
 

 
 

 

 
Behav. Sci. 2023, 13, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/behavsci 

Review 1 

Virtual Reality Utilized for Safety Skills Training for Autistic 2 

Individuals: A Review 3 

Lili Liu 1,2,3, Xinyu Yao 3, Jingying Chen 1,2,3, Kun Zhang 1,2,3, Leyuan Liu 1,2,3, Guangshuai Wang 1,2,3,*, Yutao Ling4,*  4 

1 National Engineering Research Center of Educational Big Data, Faculty of Artificial Intelligence in Educa- 5 
tion, Central China Normal University, Wuhan 430079, China 6 

2 National Engineering Research Center for E-learning, Faculty of Artificial Intelligence in Education, Central 7 
China Normal University, Wuhan 430079, China 8 

3 Faculty of Artificial Intelligence in Education, Central China Normal University, Wuhan 430079, China 9 
4 College of Physical Science and Technology, Central China Normal University, Wuhan 430079, China 10 
* Correspondence: wangguang_shuai@mail.ccnu.edu.cn, yutaoling@mail.ccnu.edu.cn 11 
 12 

Abstract: In recent years, virtual reality technology, which has been able to simulate real-life envi- 13 

ronments, has been widely used in the field of intervention for individuals with autism and has 14 

demonstrated distinct advantages. This review aimed to evaluate the impact of virtual reality tech- 15 

nology on safety skills intervention for individuals with autism, after searching and screening three 16 

databases, a total of 20 pertinent articles were included. There are six articles dedicated to the VR 17 

training of street-crossing skills for individuals with autism, nine articles focusing on the training of 18 

driving skills for individuals with ASD, and three studies examining the training of bus riding for 19 

individuals with ASD, furthermore, two studies on the training of air travel skills for individuals 20 

with ASD. First, we found that training in some complex skills (e.g., driving skills) should be se- 21 

lected for older, high-functioning individuals with ASD, to determine their capacity to participate 22 

in the training using scales or questionnaires before the intervention; VR devices with higher levels 23 

of immersion are not suitable for younger individuals with ASD. Second, VR is effective in training 24 

safety skills for ASD, but there is not enough evidence to determine the relationship between the 25 

level of VR immersion and intervention effects, although the degree of virtual reality involvement 26 

has an impact on the ability of ASD to generalize in the real world, it is important to ensure that 27 

future virtual reality settings are realistic and lifelike. Again, adaptive models that provide person- 28 

alized training to individuals with ASD in VR environments are very promising, and future research 29 

should continue in this direction. This paper also discusses the limitations of these studies as well 30 

as potential future research directions. 31 

Keywords: virtual reality; autism spectrum disorders; safety skills; skills training 32 

 33 

1. Introduction 34 

Autism Spectrum Disorder (ASD) is a pervasive developmental disorder that mani- 35 
fests itself in early childhood and often persists throughout life. It is characterized by lan- 36 

guage delays, impairments in social and communication functioning, narrowed interests, 37 
attention deficits, and stereotyped behaviors [1]. In March 2023, the Centers for Disease 38 
Control and Prevention (CDC) released the latest autism prevalence screening results, 39 

which showed that 1 in 36 children had autism spectrum disorder, or about 2.8%, an in- 40 
crease of 0.5% from the previous year [2]. The CDC has reported that the leading cause of 41 

death in children ages 1 to 14 is unintentional injury, and the population most vulnerable 42 
to accidents is children with special needs. Individual characteristics and deficits of indi- 43 
viduals with ASD may increase their risk of injury [3] or death [4]. Therefore, it is im- 44 

portant to incorporate safety skills training into treatment plans for individuals with ASD. 45 
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An important factor to be considered for skills training is whether the training takes 46 
place in a man-made or natural environment [5]. The majority of conventional interven- 47 
tion methods, such as peer-regulated interventions, video modeling, social storytelling, 48 

and cognitive behavioral therapy (CBT), are conducted in natural settings and rely on 49 
people converting their knowledge into visual information so that particular skills can be 50 

acquired and applied to real-world situations. However, for certain safety skills, training 51 
in natural settings might be difficult because the training environment might be danger- 52 
ous (e.g., crossing a street) or immoral (e.g., dealing with cuts or avoiding fires). As a re- 53 

sult, there is a growing need for intervention methods that both ensure safety and are 54 
more effective. 55 

 In recent years, an increasing number of researchers have begun to use virtual reality 56 
(VR) as an assistive therapy tool for individuals with ASD in the fields of socialization, 57 
communication, daily living, and cognitive skills [6,7]. And VR is an equally good candi- 58 

date for training in safety skills. Virtual environments (VEs) are a compromise between 59 
artificial and natural environments with clear instructional goals and designs that meet 60 

the standards of teaching and learning environments for people with autism. They also 61 
offer controlled and individualized conditions that allow individuals with ASD to train in 62 
a controlled, repeatable environment without safety concerns [8]. Simultaneously, it offers 63 

diverse immersive experiences for users: including non-immersive, semi-immersive, and 64 
immersive [9]. Burdea and Coiffet summarize immersion, interactivity, and imagination 65 

as the basic characteristics of VR technology [10], also known as the 3I characteristics. Alt- 66 
hough the effectiveness of VR interventions has been measured and assessed in different 67 
ways across studies, in general, VR interventions are effective if the skills learned in the 68 

VR environment can be generalized to the natural environment. In addition, the use of VR 69 
in autism interventions has multiple theoretical supports: firstly, according to psycholog- 70 

ical theories of autism, the cognitive style of individuals with ASD is predominantly vis- 71 
ually oriented [11]. And VR technology emphasizes exactly audio-visual responses. No- 72 
tably, they prefer controlled interactions and able to respond well to challenges provided 73 

by computers with clear structure and consistent expectations. Moreover, learning theo- 74 
ries such as task-based learning, adaptive learning, situated learning and simulation 75 

learning further enhance the theoretical support for the use of VR in ASD intervention, 76 
making its application even more convincing. However, there are some problems with 77 
intervention methods using VR. First, VR interventions have to be combined with real life, 78 

and skills acquired in VEs need to be tested in the real world and further trained and 79 
developed, which has received less investigation. Second, exposure to some immersive 80 

VR devices may cause individuals to experience discomfort similar to motion sickness, 81 
eyestrain, headache, nausea, and sweating. Thirdly, the research on the implementation 82 
of personalized interventions for individuals with ASD in VEs is still in its infancy. 83 

 Despite these challenges, VR intervention is still a promising approach. Numerous 84 
researches have shown that VR technology is useful in the field of ASD intervention. For 85 

instance, Smith et al. developed a VR job interview training system (VR-JIT), and after the 86 
training, the interviewing abilities of people with ASD dramatically improved [12]. A VR 87 
social cognitive intervention system (VR-SCT) created by Kandalaft et al. improved the 88 

social cognition, social functioning, and social skills of autistic people [13]. Kim et al. dis- 89 
covered that after participating in a VR social interaction program, children with ASD 90 

showed a greater understanding of facial emotions [14]. ASD language skills improved 91 
following training, according to Nubia et al. 's design of an application that may teach 92 
word and semantic knowledge to children with ASD [15]. Numerous previous researches 93 

have focused on the social communication, emotion recognition, language, and cognitive 94 
aspects of people with ASD, but it is also essential to conduct research on the implemen- 95 

tation of particular skill training (driving skills, street-crossing skills, etc.) for people with 96 
ASD to promote independence and safety.  97 

Crossing the road, flying, taking public transportation and driving are mobile sce- 98 

narios that many people must face in their daily lives, and these skills are directly related 99 

2601
Note
this third argument is debatable: the first works using virtual reality with people with autism spectrum disorders, which call for adaptation, task customization and adapted supports, date back to the 90s (see the two references added below).
1/ Brown, D. J., Shopland, N., & Lewis, J. (2002). Flexible and virtual travel training environments. Dans Proceeding of 4th International Conference on  Disability, Virtual Reality and Associated Technologies, 181‑188. https://www.semanticscholar.org/paper/Flexible-and-virtual-travel-training-environments-Brown-Shopland/4e6a811a87e06adfbccc6558ba02eecf47d0a615
2/Rose, F. D., Brooks, B. M., & Attree, E. A. (2002). An exploratory investigation into the usability and usefulness of training people with learning disabilities in a virtual environment. Disability and Rehabilitation, 24(11‑12), 627‑633. https://doi.org/10.1080/09638280110111405
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to an individual's independence and participation in society. It is often difficult for indi- 100 
viduals with ASD to develop these adaptive skills needed to achieve independence in real- 101 
world settings, so VR may be a practical training medium. Therefore, this study provides 102 

a systematic review of research on the use of VR to train these four categories of safety 103 
skills. In this review, we provide suggestions for the optimal intervention age, interven- 104 

tion devices, and personalized interventions for each skill. The following three issues were 105 
discussed in this study: 106 

1. What is the appropriate age for ASD patients to apply VR for safety skills train- 107 
ing? 108 

2. Are VR treatments effective, and does the level of VR immersion affect the 109 
effectiveness of the intervention and its effect on generalization? 110 

3. How to use VR technology to implement personalized safety skills training 111 

for people with autism? 112 

 113 

2. Materials and Methods 114 

2.1. Inclusion criteria and Exclusion criteria 115 

1. Published in a peer-reviewed article 116 

2. The study should include at least one patients diagnosed by a clinician or iden- 117 
tified as having ASD using a standardized diagnostic tool 118 

3. Use of virtual reality for ASD intervention or training to provide effectiveness 119 
or feasibility results  120 

4. Implement skill-specific interventions that improve the independence and 121 

safety of people with ASD 122 
5. Intervention means are VR devices with different levels of immersion (immer- 123 

sive, semi-immersive, non-immersive), and the intervention content is a vari- 124 

ety of safety skills 125 

6. Studies that did not include a therapeutic intervention as the independent var- 126 

iable were excluded 127 

2.2. Research process 128 

For a systematic search, the following databases were selected by the researchers: 129 
PubMed, Web of Science, ScienceDirect. The search was conducted in March 2023 and was 130 
restricted to articles published in the past 10 years (2013-2023). Search keywords were as 131 

follows: “autism OR Autism Spectrum Disorder OR ASD OR autism* ” and “ Virtual Re- 132 
ality OR VR OR immersive technology* OR semi-immersive technology* OR non-immer- 133 

sive technology* “ and “ train OR intervention ”. Search filtered by the English language, 134 
peer-reviewed articles only. Conference literature was excluded from the review after dis- 135 
cussion among the authors. A total of 1438 articles were retrieved from the initial search. 136 

The search protocol was repeated by the second author to enhance the reliability of the 137 
search and the same number of papers were identified. After removing duplicates, a total 138 

of 910 articles were obtained. A Microsoft Excel spreadsheet and Endnote documentation 139 
management tool were used in this process. 140 

After the database search, an initial screening of the literature was completed based 141 

on the title and abstract, and papers that did not include VR and ASD were initially ex- 142 
cluded. When the information provided by the title and abstract was insufficient for ex- 143 

clusion, we retained articles first. After discussion and consensus, 852 articles were re- 144 
moved and 58 were included. A comprehensive review of 58 this literature was conducted 145 
in the second round of screening. After screening articles based on inclusion and exclusion 146 

criteria, 38 articles were excluded, and a total of 20 articles were added to a Microsoft Excel 147 
spreadsheet for coding, coding each article in terms of the following variables: (1) the 148 

number of topics (2) background information about the experimental subjects (gender, 149 
age, etc.) (3) VR device utilized (4) the level of immersion in VR (5) intervention goals (6) 150 
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maintenance and generalization of learned skills (7) the number and duration of the inter- 151 
ventions. Two authors participated in the review and coding process, and if there was 152 
disagreement between coders during the screening process, to achieve a consistent out- 153 

come, they needed to consult discuss, and seek an expert's opinion before making a deci- 154 
sion. The literature screening process is shown below (See Figure 1). 155 

 156 

Figure 1. Flow chart of the study selection process. 157 

3. Results 158 

3.1. Intervention purpose 159 

One of the most significant instrumental activities of daily living for integrating into 160 

society and into the community is the ability to move. Training in this capability can en- 161 
hance the independence and safety of people with ASD in their daily lives. This review 162 

considers four categories of safety skills: street crossing skills, driving skills, air travel 163 
skills, and bus-riding skills, and provides a summary of the relevant literature over the 164 
past decade. 30% (n = 6) of these 20 studies used VR to train people with ASD in street- 165 

crossing skills [16-21]. Street-crossing is one of the daily life skills that everyone has to 166 
master and may require more effort and time to train for individuals with ASD. VR can 167 

provide an effective training environment for them to train in a controlled environment 168 
without safety concerns. Fornasari et al. trained individuals with ASD in urban virtual 169 
environments to navigate and explore [21]; Dixon et al. taught children with ASD how to 170 

recognize safe road crossing conditions in an immersive VR environment [19]. In addition 171 
to street-crossing skills, driving skills are also needed to foster individual independence, 172 

and 45% (n = 9) of studies focused on training driving skills for people with ASD [22-30].  173 
e.g., Embedding an adaptive model within a driving simulator in VR, by adjusting task 174 
difficulty through the acquisition and analysis of multimodal data from the user's driving 175 

task, and personalization of the driving task to achieve the optimal training effect [23,24]; 176 
helping ASDs reduce fear of driving and improve driving cognition and performance [29]. 177 

10% (n = 2) of the studies focused on training ASDs in air travel skills [31,32]. e.g., Miller 178 
et al. conducted a training program for ASD patients using an iPhone X and Google Card- 179 
board device that lasted 3 consecutive weeks, followed by a real air travel rehearsal at San 180 
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-Diego International Airport in the fourth week [32]. Three (15%) of the studies were ded- 181 
icated to improving the public transportation skills of individuals with ASD [33-35]. Table 182 
1 below provides a summary of each study. 183 

Table 1. Empirical research on using VR to improve the Safety skill of ASD. 184 

Author Sample size Age&Sex VR devices 
Level of 

immersion 

Intervention 

purpose 
Skill generalization 

Intervention proto-

cols 

Fornasari, L., 

et al. (2013) 

16 ASD  

16 TD 
7-14  

Mouse and 

computer 
Non-immersive 

Street crossing 

skill 
 

2 sessions for 45 

min each one 

Tzanavari, 

A., et al. 

(2015) 

6 ASD  8-11 VR CAVE  Immersive  
Street crossing 

skill 

the experiment would 

end with a final session 

on a different day, at a 

real pedestrian crossing to 

examine whether the chil-

dren could generalize 

what they learnt. 

8 sessions 

Saiano, M., et 

al. (2015) 
7 ASD  

9-44 

all males 

Natural inter-

faces 

Semi-immer-

sive 

Street crossing 

skill 

parents/legal guardians 

were also required to 

complete a questionnaire 

to assess to what extent 

they considered that sub-

jects had improved their 

behavior in real-life situa-

tions. 

10 sessions  

familiarization (1-5)  

training (7-9)  

assessment (6 and 

10 fill the question-

naire familiariza-

tion phase (30 min 

practice vocabulary 

of gestures)  

train phase (45 min) 

Saiano, M et 

al. (2015) 

 

10 ASD  

GP group  

(n = 6) 

NI group  

(n = 4) 

NI group  

19-44 

GP group  

19-31 

Gamepad de-

vice and natu-

ral interfaces 

Non-immersive 

and  

Semi-immer-

sive 

compare a mo-

dality of interac-

tion with virtual 

environments 

based on the use 

of a classic 

gamepad with a 

modality based 

on a natural in-

terface(Kinect) in 

the context of the 

acquisition of pe-

destrian skills 

parents/legal guardians 

were also required to 

complete a questionnaire 

to assess to what extent 

they considered that sub-

jects had improved their 

behavior in real-life situa-

tions. 

10 sessions  

each session with a 

maximum duration 

of 45 minutes 

Fan, J.F., et 

al. (2015) 
16 ASD  

13-18 

all males 
  

driving skill 

training 
 

6 sessions for 60 

min each one 

Zhang, L., et 

al. (2016) 
20 ASD 13-18  Non-immersive 

real-time gaze-

contingent driv-

ing simulator ca-

pable of provid-

ing individual-

ized feedback 

about how driv-

ers scan their vis-

ual environment 

while driving 

  

Cox, D.J., et 

al. (2017) 
51 ASD 

15.5-25 

mostly 

males  

A realistic 

driver’s cock-

pit with side 

and rear-view 

mirrors. 

Non-immersive 
driving skill 

training 

driving-specific EF and 

general tactical assess-

ments occurred at base-

line and after 3 months of 

training. 

14 sessions 

12 sessions for 

training and 2 as-

sessments 

Zhang, L.,et 

al. (2017) 
20 ASD  13-18  Non-immersive 

driving skill 

training 
 

6 sessions for 60 

min each one 
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mostly 

males 

Ross, V., et 

al. (2017) 
 16-25  

Semi-immer-

sive 

driving skill 

training 
 8-12 sessions 

Fan, J., et al. 

(2018) 
20 ASD  

mean age 

15.29 years. 

mostly 

males 

  
driving skill 

training 
 

6 sessions for 60 

min each one 

Simões, M., 

et al. (2018) 

10 ASD  

10 TD  

 

ASD 

mean age 

18.8 

TD 

mean age 

21.9 years 

Oculus Rift Immersive 
teaching trans-

portation skills 
 

3 sessions  

20-40 min each ses-

sion 

Dixon, D.R., 

et al. (2019) 
3 ASD  

 

4,6,10 years 

old. 

mostly 

males 

Oculus Rift 

headset and 

sensors 

Immersive 
street crossing 

skill 
 

5 sessions  

each session per-

sists 3-5 min 

Bian, D., et 

al. (2019) 
23 ASD 

 

Mean age 

15.18 

21 males 

and 2 fe-

males 

computer Non-immersive 
driving skill 

training 
  

BA, L.M., et 

al. (2020) 
5 ASD 

 

4-8 

4 males 

and one fe-

male 

 

Smartphone 

and Google 

Cardboard 

Immersive air travel skill 
A final fourth session was 

a real-world rehearsal 
4 sessions 

BA, L.M., et 

al. (2020) 
7 ASD 

mean age 

18.28 

6 males 

and 1 fe-

male  

iPhone X and 

Google Card-

board 

Immersive air travel skill  
3 sessions  

20 min each session 

Patrick, K.E., 

et al. (2020) 

48 ASD 

48 TD  
16-26   

driving skill 

training 
  

Schmidt, M., 

et al. (2021) 
5 ASD 22-34 

Google Card-

board 
Immersive 

teaching trans-

portation skills 

In the fourth stage, partic-

ipants practice skills in 

the real world with 

trained staff. 

 

Baker-Er-

icze´n, M.J., 

et al. (2021) 

19 ASD 

15-29 

mostly 

males 

    
8 sessions 

90 min each session 

Tan, Q.P., et 

al. (2022) 
5 ASD  5-12 

Natural inter-

face 

kinect/key-

board/mouse/t

ouch screen 

Semi-immer-

sive 

Street crossing 

skill 
  

Schmidt, M., 

et al. (2023) 
6 ASD  

mean age 

26.6  

all males 

Google Card-

board (HMD) 

and HTC Vive 

or Oculus Rift 

HMD 

Immersive 
teaching trans-

portation skills 
 

3 sessions  

60 min each session 

Note: ASD: Autism Spectrum Disorder; TD: Typical Development; HMD: Head-Mounted Display. 185 
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3.2. Intervention subject 186 

Of the 20 studies included, most specified the characteristics of experiment subjects 187 

and inclusionary or exclusionary criteria, except individuals with ASD with severely im- 188 
paired vision, who are unable to recognize the color of traffic lights and street signs, and 189 

who engage in aggressive behaviors [17,18]; and to exclude individuals with a history of 190 
seizures or co-occurring serious medical conditions, such as epilepsy, cancer [21,31], in- 191 
tellectual disability or mental retardation, brain injury, and those with genetic disorders 192 

or chromosomal anomalies [22]. In addition, some studies have proposed subject selection 193 
criteria: the use of verbal language as the primary mode of communication[35]; possessing 194 

necessary skills such as following instructions, maintaining attention, and so on; no visual 195 
or auditory impairment [19], reading ability of 4th grade or above, fluency in English, etc 196 
[29]. Most studies included subjects with high - functioning autism. 197 

The number of subjects in the included studies ranged from a minimum of 3 to a 198 
maximum of 51, with over half of the studies selecting more than 10 subjects in the age 199 

range of 4 to 44 years old. Four research focused on younger age groups (4–12 years old), 200 
while two others chose older persons with ASD (19–44 years old) for their intervention in 201 
the studies on teaching street crossing abilities to autistic patients. The age range of par- 202 

ticipants in the driving skills training study for patients with ASD was 13 to 29. In two 203 
studies of air travel skills training for ASD, the age range of participants in one study was 204 

4 to 8 years old, and the age range of participants in the other study was 10 to 22 years 205 
old. The age range of subjects in the studies on bus riding with ASD was 18 -     34 years 206 

old. The age range of subjects selected for training in the same skill varies considerably 207 
from study to study. 208 

In the literature selected for this study, 374 patients with ASD participated in the 209 

study, with a majority of males. Female ASD patients were not included in the study in 210 
some of the literature. The ASD male-to-female ratio of 3:1 could account for the fact that 211 

there was a gender gap in the patients' male-to-female ratio [36], even though the research- 212 
ers did not restrict themselves to recruiting only men. To ensure that the results are appli- 213 
cable to female patients, future studies should take gender balance into consideration 214 

when choosing their subjects. 215 

3.3. Application of virtual reality 216 

VEs can be presented in a variety of ways, ranging from traditional computer inter- 217 
face-based video games to full-body interactive systems involving motion capture and 218 

avatars. VR can provide users with various types of immersive experiences: immersive 219 
(e.g., head-mounted displays; VR-CAVE), semi-immersive (e.g., large screen displays), 220 

and non-immersive (e.g., desktop displays) [37]. 221 

3.3.1 Application of immersive virtual reality 222 

Six (35%) of the 20 selected studies used immersive VR environments. Modern im- 223 
mersive VR environments are typically created by display devices based on wrap-around 224 

screen projections or head-mounted displays (HMDs). Display devices based on wrap- 225 
around screen projection, such as the VR CAVE, typically consist of multiple projection 226 

walls and motion trackers that track the posture of the user's head and body, and these 227 
devices enable a group of users to share a virtual experience within the same physical 228 
world. For example, Tzanavari et al. used VR CAVE to conduct a four-day training for six 229 

children with PDD-NOS（Pervasive Development Disorder- Not Otherwise Specified） 230 
to teach them how to cross the road safely. Results indicated that most children were able 231 

to achieve the desired goal of learning the task, which was verified by having them cross 232 
a real pedestrian crossing [16]. HMDs range from the relatively low-cost Google Card- 233 
board to more advanced HMDs such as the Oculus Rift, Oculus Quest, and HTC VIVE.  234 

e.g., Interventions for air travel skills for individuals with ASD using a Google Cardboard 235 
device on the iPhone X, the effectiveness of the intervention was later verified at a real- 236 
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world airport [32]. Schmidt et al. uses Google Cardboard and Google Daydream HMD to 237 
train people with ASD in bus riding skills, after which they enacted what was learned in 238 
the real-world [33,35]; An immersive VR environment consisting of a Oculus Rift headset 239 

and sensors designed to train individuals with ASD in street crossing skills and bus riding 240 
skills, the results indicate that all participants reached mastery criteria in both VR and 241 

natural environment settings [19,34]. Although these devices allow for more immersive 242 
interactions, they can lead to excessive sensory stimulation and uncomfortable symptoms 243 
such as dizziness, headaches, and nausea, which may have a greater impact on people 244 

with ASD, who tend to have higher levels of perceptual awareness and sensitivity to the 245 
stimuli. 246 

3.3.2 Application of semi-immersive virtual reality 247 

Using an interactive device such as the Microsoft Kinect in combination with a pro- 248 

jector can create a semi-immersive VR environment that provides a more intuitive and 249 
interactive way to learn while mitigating sensory overstimulation. Five (25%) studies used 250 

semi-immersive VR. For example, Saiano et al. tested the effectiveness of using a combi- 251 
nation of a markerless motion capture device (Microsoft Kinect) and virtual reality to 252 
teach street-crossing and following street-sign directions skills to individuals with autism. 253 

The study outcomes indicate the feasibility of interacting with a VE through a natural 254 
interface to facilitate the acquisition of street safety skills by adults with ASD [17]. Cox et 255 

al. designed a VR driving simulation training (VRDST) pod that interacts with the virtual 256 
environment through a driving console. Participants were assessed pre- and post-training 257 

for driving-specific executive function (EF) abilities and tactical driving skills. This study 258 
demonstrated the feasibility and potential efficacy of VRDST for novice ASD drivers [22]. 259 

3.3.3 Application of non-immersive virtual reality 260 

In addition, common VR interactive devices include keyboards, mice, joysticks, and 261 

touch screens on which non-immersive VR environments can be created. Five studies 262 
(25%) used non-immersive virtual environments. Saiano et al. used a Gamepad (GP) in- 263 
terface to interact with VR to train people with autism to learn crossover and tracking 264 

skills [17]. Fornasari et al. designed a desktop virtual environment to train ASDs to navi- 265 
gate around the city and interact with VE using a mouse [21]. Both studies demonstrated 266 

the effectiveness of VR interventions. Using a desktop VR minimizes motion sickness for 267 
ASDs in VE, and the desktop VR interaction device is inexpensive and easy to promote. 268 

To accommodate the heterogeneity of individuals with autism, one study suggests 269 

selecting appropriate VR devices to interact with based on the characteristics of individu- 270 
als with autism. The study by Tan et al. designed a serious game for training individuals 271 

with autism in road-crossing skills, which can be operated on a variety of platforms such 272 
as computers, iPads, tablets, or cell phones, and the user can interact with the game 273 
through different electronic input/output devices, including Microsoft Kinect motion sen- 274 

sors, mice, keyboards, and touchscreens [20]. In conclusion, immersive, semi-immersive, 275 
and non-immersive virtual environments have their own advantages and disadvantages, 276 

and different studies should select appropriate VR devices based on the purpose of the 277 
intervention and the characteristics of individuals with ASD. 278 

3.4. Research methods 279 

Of the 20 papers included, five used comparative studies, two of which were on in- 280 

dividuals with ASD and individuals with TD (typical developed)[21,34], and one com- 281 
pared the effects of different VR devices on interventions for individuals with ASD [17]. 282 

Two studies compared the effectiveness of interventions in VR versus traditional settings 283 
[22,26]. Sixteen studies used a single-subject design. VR interventions mostly last between 284 
3 and 10 weeks. The shortest intervention lasted only 5 days, with children with ASD 285 

being trained in a VR CAVE environment for the first 4 days on how to safely cross a 286 
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crosswalk, and then taken to a real street on the fifth day to validate the training [16]. The 287 
longest intervention lasted up to three months and included 12 interventions and an eval- 288 
uation after three months [22]. Three articles did not mention the total intervention dura- 289 

tion, and eight articles did not specify the duration of each intervention. Most studies 290 
ranged from 20 to 40 minutes for one intervention to 45 to 60 minutes or even 90 minutes 291 

for longer interventions.  292 
In summary, the majority of the articles in our research utilized a single-subject de- 293 

sign, only a few articles used a multiple-probe design or multiple baseline design. Each of 294 

these three research methods has its advantages and disadvantages. Firstly, single-subject 295 
designs allow for detailed and precise analysis of individual behavior change. This is par- 296 

ticularly useful when studying unique cases or individual differences, relatively easy to 297 
implement. But findings may not easily generalize to a larger population and the validity 298 
of the findings may be questioned. Secondly, multi-probe designs allow researchers to 299 

study the effects of an intervention on multiple behaviors simultaneously. Compared to 300 
the traditional single-subject design, this method can be more time-efficient. The draw- 301 

back, however, is that changes in one behavior may influence or confound the results of 302 
another, and analyzing and interpreting data from multiple behaviors can be more com- 303 
plex than focusing on a single behavior. Finally, the design provides a strong demonstra- 304 

tion of experimental control by showing that changes in the dependent variable coincide 305 
with the introduction of the independent variable. However, this research method can be 306 

time-consuming. In summary, the choice of research method depends on the specific re- 307 
search question, the nature of the behavior being studied, and practical constraints. 308 

Most studies have shown positive effects of the VR intervention. There are two ways 309 

to evaluate the effectiveness of a VR intervention: subjective and objective measurements. 310 
Subjective measures include questionnaires, (e.g., for individuals with ASD, or for parents, 311 

therapists), interviews, and scales, etc. Objective measurements include eye-gaze data, 312 
electrodermal data, test scores, etc. The intervention duration for people with ASD should 313 
not be too long or too short; too long will make them bored and sleepy, and too short will 314 

not be conducive to the long-term maintenance of skills; generally 20-40 minutes is the 315 
ideal duration of intervention. Moreover, we suggest that future studies should employ 316 

more rigorous experimental designs to investigate the effectiveness of VR-enabled ASD 317 
interventions. Moreover, we suggest that future studies should employ more rigorous ex- 318 
perimental designs to investigate the effectiveness of VR-enabled ASD interventions. 319 

3.5. Skill generalization 320 

Four studies out of 20 articles referred to the generalization of intervention skills. Of 321 
these, 3 studies provided the opportunity to test generalization in the real world; Tza- 322 

navari et al. tested the ability to generalize learned skills on a real crosswalk on the fifth 323 
day after a 4-day intervention with 6 children with ASD [16], and Dixon et al. tested the 324 
ability to generalize learned skills in an experiment by having a clinician hold the  sub- 325 

ject's arm while standing next to a real street and asking the subject "Is it safe to cross the 326 
street?" The subjects make their own judgment without any prompting or feedback from 327 

the physician [19]. People with ASD practiced their skills in a real airport, according to 328 
Miller et al. [32]. In one study, parents or guardians were asked to complete a question- 329 
naire to assess the extent to which subjects improved their street-crossing behavior in real- 330 

world scenarios [18]. Overall, the results of generalized measures of skills were positive. 331 
The timing of the implementation of the generalization measure also varied across studies. 332 

Some studies assessed immediately one day after the end of the intervention, and some 333 
assessed the generalization a week or several months later. In conclusion, current studies 334 
lack assessment of skill generalization for individuals with ASD, probably due to safety 335 

concerns and because different research takes different approaches to assess generaliza- 336 
tion. 337 

4. Discussion 338 
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The major goal of this review was to evaluate the effectiveness of VR technology in 339 
safety skills training for patients with ASD. A total of 20 research papers (published be- 340 
tween 2013-2023 and obtained from PubMed, ScienceDirect, and Web of Science data- 341 

bases) were included to analyze the empirical studies of VR technology for specific safety 342 
skills training in ASD, and the following three main questions were discussed. 343 

4.1. Appropriate age for safety skills training using VR in ASD patients 344 

One of the discussions in this study was to analyze the optimal age for specific safety 345 

skills training for individuals with ASD. Most of the 11 studies that trained individuals 346 
with ASD in street-crossing skills, air-travel skills, and bus-riding skills selected fewer 347 

than 10 subjects, which is a small sample size; for the same skill, there was a large variation 348 
in the age group of the subjects chosen for the different studies. For example, of the studies 349 
that trained people with ASD in street-crossing skills, four studies selected subjects in the 350 

lower age group (4 -12 years old), and two studies selected a higher age range of adults 351 
with ASD (19-44 years old) for the intervention. Of the two studies of air travel skills train- 352 

ing for ASD, one study selected subjects in the age range of 4-8 years old, and the other 353 
study selected subjects in the age range of 10-22. In addition, prior to the intervention, the 354 
researchers had screened the subjects and selected only individuals with ASD who were 355 

capable of participating in the training, therefore, there was insufficient evidence to deter- 356 
mine the optimal age range for training these skills. 357 

Of the nine studies of driving skills training for ASD, more than 50% chose to have 358 
more than 20 subjects, and all of the VR interventions demonstrated positive effects. Driv- 359 

ing skills are more challenging for individuals with ASD because they are skills that re- 360 
quires social communication skills, cognitive flexibility, and behavioral dexterity, and be- 361 
cause individuals with ASD have difficulty in recognizing certain hazards associated with 362 

driving(e.g., traffic signals, road hazards, regulating speed, etc.) and deficits in attention- 363 
shifting, continuous task performance, and visuomotor integration and coordination com- 364 

pared to their typically developing (TD) peers [38,39]. Individuals with ASD are also more 365 
difficult than their peers to obtain a driver's license, and even when they do get one, they 366 
get it much later than their peers [40]. Therefore, driving skills training for individuals 367 

with ASD should be selected for older, high-functioning patients. 368 
In summary, it can be determined that training for these complex skills is not appro- 369 

priate for low-functioning or younger individuals with ASD because these skills place 370 
higher demands on the cognitive and behavioral abilities of the individual, and some of 371 
the skills require some rules to be taught before the intervention. For example, Saiano et 372 

al. had subjects practice the gesture vocabulary required for interacting with a virtual en- 373 
vironment (VE) prior to a street-crossing skills intervention [18]; Bian et al.  had ASD 374 

users learn basic traffic rules and maneuvers before driving skill intervention [30], which 375 
can be challenging for low-functioning or young people with ASD. In Saiano's study, a 376 
subject was excluded from the training due to his inability to realize the depth perception 377 

in the virtual environment. Therefore, when training some complex skills, it is important 378 
to determine their ability to participate in the training using questionnaires or scales be- 379 

fore the intervention.  380 
While VR technology has shown positive results in current research, we note that 381 

HMD, an immersive VR device, is not suitable for younger ASD patients. Studies have 382 

shown that up to 80% of individuals will experience motion sickness symptoms such as 383 
dizziness, eyestrain, and nausea after using an HMD [41]. These uncomfortable symptoms 384 

can cause anxiety and mood swings in young children which can be detrimental to the 385 
intervention. Mesa-Gresa et al. noted that studies of VR treatment for people with ASD 386 
have focused on the 8-14 age group [42]. Most VR companies offer recommended ages, 387 

such as the official Oculus document that says the product is not suitable for children 388 
under 13; Samsung Gear VR requires users to be at least 13; and Sony's PlayStation VR 389 

requires users to be at least 12. Therefore, a high-immersion VR CAVE, semi-immersive 390 
NI devices, or low-immersion desktop VR may be better options for young ASD patients. 391 
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In summary, it is not true that the higher the level of immersion, the more effective it will 392 
be, and the decision to choose the appropriate VR intervention device should be based on 393 
the ASD individual's own acceptance of the relevant device. 394 

The purpose of training individuals with ASD in safety skills using VR equipment is 395 
to increase the safety and independence of individuals with ASD in their daily lives. High- 396 

functioning patients should be chosen because these abilities call for a high level of apti- 397 
tude on the part of the person with ASD. In addition, for driving skills, individuals need 398 
to have a certain executive function (EF), and individuals' EF usually reaches maturity at 399 

the age of 25 years, so driving skills training should be selected for older, high-functioning 400 
individuals with ASD.  401 

4.2. Whether or not VR interventions are effective, and what relationship there is between the 402 

immersion level of VR and the intervention and generalization effects 403 

Because VR technology is an emerging technology, its effectiveness for individuals 404 
with ASD remains uncertain. Determining if VR is useful in enhancing safety skills for 405 

people with ASD was one of the objectives of this review. This research comprised a total 406 
of 20 empirical trials, and the overall findings suggested that VR had a favorable impact 407 
on ASD safety skills interventions. Although the final measurements varied, most studies 408 

demonstrated the effectiveness of VR interventions. Four studies used questionnaires; Tan 409 
et al. and Saiano et al. demonstrated that VR facilitated the acquisition of road crossing 410 

skills and traffic sign recognition in ASD through questionnaire assessment [17,20]. Miller 411 
et al. asked parents of subjects to fill out a questionnaire to subjectively quantify their 412 

child's air travel skill improvement, which showed that four out of five participants had 413 
improved scores (on a 5-point Likert scale) [31]; Baker-Ericze'n et al. came to the same 414 
conclusion after analyzing improved Driving Perceptions Questionnaire scores, which in- 415 

dicated that improvements in anxiety levels, attitudes, and performance of ASD occurred 416 
during driver training [29]. One study used an asynchronous multiple baseline design to 417 

assess the effectiveness of VR training of crossing skills in ASD, with low scores measured 418 
for each subject at baseline and progressively higher scores as VR training progressed [19]. 419 
One study compared pre- and post-intervention measure scores and found substantial 420 

differences in each measure, indicating that the VRDST (VR driving-skill training) system 421 
enhances the driving abilities of people with ASD[22]. By analyzing physiological data 422 

from feedback, two trials demonstrated that the VR intervention decreased anxiety levels 423 
and boosted self-confidence during task performance. According to one study that em- 424 
ployed a comparative experiment, ASD attitudes were more favorable in a VR training 425 

environment than they were in a traditional driving skills training setting [26]. Therefore, 426 
it is clear that VR is useful for teaching individuals with ASD safety skills. We found that 427 

most of the studies used subjective measurements, such as questionnaires, which, alt- 428 
hough more flexible, may have subjective bias and the influence of personal stance, and 429 
may lead to different conclusions in the same situation, and the results are difficult to 430 

quantify, which affects the persuasiveness of the experimental results. Therefore, we pre- 431 
fer to recommend the use of objective measures. 432 

Regarding the relationship between the level of VR immersion and intervention ef- 433 
fectiveness, only 1 out of 20 articles conducted a comparative study, Saiano et al.  com- 434 
pared the effectiveness of a gamepad (GP, non-immersion) -based VR interaction mode 435 

and a natural interface (NI, semi-immersion) -based VR interaction mode in teaching ASD 436 
street crossing skills. Natural Interfaces, such as Nintendo Wii and Microsoft Kinect, may 437 

mitigate the sensory over-stimulation problem as they do not require sensors or devices 438 
in direct contact with the body of the user. The result suggests that two interface types(NI 439 
and GP) are equally effective, and learning performance is not affected by the level of VR 440 

immersion [17]. In addition, some studies have shown that the learning effect of ASDs in 441 
less immersive and fully immersive VR environments did not differ significantly [43]. 442 

Even some individuals with ASD often refuse to participate in experiments because they 443 
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cannot tolerate the excessive sensory stimulation brought about by immersive VR envi- 444 
ronments. According to an experimental study conducted by Malihi et al. to look into the 445 
variables influencing the VR experience of individuals with ASD, IQ, and anxiety levels 446 

are both characteristics that have an impact on the ASD experience in VR environments 447 
[44]. As a result, there is no direct correlation between the degree of VR immersion and 448 

the effectiveness of the intervention. Instead, there may be a range of influences, including 449 
individual differences, the features of the intervention content, and the quality of the 450 
equipment used. Meanwhile, VR technology itself is still developing. The association be- 451 

tween the degree of VR immersion and intervention effect in many application situations 452 
and study fields still requires additional empirical studies to further explore and confirm. 453 

Future research needs to further explore the relationship between the level of VR immer- 454 
sion, intervention duration, and intervention effect to find the optimal intervention model 455 
for most individuals with ASD. 456 

The ultimate goal of VR interventions is to generalize learned skills to natural envi- 457 
ronments, and generalization is more effective if individuals are able to transfer learned 458 

skills to real situations. However, there are still some challenges and limitations: (1) Envi- 459 
ronmental Differences: VEs are often idealized, and it is difficult to fully simulate the var- 460 
ious complexities of the real world. Real environments tend to face more uncertainty, 461 

change, and disruption, making it difficult to generalize. (2) Real-time feedback problem: 462 
learning via VR often allows for immediate feedback and guidance, but similar feedback 463 

may be difficult to obtain in real-life environments, and feedback may not be sufficiently 464 
accurate and clear, which may have an impact on the transfer of skills. (3) Some VR de- 465 
vices may cause discomfort to the users, affecting their learning experience and learning 466 

outcomes, which in turn affects generalization to real-life scenarios. Despite these limita- 467 
tions, VR remains a promising means of intervention. 468 

Concerning the relationship between the level of VR immersion and the generaliza- 469 
tion, we found that virtual environments with a higher degree of immersion are more 470 
conducive to generalization. This is because more immersive virtual environments do not 471 

have additional visual inputs and provide a more realistic experience for the user [45]. 472 
Miller and Bugnariu et al. argue that this realistic experience may increase the chances of 473 

the skills learned in VR environments being transferred to the real world [46]. Studies 474 
such as Saiano et al. have also shown that in comparison to the GP-based VR interaction 475 
mode, the NI-based VR intervention mode is more likely to help subjects use the skills 476 

learned in the real world. Cobb et al. also mentioned that the more realistic the virtual 477 
environment is, the more generalization is possible [47], as the scenario is more "believa- 478 

ble" and they are more likely to connect and translate the learning and experience gained 479 
in the virtual environment into the real world. Therefore, future VR environments should 480 
be realistic and immersive. 481 

In summary, the use of VR to train ASDs in safety skills is effective, but VR interven- 482 
tion effects are the results of multiple factors, and not the higher the level of VR immersion 483 

the better the intervention. For training in safety skills, immersive VR is more appropriate 484 
for youth or adults with ASD, and immersive VR interventions are more conducive to 485 
generalizing learned skills to the real world for individuals with ASD. However, if a per- 486 

son with ASD is unable to adapt to a more immersive VR, semi-immersive VR may be a 487 
good alternative that provides the user with a sufficient sense of experience while reliev- 488 

ing from over-stimulation. Finally, for autistic children, who are more suitable for training 489 
using desktop VR, but which tends not to generalize well. We can use desktop virtual 490 
reality as a primary intervention medium before slowly transitioning to immersive virtual 491 

reality.  492 
 493 

4.3. How to Use VR Technology to Provide Personalized Safety Skills Interventions 494 
for Individuals with Autism Spectrum Disorders  495 
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Personalized interventions are educational or therapeutic programs that are tailored 496 
to an individual's characteristics and needs. Autistic people are in greater need of person- 497 
alized intervention methods because of their heterogeneity. Traditional intervention 498 

methods require high requirements for teachers, and all intervention sessions require 499 
guidance, with high costs and limited effects. Therefore, it is necessary to incorporate new 500 

technologies into VR environments to achieve personalized interventions. 501 
Personalized interventions in VR environments are currently being used in relevant 502 

research. Out of the 20 publications included, 6 studies discussed how personalized train- 503 

ing can be implemented in a VR environment. Bian et al. , Baker-Ericze´n et al. and Wade 504 
et al. present the development of a novel closed-loop adaptive VR driving simulator for 505 

individuals with ASD that can infer one’ s engagement based on his/her physiological 506 
responses and adapt driving task difficulty based on engagement level in real-time 507 
[25,29,30]. Zhang et al. developed and evaluated a visual information-based adaptive VR 508 

driving simulator to provide personalized driving interventions for users, and conducted 509 
a small pilot study with 20 ASD adolescents using the system, which demonstrated the 510 

effectiveness of this adaptive driving system for intervening in ASD driving skills [24]. He 511 
also focused on electroencephalogram (EEG) and other physiological signals to construct 512 
an adaptive model that integrates multimodal information to be integrated into the driv- 513 

ing system. Multimodal information can produce better-tailored intervention and offers 514 
more accurate feedback than single-modal information. 515 

Personalized interventions in VR environments are related to many factors such as 516 
anxiety levels, cognitive load, and so on, and it is thought-provoking as to which physio- 517 
logical indicators（eg. blood volume pressure (BVP), galvanic skin response (GSR), skin 518 

temperature, eye-gaze data, heart rate, Electrodermal data) can be used to determine the 519 
anxiety levels and cognitive load of people with ASD in VR environments. Alkevicius et 520 

al. trained a model of anxiety level recognition using physiological signals such as BVP, 521 
GSR, and skin temperature [48]. A study by Muhammad Arifur Rahman et al. also imple- 522 
mented a biofeedback framework to identify anxiety levels in terms of heart rate and brain 523 

laterality index from acquired multimodal data [49]. The final results prove the validity 524 
and accuracy of these two models. These physiological-based adaptive models are inde- 525 

pendent of the intervention environment, Therefore, we can consider adding such models 526 
to existing VR serious games to enable personalized interventions for people with ASD. 527 
Also, we can continue to update it in the future to realize the upgrading and promotion 528 

of the models, and with the development of wearable and less invasive physiological sen- 529 
sors, these models will be more reliable. 530 

This adaptive model can adjust the task difficulty without human control, which is 531 
very useful for ASD personalized training, and also helps to reduce the workload of ther- 532 
apists and improve the intervention effect. However, the existing research is still in the 533 

preliminary stage and numerous constraints need to be addressed in subsequent studies. 534 
First, it is challenging to get multimodal data on ASD patients in VR environments, and 535 

some of the data that is gathered is not useful. Second, data fusion approaches have their 536 
limits. Different data fusion methods may lead to different study results. Despite the 537 
above problems, the implementation of personalized intervention in VR environments is 538 

still a promising research direction.  539 
In order to adapt VR interventions to the various abilities and needs of ASD patients, 540 

in addition to considering the inclusion of such physiologically based adaptive models in 541 
VR environments, a comprehensive assessment of the cognitive, perceptual, and social 542 
abilities of ASD patients should be conducted before the use of VR, so as to facilitate the 543 

determination of the patients' specific needs and level of adaptive abilities. In addition, 544 
the VR intervention system should be adapted to different VR interaction devices. For 545 

instance, in order to adapt to the heterogeneity of different ASD individuals. Tan et al. 546 
developed a VR serious game that can support multiple platforms and interaction modes, 547 
such as Kinect sensors, touch screens, mice, and keyboards [20]. At the same time, the 548 

setting of the VR environment should also fully consider the psychological characteristics 549 
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and age characteristics of individuals with ASD. In conclusion, adding adaptive models 550 
to VR settings to offer individualized interventions for people with ASD is a promising 551 
research direction, and future researchers should continue to conduct research in this 552 

field. 553 

4.4. Limitations and future directions 554 

In order to improve the independence and safety of individuals with ASD and to 555 
provide some guidance for future safety skills training, this study reviewed and analyzed 556 

relevant literature of the past 10 years (2014-2023). Later, we will continue this study by 557 
including more literature year by year. Of course, this study is not without its limitations: 558 

the exclusion of published studies other than English language ones was among the limi- 559 
tations and challenges of this study. In addition, in terms of intervention effects, this paper 560 
focuses on the influence of the degree of immersion in VR on it, and in fact, the subjects' 561 

age, intelligence, etc. may also be some of the influencing factors, which should be ex- 562 
plored in future research. 563 

5. Conclusions 564 

This review summarizes the research on VR for safety skills training in ASD over the 565 
past 10 years and includes a total of 20 articles. It also discussed how individualized in- 566 
terventions for people with ASD can be carried out in VR environments, the best age 567 

group for safety skill training for ASD in VR environments, the effectiveness of VR in 568 
safety skill interventions for ASD, and whether the level of VR immersion affects the ef- 569 

fectiveness of interventions and generalization. 570 
The results indicate that safety skills training for people with ASD using a virtual 571 

environment is effective, but these complex skills are not appropriate for training in 572 

younger or low-functioning people with ASD, so it's crucial to assess their capacity for 573 
participation in the training before the intervention using a scale or questionnaire. We 574 

advise choosing people with high-functioning ASD for training in bus, airplane, and street 575 
crossing skills. Driving skills call for people to have more cognitive and behavioral flexi- 576 
bility, so older people with high-functioning ASD should be chosen for this training. In 577 

addition, younger ASD individuals may not be able to adapt to the excessive sensory stim- 578 
ulation induced by immersive virtual reality devices HMDs, and it is recommended that 579 

VR CAVEs, semi-immersive VR, or desktop devices be used to intervene with younger 580 
ASD individuals. Secondly, it is not true that the higher the degree of VR immersion, the 581 
better the intervention effect, Instead, overly immersive environments can cause users to 582 

experience motion sickness, diminishing the effectiveness of the intervention. Future vir- 583 
tual environments should be realistic and lifelike to improve the transfer of newly ac- 584 

quired skills to the real world. Due to the heterogeneity of ASD patients and the large 585 
differences between individuals, personalized intervention for them is a worthwhile re- 586 
search direction. Existing research suggests integrating an adaptive model in the VR en- 587 

vironment, which can be used to modify the difficulty of the task by analyzing the user's 588 
physiological data, such as electrocorticography and eye movements. In the future, the 589 

development of the VR system should also take into full consideration of the psychologi- 590 
cal and age characteristics of the individuals with ASD, and the content of the interven- 591 
tions should be adapted to the different VR devices so that the appropriate intervention 592 

device can be selected based on the characteristics of the individuals with ASD. 593 
Although these studies have had favorable results, there are still several flaws in the 594 

following areas. First, the method of measuring the skill performance of the subjects is 595 
relatively simple, and most of them use questionnaires to find out whether the subjects' 596 
skills have improved by having them answer questions or by asking their parents or ther- 597 

apists. Second, most of the experiments lacked post-experiment generalization assessment. 598 
Thirdly, the small sample sizes of some experiments resulted in less persuasive and cred- 599 

ible of experimental results. Finally, the majority of subjects selected in the experiment 600 
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were high-functioning ASD individuals, and future research should also focus on safety 601 
skills training for low-functioning ASD patients. 602 
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