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Abstract. Employment is one of the major problems faced by individuals with autism spectrum disorder (ASD) during their transition to independent living. Unemployment and underemployment are very common in this population, indicating a gap in vocational rehabilitation. Effective vocational instruction is therefore very important for individuals with ASD, and virtual reality (VR) appears to be a promising technology for providing adolescents and young adults with ASD with the skills needed to access competitive employment. In a systematic literature review, eight studies reporting VR applications for vocational skills were identified, involving 345 participants with ASD, with or without comorbid diagnoses. The results indicate that VR intervention benefits adolescents and young adults with ASD in enhancement of their interviewing skills for work positions, but further research is urgently needed, which should focus on the maintenance and generalization of the acquired skills.  
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Introduction
Autism Spectrum Disorder (ASD) is a developmental condition characterized by deficits in social communication and interaction, along with restrictive and repetitive patterns of behavior, interests, and activities (American Psychiatric Association, 2013). Deficits in these areas make it difficult for individuals with ASD to develop and maintain social relationships, and to obtain and maintain a work position.
One of the cornerstones of the internal and social balance of mankind, and a means of determining identity, is the right to work. The work is not only a source of income for individuals with ASD but also provides an opportunity for social interaction and contribution, which is a major issue for them. Their integration into the production process is a stepping stone in the efforts to achieve independence. According to research findings, people with ASD show significantly lower rates of employment than people with speech and language disorders, learning difficulties, and mental retardation (Shattuck et al., 2012). Adults with ASD who are of average or high intelligence are more likely to be employed than their peers with ASD who have low intellectual ability (Graetz, 2010; Howlin & Moss, 2012; Seltzer et al., 2004).
It is reported, that people with ASD possess skills suited to specific jobs, and when they are employed and supported appropriately, they appear to be able to live independently (de Schipper et al., 2016). In recent years, methods that make use of new technology are often used to help adolescents and young people to acquire professional skills, and, in particular, people with ASD appear to enjoy using various technological media, such as computers, tablets, etc. (Mazurek et al., 2012; Ward et al., 2018). Virtual reality (VR) is defined as a simulation of real environments in which humans can interact, receiving multisensory information from a model (Bozgeyikli et al., 2017). VR applications have been expanded in recent years, and currently, head-mounted display systems and desktop computers are available, which can be operated with a mouse, keyboard, or joystick (Parsons & Cobb, 2011).
These technologies can be effective for people with ASD, as virtual environments can be simplified and adapted to the needs of each individual. They provide a safe environment where individuals can engage in various situations that resemble those of everyday life, but where mistakes do not have a strong negative impact (Strickland, 1997). They provide multisensory cues that are more likely to engage the user in the process, and at the same time they offer a more authentic simulation of real-life situations (Mitchell et al., 2007). Users can practice multiple scenarios of increasing difficulty, which enhance the likelihood of maintenance and generalization of acquired skills, with application in other contexts and under different conditions (Newbutt et al., 2017).
Previous reviews have focused on the role of technology in enhancing the vocational skills of individuals with ASD. Walsh and colleagues (2017) investigated the use of technology to teach employment skills to adults with ASD, while Sarri and Syriopoulou-Delli (2022) examined the use of technology in interventions for adolescents and young adults with ASD in different settings. Kim and colleagues (2022) focused on technology-aided interventions for employment and the ways in which they were conducted.
The goals of this systematic review of VR intervention for adolescents and young adults with ASD were to determine: 1) What were the outcomes for adolescents and young adults with ASD after the implementation of technology-aided interventions, 2) What were the characteristics of the students, instructors, and settings in the selected studies, 3) To what extent did the studies meet methodological quality indicators, 4) Were generalization and maintenance of the acquired vocational skills supported by the technology-aided interventions, 5) What is the social validity of these interventions.
Method
The review focused on reports of interventions for adolescents and young adults with ASD aged 14-22 years. The review methodology was based on the guidelines of Ahn & Kang (2018), namely: 1) formulation of the research questions, 2) determination of the inclusion and the exclusion criteria, 3) application of the eligibility criteria, 4) data extraction analysis, 5) presentation of results. Each of the studies included in the review was analyzed and summarized in terms of participant characteristics, intervention characteristics, methodological and design characteristics and outcome.  



Inclusion and exclusion criteria
The selection of the studies for the review was based on the following criteria: a) they must have tested the efficacy of an intervention using either a single-case design or a group design, b) at least half of the study participants had a diagnosis or special education classification of ASD and/or other developmental disabilities, and were aged between 14 and 22 years, c) they must have evaluated an intervention facilitated by VR technology to teach vocational skills, d) the dependent variable had to address at least one vocational skill, e) the studies were published in English peer-reviewed journals between 2010-2021 (the year 2010 was chosen because, in rapidly evolving technological fields such as video modeling, augmentative and alternative communication, VR, etc., studies older than 10 years might refer to technology now partially obsolete).
Studies were excluded from the review if they: a) were non-experimental (e.g., literature reviews, meta-analyses), b) did not include an intervention program, c) did not have at least half of the participants in the age group 14-22 years at the start of the intervention, d) described only VR technology development, but not intervention. Gray literature (e.g. dissertations, chapters, etc.) was excluded.
The authors conducted the search and evaluated the studies independently to determine whether they met the inclusion criteria. The selected articles were then compared for reliability, which was calculated using percent agreement on the articles each author identified as meeting the inclusion criteria. Disagreement between the authors was discussed until consensus was reached.
Search procedures
A search was made in five electronic databases: ResearchGate, Science Direct, Scopus, PubMed, and EBSCO, for primary studies for the review. The keywords used were: autism, virtual reality, vocational skills, employment, adolescents, young adults, combining autism AND virtual reality AND vocational skills OR employment AND adolescents OR young adults. The initial search resulted in 76 prospective studies written in English, in peer-reviewed journals, with a publication date 2010-2021, which, after the removal of duplicates, were narrowed down to 40. The title of each study was considered, and then the abstract was studied, to exclude those that did not include experimental results of intervention programs, and those investigating different age groups, and/or disabilities not including ASD. The remaining studies were screened for adherence to the inclusion and exclusion criteria. Checking the references of the remaining studies revealed no further prospective study. A hand search of the peer-reviewed articles was conducted, and finally, eight studies were identified that met the review criteria. Figure 1 shows the flowchart of the selection procedure. Interrater agreement (IRA) during the database search, ancestral and hand search, and screening was 90%, and a consensus was reached to resolve the few disagreements.
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Figure 1: Prisma Flowchart depicting the literature search and selection of studies for review of virtual reality intervention for vocational skills of individuals with autism spectrum disorder

Coding of studies
The eight studies included in the review were coded for: a) characteristics of the participants (number, age, gender, diagnosis), b) type of VR intervention, c) instructor (i.e., external researcher, teacher, paraprofessional, clinician), d) primary features of the intervention including duration (i.e., frequency and length of sessions), format (i.e., one-to-one, partners, a small group of <5 participants, large group of >5 participants), the length and format of instructor training (if applicable), e) intervention settings (i.e., laboratory, school, other), f) employment outcomes (i.e., self-efficacy, interview skills, reduced anxiety, etc.), g) social validity (e.g., the participants, parents, and/or teachers completed questionnaires, or took part in social validity interviews, standardized assessments), and i) maintenance and generalization of acquired skills.
The studies were also coded for the methodological quality indicators using an adaption of the Evaluative Method for Determining Evidence-Based Practice in Autism, which has been reported to have good reliability and validity (Reichow et al., 2008).  
To evaluate the rigor of the studies, one rubric was developed for group studies and one for single-subject studies, which included primary quality indicators and secondary quality indicators with a rating as strong, acceptable/adequate, or weak. Common primary quality indicators for group and single-subject studies included participant characteristics, independent variables, and dependent variables. Common secondary quality indicators included an interobserver agreement, blind raters, fidelity, generalization and/or maintenance, and social validity.
The authors reviewed the studies independently to determine whether each met the coding categories and the Evaluative Method for Determining Evidence-Based Practices in Autism. The authors compared their results for the coding and any disagreement between them was discussed until they agreed. The IRA for the coding procedure, calculated by dividing the sum of the agreements by the total sum of the agreements and disagreements multiplied by 100, was 90%. The data extracted in this process are summarized in Tables 1, 2, 3, and 4.
Results
Sample characteristics
The eight studies included a total of 345 participants with a sample size ranging from 8 to 160, apart from one single subject study. Most of the participants were male (258/345; 75%), and their mean age was 20.57 years. All the studies included participants with ASD and some participants were reported as having additional diagnoses (i.e., developmental disorders, intellectual disabilities). Half of the studies included a Virtual Reality Group (VRG) and a Control Group (CG). The study characteristics and participants are summarized in Table 1.  
Intervention type 
It is apparent from Table 2, which summarizes the design and outcome of the studies, that most of them (75%) focused on enhancing the job interview skills of the participants (Burke et al., 2018; Burke et al., 2021; Genova et al., 2021; Smith et al., 2014; Smith et al., 2021; Strickland et al., 2013). One study (Kandalaft et al., 2013) explored the effectiveness of the intervention in promoting social cognition training and Ward & Esposito (2019) investigated the outcomes related to self-efficacy, confidence, and job interview skills.     

Duration
The duration of the training ranged from 2 to 15 sessions and from 5 to 22 weeks in most of the interventions. In one study (Ward & Esposito, 2019) the sessions were conducted over three-month period, and in that of Burke and colleagues (2018), the intervention involved two sessions per week for 14 weeks.            


Table 1: Summary of the studies using virtual reality (VR) interventions to enhance vocational skills in young people with autism spectrum disorder (ASD): country, participant characteristics, intervention type, duration, format, instructor, setting
	Study
	Country
	Participant characteristics
(Number, age, mean age, gender, diagnosis)
	Intervention type/
Duration
	Format/
Instructor
	Setting

	Burke et al. (2018)
	USA
	32, 19-31 years, M.A.=23
25M/7F, ASD & DD
	job interview training
twice a week/ 14-week program
	Baseline, intervention, final face-to-face interview

ViTA
	laboratory

	Burke et al. (2021)
	USA
	160, M.A.=21.73
110M/40F, ASD & ID

	job interview training 
22 weeks
	initial face-to-face interview 
ViTA interview sessions 
final face-to-face interview

virtual interactive training agent
	 Nm

	Genova et al. (2021)
	USA
	14: VRG: 7, CG: 7, 16-19 years, M.A.=17.29 
VRG: 7M/0F, CG: 6M/1F,  ASD
	job interview training
10 hours
	intervention: Interviewing a virtual human and receiving feedback 
pre-test and post-test: video-recorded mock job interview

trained research staff
	high school

	Kandalaft et al. (2013)
	USA
	8, 18-26 years, M.A.=21.25
6M/2F, ASD
	social cognition training
10 sessions in 5 weeks
	intervention: training scenarios
pre and post-training

clinicians
	center

	Smith et al. (2014)
	USA
	26: VRG:16, CG:10, 18–31 years, CG: M=23.2, VRG: M=24.9 
VRG: 75%M, CG: 80%M, ASD
	job interview training
10 hours (20 trials) in 5 visits/ 2 weeks
	baseline assessments
intervention: VR interviews/ feedback/ scores/ review/ e-learning guidance
follow-up

research staff
	
laboratory

	Smith et al. (2021)
	USA
	71:VRG: 48, CG: 23, 16-26 years, CG: M.A.:19.4, VRG: M.A.=19.8 
VRG:79.2% M, CG:87% M, ASD
	job interview training
15 sessions (45 mins each)
	pre-test assessment 
random assignment to groups
intervention (VR interviews)
post-test assessment 
follow-up (after 6 months)

teachers
	high school

	Strickland et al. (2013)
	USA
	22: VRG:11, CG:11, 16–19 years, VRG: M.A.=18.21, CG: M.A.=17.66 
VRG: 100% M, CG:100% M,  HF-ASD & AS
	job interview training: Self-Efficacy, Confidence & Interview Skills
2 sessions (30 mins each) for every participant (44 interviews in total)
	random assignment to groups, preparation, participation in two simulated job interviews, completion of rating scales during the interview, virtual practice session from home, and a second interview simulation

professionals
	University research facility

	Ward & Esposito (2019)
	USA
	12, 18-22 years, M.A.= 19.8
10M/2F, HF-ASD
	job interview training
2.15 h over 3 months
	Intervention: application, getting ready, & interview modules
pre and post-intervention

trained research staff
	school

	AS: Asperger Syndrome, ASD= Autism Spectrum Disorder, CG= Control Group, DD= Developmental Disorders, F= Female, HF: High-functioning, ID=Intellectual Disabilities, M=Male, M.A.= Mean Age ,Nm: not mentioned, VRG= Virtual Reality Group, ViTA=Virtual Interactive Training Agent




Setting 
Several settings were used for the studies, mainly the school environment/ classrooms (Genova et al., 2021; Smith et al., 2021; Ward & Esposito, 2019), university research facilities (Strickland et al., 2013) or laboratories (Burke et al., 2018; Kandalaft et al., 2013; Smith et al., 2014) and in one study the setting is not defined (Burke et al., 2021). None of the studies took place in the community or in actual workplaces.        
Format
Each study had a unique format, but they all shared some common characteristics in terms of design. Seven of the eight studies included baseline or pre-test measurements. Regarding intervention, the intervention phase of most of the studies was based on VR facilitated interviews. In some, the participants received specific preparation before the interview (Genova et al., 2021; Kandalaft et al., 2013; Strickland et al., 2013; Ward & Esposito, 2019). 
Randomization of their assignment of participants to groups was carried out in two studies (Smith et al., 2021; Strickland et al., 2013).  Follow-up investigation was presented in three of the eight studies (Kandalaft et al., 2013; Smith et al., 2014; Smith et al., 2021).

 Instructor
Most interventions were facilitated by trained research staff (Genova et al., 2021; Smith et al., 2014; Ward & Esposito, 2019). Two studies reported that participants relied solely on virtual interactive training agents (Burke et al., 2018; Burke et al., 2021), one study employed clinicians (Kandalaft et al., 2013), and one included professionals (Strickland et al., 2013). In the study of Smith and colleagues (2021), teachers acted as intervention facilitators.  
Measurements   
For each study, many different measurements were used to evaluate the characteristics of the sample groups, their needs, their response to intervention, etc. Most of these were standardized tests, including the “Wechsler Advanced Clinical Solutions Social Perception Subtest” (ACS-SP), the “Mood and Feelings Questionnaire” (b-MFQ), the “Child Behavior Checklist” (CBCL), the “Adult Behavior Checklist” (ABCL), the “Marino Interview Assessment Scale” (MIAS), the “Mock Interview Rating Scale” (MIRS), the “National Institutes of Health Toolbox Cognition Battery” (NIH-TCB), the “Personal Report of Public Speaking Apprehension” (PRSPA), the “Social Skills Performance Assessment” (SSPA), the “Training Experience Questionnaire” (TEQ), and the “VITA-DMF Self-Efficacy Scale”. In addition, a battery of “Social Cognition Measures” was used, and two “Theory of Mind” measures, self-confidence surveys, the “Treatment Acceptability Rating Form”, the “Mock Interview Rating Scale for Autism”, the “Interview Rating Skills Instrument” and a general self-efficacy scale. 
Other non-standardized measurements were included in the studies such as recorded video observations, interviews, follow-up questionnaires, role-plays, demographic and employment history surveys, and mock job interviews.  
Outcomes  
The outcomes of the intervention programs for adolescents and young adults with ASD are presented in Table 2. All the studies included in the review reported positive results. Following the VR intervention, most of the participants showed improvement in self-efficacy and interview skills. In three studies (Burke et al., 2021; Kandalaft et al., 2013; Strickland et al., 2013) the participants demonstrated increased skill in making appropriate introductory and closing communication statements, communicating personal and professional strengths, identifying examples of previous situations or behaviors related to the position applied for, and demonstrating an understanding of day-to-day practicalities of life in the job. In the study of Strickland and colleagues (2013), however, the non-verbal features accompanying their responses (i.e., posture, eye contact, approximation, the effect of social expression) did not improve to the same degree. Following implementation of the VR interventions, the participants improved their job interview and conversational skills, specifically sounding positive, showing interest, honesty, and professional demeanor, being a team player (Genova et al., 2021), and demonstrating job interview confidence (Smith et al., 2014; Smith et al., 2021; Ward and Esposito, 2019), professionalism, shared strengths and skills, an increase in the likelihood of being hired, and reduced job interview anxiety (Smith et al., 2021). Another benefit gained from the implementation of the VR intervention was belief in self-efficacy related to handling novel situations (Ward and Esposito, 2019). In addition, in the study of Burke and colleagues (2014), all the participants showed improvement in a face-to-face interview.      

Social validity  
In one study (Ward & Esposito, 2019) participants were asked to rate the program on a 5-point Likert scale, with the questions: “Do you think you learned how to interview better with the Interview with Molly Porter system?”, “Would you recommend the Interview with Molly Porter system to a friend?”, “Do you think ATP should use the Interview with Molly Porter system with other students?” and “How much fun was it using the Interview with Molly Porter System?”. 
Maintenance & generalization
Most of the studies included in the review did not conduct generalization and or maintenance probes, so it could not be determined whether the participants maintained the acquired skills or whether the skills were generalized in real-life settings or circumstances. Only three studies (Kalndalaft et al., 2013; Smith et al., 2021) conducted a maintenance investigation with follow-up questionnaires. Specifically, the participants reported boosted confidence in social situations and other social skills gains (Kalndalaft et al., 2013) or it was reported that the VRG participants had a higher proportion of any employment type than the CG (Smith et al., 2021). In the third study (Smith et al., 2014) the participants completed two role plays and a self-confidence measurement as follow-up tests, and demonstrated significantly improved job interview skills between the baseline and follow-up role- play sessions, and increased self-confidence.
 
Table 2: Summary of studies using virtual reality (VR) interventions to enhance vocational skills young people with autism spectrum disorder (ASD): design, measures and outcomes, social validity, maintenance, and generalization
	Study 
	Design
	Measures
	Outcomes
	Social validity
	Maintenance & generalization

	Burke et al. (2018)
	linear mixed model
	MIAS
	MIAS score for all participants increased between the 1st session & the final interview
	Nm
	Nm

	Burke et al. (2021)
	within-subjects repeated measures design
	MIAS/ VITA-DMF Self-Efficacy scale
	Statistically significant increases in self-efficacy subscale and interview skills
	Nm
	Nm

	Genova et al. (2021)
	RCT
	MIRS
Video observation
	Improvement in job interview performance in adolescents with ASD
	Nm
	Nm

	Kandalaft
et al. (2013)
	pre- and post-intervention
	A battery  of  social  cognition measures, ACS-SP, two ToM measures, SSPA, a follow-up questionnaire

	Improved face emotion recognition skills and voice emotion recognition. Gains in ToM also reported
	Nm
	Participants reported boosted confidence in social situations and other social skills gains in follow-up questionnaires 

	Smith et al. (2014)
	RCT
	TEQ, role-plays, self-confidence measures
	Individuals in VRG showed greater improvement during a live standardized job interview
	Nm
	A follow-up assessment: standardized role-plays and self-confidence measures

	Smith et al. (2021)
	RCT
	Demographic & employment history survey, b-MFQ, NIH-TCB, CBCL/ABCL, Treatment Acceptability Rating Form, Mock Interview Rating Scale for autism, mock job interview, PRSPA, 
	Individuals in VRG showed greater likelihood of being hired, reduced job interview anxiety, and a higher proportion of competitive and integrated employment 

	Nm
	A follow-up questionnaire (6 months post-intervention) showed that VRG participants had a higher proportion of any employment type 

	Strickland
et al. (2013)
	RCT
	Interview Skills Rating Instrument
	Individuals in  VRG showed significantly more effective verbal content skills
	Nm
	Nm

	Ward & Esposito (2019)
	pre- and post-intervention
	General self-efficacy scale/ Interview Self Confidence Survey
	Confidence and skills improved with VR interviewing
	Questions on the 5-point Likert scale
	Nm

	ACS-SP: Wechsler Advanced Clinical Solutions Social Perception Subtest, b-MFQ: (brief version) Mood and Feelings Questionnaire, CBCL/ABCL: Child Behavior Checklist/Adult Behavior Checklist, MIAS: Marino Interview Assessment Scale, MIRS: Mock Interview Rating Scale, NIH-TCB: National Institutes of Health Toolbox Cognition Battery, Nm: not mentioned, PRSPA: Personal Report of Public Speaking Apprehension, RCT: randomized controlled trial, SSPA: Social Skills Performance Assessment, TEQ: Training Experience Questionnaire, ToM: Theory of Mind, VITA: Virtual Interactive Training Agents, VRG: Virtual Reality Group, VS: vocational skills




Research rigor
In terms of research rigor, seven studies were rated as having a strong research design (Tables 3 and 4), according to the criteria developed by Reichow et al. (2008). In group studies, high quality was observed on all primary quality indicators (i.e., participant characteristics, independent variables, comparison situation, dependent variables, a link between research question and data analysis, use of statistical tests), and the studies showed evidence of four or more secondary quality indicators (i.e., random assignment, IRA, blind raters, fidelity, attrition, generalization and/or maintenance, effect size, social validity). The only single-subject study was rated as having a weak research design.  
Discussion 
The literature search resulted in eight studies that met the inclusion criteria. The age range of the total of 345 participants was 16 to 31 years (mean 20.57 years) and most of them were male (258/345; 75%), which is unsurprising, as ASD is more commonly diagnosed in males (Loomes et al., 2017). All studies took place in the USA, and it would be helpful to have research data from other countries.
The researchers reviewed the current literature, focusing on the type, duration and format of the VR interventions, the vocational skills targeted, the characteristics of the students, instructors, and settings, the design and the social validity of the studies. They also considered the maintenance and generalization of the acquired skills, and the methodological quality standards. 
Positive results of VR interventions were recorded, specifically improvement in self-efficacy and interview skills. It is of note that most of the studies implemented interview skills improvement facilitated by VR agents as their primary object, along with other target skills. Skills that were investigated included self-efficacy (Burke et al., 2021), face and voice emotion recognition, “Theory of Mind” perception (Kandalaft et al., 2013), job interview anxiety (Smith et al., 2021) and confidence levels (Ward & Esposito, 2019). The various studies reported positive results in all these areas. In addition, Strickland and colleagues (2013) investigated the effectiveness of the intervention on the verbal content skills of the participants, with positive results.
The studies used a variety of standardized and non-standardized measurements to evaluate the effect of VR on the vocational skills of individuals with ASD. Many of the standardized measurements were related to the behavior patterns, emotional state and social skills. One study included two measurements to estimate “Theory of Mind” skills. Some studies included batteries of cognitive tests and scales and descriptive data emerged from non-standardized measurements, including interviews, role-plays and videotaped observations. Data derived in this way were combined, in most cases, with the results from standardized tests, providing the researchers with a comprehensive picture of the abilities, achievements and needs of the participants. 
In the eight eligible research papers, no mention was made of specific job skills related to different working environments (such as mail sorting, using a photocopying machine, etc.). Although in other studies, such skills are reported as targets of the intervention (see Seaman & Cannella-Malone, 2016), there was no related use of VR technology so far as the review studies are concerned. 
Job retention skills should be investigated by future researchers, as their acquisition supports and completes the whole purpose of vocational-oriented training interventions. 
Limitations 
The objective of this literature review was to investigate the effect of VR intervention on the vocational skills of adolescents and young adults with ASD. Overall, the findings suggest that in most cases the intervention led to positive effects on the self-efficacy and interview skills, but several limitations should be mentioned, the main of which is the small number of studies that met the inclusion and exclusion criteria. The studies were diverse, with wide variation in the intervention methods and the measurements of vocational skills, sample size, and sample characteristics, which affected the ability to carry out comparison between studies.

Conclusion
The studies included in this review focused on VR interventions for the improvement of job interview skills, which are underreported. Interview and conversational skills include making appropriate introductory and closing communication statements, sounding positive, interested and honest, being a team player, and demonstrating confidence and professionalism, and the features that accompany those responses (i.e., posture, eye contact, approximation, understanding of the effect of social expression). These skills may increase the possibility of being hired. Participation in a job interview can be a significant source of anxiety for many individuals with ASD, related to appearance, communication, performance, and behavior). This anxiety may restrict their success in job-seeking activities, and particularly in interviews. Interventions to enhance interviewing skills may reduce the barriers to obtaining and maintaining a job.
This review demonstrated the efficacy of the VR interventions in the employment outcomes of adolescents and young adults with ASD. It appears that VR interventions have demonstrated positive results, thus providing therapists, teachers, and researchers with a useful means to help and support autistic adolescents and young adults. These interventions focused on vocational skills, in particular job interview skills. 
To conclude, based on this systematic review, further investigation needs to be carried out to verify the effects of VR intervention on vocational skills in this population. It would be helpful to review studies published in languages other than English to provide an overall picture from different cultural contexts. If consistent findings are confirmed by replication and follow-up studies, conclusions could be made about the effectiveness of each intervention, which would result in better vocational support for adolescents and young adults with ASD, with implications not only for themselves but also for their families and the community in general.

Table 3. Review of virtual reality (VR) interventions for adolescents and young adults with autism spectrum disorder (ASD): Research quality indicators of group studies (N=7)
	
	Quality Indicators
	

	
	Primary Quality Indicators
	Secondary Quality Indicators
	

	


Studies 

	Participant characteristics
	Independent variable
	Comparison condition
	Dependent variable
	Link between research question and data analysis
	Use of statistical tests
	Random assignment
	Interobserver agreement
	Blind raters
	Fidelity
	Attrition
	Generalization and/or maintenance
	Effect size
	Social validity
	

	Burke et al. (2018) 
	HQ
	HQ
	HQ
	HQ
	HQ
	HQ
	E
	NE
	NE
	E
	E
	NE
	NE
	E
	Strong

	Burke et al. (2021) 
	HQ
	HQ
	HQ
	HQ
	HQ
	HQ
	E
	NE
	NE
	E
	NE
	NE
	NE
	E
	Strong

	Genova et al. (2021) 
	HQ
	HQ
	HQ
	HQ
	HQ
	HQ
	E
	E
	E
	E
	E
	NE
	E
	E
	Strong

	Smith et al. (2014)
	HQ
	HQ
	HQ
	HQ
	HQ
	HQ
	E
	E
	E
	E
	E
	NE
	E
	E
	Strong

	Smith et al. (2021) 
	HQ
	HQ
	HQ
	HQ
	HQ
	HQ
	E
	ΝE
	ΝE
	E
	E
	E
	E
	E
	Strong

	Strickland et al. (2013) 
	HQ
	HQ
	HQ
	HQ
	HQ
	HQ
	E
	E
	E
	E
	E
	NE
	E
	E
	Strong

	 Ward & Esposito (2019)
	HQ
	HQ
	HQ
	HQ
	HQ
	HQ
	E
	E
	NE
	E
	E
	NE
	E
	E
	Strong 


Note. AQ=Acceptable Quality, E=Evidence, HQ=High Quality, NE=No Evidence, UQ=Unacceptable Quality

 Table 4. Review of virtual reality (VR) interventions for adolescents and young adults with autism spectrum disorder (ASD): Research quality indicators of the single-subject study
	
	Quality Indicators
	

	
	Primary Quality Indicators
	Secondary Quality Indicators
	

	Studies 
	Participant characteristics
	Independent variable
	Dependent variable
	Baseline condition
	Visual analysis
	Experimental control
	Interobserver agreement
	Kappa
	Fidelity
	Blind raters
	Generalization and/or maintenance
	Social validity
	

	Kandalaft et al. (2013)
	HQ
	HQ
	HQ
	UQ
	UQ
	HQ
	E
	E
	E
	E
	E
	E
	Weak 


Note. AQ=Acceptable Quality, E=Evidence, HQ=High Quality, NE=No Evidence, UQ=Unacceptable Quality
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