
Citation: Chiappini, M.; Dei, C.;

Micheletti, E.; Biffi, E.; Storm, F.A.

High-Functioning Autism and

Virtual Reality Applications: A

Scoping Review. Appl. Sci. 2024, 14,

3132. https://doi.org/10.3390/

app14073132

Academic Editors: Beatrice Aruanno

and Monica Bordegoni

Received: 21 February 2024

Revised: 29 March 2024

Accepted: 4 April 2024

Published: 8 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Review

High-Functioning Autism and Virtual Reality Applications: A
Scoping Review
Mattia Chiappini , Carla Dei, Ettore Micheletti, Emilia Biffi and Fabio Alexander Storm *

Scientific Institute, IRCCS “E. Medea”, 23842 Bosisio Parini, Italy; mattia.chiappini@lanostrafamiglia.it (M.C.);
carla.dei@lanostrafamiglia.it (C.D.); ettore.micheletti@lanostrafamiglia.it (E.M.);
emilia.biffi@lanostrafamiglia.it (E.B.)
* Correspondence: fabio.storm@lanostrafamiglia.it

Abstract: In recent years, the number of applications of virtual reality (VR) for the Autism spectrum
disorder (ASD) population has increased and has become one of the most suitable tools to address
the psychological needs of these individuals. The present scoping review aims to provide a literature
mapping of experimental studies that have used immersive and semi-immersive VR for assessments
or interventions specifically addressing high-functioning autism. A total of 23 papers were included
and analyzed following PRISMA guidelines. The identified studies concerned social skills (11 papers),
eye gaze and joint attention (3 papers), motor learning (3 papers), job training (2 papers), and other
aims or rationales (4 papers). The evidence shows that, despite the intellectual potential of high-
functioning ASD individuals, little research has been conducted to provide interventions that offer
concrete training to improve their adaptive functioning. In addition, the percentage of individuals
below 18 years of age is representative of half of the included studies, so aiming future studies at the
early stages of development might be an asset in preparing the next generation of young adults to
cope with age-related challenges, as early assessments and interventions are more likely to produce
major long-term effects.

Keywords: high-functioning autism; virtual reality; autism spectrum disorder

1. Introduction

Autism spectrum disorder (ASD) is an innate neurodevelopmental condition charac-
terized by impairments in social communication and interaction, as well as the presence
of repetitive and stereotyped behaviors and interests [1,2]. The spectrum connotation
stands for a functional diagnosis entailing heterogeneous levels of general functioning and
severity [3]. Consistent with this conceptualization of the diagnosis in clinical psychology
and psychiatry, ASD is considered a continuum rather than settled into categories and
thresholds [4]. A tentative way to depict differences between ASD individuals across the
spectrum has been proposed by Jill Eyal through the Autism Matrix [5]. The classification
is based on two axes depicting intellectual disability based on measurable Intelligence
Quotient (IQ) and deficits in social-adaptive functioning.

Although the Autism Matrix is based on individual patient phenotypes, it is still not
representative of ASD functioning: diagnostic tools based on the International Classification
of Functioning, Disability, and Health (ICF) are more suitable methods for investigating
all-around abilities. International consensus on diagnostic classification [1] recommends
using a functional assessment approach for individuals with an intellectual disability (ID),
whereas no explicit recommendation is made for those without an ID [6]. Although IQ
might poorly represent the spectrum conceptualization, its measurement remains a valuable
clinical indicator for adjusting the level of support based on cognitive impairment [6,7].

Starting from the aforementioned premises, nowadays, it is common in clinical practice
to address ASD individuals based on their overall functioning. In particular, individuals
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with high-functioning autism (HFA) are characterized by a spectrum of abilities often asso-
ciated with expectations of greater functional skills, higher IQ, milder autistic symptoms,
and better quality of life, despite contradictory clinical evidence [6]. A partial overlap
of definitions between HFA and Asperger syndrome (AS) still exists, and the terms are
sometimes used interchangeably [6], despite both AS and HFA not being used in DSM-5 [8].
This term first appeared four decades ago, referring to individuals with IQs ≥ 70 [9,10].
HFA individuals might exhibit peak cognitive abilities [3]; hyperlexia [11]; enhanced per-
ception; talent in music, mathematics, calculation, visual–spatial processing; and rote
memory [3,12,13]. In the frame of this research, we will use HFA to refer to a group of
individuals with linguistic and/or cognitive abilities that are above or near average for
their age [14].

1.1. Immersive VR: Technology Overview and Potential

ASD is a lifelong condition [15]; although there is no particular accepted treatment
for ASD, a growing consensus on behavioral and educational intervention programs is
flourishing [16], and technology might offer useful solutions.

Virtual reality (VR) is one of the emerging and most promising technologies for inter-
ventions in healthcare [17] and for training, education, and support for ASD individuals,
particularly in children [18]. VR can be defined as a three-dimensional (3D) computer-
simulated environment [19], incorporating visual, auditory, and sometimes haptic feed-
back [20]. According to Mujber and colleagues, VR can be classified into three categories [21]:
non-immersive, semi-immersive, and fully immersive systems. The level of immersion
refers to the extent to which the displays are extensive and able to surround the user, stimu-
lating the senses [22]. The more extensive the displays, the more the user’s sensory systems
are accommodated [22,23]. Higher levels of immersion might lead to an increased sense of
presence [24], defined as the psychological consequence of immersion [23].

Non-immersive systems are desktop-based (e.g., PC or tablet) and use joypads or
keyboards for interaction. Semi-immersive systems consist of large screens or surface
projections with moderate levels of immersion and interaction. Lastly, immersive systems
comprise Head-Mounted Displays (HMDs) and Cave Automatic Virtual Environment
(CAVE) systems, both enabling high levels of interaction and immersion [21]. HMD devices
include a head motion tracking system that generates two graphical displays, one for each
eye, according to the user’s point of view. HMDs are rapidly growing as a consumer
product [25], as they are becoming more affordable and easier to use. Several products are
available on the market, both for gaming and for educational and training purposes [25].
CAVE technology consists of a four-screen room (three walls and a floor) equipped with
four stereoscopic projectors, a tracking system, and stereoscopic glasses provided with
markers to change the point of view in VR accordingly [26,27].

In recent years, the number of applications of VR for the ASD population has es-
calated [16,28,29], and VR has become one of the most suitable tools for addressing the
psychological needs of individuals with ASD [16]. This is because of the possibility of
practicing in a safe and controlled environment endowed with higher degrees of real-
ism, making VR interventions or assessments more enjoyable and clinical outcomes more
reliable and transferrable in the real world [30].

The majority of the studies on ASD and VR focus on strategies to learn and practice
social skills [28,31,32]. A recent scoping review [33] discusses the use of VR- and augmented
reality (AR)-based social interventions for ASD individuals, outlining that there are still
gaps to be addressed. Among these, limits include the paucity of studies with HMDs, the
methodological lack of rigorous design, and the scarce number of participants enrolled in
the experimental studies. Alongside social skills, life skills (e.g., shopping, driving, and
street crossing) have also been found to be worthy of VR training applications [16,18] given
the fact that these real-world scenarios might be challenging for ASD individuals.

To date, several reviews have been conducted to evaluate VR technology as a support
for individuals with ASD. Due to the pervasive difficulties in the social domain, Parsons and
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Mitchell reviewed the potential of VR in social skills training, outlining some perspectives
on the most common interventions [34]. In 2013, Irish conducted a review of single-user
virtual environments to teach social communication skills [35]. Lorenzo and colleagues pro-
vided a state-of-the-art review about immersive VR as a learning tool for ASD students [31],
resulting in social or emotional skills as the most targeted ones. Mesa-Gresa and colleagues
focused on VR for ASD children, reporting the effectiveness of the interventions included
in their systematic review by mainly addressing social and emotional skills [17].

Some authors have reviewed the literature in terms of technologies aimed at support-
ing individuals with ASD. The systematic review by Aresti-Bartolome and Garcia-Zapirain
identified how VR and AR mainly address the topics of “communication and interaction”
and “social learning and imitation skills” to support individuals with ASD [29]. Boucenna
and colleagues [36] provided an overview of the information communication technology
used in children with ASD, distinguishing between interacting environments (implemented
in computers or input devices), VR, avatars, serious games, and telerehabilitation. Shadab
Khan and coauthors distinguished assessment and intervention tools for the ASD pop-
ulation, envisioning the following types: social robots, mobile learning, serious gaming,
virtual reality, edutainment, virtual learning environment, and AR [37].

Other reviews on the pediatric ASD population have been published [18,38]; however,
they lack a systematic approach. In 2021, Dechsling and colleagues reviewed the literature
on high-immersive technological tools and ASD best practice interventions, particularly
focusing on the Naturalistic Developmental Behavioral Intervention (NDBI) [33]. Although
no studies have relied on VR to provide NDBI, the authors concluded that such tools are
acceptable and promising for ASD.

Also, meta-analyses have been conducted on the effectiveness of technology-based
interventions for the ASD population. Grynszpan and colleagues focused particularly on
computer gaming software, interactive DVDs, and shared active surfaces [39]. With the
growing number of VR applications, in 2021, Karami and colleagues published a meta-
analysis solely on the effectiveness of VR for ASD rehabilitation and training purposes [16].

1.2. Aim of the Scoping Review

Compared with the aforementioned studies, the present scoping review aims to
provide a literature mapping of experimental studies that have used immersive and semi-
immersive VR for the assessment or interventions specifically addressing HFA without
aiming the search strategy at a particular age group or topic. To the best of our knowledge,
such a scoping review has not been conducted yet. This scoping review was conducted to
answer the following research questions:

(a) For which purposes is VR adopted in HFA?
(b) Are the aims and tasks proposed to the participants age-dependent?
(c) Are there neglected or unexplored areas that are worth investigating?

2. Materials and Methods

To pursue the study aims, a scoping review was identified as the most suitable ap-
proach, as it allows us to depict a broader understanding of what is known about a research
topic without excluding sources based on their quality [40].

To perform the current scoping review, we followed the six-stage methodology by
Arksey and O’Malley [41]: (1) identifying the research question; (2) searching for relevant
studies; (3) selecting studies; (4) charting the data; (5) collating, summarizing, and reporting
the results; and (6) optional consultation with stakeholders to discuss and validate the
findings [42]. Additionally, the PRISMA-ScR checklist was used to guide reporting [43]. No
ethical approval was required for this study, as the results were extracted from published
papers without primary data collection.
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2.1. Identifying Relevant Studies

Considering the recent spread of VR and the novelty of the topic, this search was
conducted on two multidisciplinary data libraries: PubMed and Scopus. The following
search string was chosen: “Asperger syndrome” OR “Asperger’s” OR “high-functioning
autism” AND “Virtual reality”. Research articles were included if they respected the
following eligibility criteria:

• Focus on the use of VR and people with ASD;
• Pre-experimental, quasi-experimental, and true experimental designs;
• Journal or conference papers;
• Focus on immersive and semi-immersive VR;
• Focus on HFA individuals;
• Written in English language.

Articles were excluded according to the following exclusion criteria:

• Unavailability of abstract and/or full text;
• Reviews;
• Lack of pertinence to the topic of VR;
• Use of non-immersive VR systems;
• Only participants with IQ scores < 70 in the study sample;
• Theoretical or methodological work not including participants with ASD.

2.2. Study Selection

The study selection was organized in sequential steps. After removing all duplicates,
three authors (M.C., C.D., and E.M.) independently screened the articles considering the
eligibility criteria and the presence in the title or abstract of the following words:

• “Virtual reality”, “3D environment”, or “virtual environment” (without distinction
between types of VR);

• “ASD”; “autism spectrum disorders” (without further specification of the clinical
diagnosis or age range distinction).

The papers that did not meet the characteristics required were discarded, whereas
disagreements were resolved by consensus or by discussion between all authors.

2.3. Charting the Data

The data extraction was performed by three authors (M.C., C.D., and E.M.) and was
organized using a spreadsheet (Microsoft Excel version 2403, Microsoft Office Profes-
sional Plus 2016). The following information was extracted: author(s), year of publication,
country, study quality, aims, study design, sample, technology equipment, VR scenario,
outcome measure, information on VR session (frequency, duration when available), and
task performed (see Supplementary Materials).

2.4. Collecting, Summarizing, and Reporting the Results

As already mentioned, ASD can be conceptualized as a spectrum of abilities; individ-
uals may vary significantly in their functioning, and the scientific literature reflects this
variability. To deal with this heterogeneity, the authors decided to divide the results into
five areas of assessment or intervention, as follows:

• Social skills;
• Motor learning;
• Eye gaze and joint attention;
• Job training;
• Other.
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3. Results
3.1. Features of the Included Studies

The number of records identified in the databases through the search string was 975.
After preliminary screening based on the title and abstracts, 146 articles were considered
suitable for the second step, which encompassed reading the full texts and distinguishing
the works by the type of VR used. Of the 146 papers, 71 did not involve immersive or
semi-immersive VR, and 17 were theoretical/methodological and thus discarded. Then,
the 58 selected were screened to identify only those focusing on HFA. This resulted in
23 eligible papers included in this review, of which there were five conference proceedings
and 18 full journal papers, as shown in Figure 1.
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Table 1 provides an overview of the main characteristics of the included studies. Most
of the studies were conducted in North America (nine papers) and Europe (eight papers),
with fewer contributions from Asia (five papers) and Australia (one paper).
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Table 1. Summary of the studies included in the scoping review. PE: pre-experiment; QE: quasi-experiment; TE: true experiment; WASI: Wechsler Abbreviated Scale
Intelligence; WISC: Wechsler Intelligence Scale for Children; IQ: Intelligence Quotient; FSIQ: Full Scale IQ Test; TD: typically developing; CAST: Childhood Autism
Spectrum Test; HMD: Head-Mounted Display; ASD: autism spectrum disorder.

First Author, Year, and
Reference Country Study Type Type of VR Total Sample (N), Sex (m, f),

and Age (Range) IQ and Test (If Available) Aims Task

McCleery 2020 [44] USA QE HMD 60 ASD, 12–38 y 75–132, WASI-II
To examine and assess safety, usability, and

feasibility of immersive VR training for ASD
individuals interacting with police officers.

Answering different questions asked
by virtual law enforcement officers.

Fitzgerald 2018 [45] Australia TE HMD 2 male ASD; 25 y and 31 y 1 IQ not specified;
1 IQ = 87; WISC-III

To compare the effectiveness of video
modeling and virtual reality for teaching

adults with ASD.
Paper-folding activities.

Ip 2018 [46] China TE CAVE 94 ASD; m = 86, f = 8; 6–12 y 95 (Raven’s test mean); 19.1
(CAST mean)

To enhance emotional and social adaptation
skills of ASD children.

Interaction with and observation of
a virtual environment and

observation of how their peers
interacted with the scenario.

Parish-Morris 2018 [47] USA QE HMD 28 ASD; 12–37 y 76–120, WASI-II

To describe safety and feasibility of an
immersive virtual reality application

designed to teach essential skills to ASD
adolescents and adults.

Answering different questions asked
by virtual law enforcement officers.

Amaral 2017 [48] Portugal QE HMD 13 TD; m = 7, f = 6; 21–26 y
4 male ASD; 15–22 y IQ > 70, FSIQ

To ascertain the usability and feasibility of a
novel system with a paradigm that uses social

joint attention cues.
Joint attention cueing.

Greffou 2012 [49] Canada TE CAVE 16 ASD and 34 TD; 12–33 y IQ mean range,
98.75–101.13

To assess postural behavior in ASD in
response to immersive visual environments.

Fixating a red dot located at the
horizon and maintaining balance.

Herrero 2020 [50] Spain QE HMD 7 ASD; m = 6, f = 1; 8–15 y
and 7 TD NA

To design and validate a learning intervention
to improve social and emotional

competencies of HFA students using VR.

Social interaction with
several avatars.

Yeh 2020 [51] Taiwan PE HMD 10 ASD; students from
grades 1 to 8 IQ from 70 to 105

To develop and test the efficacy of VR
scenarios for social skill learning

in ASD students.

Social interaction with avatars
representing classmates.

Tarantino 2019 [52] Italy QE HMD 6 ASD; m = 6, f = 0; 21–23 y IQ from 73 to 98
To evaluate two state-of-the-art HMDs in

terms of acceptability, usability, and
engagement capability.

Interactive photorealistic and
non-photorealistic scenarios;

exploration of historic sites and
items.

Mul 2019 [53] United Kingdom QE HMD
22 ASD; m = 14, m = 8;
29 TD; m = 16, f = 13;

overall age range 18–53
IQ mean = 110.1, WASI II

To test VR as a tool to assess whether bodily
self-consciousness in ASD is altered as a

result of multisensory processing differences.

Audiotactile integration task for
peripersonal space.

Biffi 2018 [54] Italy QE SI-VR
15 ASD; m = 14, f = 1;

mean age 9.8 y 16 TD; m = 15,
f = 1; mean age 10.0 y

IQ >80, WISC-IV
To describe gait pattern and motor

performance during discrete perturbation of
children with ASD compared with TD peers.

Walking task with perturbations.



Appl. Sci. 2024, 14, 3132 7 of 20

Table 1. Cont.

First Author, Year, and
Reference Country Study Type Type of VR Total Sample (N), Sex (m, f),

and Age (Range) IQ and Test (If Available) Aims Task

Bozgeyikli 2017 [55] USA QE HMD 9 ASD; mean age 25.4 y
9 TD; mean age 29.0 y IQ >70

To explore the effectiveness of a virtual reality
system in training individuals with ASD on

six vocational transferrable job skills.

Vocational training on transferrable
job skills.

Ip 2016 [56] Japan PE SI-VR
Pilot study: 20 ASD; 6–9 y

Experimental study: 33 ASD;
6–11 y

IQ > 70
VR-enabled system to facilitate social

adaptation training for school-aged children
with clinical or suspected diagnosis of ASD.

Six VR training scenarios.

Cheng 2014 [57] Taiwan PE HMD 3 ASD; m = 3, f = 0; 9–11 y IQ >70, WASI

To investigate the performance of data gloves
and stereoscopic projection in mitigating the
impairment of social etiquettes in children

with ASD.

Interaction with virtual objects and
characteristics immersed in a virtual

environment.

Cheng 2015 [58] Taiwan PE HMD 3 ASD; m = 3, f = 0; 12–13 y IQ = 84, 82, 80 (FISQ)
To determine the effectiveness of a 3D system

in promoting the comprehension of social
protocols in individuals with ASD.

Twenty-four problem-based social
questions developed for use with a

VR system.

Jarrold 2013 [59] USA QE HMD 37 ASD; 8–16 y
54 TD; 8–16 y IQ >71 (WASI)

To simulate public speaking tasks in VR to
study social attention and its association with

classroom learning in students with HFA.

VR public speaking paradigm with
cued and non-cued conditions.

Trepagnier 2002 [60] USA QE HMD

5 ASD; m = 4, f = 1; mean age
18.4 y

6 TD; m = 4, f = 2; mean age
19.5 y

NA To clarify the character of face gaze in ASD. Series of images of faces and objects
presented stereoscopically in VR.

Cook 2014 [61] United Kingdom QE CAVE

10 ASD; m = 8, f = 2; mean
age 14.74

12 TD; m = 10, f = 2; mean
age 15.79

Mean IQ = 116.6 (WASI)
To investigate the biological specificity of

interference effects for action observation in
ASD using VR.

Interaction with a virtual reality
agent in either human or robot form.

Amaral 2018 [62] Canada QE HMD 15 ASD; m = 15, f = 0; 16–38 y Mean IQ = 102.53 (FSIQ)
To test usability and feasibility of 3 EEG

setups combined with a VR headset as part of
a novel system.

Joint attention assessment task with
avatars gazing or pointing cues.

Newbutt 2016 [63] USA QE HMD Phase 1: 40 ASD; m = 32, f =
8; 17–53 y

Mean IQ range =
83.58–86.63 (WASI)

To investigate willingness to use and
acceptability of VR-HMDs among people

with ASD.

Series of 3D immersive experiences
in VR.

Bozgeyikli 2018 [64] USA QE SI-VR

15 ASD; m = 11, f = 4; mean
age = 22.73 y

15 TD; m = 10, f = 5; mean
age = 25.80 y

NA To examine the effects of various attributes of
user interfaces designed for VR.

Tasks involving sorting, fetching,
and aligning boxes on two

workstations, moving boxes on two
conveyor belts, and a vocational task

of finding boxes.

Lorenzo 2013 [65] Spain QE SI-VR 20 ASD; m = 16, f = 4; 8–15 y NA
To determine the possible inclusion of

immersive virtual reality as a support tool
and learning strategy in ASD.

Executive functions in school
learning and social competence.

Lorenzo 2016 [66] Spain TE SI-VR 20 ASD; m = 14, f = 6; 7–12 y
20 TD; m = 15, f = 5; 7–12 y NA

To evaluate immersive VR to improve and
train the emotional skills of students

with ASD.

Immersive environments allowing
students to train and develop social

skills in a structured, visual, and
continuous manner.
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Figure 2 shows the temporal distribution of publications from 2002 to April 2021.
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The majority of the studies were classified as quasi-experimental (65.2%), whereas a
minority were true experimental (17.4%) or pre-experimental (17.4%) studies. Both quasi-
experimental and true experimental types aim to manipulate the independent variables to
register expected outcomes on the dependent ones. The main difference is that researchers,
in quasi-experiments, do not perform a randomized assignment of the participants to
the conditions. On the other hand, in pre-experimental studies, participants are usually
observed before and after a treatment (one group pre-test/post-test) to see if it generates
potential changes [67]. Table 2 reports the classification of the included papers accordingly.

Table 2. Classification of the included papers according to the definition of Campbell and Stanley [67].
N: number of papers.

Type of Research N %

Quasi-experimental 15 65.2
True experimental 4 17.4
Pre-experimental 4 17.4

Regarding the study design, the majority of the studies were “single group” (N = 12),
followed by “two-group” (N = 9) and “single-subject” designs (N = 2).

The population of the experimental studies included in the current review involved
both healthy subjects and participants with ASD: 9 publications (39.1%) involved more
than 30 participants, whereas 14 included fewer than 30 participants (60.9%). Finally, the
number of ASD participants involved in the 23 studies was higher than that of the healthy
controls (494 and 215, respectively).

The number of participants, grouped as ASD and healthy subjects, for each of the
23 publications is presented in Figure 3. Overall, the sample size ranged from 2 to
94 participants.

The majority of the studies focused on participants below 18 years of age (N = 13,
56.5%), whereas a smaller number of papers included participants above 18 years (N = 9,
39.1%). Only one paper (4.4%) included participants both above and below 18 years.
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ASD subjects (in blue) and healthy subjects (in gray). N: number of papers.

Considering the technology (Table 3), HMDs were used in most of the studies
(15 papers, 65.2%). Only five studies (21.7%) focused on semi-immersive VR, followed by
immersive CAVE (three papers, 13.1%).

Table 3. Distribution of the papers based on the type of immersive technology. N: number of papers.

Type of Immersive Technology N %

HMD 15 65.2
Cave 3 13.1

Semi-immersive VR 5 21.7
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3.2. Investigated Dimensions

VR can create worlds in which it is possible to interact with controlled factors. It has
been proven that this technology can be used as a support tool in different areas such as
social interaction and task learning [29].

In the present work, the VR scenarios developed for high-functioning ASD are divided
into the following categories: social interaction, eye gaze and joint attention, motor learning,
job training, and others. Table 4 provides an overview of the number of papers related to
each category, considering VR technology classified by the level of immersion.

Table 4. Distribution of papers considering the defined 5 categories (i.e., social interaction, eye
gaze and joint attention, motor learning, job training, and others), divided according to the type of
technology. SI-VR: semi-immersive VR.

Category HMD Cave SI VR

Social skills 7 1 3
Eye gaze and Joint attention 3 / /

Motor learning / 2 1
Job training 1 / 1

Other 4 / /

3.2.1. Social Skills

This section summarizes the studies using VR environments with a specific focus
on social skills, which was the most represented category in the reviewed papers. Five
papers investigated social skills simulating interactions with police officers [44,47] or
peers [50,57,59]. Social adaptation was targeted by three papers [46,56,58]. Three papers
focused both on social interaction and social adaptation [51,65,66].

Parish-Morris and colleagues employed mobile immersive VR commercial software
(Police Safety Module, Floreo), delivered through a smartphone, a tablet, and a headset,
aimed at fostering social skills in HF ASD while interacting with police officers [47]. The sys-
tem’s usability, as well as feasibility and safety, were evaluated. Results on 28 participants
showed good feasibility and no adverse effects associated with this VR experience. Also,
McCleery and colleagues examined the feasibility of immersive VR training for HF ASD
individuals interacting with police officers [44]. They used the same commercial software
used by Parish-Morris and implemented a 6-week treatment, asking HFA participants
to interact with law enforcement officers. The results showed that participants reported
high levels of enjoyment and usability, thus encouraging them to participate in further
VR sessions.

Aside from the specific situation of interacting with a police officer, researchers have
focused on socialization with peers and how to support it [50,57,59]. Jarrold and colleagues
simulated a VR public speaking task to assess social attention in the HF ASD population.
The results showed atypical attention, as measured by gaze orienting or number of looks,
fixation length, and the average duration of fixations that the participants oriented toward
avatars seated around a table in a 3D classroom. Another example of socialization with
peers included in this review concerns the social etiquette of HF ASD children in a 3D
simulation of a real scenario: an amusement park system [57]. The participants were
asked to explore and familiarize themselves with the virtual environment and to choose
appropriate answers according to social etiquette, experiencing consequent feedback with
an animation. The results showed that the participants benefited from the 3-month VR
intervention, with improved outcomes in social etiquette skills. The most recent contri-
bution regarding socialization with peers was published by Herrero and Lorenzo in 2020.
Their research focused on the exercise of social and emotional competencies in two VR
environments, a school classroom and a backyard garden, each involving two teachers and
six children. Characters (or avatars) represented different personalities and ethnicities, and
HF ASD individuals could choose from a predefined set of options that would influence
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the consequent avatar’s behavior. The results are promising for educational purposes
regarding HF ASD individuals, who might benefit from this intervention and experience
better adaptation in social contexts [50].

Aside from social interaction, VR is used to deliver interventions regarding ASD
individuals’ adaptability to specific life scenarios. Cheng and colleagues aimed to determine
the effectiveness of two VR scenarios, a classroom and a bus stop, to improve social skills
and understanding: For the bus scenario, some of the target behaviors were to stay in line,
choose a seat on the bus, or give up a seat. For the classroom scenario, some of the targeted
behaviors were to say “hello” or to raise a hand before questions. Preliminary evidence
on three HF ASD individuals showed promising results, suggesting that VR may be an
effective learning environment for ASD individuals [58].

Ip and colleagues presented VR as a tool for emotional and social adaptation skills in a
sample of HF ASD children, 20 in a preliminary test and 33 in a subsequent experimental
study. They proposed six learning scenarios that can be summarized as follows: preparation
for going to school in the early morning; social occasions that could happen on the way
to school and in the classroom; attending the library or the tuck shop; lessons about the
playground; and four different seasons with peaceful background sounds [56]. Comparing
pre- and post-assessments, significant improvements occurred in the primary outcomes
(emotion expression and regulation; social interaction), whereas no statistically significant
differences were found in the secondary outcomes (emotion recognition and adaptive skills).

In 2018, Ip and colleagues tested a four-sided CAVE virtual environment to enhance
the emotional and social adaptation skills of HF ASD children [46]. In total, 94 children
underwent a 14-week intervention, with significant improvements in emotional expression
and regulation and social interaction.

Further studies have investigated both social interaction and adaptation. Lorenzo and
colleagues proposed a new immersive IVR system to improve the learning and social skills
of HF ASD students [65]. Two VR environments, a school playground and a bedroom, and
32 supportive tasks to address executive functions in school learning (e.g., planning and
decision-making) and social skills were proposed, with documented improvements.

A few years later, the same authors compared their IVR training program with a
desktop computer version [66]. The significant presence of more appropriate emotional
behaviors occurred in the IVR environment conditions, making the IVR a useful tool for
the acquisition and development of emotional competencies in HF ASD students.

Finally, another attempt was made by Yeh and Meng [51]. Four scenarios (a classroom,
an exhibition, restaurants, and a park) were developed and tested on 10 HF ASD students,
with improvements in inappropriate behaviors and environmental adaptability.

3.2.2. Eye Gaze and Joint Attention

Eye gaze and joint attention might be impaired in ASD individuals, with resulting
difficulties in social attention and interaction. Trepagnier and colleagues compared eye gaze
in HF ASD and a control group [60]: participants were asked to look at a series of images
(faces and objects) presented stereoscopically in VR and then to indicate which image
they had already seen by saying “yes” or “no”. The results showed that ASD participants
displayed less fixation on the central area of the face with respect to control subjects, thus
lending evidence to the hypothesis that individuals on the autism spectrum might suffer
from impairments in face processing.

Amaral and colleagues combined EEG measures in three different experimental setups
with a VR headset to perform a novel social attention paradigm combined with a P-300
Brain–Computer Interface (BCI): the immersive virtual environment comprised two parts,
each consisting of 10 blocks of events. The overall aims of the studies were to ascertain
the usability of the EEG setups and to test their feasibility in the ASD population. The
participants were asked to look at the stimuli, and particularly for the second part, they
were instructed to look at an avatar’s face and notice to which of the objects it turned its
head. The results showed that realistic social cues and immersive BCI could be used to
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investigate joint attention in the HF ASD population, thus opening new perspectives for
rehabilitation or assessment purposes [48].

Finally, in 2018, Amaral and colleagues performed a feasibility clinical trial to improve
social attention in the HF ASD population: by utilizing, for 4 months, the BCI paradigm
described above, 15 HF ASD participants improved their neuropsychological outcome
measures, providing some promising evidence for future interventions [62].

3.2.3. Motor Learning

Motor difficulties are often associated with ASD. To measure the atypical postural
reactivity of ASD individuals, Greffou and colleagues simulated different types of oscilla-
tions in a 3D environment [49]. Using fully immersive VR technology, a virtual tunnel was
designed to sway at different frequencies using the “virtual tunnel paradigm” [68]. Posture
adaptation was studied by altering visual stimuli: a tunnel with an inner checked pattern
was presented in a static or dynamic setting; the latter also provided motion oscillation at
three frequencies (0.125, 0.25, or 0.5 Hz). To assess body adaptation, the head’s movements
were tracked. Sixteen HF ASD individuals, divided into two groups according to age
group (12–15 or 16–33), and thirty-four typically developing (TD) subjects were included
in the study in order to assess whether postural reactivity can be considered a function
of development. From the results, it emerges that ASD users are able to transfer sensory
information to a motor pattern unless fast visual stimuli integration is required.

Biffi and colleagues evaluated gait patterns and motor performance in children with
HF ASD compared with TD peers [54]. The gaits participants were assessed in semi-
immersive VR with a treadmill. Then, subjects underwent a perturbation phase consisting
of 20 trials with one single-belt acceleration. Finally, a post-perturbation gait analysis was
performed. The results showed an altered gait pattern in children with ASD but a moderate
adaptation to perturbation in both groups.

In another study by Cook and colleagues [61], matched HF ASD and TD participants
were asked to perform sinusoidal arm movements while observing a virtual reality agent
in two forms (human and cobot). The agent performed a gesture at a biological motion
or at a constant velocity, and participants were asked to follow the actor’s movement in
a congruent or incongruent way. The experiment took place in an immersive CAVE and
involved 22 participants, including 10 HF ASD individuals. Results for the interference
effect, caused by observing an incongruent action made by another agent, showed that
individuals with ASD, in contrast to what was observed in the TD group, did not exhibit
any interference effect.

3.2.4. Job Training

Finding job opportunities and maintaining an occupation in the long term is a chal-
lenge for ASD individuals, whatever their functioning level. In the present study, only
two papers met the inclusion criteria and discussed the use of immersive VR as a tool for
supporting employment for people with HF ASD.

Bozgeyikli and colleagues developed an immersive VR system to train vocational
skills in a group of HF ASD individuals: cleaning, loading the back of a truck, money
management, shelving, environmental awareness, and social skills. The results were
promising both for the improvements in the targeted skills and for the possibility of
transferring what the ASD individuals learned [55].

The same group in 2018 explored the user experience of 15 HF ASD individuals un-
dergoing immersive VR tasks; scenarios simulating three warehouse tasks were evaluated
based on five design attributes: instruction methods, visual fidelity, view zoom, clutter, and
motion [64]. The results indicated that avoiding verbal instructions is preferable, as well as
low visual fidelity, normal view zoom, no clutter, and no motion.
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3.2.5. Other

Four papers did not meet the common aims or rationale to constitute separate cate-
gories, and all included participants above the legal age in the data collection.

Fitzgerald and colleagues compared the effectiveness of VR and video modeling as
valid interventions in supporting ASD learning using a paper-folding task [45]. This task
offered meaningful opportunities to develop problem-solving skills and creativity and to
integrate visual and motor coordination. The intervention was conducted on two HF ASD
participants, resulting in better outcomes related to video modeling strategies.

Another work evaluated the engagement of immersive VR experienced through
two different headsets: Oculus Rift and HoloLens [52]. The results showed that the
interpretation of the engagement aspects was different for the ASD and TD participants:
some VR features, e.g., a diminished sense of presence and photorealism, might hinder
the experience of TD individuals while promoting that of the HF ASD group. Also, VR
was found to be more appropriate for learning applications, while mixed reality was more
useful for coping with anxiety, fear, and phobias in social situations.

Investigating the acceptance and quality of immersive VR through HMDs for the
ASD population could be interesting for promoting their subsequent uses. Newbutt and
colleagues tested the Oculus Rift headset on 29 (Phase 1) and 11 (Phase 2) participants
to evaluate the willingness, acceptance, sense of presence, and immersion of HF ASD
individuals [63]. The results showed preliminary evidence suggesting that negative effects
while wearing an HMD are limited; on the contrary, ASD participants generally accepted the
VR headset and were willing to complete the VR tasks. Spatial presence, engagement, and
ecological validity were also documented. Finally, the authors argued that realism might
facilitate the generalization of the VR content, suggesting the need for further research.

Finally, Mul and colleagues [53] investigated bodily self-consciousness in ASD and
TD participants using immersive VR as a tool to set up a full-body illusion. The authors
demonstrated a smaller peripersonal space in ASD participants, suggesting altered bodily
self-consciousness.

4. Discussion

The present study aimed to provide literature mapping of experimental studies that
involve immersive VR for HF ASD assessment and intervention.

Virtual reality applications are emerging in clinical settings that can be paired with
existing intervention treatments and actual assessment practices, offering therapists wider
control and customization of content and patients a safer and more private context in which
to be exposed [69]. Also, VR offers the possibility of generating realistic environments
where users can experience a sense of immersion and its psychological consequences on
perception, that is, the sense of presence [20].

Technology-based interventions are emerging, and several systematic reviews have
been published to evaluate their effects on specific skills, but only the contribution of [17]
focused on the effectiveness of VR-based interventions in ASD. This contribution, however,
included only children and adolescents and did not specify the technological device, the
degree of immersion, or the specifications of the overall clinical functioning in the spectrum.

The papers included in the present scoping review were mainly based on HMD
technology. This might be due to the fact that this technology offers different commercial
solutions, some of them easily affordable for professionals or target users. Aside from
economic aspects, VR headsets are portable and flexible solutions that do not need complex
setups, allowing for at-home use. Also, HMD solutions offer a wide range of immersion
in the virtual environment (360 degrees) and interactions endowing the user with motion-
tracking systems.

The majority of these studies were explorative, and only four studies were classified as
true experiments. This trend was confirmed by a recent scoping review [33] discussing the
need to implement randomized-controlled trials (RCTs) to better evaluate the effectiveness
of VR interventions, as well as their reproducibility. Further studies with larger samples
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and a solid research design are needed to bring more evidence and reduce research biases.
Because VR technology-based interventions are an innovative approach to intervention,
usability, safety, feasibility, and pilot studies in the form of quasi-experimental design are
represented in the included studies [44,47,48,52,62–64], thus indicating that explorative
research in this field is ongoing and still required before any clinical use. The novelty of this
approach is also explained by the low number of participants in most of the studies and
by the scarce presence of control groups [33]. Further investigations should consider the
need for more consistent studies, alongside the significant need to encourage the free and
informed participation of people with autism in the research process [70]: individuals on the
spectrum might be vulnerable, especially those characterized by profound language and/or
cognitive impairments. According to the model of person-oriented research ethics, it is
possible to envision practical strategies to address ASD needs, especially when participants
under legal age are involved in data collection, by providing information to create a
predictable environment using different and alternative communication methods (e.g.,
visual support) and setting up the physical environment to address sensory sensitivities,
as well as the social context, to increase predictability and control (e.g., punctuality; the
familiarity of the researcher or the room setting). Also, it should be taken into account
that ASD individuals might be key informants and, consequently, contribute actively to
designing the research process by bringing their perspectives.

Regarding the first and second research questions, to date, VR applications with high-
functioning ASD individuals are promising, and it is relevant to understand the purposes
they have been used for, individually and considering age groups. Confirming the evidence
from recent literature reviews, social skills are the most targeted in ASD interventions. The
papers included in this review targeted both social interaction and/or adaptation. This
demonstrates that addressing social functioning as a core fragility to be supported in a
person’s lifespan remains the most discussed topic.

Recent evidence confirms the link between eye gaze cueing and joint attention [71],
which refers to the use of the perceived gaze direction to automatically shift visual atten-
tion and orient it to the same object/individual that other people are looking at. Among
the available technologies, HMDs have the potential to study eye gaze behavior in VR
environments. Three studies included in this review assessed the eye gaze behavior and
joint attention of HF ASD adults by using HMDs to gain a better understanding of these
attention mechanisms. All the included studies were aimed at adolescents and adults and
did not propose a specific intervention. Further research is needed since joint attention
deficits are an early-developing social communication skill [72], and early intervention
through VR could be beneficial. These results taken together might be supportive evi-
dence of the early difficulties of ASD individuals and their subsequent need for support,
including the ones characterized by the high-functioning phenotype. Even at an early age,
autistic children manifest a tendency to favor non-social stimuli [33]; when encountering
society, ASD individuals might suffer from isolation and low-quality peer interactions, with
escalating negative effects also registered in the linguistic domain [73].

Alongside socio-communicative manifestations, motor difficulties have been reported
even in early descriptions of the ASD disorder [74]. Atypical movements and deficits in
locomotor abilities are common across the spectrum, with consequences such as limited
exploration of surrounding spaces, limited interaction with the environment, and an
overall impact on quality of life [75]. The papers included in this review assessed postural
balance [49], gait pattern [54], and upper limb movements [61] using motion-tracking
systems to assess motor performance quantitatively. These papers only reported the
use of CAVE and semi-immersive systems, while HMDs were not used. This could be
due to the fact that wearing a headset might lead to a higher risk of falls, hindering
the vestibular and visual system [76] and causing cybersickness due to visual-vestibular
conflicts [77]. Two papers on motor skills included in the current review refer to a group
of participants below 18 years of age, potentially due to the fact that early assessments
and interventions are recommended. Only the contribution of Greffou and colleagues [49]
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included both children and adults in order to investigate if postural behavior might differ
as a function of development: the results confirmed the contingency of age and motor
behavior. Chronological age has been described as a possible determinant of postural
hypo-reactivity, but more investigation is needed to combine immersive VR applications
and different age groups across different motor domains.

Another domain that emerged from the papers included in this scoping review is
represented by job training. The need for VR to promote independence and autonomy
is well documented, thus enabling the exercise of adaptive and functional behaviors in a
controlled and safe environment [78] and enabling effective skill interventions that might
be implemented by occupational therapists in their practices [79].

Two papers included in this review were dedicated to job training for HF ASD partici-
pants older than 18 years, with a specific focus on immersive VR for vocational skills. The
exclusive use of HMDs in these papers might be supported by the fact that interventions on
job skills might benefit from the portability of VR applications in future applications (e.g., in
corporate contexts). Regarding age range, ASD is indeed classified as a neurodevelopmen-
tal disorder, with consequences that endure through adulthood. Despite good education
and motivation, HF ASD individuals do not reach employment rates above 50%, which is
alarming [80]. This is especially true considering that the abilities of HF ASD people might
be potentially fruitful for many working environments. Vocational skills have the potential
to be transferred to various occupations. The papers included in this review did not focus
on specific jobs but rather on training the most common soft skills that might be important
for better employability outcomes. However, training for specific jobs might be beneficial
for adults with ASD: a recent review [81] reveals that, after a preliminary task analysis,
different domain applications might benefit from a VR training experience, including those
intended for the workforce (e.g., training for maintenance to prevent injuries or fatalities,
wind turbine assembly, or other specific factory line operations).

Considering the vital role of maintaining successful employment in promoting men-
tal well-being, it should be noted that ASD individuals face significant challenges in the
attainment of long-lasting jobs. Strategies for successful employment include assistive tech-
nology [82], non-immersive VR [83–85], and video modeling [86]. However, (immersive)
VR for job training might result in better learning outcomes compared with the traditional
video modeling strategy [45]. VR represents, indeed, an opportunity for ASD individu-
als to learn in a stress-free environment through practical experience [58]. Furthermore,
considering the need for ASD people to be supported in the transition to employment,
intervening in the early stages of development might be useful in training vocational skills.

Further perspectives on HF ASD and VR have been investigated in the reviewed papers:
Mul and colleagues studied self-consciousness [53], while the remaining papers discussed
the impact of VR on user experiences. In particular, VR experiences using different commer-
cial headsets were compared [52], and aspects that promote engagement were evaluated.
The quality of immersive experiences and the consequent acceptance and willingness to use
HMD solutions have been documented by Newbutt and colleagues: limited negative effects
and good engagement were reported [63]. By fostering the robustness of studies dealing
with user engagement and experience (comparing diverse VR technologies and their levels
of immersion), future studies might implement standardized metrics in data collection re-
gardless of the specific purpose of the research. This might be useful for collecting evidence
about the actual implementation of VR applications in people with ASD, encompassing
investigations on developmental age and innovative age-appropriate methods.

Regarding the third aim of this review, one of the key areas of intervention was
the development of interventions that offer concrete training to improve the adaptive
functioning of people with HF ASD. The paucity of publications in this sense might be
related to the fact that this scoping review was aimed only at a specific part of the spectrum,
which is a novel asset of the present work and those related to the broader research area
of autism.
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Early assessments and interventions are more likely to produce major long-term
effects [87]; the percentage of individuals below 18 years of age is representative of half of
the included studies, so aiming future studies at early stages of development might be an
asset in preparing the next generation of young adults to cope with age-related challenges.
Another topic of research is the design and testing of VR applications to teach HF ASD
adolescents and young adults the procedures and activities of specific jobs.

This work has some limitations. Our scoping review carried out a literature search on
PubMed and Scopus, focusing on clinical and biomedical literature and covering a wide
number of journals and contents. Further investigation should also include the Web of
Science (WoS) or other interdisciplinary databases that include contributions from different
areas. Also, the search strategy could be improved: the search string was generic and
did not specify the type of VR (i.e., semi-immersive or immersive). Nevertheless, the
subsequent screening of papers followed a strict methodology. Also, it should be kept in
mind that this scoping review focused only on high-functioning ASD individuals; hence,
individuals below ID thresholds who might experience the most difficulties in the usage of
VR applications are not represented.

5. Conclusions

Despite the spread of immersive VR, little research has been conducted on HF ASD
individuals: the absence of intellectual disability does not exclude the presence of age-
related challenges that need to be supported. ASD is a neurodevelopmental disorder, but
adulthood implies the ability to adapt to different scenarios that might specifically benefit
from VR exposure and training.

Overall, the present review offers an overview of the uses of immersive and semi-
immersive VR in HF ASD individuals. This approach provides a broad understanding
of VR in HF ASD individuals, thus answering the first research question. We were able,
indeed, to identify five purposes for which VR can be adopted for HF ASD.

Concerning the second research question, the papers aimed at children focused only
on social skills and motor learning topics. On the other hand, HF ASD adults were included
in studies related to eye gaze, joint attention, and job training.

Commercial immersive virtual reality applications are spreading; HMD solutions are
gradually becoming more accessible and accurate in generating computer-simulated 3D
environments, with expected outcomes in immersion and a sense of presence that will
foster learning and engagement. Notably, very few data have been reported on these
topics, so future investigation is needed. In this sense, the present scoping review offers an
advantage for future researchers seeking to combine the VR level of immersion with its
psychological consequences on presence.
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