 a
l.,

 2
01

9)
Si

ng
le

-U
se

r, 
M

ob
ile

-b
as

ed
 S

ph
er

ic
al

 v
id

eo
- 

ba
se

d 
vi

rt
ua

l r
ea

lit
y 

sy
st

em
 w

ith
 T

zu
m

i D
re

am
 

Vi
sio

n 
H

M
D

 a
nd

 a
n 

Ap
pl

e 
pe

nc
il 

us
ed

 t
o 

sim
ul

at
e 

a 
ne

ed
le

O
ne

 2
6 

ye
ar

 o
ld

 
pa

rt
ic

ip
an

t 
w

ith
 A

SD
Ph

ys
ic

al
 c

on
te

xt
: 

H
om

e 
se

tt
in

g 
an

d 
do

ct
or

’s 
of

fic
e 

se
tt

in
g 

Vi
rt

ua
l c

on
te

xt
: 

Fi
ct

io
na

l. 
Bl

oo
d 

dr
aw

 v
id

eo

●
Gr

ad
ua

l e
xp

os
ur

e
●

Sa
fe

 c
om

fo
rt

ab
le

 
ad

m
in

ist
ra

tio
n 

se
tt

in
gs

Pr
og

ra
m

 g
oa

ls
: 

Re
du

ci
ng

 p
ho

bi
a 

of
 

ha
vi

ng
 b

lo
od

 d
ra

w
n 

Cl
in

ic
al

 t
ar

ge
t: 

Ph
ob

ia
 o

r 
fe

ar
3D

 E
m

pa
th

y 
Sy

st
em

 
(C

he
ng

 e
t 

al
., 

20
10

)
Si

ng
le

-U
se

r, 
D

es
kt

op
-b

as
ed

 V
R 

m
ad

e 
in

 3
D

 
M

ax
, V

irt
oo

ls,
 a

nd
 P

os
er

.
Yo

ut
h 

ag
ed

 b
et

w
ee

n:
 8

– 
10

; 
D

ia
gn

os
is 

ba
se

d 
on

: F
SI

Q
, 

PI
Q

, V
IQ

, W
AS

I

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

A 
re

st
au

ra
nt

●
Si

m
pl

ifi
ed

 la
ng

ua
ge

●
Vi

rt
ua

l t
ea

ch
er

 o
r 

on
lin

e 
gu

id
e 

w
ou

ld
 

pr
om

pt
 q

ue
st

io
ns

Pr
og

ra
m

 g
oa

ls
: 

Pr
om

ot
e 

em
pa

th
y 

Cl
in

ic
al

 t
ar

ge
t: 

Em
ot

io
na

l s
ki

lls

3D
-S

U 
sy

st
em

 
(C

he
ng

 e
t 

al
., 

20
15

)
Si

ng
le

-U
se

r, 
H

M
D

-b
as

ed
 V

R 
in

 M
od

el
: I

-G
la

ss
es

 
PC

 3
D

 P
ro

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

10
– 

13
; 

D
ia

gn
os

is 
ba

se
d 

on
: 

W
AS

I, 
VI

Q
, P

IQ
, F

SI
Q

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

A 
vi

rt
ua

l b
us

 s
to

p 
an

d 
a 

cl
as

sr
oo

m

●
So

ci
al

 m
od

el
in

g
●

Aw
ar

ds
 s

ys
te

m
●

Au
di

to
ry

 f
ee

db
ac

k 
sy

st
em

Pr
og

ra
m

 g
oa

ls
: 

So
ci

al
 

un
de

rs
ta

nd
in

g 
an

d 
sk

ill
s 

de
ve

lo
pm

en
t 

Cl
in

ic
al

 t
ar

ge
t: 

So
ci

al
 s

ki
lls

Pu
bl

ic
 S

pe
ak

in
g 

In
te

rv
en

tio
n 

(J
ar

ro
ld

 e
t a

l.,
 

20
13

)
Si

ng
le

-U
se

r, 
H

M
D

-b
as

ed
 V

T 
w

ith
 e

M
ag

in
 Z

80
0 

3D
Vi

so
r 

m
ad

e 
in

 V
iz

ar
d 

fro
m

 W
or

ld
vi

z 
Ll

c.
Yo

ut
h 

ag
ed

 b
et

w
ee

n:
 8

– 
16

; 
D

ia
gn

os
is 

ba
se

d 
on

: 
W

AS
I, 

SC
Q

, A
SS

Q
, S

RS
; 

H
ig

h 
fu

nc
tio

ni
ng

 a
nd

 lo
w

 
fu

nc
tio

ni
ng

 c
om

pa
ris

on
 

gr
ou

ps

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Cl
as

sr
oo

m

●
In

-p
er

so
n 

gu
id

e 
w

ho
 

ac
te

d 
as

 a
 t

ea
ch

er
 in

 
th

e 
vi

rt
ua

l c
la

ss
ro

om
●

Vi
su

al
 c

ue
s

●
D

iff
ic

ul
ty

 le
ve

ls

Pr
og

ra
m

 g
oa

ls
: 

Pu
bl

ic
 S

pe
ak

in
g 

Sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
D

ai
ly

 li
vi

ng
 s

ki
lls

(C
on

tin
ue
d

)

14 N. GLASER AND M. SCHMIDT



Ta
bl

e 
4.

 (
Co

nt
in

ue
d)

. 

Pr
oj

ec
t 

an
d 

Re
fe

re
nc

es
W

hi
ch

 t
ec

hn
ol

og
ie

s?
Fo

r 
w

ho
m

?
In

 w
hi

ch
 c

on
te

xt
s?

W
ha

t 
ki

nd
s 

of
 s

up
po

rt
?

Fo
r 

w
ha

t 
ki

nd
s 

of
 

ta
sk

s/
ob

je
ct

iv
es

?

Vi
rt

ua
l R

ea
lit

y 
So

ci
al

 C
og

ni
tio

n 
Tr

ai
ni

ng
 

(K
an

da
la

ft 
et

 a
l.,

 2
01

3;
 D

id
eh

ba
ni

 e
t 

al
., 

20
16

)

M
ul

ti-
Us

er
, D

es
kt

op
-b

as
ed

 V
R 

in
 S

ec
on

d 
Li

fe
Yo

ut
h 

ag
ed

 b
et

w
ee

n 
7–

 
26

; 
H

ig
h 

Fu
nc

tio
ni

ng
 

di
ag

no
sis

 b
as

ed
 o

n:
 

AD
O

S

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

An
 o

ffi
ce

 b
ui

ld
in

g,
 a

 p
oo

l h
al

l, 
a 

fa
st

 
fo

od
 r

es
ta

ur
an

t, 
a 

te
ch

no
lo

gy
 s

to
re

, a
n 

ap
ar

tm
en

t, 
a 

co
ffe

e 
ho

us
e,

 a
n 

ou
tle

t 
st

or
e,

 
a 

sc
ho

ol
, a

 c
am

pg
ro

un
d,

 a
nd

 a
 c

en
tr

al
 p

ar
k

●
O

nl
in

e 
gu

id
e 

th
at

 
fa

ci
lit

at
ed

 in
st

ru
ct

io
n

Pr
og

ra
m

 g
oa

ls
: 

So
ci

al
 C

og
ni

tio
n 

Sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
So

ci
al

 s
ki

lls

So
ci

al
 

In
te

ra
ct

io
n 

Tr
ai

ni
ng

 
(K

e 
& 

Im
, 2

01
3;

 K
e 

et
 a

l.,
 2

01
5)

M
ul

ti-
Us

er
, D

es
kt

op
-b

as
ed

 V
R 

in
 S

ec
on

d 
Li

fe
Yo

ut
h 

ag
ed

 b
et

w
ee

n 
9–

 
10

; 
H

FA
SD

 o
r 

As
pe

rg
er

 
Sy

nd
ro

m
e 

di
ag

no
sis

 
ba

se
d 

on
 e

xi
st

in
g 

m
ed

ic
al

 o
r 

ed
uc

at
io

na
l 

re
co

rd
s

Ph
ys

ic
al

 c
on

te
xt

: 
H

om
e 

se
tt

in
g,

 S
ch

oo
l s

et
tin

g,
 a

nd
 P

ar
en

t’s
 

of
fic

e 
se

tt
in

g 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Bi
rt

hd
ay

 p
ar

ty
 a

nd
 a

 c
af

e

●
O

nl
in

e 
fa

ci
lit

at
or

Pr
og

ra
m

 g
oa

ls
: 

So
ci

al
 In

te
ra

ct
io

n 
Tr

ai
ni

ng
 

Cl
in

ic
al

 t
ar

ge
t: 

So
ci

al
 s

ki
lls

H
an

d-
in

-H
an

d 
(Z

ha
o 

et
 a

l.,
 2

01
8)

M
ul

ti-
Us

er
, D

es
kt

op
-b

as
ed

 V
R 

w
ith

 L
ea

pM
ot

io
n 

co
nt

ro
lle

r 
m

ad
e 

in
 U

ni
ty

Yo
ut

h 
w

ith
 a

ve
ra

ge
 a

ge
 

12
.3

8 
an

d 
12

.6
0;

 
D

ia
gn

os
is 

ba
se

d 
on

; S
RS

, 
SC

Q
;

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Va
rio

us
 c

ol
la

bo
ra

tiv
e 

ga
m

es

●
Sc

or
e 

sy
st

em
●

Sy
st

em
 f

ee
db

ac
k 

on
 

pe
rfo

rm
an

ce

Pr
og

ra
m

 g
oa

ls
: 

Pr
om

ot
e 

co
m

m
un

ic
at

io
n 

an
d 

co
lla

bo
ra

tio
n 

sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
So

ci
al

 s
ki

lls
Ey

e-
ga

ze
 s

ys
te

m
 

(G
ry

ns
zp

an
 e

t 
al

., 
20

12
)

Si
ng

le
-U

se
r, 

Ey
e 

Co
nt

in
ge

nt
 D

es
kt

op
-b

as
ed

 V
R

Ad
ul

ts
 w

ith
 a

ve
ra

ge
 a

ge
 

20
.1

9;
 

H
ig

h 
Fu

nc
tio

ni
ng

 
di

ag
no

sis
 b

as
ed

 o
n:

 
W

AI
S,

 D
SM

 IV
 c

rit
er

ia

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Vi
rt

ua
l c

ha
ra

ct
er

s 
ex

pr
es

sio
n 

em
ot

io
n 

w
hi

le
 t

al
ki

ng

●
In

to
na

tio
n 

w
as

 re
du

ce
d 

to
 t

he
 m

in
im

um
 b

y 
us

in
g 

sy
nt

he
siz

ed
 

sp
ee

ch
●

Re
al

-t
im

e 
fe

ed
ba

ck
 w

as
 

pr
ov

id
ed

 a
bo

ut
 t

he
 

ga
ze

 o
f 

pa
rt

ic
ip

an
ts

 a
s 

th
ey

 u
se

d 
th

e 
sy

st
em

Pr
og

ra
m

 g
oa

ls
: 

Se
lf-

M
on

ito
rin

g 
of

 
Ga

ze
 

Cl
in

ic
al

 t
ar

ge
t: 

So
ci

al
 s

ki
lls

Pi
co

’s 
Ad

ve
nt

ur
e 

(C
ro

w
el

l e
t 

al
., 

20
19

)
M

ul
ti-

Us
er

, P
ro

je
ct

or
-b

as
ed

 V
R 

w
ith

 M
ic

ro
so

ft 
Ki

ne
ct

Yo
ut

h 
w

ith
 a

ve
ra

ge
 a

ge
 

of
 5

.6
9;

 
D

ia
gn

os
is 

ba
se

d 
on

: 
AD

O
S,

 A
D

I-R
, W

IS
C-

IV
 

>
70

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Ga
m

es

●
In

tr
od

uc
tio

n 
ph

as
e

●
Ga

m
e 

el
em

en
ts

 a
nd

 
re

w
ar

d 
sy

st
em

Pr
og

ra
m

 g
oa

ls
: 

Co
lla

bo
ra

tio
n 

Sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
So

ci
al

 s
ki

lls

D
ec

od
in

g 
So

ci
al

 In
te

ra
ct

io
ns

 
(J

ac
qu

es
 e

t 
al

., 
20

18
)

Si
ng

le
-U

se
r, 

6 
w

al
l C

AV
E-

ba
se

d 
VR

Ad
ul

ts
 w

ith
 t

yp
ic

al
 

in
te

lli
ge

nc
e

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Va
rio

us
 s

oc
ia

l c
on

te
xt

s 
su

ch
 a

s 
a 

pa
rt

y,
 r

es
ta

ur
an

t, 
bu

s 
st

op
, a

nd
 a

 b
ar

●
Vi

rt
ua

l c
oa

ch
Pr

og
ra

m
 g

oa
ls

: 
D

ec
od

in
g 

so
ci

al
 

in
te

ra
ct

io
n 

Cl
in

ic
al

 t
ar

ge
t: 

So
ci

al
 s

ki
lls

VR
-C

R 
(W

an
g 

& 
Re

id
, 2

01
3)

Si
ng

le
-U

se
r, 

D
es

kt
op

-b
as

ed
 V

R 
M

ot
io

n-
ca

pt
ur

e 
te

ch
no

lo
gy

 w
as

 in
co

rp
or

at
ed

 
us

in
g 

a 
tr

ac
ki

ng
 w

eb
ca

m

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

6–
 

8;
 

D
ia

gn
os

is 
ba

se
d 

on
: 

CA
RS

, P
D

D
-N

O
S

Ph
ys

ic
al

 c
on

te
xt

: 
H

om
e 

se
tt

in
g 

Vi
rt

ua
l c

on
te

xt
: 

Fi
ct

io
na

l. 
W

ith
in

 a
 v

ar
ie

ty
 o

f 
lo

ca
tio

ns
 r

el
ev

an
t 

to
 t

he
 o

bj
ec

ts
 b

ei
ng

 a
ss

es
se

d 
fo

r 
co

nt
ex

tu
al

 
pr

oc
es

sin
g 

in
cl

ud
in

g 
a 

ki
tc

he
n 

an
d 

ba
th

ro
om

N
ot

 r
ep

or
te

d
Pr

og
ra

m
 g

oa
ls

: 
Im

pr
ov

e 
co

nt
ex

tu
al

 
pr

oc
es

sin
g 

of
 

ob
je

ct
s 

Cl
in

ic
al

 t
ar

ge
t: 

D
ai

ly
 li

vi
ng

 s
ki

lls

(C
on

tin
ue
d

)

INTERNATIONAL JOURNAL OF HUMAN–COMPUTER INTERACTION 15



Ta
bl

e 
4.

 (
Co

nt
in

ue
d)

. 

Pr
oj

ec
t 

an
d 

Re
fe

re
nc

es
W

hi
ch

 t
ec

hn
ol

og
ie

s?
Fo

r 
w

ho
m

?
In

 w
hi

ch
 c

on
te

xt
s?

W
ha

t 
ki

nd
s 

of
 s

up
po

rt
?

Fo
r 

w
ha

t 
ki

nd
s 

of
 

ta
sk

s/
ob

je
ct

iv
es

?

VL
SS

 (
Vo

lio
ti 

et
 a

l.,
 2

01
6)

Si
ng

le
-U

se
r, 

D
es

kt
op

-b
as

ed
 V

R 
m

ad
e 

in
 O

pe
n 

Si
m

ul
at

or
D

es
ig

ne
d 

fo
r 

yo
ut

h 
w

ith
 

AS
D

 b
et

w
ee

n 
ag

es
 o

f 
9–

 
17

 y
ea

rs

Ph
ys

ic
al

 c
on

te
xt

: 
N

ot
 d

es
cr

ib
ed

 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

Sc
ho

ol

●
W

id
e,

 o
pe

n,
 c

om
fo

rt
a-

bl
e 

VR
 s

pa
ce

s 
to

 p
re

-
ve

nt
 is

su
es

 w
ith

 c
on

tr
ol

 
an

d 
fu

nc
tio

na
lit

y 
w

hi
ch

 
co

ul
d 

im
pa

ct
 c

og
ni

tiv
e 

lo
ad

●
D

ist
ra

ct
or

s 
fro

m
 t

he
 

re
al

-w
or

ld
 h

av
e 

be
en

 
re

m
ov

ed
●

Au
di

bl
e 

an
d 

vi
su

al
 

fe
ed

ba
ck

●
St

ab
le

 v
oi

ce
 f

ro
m

 v
ir-

tu
al

 in
st

ru
ct

or

Pr
og

ra
m

 g
oa

ls
: 

So
ci

al
 

co
m

m
un

ic
at

io
n 

sk
ill

s 
Cl

in
ic

al
 t

ar
ge

t: 
Co

m
m

un
ic

at
io

n 
ab

ili
ty

VE
SI

P 
(R

us
so

-P
on

sa
ra

n 
et

 a
l.,

 2
01

8)
Si

ng
le

-U
se

r, 
D

es
kt

op
-b

as
ed

 V
R

Yo
ut

h 
ag

ed
 b

et
w

ee
n 

8–
 

12
; V

er
ba

l a
nd

 d
ia

gn
os

ed
 

ba
se

d 
on

:, 
SC

Q
, I

Q
 a

bo
ve

 
80

Ph
ys

ic
al

 c
on

te
xt

: 
Un

iv
er

sit
y 

se
tt

in
g 

an
d 

Sc
ho

ol
 s

et
tin

g 
Vi

rt
ua

l c
on

te
xt

: 
Fi

ct
io

na
l. 

W
at

ch
in

g 
av

at
ar

s 
be

ha
ve

 in
 a

 s
ch

oo
l 

se
tt

in
g

●
Vi

rt
ua

l h
el

pe
r 

ag
en

t
●

Cu
st

om
iz

ed
 t

o 
th

e 
us

er
Pr

og
ra

m
 g

oa
ls

: 
So

ci
al

 In
fo

rm
at

io
n 

Pr
oc

es
sin

g 
Cl

in
ic

al
 t

ar
ge

t: 
So

ci
al

 s
ki

lls

16 N. GLASER AND M. SCHMIDT



12 projects that did report this information, it is evident that 
physical contexts varied considerably, as shown in Figure 4, 
and that few projects were situated outside controlled 
settings.

Of the virtual contexts identified, the majority were based 
on fantasy or fictional environments (94.1%), with a minority 
situated in real-world settings (5.91%). Fictional settings were 
defined as virtual environments that, while sometimes realis-
tic, were not based on settings from the real-world. 
Examples include: birthday parties, schools, shopping centers, 
cafeterias, and inside of a bus. Nonfictional settings were 
defined as virtual environments that were based on real- 
world settings, often from the lives of the target participants. 
For example, Schmidt et al., (2019) created a spherical video- 
based virtual reality training application that included high- 
definition footage from actual settings that adults with ASD 
typically encountered in their day program.

3.1.4. With what kinds of support?
Reporting of instructional supports and scaffolds in the 
literature is inconsistent. Many projects do not report, but 
rather imply the instructional supports that is provided by 
the VR system. When supports are reported, they tend to be 
closely aligned with the system design and are therefore 
highly contextualized. Therefore, summarizing and synthe-
sizing supports is challenging as there is little consistency 
across reporting or implementation. However, broad 
descriptions of these supports are implied. For example, 
several VR systems are reported to provide users with adap-
tive system response to individualize the task to the unique 
needs of the individual (Parish-Morris et al., 2018; Lorenzo 
et al., 2016; Simões et al., 2018; Zhao et al., 2018). How this 
support is provided is not always detailed and system con-
figurations impact how supports are provided to users. In 
some cases bio-feedback and user metrics are collected 

Figure 2. Overview of VR technologies used across 49 identified projects/interventions.

Designed for single age 
group

Designed for multiple 
age groups

Figure 3. Participant age ranges across identified VR projects/interventions.
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(Babu et al., 2018; Simões et al., 2018) through external 
peripherals that tie into the software of the VR system to 
provide dynamic experiences. In other cases, the actions of 
users, such as their repeated failures, impact how the system 
responds and adapts (Lorenzo et al., 2016). These findings 
align with other reviews that state that researchers of VR 
experiences need to do a better job with reporting on ped-
agogical decisions (Fowler, 2015), including adaptive sup-
ports (Zahabi & Abdul Razak, 2020).

3.1.5. For what kinds of tasks/objectives?
Tasks and objectives were characterized using the same cate-
gories as reported in Mesa-Gresa et al. (2018): social skills, 

emotional skills, daily living skills, communication ability, 
attention, physical activity, and phobia or fear. The majority 
of projects/interventions identified target the development of 
social skills (34.7%) and daily living skills (28.6%). Seven 
studies (14.3%) were designed to target communication skills 
development. Five studies (10.2%) focused on emotional skill 
development. Three studies (6.1%) focused on the creation of 
systems to help with the treatment of phobias or fear. Two 
studies (4.1%) focused on the training of physical skills. One 
study (2%) focused on attention skills. Figure 5 shows the full 
breakdown of studies that focused on each of the clinical 
targets. These findings are largely in agreement with those 
reported in Mesa-Gresa and colleagues’ work, with some key 

Figure 4. Breakdown of Physical Contexts Used in the Literature.

Figure 5. Clinical targets of Training Activities.
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differences. Fewer projects in our work focused on emotional 
skills, for example. 

RQ 3: How are the distinguishing characteristics of virtual 
learning environments, as outlined by Dalgarno and Lee 
(2010), instantiated in VR interventions designed for indi-
viduals with ASD? 

Articles associated with the 49 projects were reviewed and 
data extracted according to Dalgarno and Lee (2010) elabo-
rated model of learning in 3D virtual learning environments. 
(Dalgarno & Lee, 2010). Specifically, projects were categorized 
along the dimensions of unique characteristics related to 
representational fidelity (realistic display of environment, 
smooth display of view changes and object motion, consis-
tency of object behavior, user representation, spatial audio, 
kinesthetic and tactile force feedback) and learner interaction 
(embodied actions, embodied verbal and non-verbal commu-
nication, control of environment attributes and behavior, 
construction/scripting of objects and behaviors). Findings 
suggest designers of VR environments sought to exploit 
a number of distinguishing characteristics of virtual learning 
environments to promote learning within their training pro-
grams. The manner in which these design factors were instan-
tiated varied across projects and system architecture. Findings 
are reported in Table 5.

Designing for a realistic environment was the most 
commonly cited consideration in the literature and was 
used in 33 of the projects (67.3%). The second most fre-
quent design factor was seen in 31 of the projects in which 
action is embodied through a virtual avatar (63.3%). 
Designing for consistent object behaviors was seen in 15 
of the projects (30.6%). The ability for users to embody 
verbal and non-verbal communication through an avatar 
was seen in 15 of the projects (30.6%). A realistic user 
representation was seen in four (8.2%) of the projects. 
Kinesthetic and tactile force feedback was only utilized in 
two (4.1%) projects. Both the use of spatial audio and 
a smooth display of view changes and object motion was 
seen in only 1 project (2%). A full breakdown of these 
Dalgarno and Lee design factors and how they are instan-
tiated is provided in Figure 6.

4. Discussion

Three questions guided this systematic review: (1) How do 
designers of VR interventions for individuals with ASD char-
acterize/define VR? (2) To what extent do VR systems 
described in the literature address the questions proposed by 
Parsons (2016), namely: (a) which technologies were used, (b) 
for whom, (c) in which contexts, (d) with what kinds of 
support, and (e) for what kinds of tasks/objectives? And (3) 
How are the distinguishing characteristics of virtual learning 
environments, as outlined by Dalgarno and Lee (2010), 
instantiated in VR interventions designed for individuals 
with ASD? To address these questions, 84 manuscripts were 
selected and analyzed. We discuss our findings in the follow-
ing sections.

4.1. Lack of consensus around what constitutes VR

A review of VR definitions suggests there is no established 
and field-recognized operationalization of what defines VR. 
Many characterizations are presented with some authors 
claiming VR is a representation of the real-world, others 
stating VR is any form of computer-generated imagery, others 
comparing VR to video games, and some stating that VR 
requires sensations of telepresence. This finding is proble-
matic because any discussions of affordances of VR necessa-
rily are precluded by a base understanding of the technology 
itself. Further confusion stems from the fact that 55.1% of the 
projects returned in this literature review do not define the 
term at all, although many cite literature supporting benefits 
of VR. It has become clear that designers of interventions for 
VR are often citing benefits of using VR technology but are 
using these systems in ways that are perhaps contradictory 
and hindering their full potential

4.2. VR system characteristics

Just as there is no clear consensus on what defines VR, there is 
also no consensus of which system architectures can be used 
to deliver VR. Underlying system architectures range from 
desktop-based systems to fully immersive VR platforms that 
utilize HMDs. The most frequent system type is a desktop- 
based VR platform that presents a virtual environment onto 
a computer monitor that users can interact with through 
a variety of input device configurations such as a mouse and 
keyboard. In one case, Wade and colleagues (Wade et al., 
2016, 2017; Zhang et al., 2017; Bian et al., 2019) utilized 
a USB G27 electronic steering wheel designed for racing 
video games to train individuals with ASD how to drive in 
an adaptive VR environment. This finding might be due to 
the fact that more immersive VR systems often require expen-
sive hardware (Brooks, 1999) and can be difficult to design 
for. The issue is that these systems are referred to collectively 
as “VR.” This is particularly problematic when considering 
those systems that appear to be similar to a video game, such 
as projection-based systems that utilized the Microsoft Kinect 
to project the movements of users onto a screen to complete 
game-like activities (Crowell et al., 2019; Cai et al., 2013; Lu 
et al., 2018). For example, in Pico’s Adventure, participants 
interacted with the system by waving their arms which would 
direct lasers to shoot down alien spaceships with the goal of 
training joint attention skills (Crowell et al., 2019). While such 
systems have some commonalities with VR, they do not afford 
users the same level of interaction and immersion of a VR 
system. This raises the question of whether these are actually 
VR systems at all.

CAVE-based VR configurations exhibit similar issues. In 
these systems, virtual environments are projected onto walls 
or screens, but are done so in a more encompassing manner. 
Instead of being presented on just one screen, CAVE-based 
systems present the virtual environment on multiple screens 
to surround the user. The level of interaction provided by the 
system varies. In the Immersive VRET and Cognitive 
Behavioral Therapy System (Maskey et al., 2014; Maskey, 
McConachie, et al., 2019; Maskey, Rodgers, Grahame, et al., 
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2019; Maskey, Rodgers, Ingham, et al., 2019), users are placed 
within a 360-degree CAVE where scenes are controlled by an 
administering therapist. Users are passive observers to scenar-
ios that evolve in complexities to help treat phobias. In 
another example, the Decoding Social Interactions (Jacques 
et al., 2018) system allows users to interact within a L-shaped 
CAVE and have their motions tracked through a wand con-
troller. This device allows for greater embodiment of user 
actions and enables participants to take a more active role in 
the training of social skills. Both systems are characterized as 
being VR platforms but clearly offer users vastly different 
experiences.

In a similar vein, mobile-based VR systems are emerging, 
in which users are often placed within a light-weight HMD 
and engage within a spherical video-based virtual reality 
(SVVR) training context (Meindl et al., 2019; Schmidt et al., 
2019). In these systems, users are presented 360-degree videos 
as they wear a headset. Users typically have limited control 
and are passive observers to video-based multimedia or 
scripted events. These findings highlight the variability of 
VR systems that are being used to provide interventions for 
individuals with ASD, and they also align with the conclu-
sions of other work in the field that note that few fully 
immersive HMD-based VR systems have been used 
(Bozgeyikli et al., 2018; Newbutt et al., 2016). However, the 
lack of any standard, agreed-upon characterization or defini-
tion in this field of what constitutes VR in general, and what 
constitutes different VR architectures specifically (including 
whether some architectures should be considered VR at all) 
raises concerns about efficacy claims of VR for individuals 
with ASD. In the future, researchers will need to confront this 
issue. Until then, researchers are urged to provide precise 
descriptions of how VR is operationalized in their particular 
contexts.

4.3. Distinguishing characteristics of VR in systems 
designed for individuals with ASD

Results from our third research aim indicates that the most 
commonly designed characteristic of a virtual learning envir-
onment that’s been proposed as having potential learning 
benefits (Dalgarno & Lee, 2010) is that of creating a realistic 
display of the environment. This finding confirms empirically 
what others have suggested (e.g., Parsons, 2016), that 
researchers tend to design their VR environments “towards 
a closer fit with the real world” (p. 154). The second most 
frequent design factor was that of embodied action within the 
virtual environment. Dalgarno and Lee (2010) highlight the 
centrality of embodied action toward identity construction. 
This consideration of embodiment brings up an important 
issue concerning the design of VR systems and their under-
lying hardware and modalities for interaction. That is, that the 
interactions between the learner and the system are often 
being considered, but it is unclear if these interactions are 
being intentionally designed in a way that can fully exploit the 
purported benefits of the technology. The findings presented 
in Table 5, highlights this issue as it shows the many ways that 
this design challenge of embodiment is being considered and 
how it can be achieved through a variety of configurations.

For example, designing to allow for the embodiment of 
a user’s actions can be achieved in many ways. In the 
Immersive VR System (Halabi et al., 2017; Halabi et al., 
2017) a LEAP Motion device is used to capture and translate 
a user’s movement into the virtual environment. In the 
Virtual Dolphinarium (Cai et al., 2013; Lu et al., 2018) 
a Microsoft Kinect picks up simple movements such as arm 
and hand gestures that can be projected into a game-like 
system. In the Virtual Joystick (Kim et al., 2015), users are 
able to control an avatar with a joystick to position their 

Figure 6. Design factors instantiated across VR projects/interventions by percent. 
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character within social scenarios. In the VR Adaptive Driving 
System (Wade et al., 2016, 2017; Zhang et al., 2017; Bian et al., 
2019), users interact with a system made up of realistic vehi-
cular input devices to control a virtual car that can drive 
around a full-scale city. In the Public Speaking Intervention 
(Jarrold et al., 2013), a user’s head orientation and rotational 
movement along three axes were dynamically tracked and 
embodied in the environment. All of these examples convey 
a possibility for learner interactions that can promote the 
embodiment of a users’ actions within a virtual environment. 
However, it is unclear if these interactions afford its users the 
possibility to engage in a meaningful way that can promote 
learning outcomes. As seen in Figure 6, many of these VR 
systems were designed to promote the development of social 
skills which is an innately complex interaction composed of 
a multitude of verbal, non-verbal, and emotional sub-skills. 
Yet the vast majority of VR systems are desktop-based inter-
faces where users interact with, gesture, and have their actions 
embodied into the system through rigid motions that are 
mediated through unnaturalistic peripherals and interfaces 
(e.g. clicking a button on their keyboard or mouse to move 
their arm). This finding presents what seems to be 
a disconnect between intended learning outcomes and how 
VR systems tend to be designed for this population. Also of 
concern is that because of the disparate state of VR systems 
and their varied configurations, characteristics, and design 
instantiations, researchers will have difficulties in systemati-
cally unpacking how VR systems can be developed to promote 
generalization.

What has become clear is that design factors have been 
instantiated across the literature in a wide number of con-
siderations (see Table 5), and the way that the VR interven-
tion is designed, beginning with the VR architecture and 
system type, greatly impacts the affordances and possibilities 
for interaction with the system. Given the rapid pace of 
adoption of VR by the public (Bagheri, 2016), and the emer-
gence of commercially affordable HMD (Newbutt et al., 
2016), interest in using this technology for individuals with 
ASD continues to grow (Parsons, 2016). However, difficulties 
with designing to promote generalization remain. The field is 
laden with researchers who are trying to develop VR solutions 
that vary in their target audience and target outcomes. If VR 
systems are to be designed in a way that can meaningfully 
promote targeted outcomes and potentially generalization, 
then VR developers need to take a more systematic approach 
to defining the technology, using a model like Dalgarno and 
Lee (2010), and begin to consider how the interactions 
between the learner and the system can facilitate the learning 
process.

4.4. Implications for practice

As emphasized in this review of the literature, designing VR 
interventions for autistic populations constitutes a wicked 
problem that is steeped in complexity. Although it is generally 
accepted that developing VR interventions in the field of 
autism research is fraught with challenges, little has been 
written to chronicle how practitioners can address these con-
straints (Glaser et al., 2021). Compounding this problem is 

that there are multiple gaps in the literature such as a paucity 
of design precedent and an unfortunate failure to include 
participants in the design of interventions (Parsons et al., 
2020). Given the heterogeneous nature of autism, practi-
tioners will likely find that there is no VR system, technology, 
or affordance that independently influences intervention effi-
cacy. Importantly, the benefits and affordances of VR for 
individuals with ASD are often alluded to in the literature; 
however, we have been unable to locate any research that 
explicitly considers how benefits and affordances are explicitly 
considered in system designs to advance intended outcomes. 
Rather, design considerations are not often reported, and 
those that are tend to derive from small case observations 
and not from strong evidence or comparative studies 
(Bozgeyikli et al., 2018). Practitioners should consider this 
gap with a careful reflection on prioritizing principles of 
respect and dignity for autistic participants and should engage 
in research with this population. We therefore suggest that 
practitioners should adopt practices that include and involve 
participants and that are sensitive to the vulnerabilities of the 
target population.

4.5. Limitations

Findings and implications of this systematic review should be 
considered in light of the following limitations. Procedures 
used in this manuscript deviate somewhat from suggested 
guidelines for conducting systematic literature reviews 
(Davis et al., 2014; Kitchenham, 2004; Moher et al., 2009) 
including: (1) data was extracted by a single researcher, (2) 
multiple publications were included from the same dataset or 
research projects, and (3) some projects did not name their 
interventions which led to difficulties determining if a VR 
platform was unique.

The first point means that some of the data extracted may 
be erroneous. This limitation is in line with other research in 
the field that suggests the difficulties in conducting large scale 
qualitative reviews of the literature (Belur et al., 2018; 
Campbell et al., 2013). Other research has shown that diffi-
culties arise with validating data when a large number of 
studies are provided or when the data is complex (Belur 
et al., 2018; Kitchenham et al., 2009), even if data definitions 
and extraction guidelines are provided in a protocol (Brereton 
et al., 2007).

The second point refers to guidelines proposed in by 
Kitchenham (2004) that stresses the importance of excluding 
multiple publications that use the same data set as doing so 
can impact the bias of results, and suggests that the most 
recent report should be the one included. With respect to 
this guideline, we included all studies from a dataset because 
of the nature of our research questions. We were not looking 
at reporting study outcomes but were rather interested in the 
qualitative described conditions of VR systems and designs. 
Therefore, it was important to include all manuscripts from 
the same dataset as reports often did not include all of the 
relevant data that we were trying to extract or the information 
was ambiguous and required triangulation across multiple 
manuscripts to confirm the data.
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Lastly, we found that many designers of VR interventions 
did not give their system a name that would help identify the 
project. There were cases where multiple manuscripts pre-
sented on data that appeared to be related but did not expli-
citly provide those connections. In some cases, we were able 
to determine if a manuscript was part of an existing project 
because they shared common assets across manuscripts. For 
example, one project used the same screenshot of the system 
in multiple papers so we were able to group them together. 
Due to this limitation, it is possible that there are errors in the 
organization.

4.6. Conclusion

In conclusion, the findings from this systematic literature 
review suggest that VR interventions for individuals with 
ASD vary in conceptualizations of the term which has impli-
cations on how the platform itself is designed. While research-
ers tend to cite purported benefits of VR technologies and 
virtual worlds, the designs of the systems greatly impact the 
possibilities for learner interactions and how these learning 
benefits can be realized. Most research in the field has been 
conducted on desktop-based VR systems that use a variety of 
input devices and configurations. This finding suggests that 
designers of VR systems may be creating solutions that are 
not taking full advantage of the purported benefits to virtual 
environments such as increased immersion, fidelity, and 
active learning participation (Dalgarno & Lee, 2010).

Creating VR spaces is fraught with challenges and it is 
unclear how the nature of learner interactions within 
a virtual context can impact learning outcomes for individuals 
with ASD. That is, there is still great uncertainty that exists 
concerning how the ideal properties of VR can be brought 
together to promote the development of different skills. 
A review of the literature indicates that researchers are explor-
ing a range of VR technologies, to promote a range of skills 
and treatments, for a wide range of audiences, and with an 
even greater range of design implementations. This finding 
makes it hard for future researchers to make their own design 
decisions, as there is not much that exists concerning how to 
intentionally design for generalization of specific skills within 
VR spaces. Echoing the conclusions from another manuscript 
in the field, perhaps it is time for researchers to stop asking 
questions about if VR, or other technologies, work for indi-
viduals, and should instead focus on understanding which 
technologies work for whom, in which contexts, with what 
kinds of support, and for what kinds of tasks or objectives 
(Parsons, 2016).
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