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Abstract

:

To date, the primary challenge in the field of information and communication technologies-mediated rehabilitative interventions for autism is the lack of evidence regarding efficacy and effectiveness. Although such interventions, particularly those realised with Immersive Virtual Reality-based Serious Games, show promise, clinicians are hesitant to adopt them due to minimal evidence supporting their efficiency and effectiveness. Efficacy refers to whether an intervention produces the expected result under ideal circumstances, while effectiveness measures the degree of beneficial effect in real-world clinical settings. The absence of efficacy and effectiveness evidence undermines the reliability and generalisability of such interventions, which are crucial for real-life settings, making accurate evaluation pivotal. Evaluating the efficacy and effectiveness of these interventions poses a significant challenge due to the absence of evaluation guidelines. A previous study systematically reviewed the evaluation of Immersive Virtual Reality-based Serious Games for autism, revealing incomplete or methodologically problematic evaluation processes. This evidence underpinned the aim of the present study: to propose an Evaluation Framework encompassing all necessary methodological criteria for evaluating the efficacy and effectiveness of such interventions. Disseminating this Evaluation Framework as a pocket guide could facilitate the development of reliable future studies, thereby advancing evidence-based interventions to improve the quality of life for individuals with autism.
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1. Introduction


Nowadays, in the field of rehabilitative interventions (henceforth intervention/s) for individuals with Autism Spectrum Disorders (ASD), it is known that the more promising interventions are those realised with Information and Communication Technologies (ICT), e.g., robots, videos, tablets/mobile applications, and virtual reality [1,2,3,4,5,6,7,8,9,10,11].



The main reason is linked to the specific characteristics of ASD individuals, such as their natural affinity for Science, Technology, Engineering, and Mathematics (i.e., STEM) [12,13,14]. Indeed, computers and technologies are comfortable for them since they are generally predictable, consistent, free from social demands, and specific in focusing attention [6,15,16,17]. Then, it is widely recognised that individuals with ASD have a strong visual memory and learn better when presented with visual–spatial information, which can be easily achieved with technologies, given their visually stimulating nature [6,18,19,20,21,22].



Among ICT-based interventions, researchers agree in recognising the potentiality of Immersive Virtual Reality (IVR) [6,23,24] since, among others, it provides the optimal level of immersion for ASD individuals influencing their involvement [6]. Moreover, IVR combined with Serious Games (SGs) learning strategies appear to be the more promising means to realise an intervention for ASD individuals (e.g., [8,25,26,27,28,29,30]).



Notwithstanding, the evidence of the efficacy and effectiveness of such interventions in scientific studies and in clinical application, respectively, is minimal (e.g., [26,31,32,33,34]). Efficacy (explanatory trials) determines whether an intervention produces the expected result under ideal circumstances [35,36]. Meanwhile, effectiveness (pragmatic trials) measures the degree of beneficial effect under real-world clinical settings [35,36]. Demonstrating both efficiency and effectiveness is highly complex and requires a rigorous evaluation process [37,38].



In the wake of this, a previous study [22] systematically reviewed how IVR-based SGs for ASD are evaluated to provide an overview of the current state-of-the-art regarding the evaluation process of such interventions. The results are concerning, revealing an incomplete or methodologically problematic evaluation process. Specifically, these results highlighted several methodological issues related to evaluating the efficacy and effectiveness of IVR-based SG interventions for ASD.



Beyond the specific outcomes, the key insight is that these methodological issues undermine the possibility of demonstrating the durability, adaptability to different contexts, and consistency with the heterogeneity of ASD individuals of IVR-based SG interventions [39]. The negative effect is that the reliability of the intervention results is compromised [39,40,41]. Reliability refers to the reproducibility of the measurement (e.g., intervention) when repeated at random in the same subject or sample [40,42]. In the context of clinical research, reliability indicates the extent to which the study’s results are replicable and stable over time, under similar conditions, and with different researchers [43]. Ensuring the reliability of clinical research is crucial for establishing the efficacy and effectiveness of the study outcomes, which, in turn, influences their reproducibility and generalisability [44,45].



However, the lack of reproducibility and generalisability of the results obtained from an intervention still seems to be overlooked. This also happens because of the lack of reporting on the reliability of intervention results in studies [39,40,44]. In fact, especially in the clinical setting, the effectiveness, efficiency, and generalisability of interventions in real-life settings are paramount, making accurate evaluation of them crucial [44,45].



The situation becomes even more perplexing when it comes to ASD, as there is a pressing urgency to find effective and efficient interventions for at least three reasons:




	(i)

	
The peculiar characteristics of the disorder, i.e., it is considered not only a disability, but also an example of human neurological variation—neurodiversity—that defines the identity of a person’s cognitive assets and challenges [46]; in fact, ASD can significantly impact the quality of life, leading to social isolation, employment difficulties, and mental health issues for individuals and their families [47,48];




	(ii)

	
The prevalence of ASD has risen unprecedentedly in the past decade; the Centers for Disease Control and Prevention estimates that in the USA, 1 in 68 children is identified with ASD [49,50,51,52,53], while in Europe, the prevalence was < 1 of 100 [54];




	(iii)

	
The high economic costs of ASD, with lifetime support costs estimated at 2.4 million in the USA, £1.5 million in the UK [55], and, in Europe, c.a. €2,834 for children, including health services and societal expenses, over two months [56].









Therefore, the interventions that are only promising and with low or minimal evidence of efficacy and effectiveness are not appropriate, and, consequently, clinicians did not use them [54,56,57]. Even if a rigorous study (e.g., randomised clinical trials) demonstrates the efficacy of an intervention, it may happen that its effectiveness in real-life settings is not guaranteed [58,59]. Indeed, it is necessary for an intervention to be both efficient and, at the same time, effective.



To be efficient and effective, an intervention must be evidence-based. Indeed, an evidence-based intervention would ensure that the clinical and scientific reliability has been evaluated and defined according to standard criteria [40,42,44]. A rigorous evaluation process is the gold standard for demonstrating that an intervention is evidence-based [45,60].



Nowadays, achieving this goal is not an easy task since there is a lack of evaluation guidelines that allow for avoiding or dealing satisfactorily with methodological issues. A detailed examination of the methodological issues that emerged from a previous systematic review [22] accompanied by a study of recent literature on this topic (e.g., [61,62,63,64,65,66,67,68]) leads us to identify methodological criteria for avoiding these issues in future evaluation processes. The term criterion (plural, criteria) refers to all the elements that allow a methodologically controlled study to be conducted [60,69]. Indeed, if these are adequately used, they determine whether interventions are efficient, effective, and ready for dissemination [69].



The present study goes in this direction by proposing an Evaluation Framework as a pocket guide for evaluating the efficacy and effectiveness of IVR-based SG interventions for ASD. This framework encompasses all the necessary methodological criteria to avoid methodological issues or dealing satisfactorily during the evaluation process. It goes even further by providing practical guidance on how issues should be addressed and, consequently, how to effectively meet all the methodological criteria.



The paper is organised as follows: Section 2 describes the methodology (Section 2.1) behind the systematic review of Peretti et al. [22] and its outcomes (Section 2.2) from which the Evaluation Framework proposed in this study was partially derived; in Section 3, the results and research implications of this study are presented: Section 3.1 reports the transformation from methodological issues to methodological criteria, Section 3.2 presents the Evaluation Framework as a pocket guide designed to push the usability, and finally, Section 3.3 provides a practical example to show how to use the Evaluation Framework in real applications. In Section 4, the conclusion and future work are drawn.




2. Background


2.1. Research Method


In this section, the rigorous systematic review informed by [70] and detailed in [22] was reported. The Research Question (RQ) that guided this systematic review is: How interventions realised with Immersive Virtual Reality-based Serious Games for individuals with autism are evaluated? To answer this RQ, Kitchenam’s protocol [70] was applied; it consists of three main phases: planning, conducting, and reporting the review. The planning phase is the preliminary stage required to justify the absolute necessity of conducting a systematic review to address the mentioned RQ. After demonstrating the need to start the systematic review, the other two steps were fulfilled: conduct and report. It should be noted that a detailed examination of the planning phase is provided in Section 2 (Background) of Peretti et al. [22]. For the aim of the present study, the rigorous method of [70] to conduct and report a systematic review, with all its phases, i.e., Data Sources and Search Strategies, Study Selection and Quality Assessment, Data Extraction, and Data Synthesis, is reported. For the reader’s convenience, these aspects are organised as subsections: Data Sources and Search Strategies (Section 2.1.1), Study Selection and Quality Assessment (Section 2.1.2), Data Extraction (Section 2.1.3), and Data Synthesis (Section 2.1.4).



To guarantee the transparency, reliability, and replicability of the systematic review, the detailed description of the research methods adopted, as well as the documentation of the entire study selection and quality assessment process, is available in the repository [71].



2.1.1. Data Source and Source Strategy


One of the main goals of a systematic review is to find the largest possible number of research articles that are meaningful in answering the defined RQ (i.e., “How interventions realised with Immersive Virtual Reality based Serious Games for individuals with autism are evaluated?”), using an unbiased search strategy like [70]. For this systematic review, the search strategy includes the search strings and the resources to be searched to identify as many as possible research articles dealing with IVR-based SGs, developed as interventions for individuals with ASD.



Specifically, the search string has been formulated using a list of relevant terms and their alternative forms, reported in Table 1. These alternative terms have been obtained, considering the most frequent ones appearing in the 23 reviews analysed in Section 2 (Background) of [22] (e.g., [6,26,28,31,72]). In detail, terms associated with the “Autism Spectrum Disorder” term have been included: “autism” and “ASD”. Similarly, associated with the “Immersive Virtual Reality” term, the "immersive virtual environment” term has been included. In addition, the most popular IVR technologies have also been considered as search terms, i.e., “HMD” and “CAVE”. Then, in agreement with other reviews in this field (e.g., [18,72]), the term “Virtual Reality” has also been included in the list of search terms. Often, “Virtual Reality” is used with a broad conceptualisation without referring to the level of immersion provided by the adopted technology. Finally, concerning the “Serious Game” term, the “Educational Game” term has also been included since it refers to a subset of serious games that have an educational goal [26,73].



Consequently, the search string has been formulated as follows, using Boolean operators AND and OR:




(“autism spectrum disorder” OR “autism” OR “ASD”) AND (“immersive virtual reality” OR “immersive virtual environment” OR “virtual reality” OR “HMD” OR “CAVE”) AND (“serious game” OR “educational game”)





The resources to be searched through the formulated search string are the following eight:




	
Scopus (https://www.scopus.com, accessed on 2 April 2024)



	
ACM digital library (https://dl.acm.org, accessed on 2 April 2024)



	
IEEE Xplore Digital Library (https://ieeexplore.ieee.org, accessed on 2 April 2024)



	
Science Direct (https://www.sciencedirect.com, accessed on 2 April 2024)



	
Web of Science (http://apps.webofknowledge.com, accessed on 2 April 2024)



	
PubMed (https://pubmed.ncbi.nlm.nih.gov, accessed on 2 April 2024)



	
Semantic Scholar (https://www.semanticscholar.org, accessed on 2 April 2024)



	
Google Scholar (https://scholar.google.com, accessed on 2 April 2024)








They have been selected since they are regularly used by other reviews in this field (e.g., [6,26,28,31,72]), as well as by systematic reviews in general (see, e.g., [74,75]). This list allowed for access to an extensive collection of relevant resources, covering computer science conferences and journals (e.g., International Journal of Human-Computer Interaction, Journal of Computer Assisted Learning, Interactive Learning Environments) as well as health conferences and journals (e.g., Autism Research, Journal of Autism and Developmental Disorders). All searches were conducted in August 2021 thanks to the free access of the selected digital resources allowed by the authors’ institution.




2.1.2. Study Selection and Quality Assessment


According to [70], once the potentially relevant research articles have been found, they must be assessed and then selected according to their relevance. Related to the RQ, the relevance is shown by defining a set of selection factors. As mentioned above, to improve the quality assessment, the systematic review reported in [22] adopted a set of selection factors more detailed than those provided by [70]. Table 2 and Table 3 list the selection factors defined as inclusion and exclusion factors: research articles to be included in the systematic review must meet all the inclusion factors, as well as those to be excluded, and meet at least one of the exclusion factors.



Inclusion factors from IN1 to IN4 and exclusion factors from EX1 to EX5 are related to more general scientific argumentation. For example, including all the research articles published after 2009 (IN1) guarantees that results deal with the current generation of IVR technology, in agreement with other reviews in the same field (e.g., [31]). Including only the research articles written in English (IN2) guarantees that results are the highest quality possible since it is considered the universal language of science [76,77,78]. Likewise, the exclusion of research articles that do not have the full text available (EX5) (e.g., only abstract or title appear online) is necessary to guarantee that the research articles used for the systematic review reported in [22] have sufficient and consistent data.



On the other hand, the inclusion factors from IN5 to IN7 and exclusion factors from EX6 to EX12 are directly derived from the RQ that the systematic review reported in [22] deals with. For instance, including the factor IN5 guarantees that research articles have to focus only on interventions for the rehabilitation of individuals with ASD. Including the factor IN6 guarantees that the ASD rehabilitation interventions can only be realised as IVR-based SGs. Likewise, excluding all research articles that do not relate to the topics of the systematic review reported in [22] (EX6) guarantees a focus only on research articles that are relevant to the defined RQ (e.g., research articles that are clearly unrelated to the scope of the systematic review based on the title and abstract). Excluding research articles presenting interventions that do not realise with IVR (EX11) guarantees the exclusion of research articles presenting interventions based on other ICTs, such as non-immersive VR technology (i.e., desktop-based systems), robots, mobile technologies (e.g., smartphones, tablets), tangible user interfaces, and off-the-shelf commercial video game consoles (e.g., Nintendo Wii).



Figure 1 summarises and visualises the five stages underpinning the study selection and quality assessment. Whenever possible, stage outputs are associated with the digital sources from which they were derived (see outputs of stages 1 and 2 in Figure 1). For each stage, the specific performed actions and visual icons representing these actions are reported in the high part of the boxes, as well as in the low part of them, and the inclusion and exclusion factors are specifically reported. In what follows, the five stages are then detailed:




	
Stage 1: Digital Resource Searching— The search string has been applied to digital resources. The search string reported in the previous subsection has been adapted in “Autism”, “Immersive Virtual Reality”, and “Serious Game” only for Semantic Scholar since it is an AI-powered digital resource that does not allow the usage of Boolean operators.



	
Stage 2: Digital Resource Filtering—Filters have been applied to the output of stage 1. Filters reflected the exclusion factors of Table 3, for example, publication year (EX1) or the chosen language (EX2). According to the functionalities of digital resources, selection factors have been adequately applied (for details, see specifications under the arrow between stage 2 and stage 3 in Figure 1).



	
Stage 3: Additional Semi-Automatic Filtering—The research articles obtained as output from stage 2 were collected in a unique electronic sheet by reporting the related authors’ list, title, year of publication, and source (e.g., name of the journal or conference proceedings where it was published). If there was missing information (e.g., sources), it was retrieved manually and inserted in the electronic sheet. Since many digital libraries do not provide automatic filters related to all the listed exclusion factors in Table 3, in this stage, they were applied semi-automatically. For example, many research papers that survived stage 2 were often archived twice or even three times; in stage 3, these duplicates were removed (according to EX4). Furthermore, research articles that were semi-automatically excluded were those not published in peer-reviewed journals or conference proceedings and presenting reviews or similar contributions (according to EX3). This activity was conducted by analysing the titles and sources of the retrieved research articles. Additionally, in this stage, corresponding authors of those research articles not fully available were contacted (according to EX5).



	
Stage 4: Title, Abstract, and Conclusion Filtering—The 805 research articles filtered from stage 3 were, in stage 4, randomly divided into two sets of 402 and 403 research articles (denoted as StA and StB). A manual filter was applied to these two sets by analysing titles, abstracts, and conclusions. To guarantee a high quality of this manual filter, two couples composed of experts (denoted as Cp1 and Cp2) dealt with the analysis of the two sets using a cross-referenced procedure. At the end of this stage, 55 research articles survived. Cohen Kappa Statistic was performed [79] to allow for the reliability of the inclusion decision [70]. The results of Cohen K (0.90) showed an agreement of 98% among experts (Cp1 and Cp2) about the inclusion of the 55 surviving research articles.



	
Stage 5: Full-text Filtering—When the research articles filtered became 55, in stage 5, they were randomly divided into two new sets of 27 and 28 research articles (denoted as StC and StD). An additional manual filter was applied by Cp1 and Cp2, analysing full texts of the research articles using a cross-referenced procedure.








The output of the entire study selection consists of 20 research articles dealing with the evaluation of IVR-based SGs, developed as rehabilitative interventions for individuals with ASD. Cohen K performed on the expert’s agreement that led to the inclusion of these 20 research articles equals 1, i.e., 100% agreement. This result is because, at the end of the search on the selected digital resources (in August 2021), only 20 research articles met all the inclusion factors fixed in the present systematic reviews. Therefore, given the small number, all 20 articles were included, regardless of the quality of each. The Quality Assessment of these 20 articles is detailed in [22].




2.1.3. Data Extraction


Data extraction forms were designed to accurately record the information needed to address the identified RQ extracted from the selected research articles. The forms were realised through electronic sheets. The contents of the data extraction forms used in the systematic review of Peretti et al. [22], also including standard general data about the research articles, are detailed in [71]. The data extraction was performed independently by all the experts conducting the systematic review reported in [22]. The extracted data were then compared, and disagreements were resolved by consensus among researchers, obtaining a single electronic sheet for each selected research article.




2.1.4. Data Synthesis


All the data extracted from the selected 20 research articles were analysed by frequency analysis, as shown in the next section. The description of findings, detailed in Section 2.2, is accompanied by an analysis table (see Table 4) and a synthesis table (see Table 5).




2.1.5. Limitations


The systematic review by Peretti et al. [22] has limitations, which we report for transparency. First, the review was limited to research articles in the English language, which could have resulted in research articles being omitted; although the authors do not expect this would significantly affect the findings, it could limit the generalisability. Second, even though the authors tried hard, they did not check every research database out there, like IGI Global. For this reason, some research articles may not have been captured and analysed. Finally, the search was confined to peer-reviewed publications, including journals and conference proceedings. Consequently, some research articles were unavailable for retrieval and analysis.





2.2. Systematic Review Outcomes


In this section, the outcomes obtained from the analysis performed on the 20 research articles (their references are listed in the first column of Table 4) reviewed in Peretti et al. [22] are discussed. This analysis led to the emergence of several methodological issues and related methodological sub-issues about how IVR-based SG interventions for ASD individuals are evaluated.



Table 4 details the analysis conducted on the 20 research articles; empty cells indicate that a particular methodological issue or sub-issue was not addressed by the corresponding research article.



The results are broken down as follows:




	I1 

	
Multidisciplinary team. The analysis showed that 40% out of the total 20 research articles (8 of them) had a multidisciplinary team that collaborated on the design, development, and evaluation. None of them also specify the roles of each involved person on the team.




	I2 

	
Sample Characteristics. This involves seven sub-issues, which are:




	sI2a 

	
Sample size. The analysis showed that out of the total sample of 20 research articles, only 10% (2 of them) had a sample size sufficient to ensure minimum generalisability of the results (>10).




	sI2b 

	
Age of participants. The analysis showed that 75% of a total of 20 research articles (14 of them) specified the age of the participants.




	sI2c 

	
Ratio M:F. The analysis showed that 0% out of the total 20 research articles (none of them) met this ratio.




	sI2d 

	
ASD as the Control group. The analysis showed that only 20% out of the total 20 research articles examined (4 of them) used individuals with ASD as a control group.




	sI2e 

	
With or without intellectual disability. The analysis showed that 50% of the 20 research articles (10 of them) specified this cognitive characteristic of the sample. In detail, among this 50% of research articles, 80% include individuals without intellectual disabilities, and the remaining 20% include individuals with intellectual disabilities.




	sI2f 

	
Level of Severity. According to the DSM-5, the analysis showed that only 10% of the 20 research articles (2 of them) specified this information.




	sI2g 

	
Exclusion or inclusion. The analysis showed that only 10% of the 20 research articles (2 of them) specified this information.










	I3 

	
Experimental Design. This involves three sub-issues, which are:




	sI3a 

	
Statistical Design. The analysis showed that 75% out of the 20 research articles (15 of them) specified the kind of statistical design.




	sI3b 

	
Testing method for psychological variables. The analysis showed that 35% out of the 20 research articles (7 of them) used this sub-criterion.




	sI3c 

	
Testing method for technological measures. The analysis showed that 40% out of the 20 research articles (8 of them) used this sub-issue.










	I4 

	
Intervention. This involves five sub-issues, which are:




	sI4a 

	
Level of Immersion. The analysis showed that all 20 research articles do not have this sub-issue since all specified it (100%). Unfortunately, none of them used the level of immersion to verify the correlation between it and the outcome of the proposed interventions.




	sI4b 

	
Kind of ability. The analysis showed that all 20 research articles do not have this sub-issue since all specified it (100%). Unfortunately, none of them used a classifier to define the kind of ability. In the present systematic review, the classifier called American Association on Intellectual and Developmental Disabilities [80] was used. In this way, a more detailed analysis regarding the kind of ability addressed by the 20 research articles is provided. Specifically, 25% of them covered two types of skills, including social and conceptual skills: 45% social skills, 50% conceptual skills, and, finally, 30% practical skills.




	sI4c 

	
Engagement. The analysis showed that 35% of the 20 research articles (7 of them) considered this sub-issue.




	sI4d 

	
Acceptability. The analysis showed that 35% of the 20 research articles (7 of them) considered this sub-issue.




	sI4e 

	
Usability. The analysis showed that 20% out of the total 20 research articles (4 of them) considered this sub-issue.










	I5 

	
Level of Aversion or Negative Effect of IVR technology. The analysis showed that 15% out of the total 20 research articles (3 of them) reported the presence of these effects.




	I6 

	
Ethical aspects. The analysis showed that 40% out of the total 20 research articles (exactly 8 of them) disclosed that their study was approved by an ethics committee. The latter result is worrisome since it was predictable that this criterion obtains a score of 100% to safeguard both the individuals with ASD and the research team.











 





Table 4. Analysis of included research articles in the systematic review of Peretti et al. [22].
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Issues and Sub-Issues
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I3 (Experimental

Design)

	
I4 (Intervention)
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I6 (Ethical

Aspects)
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To gain insights into the state-of-the-art, Table 5 captures these six key methodological issues (I) and their sub-issues (sI). The table also highlights for each issue and related sub-issues what aspects require further investigation and what elements, even if necessary, are entirely missing from current evaluation practices.





 





Table 5. State-of-the-art related methodological issues and sub-issues that emerged as outcomes of the systematic review in Peretti et al. [22].
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	ID
	Methodological Issue
	Methodological Sub-Issue
	Existing
	To Add





	I1
	Multidisciplinary Team
	
	x
	x*



	I2
	Sample Characteristics
	
	
	



	sI2a
	
	Sample Size
	x
	x*



	sI2b
	
	Age of Participants
	x
	x*



	sI2c
	
	Ratio Male:Female
	—
	x**



	sI2d
	
	ASD as the Control Group
	x
	x*



	sI2e
	
	With or Without

Intellectual Disability
	x
	x⌃



	sI2f
	
	Level of Severity

according to DSM-5
	x
	x*



	sI2g
	
	Excluded/Included CR
	x
	x*



	I3
	Experimental Design
	
	
	



	sI3a
	
	Statistical Design
	x
	x*



	sI3b
	
	Testing Methods-

Psychological Variables
	x
	x*



	sI3c
	
	Testing Methods-

Technological Measures
	x
	x*



	I4
	Intervention
	
	
	



	sI4a
	
	Level of Immersion
	x
	—



	sI4b
	
	Kind of Ability
	x
	x*



	sI4c
	
	Engagement
	x
	x*



	sI4d
	
	Acceptability
	x
	x*



	sI4e
	
	Usability
	x
	x*



	I5
	Level of Aversion or Negative

Effects of IVR Technology
	
	x
	x*



	I6
	Ethical Aspects
	
	x
	x*







Legend: x* = To be refined and integrated into the Evaluation Framework because it was incompletely covered. x** = To be added completely to the Evaluation Framework because it was never treated. x⌃ = Wording not to be used in the Evaluation Framework because it is obsolete and no longer used. — = Do not add anything to the Evaluation Framework because it is already specified.











Moving into the core of the methodological issues just described, a first preliminary observation is that except for the Level of Immersion sub-issue (sI4a) of the Intervention methodological issue (I4), all other methodological issues must be addressed comprehensively. The most troubling result is related to the Ratio Male:Female sub-issue (sI2c) of the Sample Characteristics methodological issue (I2) since it is not addressed by any of the scientific articles and reviews analysed in Peretti et al. [22]. In this regard, a male predominance is consistent in epidemiological data: ASD affects 2–3 times more males than females [57]. However, many studies ignored this aspect, with the consequence that samples are free of females. The sex-linked susceptibility emphasised the importance of stratification by sex of participant selection, especially in evaluating possible differences between males and females in the effects of technological interventions. Likewise, neglecting a component of a population, even with a lower prevalence, constitutes a methodological issue.



Moreover, another key methodological issue is the necessity of involving a Multidisciplinary Team (I1). Clinical and technological researchers should collaborate across disciplines in the development and design of such interventions. The results obtained from a previous systematic review have shown that more than half of the reviewed studies were conducted by an imbalanced team (for more detail, see [22]). A multidisciplinary team is the first step to avoid methodological issues in evaluating the efficacy and effectiveness of IVR-based SG for ASD individuals.



Another contentious result is related to the Sample Size sub-issue (sI2a) of the Sample Characteristics issue (I2). Overall, reviewed studies referred to small sample sizes. Consequently, their results have problems with consistency [26,101]. Indeed, the issue of sample size in scientific research involving clinical populations such as ASD resulted in a widespread issue: it did not allow for the generalisability of results [31]. There is a need for more randomised controlled trials with larger sample sizes and control of participant selection.



Similarly, no consensus exists on the Experimental Design methodological issue (I3) that should be used to evaluate the intervention’s success, even if this is an aspect more relevant to verifying the efficacy and effectiveness of the intervention’s results [1,34]. This methodological issue includes other methodological sub-issues, such as Statistical Design (sI3a) that refers to the kind of statistical analysis (e.g., pre-post design, between design, follow-up) used to analyse variables under study [22,60]. If there is no agreement on which to use to evaluate the same intervention effects, comparing obtained results appears difficult and impossible to generalise [60].



Furthermore, it would be necessary for the specificity of the intervention, i.e., IVR-based SG, to also evaluate the negative effects of IVR technology, e.g., nausea and dry eyes (i.e., Level of Aversion or Negative Effects of IVR Technology methodological issue (I5)). However, the results of a previous systematic review [22] revealed the absence of studies on the negative effects [21]. Considering and, above all, monitoring the possible negative effects associated with IVR is crucial, especially when working with clinical populations during rehabilitation intervention. The lack of results in the rehabilitation process could be a negative effect of the kind of the technology itself rather than the intervention [30,33].



Moreover, often overlooked, as it is not consistently reported in studies involving clinical populations, is the approval of the ethical committee after considering Ethical Aspects (I6). Obtaining approval from an ethical committee ensures several elements, ranging from participants being informed about the risks and benefits of the study to informed consent, providing evidence of their awareness or that of their authorised representatives [17].



Overall, it emerges that each of the methodological issues obtained by Peretti et al. [22] (see Table 5) undermines the possibility of conducting a proper evaluation of IVR-based SG interventions for an ASD individual. This awareness prompted us to make a greater effort by combining such evidence with what is actually known in the literature on this topic (e.g., [61,62,63,64,65,66,67,68]) to transform these methodological issues into criteria that can be addressed systematically, thus enabling controlled evaluation. The result is the identification of six methodological criteria and their sub-criteria, as illustrated in the following section. For each criterion, we provide guidelines on how to adequately meet it.





3. Results and Research Implications


3.1. From Methodological Issues to Methodological Criteria


In this section, we present the core of the present study: the six methodological criteria and their sub-criteria underpinned the Evaluation Framework for conducting evaluations of IVR-based SG interventions for ASD that yield reliable, effective, and efficient results. These methodological criteria emerge as a constructive response to the current methodological issues undermining the replicability of such interventions.



It is worth noting that the six methodological issues and sub-issues just described and that emerged as results of the systematic review in Peretti et al. [22] simply represent the starting point from which the six methodological criteria and sub-criteria emerge.



Indeed, the following methodological criteria and sub-criteria result from the joining of the outcomes obtained in Peretti et al. [22], the most recent referred references on the topic (e.g., [65,66,67,68]), and the most recent research articles describing IVR-based SG interventions for ASD (i.e., four articles: [61,62,63,64]). The deep study of these articles has also highlighted the same methodological issues, ranging from sample size to the lack of ethical committee approval.



Thus, the six methodological criteria and sub-criteria described below come to life as an overall solution to the issues that actually compromise the evaluation process for evaluating the efficacy and effectiveness of IVR-based SG interventions for ASD. The methodological criteria and sub-criteria are broken down as follows:




	C1 

	
Multidisciplinary team. It is recommended to have a multidisciplinary team that collaborates on the design, implementation, and evaluation of an IVR-based SG intervention for ASD. The team should include domain experts, such as experienced autism spectrum disorder psychologists, educators, and information and communication technology experts. The multidisciplinary team is particularly crucial when the technological system targets a clinical population, such as individuals with autism spectrum disorder [30,32,33,34]. It is desirable that in the design and development stages of technologies for ASD (e.g., [10,102,103]), end users and other stakeholders (e.g., family and caregivers) are also involved in making decisions about what is developed and how. This approach follows an inclusive and participatory methodology that is ethically more appropriate for designers and end products. Indeed, end users and other stakeholders are involved from the beginning of the process rather than being product testers [104,105,106,107]. Likewise, an inclusive and participatory methodology provides superior protection of the ethical aspects for autism spectrum disorder individuals [108,109,110].




	C2 

	
Sample Characteristics. This methodological criterion involves seven sub-criteria:




	sC2a 

	
Sample size. In order to ensure the discrete generalisability of the results, a sample size of at least ≥30 is recommended since it allows the distribution to be nearly identical to the normal curve. The need for a normal curve derives from the fact that it is the most common curve in nature if it assumes that the influences on the results are truly random. However, when the sample consists of clinical subjects, such as autism spectrum disorder individuals, it is much more complicated to ensure an adequate sample size. In order to overcome this issue, it is recommended to use a statistical test known as Power Analysis [111] at the beginning of the study to determine the appropriate sample size according to the research question.




	sC2b 

	
Age of participants. It is recommended to conduct studies with clustered age groups according to a universal age classification system, for instance, the one proposed by the World Health Organization, since most abilities are age-dependent.




	sC2c 

	
Ratio M:F. It is recommended that the sample under a study respects the male-to-female ratio of around 3:1 [57] since completely neglecting a component of the autism spectrum disorder population, even with a lower prevalence, could constitute a notable methodological issue.




	sC2d 

	
ASD as the control group. It is recommended that the entire experimental and control sample under a study consists of individuals with autism spectrum disorder. It is necessary to check the methodological criterion of inter-group comparability [112,113] by ensuring that the experimental intervention is the only discriminating variable between the two samples.




	sC2e 

	
With or without intellectual disability. It is recommended that studies provide information on the presence or absence of intellectual disability tested by specific and standardised tests since this information is essential for all aspects of research, from technology design to the type of skill to be treated.




	sC2f 

	
Level of severity according to DSM-5 It is recommended that studies published post-2013 define the level of autism spectrum disorder severity according to the DSM-5 [60] instead of using outdated diagnostic classifications, such as Asperger’s Syndrome. It would allow for appropriate and current diagnostic uniformity.




	sC2g 

	
Exclusion or inclusion. It is recommended to use both inclusion and exclusion sub-criteria. The first since ensuring that key characteristics of a target population are selected; the second since ensuring that potential participants that met the inclusion sub-criteria but have additional characteristics that could interfere with the success of the study are excluded [114,115]. Having inclusion and exclusion sub-criteria for clinical study participants is a standard, required practice for designing high-quality research protocols to ensure the generalisability of the results [115].










	C3 

	
Experimental Design. This methodological criterion involves three sub-criteria:




	sC3a 

	
Statistical Design. At the beginning of a study, it is recommended that studies plan the statistical analysis according to the specific research question. This planning allows for a methodologically controlled definition of the variables being studied. Likewise, all studies should always include a follow-up since it is necessary to verify the efficacy and effectiveness of an intervention over time [116,117,118].




	sC3b 

	
Testing method for psychological variables. In order to have a methodologically controlled study, it is recommended to define and adopt valid and standardised tests to evaluate the efficacy and effectiveness of the study itself [119,120].




	sC3c 

	
Testing method for technological measures. In order to have a methodologically controlled study, it is recommended to define and adopt valid and standardised tests to evaluate the efficacy and effectiveness of the study itself [119,120].










	C4 

	
Intervention. This methodological criterion involves five sub-criteria:




	sC4a 

	
Level of Immersion. Immersive virtual reality can have low, moderate, or high levels of immersion. It is recommended that studies specify the level of immersion and that they specify how much the level of immersion goes into impacting the outcome of the intervention.




	sC4b 

	
Kind of ability. It is recommended to define the type of ability focus of the research based on a known classifier, for example, the one proposed by the American Association on Intellectual and Developmental Disabilities [80], ensuring standard definitions enjoyable by different professional profiles.




	sC4c 

	
Engagement. It is recommended to evaluate engagement because if the study participants are not involved enough, they will not continue to use the system. Specifically, it is recommended to use objective measures to evaluate engagement, such as standardised tests and questionnaires that ensure replicable results (see, e.g., [9,24]).




	sC4d 

	
Acceptability. It is recommended, at the beginning of an intervention, to evaluate the acceptability for the success of it. For example, if an individual with severe autism spectrum disorder does not tolerate the use of HMD, an intervention implemented through an HMD may not be carried out. Specifically, evaluating the acceptability using standardised tests and questionnaires (e.g., Simulator Sickness Questionnaire [121]) that ensure replicable results is recommended (see, e.g., [9,24]).




	sC4e 

	
Usability. It is recommended to evaluate the usability since it is essential for proper human–computer interaction during the intervention. Specifically, it is recommended to use objective measures to evaluate usability, such as standardised tests and questionnaires that ensure replicable results (see, e.g., [9,122]).










	C5 

	
Level of Aversion or Negative Effect of IVR technology. It is recommended to consider this criterion since it is critical for the success of the intervention, especially for the clinical populations (e.g., [9,123,124]). Indeed, the intervention may be marred by several negative effects that are related to the use of immersive virtual reality [125]. These include cybersickness [125,126,127]. Cybersickness refers to a set of symptoms that can affect people when using immersive virtual reality technologies. These symptoms are like motion sickness and can include dizziness, headaches, eye fatigue, vertigo, and disorientation. Factors that can cause and exacerbate cybersickness include prolonged exposure to an immersive virtual reality-based experience, rapid movement in the field of view, lack of control over the immersive virtual environment, poor frame rate, and graphics quality [128]. Therefore, negative effects and recommendations for the use of such technology must necessarily be taken into account.




	C6 

	
Ethical aspects. It is recommended to have ethics committee approval before starting a study (for more detail, see [129]). An ethics committee must be declared within a study. Before starting the study, the study protocol must undergo evaluation and approval from an accredited research ethics committee [130,131,132,133,134]. This committee must maintain impartiality and transparency, free from conflicts of interest with researchers or sponsoring institutions. Protocol breaches or adverse events during the study should be reported promptly to the committee following established regulations [130,131,132,133,134]. Clinical studies must evaluate potential risks and benefits for participants. Researchers should minimise risks, monitor them continuously, and record risk factors. Participants should be fully informed about the study, voluntarily provide informed consent, and receive comprehensive information about the research, including purpose, method, expected benefits and risks, and conflicts of interest [130,131,132,133,134]. If a participant cannot provide consent, it must be obtained through a legally authorised representative (informed consent) [130,131,132,133,134].









At least three aspects ensure the quality of this process of transformation from issues to criteria:




	(i)

	
It is the result of a rigorous research method related to planning, conducting, and inferring the results of a systematic review, i.e., Kitchenam’s method [70];




	(ii)

	
Kitchenam’s rigorous method [70] was, in our case, enriched by the study of recent literature on this topic (e.g., [61,63,64,65,66]) and by the hard work conducted by a balanced multidisciplinary team of two psychologists with expertise in autism and research methodology and two ICT experts, especially in designing and developing IVR-based systems and SG;




	(iii)

	
The indications or suggestions provided for addressing each of the six methodological criteria and their sub-criteria are supported by established scientific evidence. For example, it is known from the relevant scientific literature [60,113] that the diagnosis of ASD as well as the indication of the level of severity of the disorder should be by the Diagnostic and Statistical Manual of Mental Disorders-5th (DSM-5). Therefore, to meet the Level of severity according to DSM-5 sub-criterion of the Sample Size methodological criterion, it is suggested to refer to DSM-5 and not to old diagnostic labels, such as Asperger’s Syndrome. Along these lines, we have suggested what is most scientifically established for all methodological criteria and sub-criteria.









The seamless weaving of these methodological criteria and sub-criteria form the core of the proposed Evaluation Framework. We delve deeper into this discussion in the following section, presenting the Evaluation Framework as a pocket guide that pushes usability.




3.2. Research and Practitioners Implications: A Pocket Guide Evaluation Framework


This section presents the Evaluation Framework for evaluating the IVR-based SG interventions for ASD individuals. For the methodological criteria and sub-criteria to become an Evaluation Framework intended as a usable tool (i.e., the extent to which a tool can be used by specified final users to achieve specified goals, with effectiveness, efficiency, and satisfaction in a specified context of use [135]), a user-centred design approach was adopted [136,137,138]. This approach pays special attention to the characteristics of the final users and the context of use where the tool will be used.



Therefore, we started by analysing the final users and the context of use:




	
Concerning the final users who will use the proposed Evaluation Framework, they are psychologists who are experts in research methodology but generally not experts in using technological devices. Likewise, they are confident with traditional, not advanced, easy-to-use technological devices and tools, such as computers and PowerPoint presentations, that are used from the very early years of university and clinical training.



	
In relation to the context of use in which the Evaluation Framework will be used, it is generally an indoor environment, and we do not expect it to be equipped with specific advanced technological equipment, such as high-performance network connectivity or robust internet access, as well as head-mounted displays. However, since this environment is still a highly professionalising context of use (e.g., academia or clinics), we guess there is, in the worst case, at least a computer.








The design of the Evaluation Framework, intended as a tool to be used by psychologists, was based on the worst case for the final user’s needs and capabilities and the characteristics of the context of use. In response to the discerned needs and requirements, we engaged in thoughtful consideration of various design proposals. These were ultimately funnelled into a specific conceptual design for the tool. Specifically, we identified as an adequate metaphor for the intended tool the concept of a pocket guide, i.e., a small, portable booklet or brochure designed to provide concise information on a specific topic, activity, or location. Pocket guides are typically intended for quick reference and easy accessibility and usability, making them convenient for professionals who need essential information at their fingertips [139].



Taking into consideration these methodological and structural constraints, we proposed to implement a pocket guide, envisioned as an interactive and usable PowerPoint presentation, serving as a tool to streamline the use of the proposed Evaluation Framework.



In what follows, the implementation of the PowerPoint presentation was presented, focusing on its static part and dynamic part:




	
Static Part—The PowerPoint Presentation incorporates a dedicated slide for each methodological criterion and sub-criterion. Each slide includes the following elements: (1) the name of the methodological criterion/sub-criterion, (2) a description of the methodological criterion/sub-criterion, (3) a visual representation of the methodological criterion/sub-criterion in the form of an icon to enhance understanding and retention, and (4) a TO-DO list of practical actions to address the associated methodological criterion/sub-criterion. Additionally, the PowerPoint presentation includes a brief overview of the Evaluation Framework and instructions on how to use and interact with it. Furthermore, a 6-colour rainbow palette is employed, with each colour corresponding to a specific methodological criterion.



	
Dynamic Part—The PowerPoint presentation offers two distinct approaches in browsing the Evaluation Framework. The first approach involves traditional linear navigation, where users can browse through the PowerPoint presentation using mouse clicks, the space bar, or arrow keys. This method is commonly familiar to the final users of the proposed Evaluation Framework. The second approach incorporates more interactive and nonlinear navigation, resembling the browsing found on websites. In fact, a main navigation menu is located at the top of each slide, allowing final users to quickly access different methodological criteria included in the Evaluation Framework. This navigation menu consists of seven items: an “Introduction” item and six items, each representing a specific methodological criterion. By clicking on a particular item, the corresponding slide is displayed (see, for example, Figure 2). Notably, when final users click on an item related to a methodological criterion that includes sub-criteria, a contextual sub-menu appears beneath the main navigation menu (see, for example, Figure 3 and Figure 4). This sub-menu enables final users to explore and interact with all the associated methodological sub-criteria.








In Figure 2, Figure 3 and Figure 4, we showcase some screenshots of the designed interactive PowerPoint presentation, which can be downloaded from the following link: https://gitfront.io/r/UnivaqRepository/QRfqxA1wTFUh/Evaluation-Framework/ (accessed on 2 April 2024). At the same link, a PDF version of the PowerPoint presentation is also available. This document can be printed and referred to as if it were a pocket guide, facilitating the ease of access and portability.




3.3. Utilising the Pocket Guide Evaluation Framework: An Example of Its Application


In this section, we present a practical example showing how to fulfil the six methodological criteria and sub-criteria underlying the Evaluation Framework. We guess that we will use our Evaluation Framework before conducting a research.



First of all, before starting research, it is necessary to establish the research question and the research hypothesis. In our example:




	
Research Question: Is an Immersive Virtual Reality-based Serious Game intervention more effective than a traditional non-technology mediated approach in enhancing social cognition skills in adolescents with ASD?



	
Research Hypothesis: Researchers anticipate that employing an Immersive Virtual Reality-based Serious Game, with its immersive technology and serious game learning strategy, will be more effective in enhancing social cognition skills among adolescents with ASD compared to traditional interventions (e.g., Multimodal Anxiety and Social Skill Intervention for Adolescents with Autism Spectrum Disorder [140]).








Based on these, it is possible to proceed to fulfil the six methodological criteria:




	C1 

	
Multidisciplinary team. We plan to engage psychologists with a background in ASD interventions for social cognition, as well as experts in ICT, SG, and IVR from the early stages of the study.




	C2 

	
Sample Characteristics.




	sC2a 

	
Sample size. To determine the sample size for our future study, we will employ power analysis [111], given the challenge of recruiting adolescents with ASD, particularly for the IVR-mediated experimental condition. We guess, as a result of our power analysis, that we will have to reach a minimum total sample size of 55 individuals to ensure that the study has adequate statistical power to detect significant effects or differences.




	sC2b 

	
Age of participants. The study will be conducted on a group of 55 ASD adolescents with a range of ages 13–15.




	sC2c 

	
Ratio M:F. The sample of 55 adolescents with ASD will be composed of 41 males and 12 females to reflect the male-to-female ratio around 3:1 [57].




	sC2d 

	
ASD as the control group. To check the methodological criterion of inter-group comparability [112,113], the control group will consist of adolescents with autism. Therefore, the sample of 55 persons will be randomly divided as follows: the experimental group (SG intervention based on IVR) will contain 28 adolescents with ASD (20 males and 8 females); the control group (traditional non-technology mediated intervention) will contain 27 adolescents with ASD (20 males and 7 females).




	sC2e 

	
With or without intellectual disability. All 55 participants in the study will not have an intellectual disability.




	sC2f 

	
Level of severity according to DSM-5 All 55 study participants will have a diagnosis of ASD with severity level 1 (support needed), i.e., the least impaired condition.




	sC2g 

	
Exclusion or inclusion. The following exclusion criteria will be set: (1) all individuals with an intellectual disability; (2) all individuals with psychiatric disorders in comorbidity; (3) all individuals who have had previous negative experiences with IVR; (4) all individuals who have a history of epileptic seizures; (5) all individuals who suffer from emotional sickness; (6) all individuals with a diagnosis of autism with a severity level other than 1; (7) all individuals who are adolescents but not in the age range 13–15.










	C3 

	
Experimental Design.




	sC3a 

	
Statistical design. The statistical design of the study will be a between-group comparison. A follow-up will also be planned to monitor the effects of both interventions.




	sC3b 

	
Testing method for psychological variables. The following measures of social cognition will be used: Eyes Tasks [141], Basic Empathy Scale [142,143].




	sC3c 

	
Testing method for technological measures. Usability, acceptability, and negative effects will be assessed by means of standardised questionnaires (e.g., Virtual Reality Usability Questionnaire [144] and Simulator Sickness Questionnaire [121]). In addition, the engagement of participants will also be assessed through selected behavioural observation measures [9,24].










	C4 

	
Intervention.




	sC4a 

	
Level of immersion. The study will be conducted using highly immersive virtual reality technologies (i.e., HMD), as the literature suggests that a high level of immersion is the most effective in improving the learning abilities of people with ASD [6,23,24].




	sC4b 

	
Kind of ability. In this future study, the target abilities will be those of social cognition, which, according to the American Association on Intellectual and Developmental Disabilities [80], fall under the category of social skills.




	sC4c 

	
Engagement. For the assessment of engagement, several metrics will be set according to a Likert scale (e.g., 1–5) in terms of emotional participation, suspension of disbelief (i.e., the extent to which the virtual world is temporarily accepted as reality); bodily participation (i.e., the extent of body movement during the immersive experience); virtual world exploration [9,24]).




	sC4d 

	
Acceptability. Acceptability will be measured by means of the standardised Simulator Sickness Questionnaire test [121]. In addition, acceptability for the use of HMD will be examined in terms of readiness for use and a number of factors related to possible unpleasant physiological effects or discomfort (e.g., motion sickness and digital eye fatigue) measured as dichotomous values (i.e., yes or no).




	sC4e 

	
Usability. Usability will be measured using the Virtual Reality Usability Questionnaire [144]. In addition, we assessed usability by looking at the following aspects: autonomy in handling the device (e.g., support required from operators during the study).










	C5 

	
Level of aversion or negative effect of IVR technology. All factors that could increase the risk of cybersickness (e.g., rapid movement in the field of view and poor frame rate) will be considered in the design process. In addition, the standardised Simulator Sickness Questionnaire [121] will be used to assess the level of cybersickness experienced by users. All participants will be instructed to stop the study if they experience symptoms of cybersickness.




	C6 

	
Ethical aspects. Participants will have been tested individually in a quiet room according to the principles established by the Declaration of Helsinki. The pre-departure investigation will be approved by the Ethics Committee of Hospital XXX (report the number code), which will approve the experimental protocol before participants are recruited, according to the principles established by the Declaration of Helsinki. Written informed consent will be obtained from all accompanying persons of participants prior to the study.











4. Conclusions and Future Work


The present paper arises from the evidence that the evaluation process for evaluating the efficacy and effectiveness of IVR-based SG interventions for ASD is currently a black hole. In fact, it can be like a black hole since there is no light shed on the evaluation protocols, nor are there any guidelines to follow for conducting an evaluation that provides reliable results.



A systematic analysis of the literature on the topic [22] accompanied by a study of recent literature on this topic (e.g., [61,62,63,64,65,66,67,68]) revealed the presence of several methodological issues underpinning the evaluation process: it can be like a black hole since it does not produce rigorous scientific studies to show the efficacy of IVR-based SG interventions for ASD and in real-world applications of such intervention; the effectiveness is reduced [35,36]. Among these methodological issues, the need for a multidisciplinary team and the involvement of stakeholders in the evaluation process, although already addressed in the literature related to this field of research, remain unresolved [30,33,61,145]. Meanwhile, other methodological issues, such as the negative effects associated with technology or ethical aspects, are completely underestimated despite their potentially crucial role in a proper evaluation [22]. In the field of studies concerning reliability, efficacy, and efficiency [44,45,69,146], it is widely recognised that properly addressing the methodological issues could produce a rigorous evaluation process.



In the wake of this, the present paper aimed to propose an Evaluation Framework as a pocket guide, encompassing all the necessary criteria for conducting a rigorous evaluation of the efficacy and effectiveness of IVR-based SG interventions for ASD, avoiding methodological issues.



To this end, two flows were followed:




	(i)

	
Methodological issues were transformed into methodological criteria necessary to conduct a rigorous evaluation. The quality of the transformation process from methodological issues to methodological criteria was ensured by at least three aspects. First, they are the results of a rigorous research methodology approach in planning, conducting, and inferring the results of a systematic review, i.e., Kitchenam’s method [70]. Secondly, Kitchenam’s method [70] was enhanced by the study of recent literature on this topic, e.g., [61,62,63,64,65,66,67,68] and by the strenuous efforts of a well-balanced multidisciplinary team, consisting of two psychologists skilled in autism and research methodology and two ICT experts specialising in designing and developing IVR-based systems and SG. Lastly, the guidelines to address the methodological criteria and their sub-criteria are firmly rooted in established scientific evidence.




	(ii)

	
A usable tool was proposed for the methodological criteria to become an Evaluation Framework. The quality of the process involved in designing and developing the Evaluation Framework is assured by adopting a user-centred approach [136], which places particular emphasis on the end-users, such as psychologists experienced in research methodology, and the context of use, typically research centres, hospitals, and clinics [30,32,33,34]. The dedicated efforts of our multidisciplinary team further enriched this user-centred approach: the decision to select a usable tool for disseminating the Evaluation Framework resulted from the joining of different professional profiles proficient in all the necessary aspects for creating and using such a framework.









As a result of fulfilling these two flows, supported by the collaborative efforts of the multidisciplinary team, the Evaluation Framework came to fruition. That framework has twofold strength as a result of both quality processes (i) and (ii): the first strength is that we have not only created six methodological criteria and sub-criteria, but have each produced specific guidelines to meet them. That makes the proposed Evaluation Framework highly generalisable since it can be used in any evaluation study to evaluate the efficacy and effectiveness of IVR-based SG for ASD individuals. In fact, within the proposed framework, all the methodological criteria necessary to conduct such an evaluation are brought together [60,69]. Notably, our study sheds light on the often-overlooked issues, such as the underreporting of negative effects associated with technology and the approval of ethical committees [28,125,130,131,132,133,134]. Addressing these issues is imperative for ensuring the replicability and stability of results over time and across different conditions.



The latter strength lies in providing the usability of the proposed tool through its easy accessibility and user-friendliness. To achieve this, we adopted the visual metaphor of a pocket guide. Indeed, a pocket guide is a small, portable booklet or brochure designed to provide concise information on a specific topic, activity, or location [139].



Considering these methodological and structural constraints, we proposed to implement a pocket guide, envisioned as an interactive and usable PowerPoint presentation, serving as a tool to streamline the use of the proposed Evaluation Framework. Thus, the proposed Framework could work as a pocket guide for researchers, ensuring the conduction of evidence-based intervention studies for ASD.



The primary result of the present study is well-supported by the practical example of applying such an Evaluation Framework (Section 3.3) to conduct a research study on IVR-based SG interventions for ASD. Indeed, having access to such a framework structures the researchers’ activity from the outset by mandating the definition of the research question and research hypothesis. The fulfilment of the six methodological criteria and their respective sub-criteria, while well-guided by standards supported by the literature, is closely dependent on the research question and research hypothesis. Additionally, the proposed framework is customisable in content, as it provides a standardised structure for conducting methodologically rigorous evaluations, the contents of which can be adapted as needed. For example, we could use such a framework as a starting point to employ different technologies and a different population from those proposed in this study. Indeed, the proposed methodological criteria are cross-cutting and easily applicable to the field of rehabilitative interventions and clinical populations.



Looking ahead, the proposed Pocket Guide Evaluation Framework could be the first significant step in shedding light on the current black hole in the process of evaluating IVR-based SG interventions for individuals with ASD. In fact, it not only serves as a practical guide, but also as a catalyst for positive change in the clinical ASD field. Its dissemination could promote the flourishing of reliable and rigorous studies, as well as a greater readiness of clinicians to adopt such interventions in real-life settings.



By doing so, we strive to enhance the efficiency, effectiveness, and generalisability of interventions, ultimately improving the lives of individuals with ASD and addressing the growing societal and economic challenges associated with the disorder.



In conclusion, we plan to test and validate our framework through several future works. First, we will apply the framework in a real-world setting to gauge its empirical validity. Second, we will test it across various contexts to assess its adaptability and generalisability. Third, we will continuously refine the framework based on user and stakeholder feedback, updating guidelines and incorporating new practices. Lastly, we aim to promote collaborative research initiatives to encourage broader use of the framework among researchers, clinicians, and educators, ensuring the dissemination of reliable studies.
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Figure 1. Study Selection and Quality Assessment process conducted within the systematic review reported in [22]. 
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Figure 2. Evaluation Framework: Multidisciplinary Team methodological criterion slide. 
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Figure 3. Evaluation Framework: Sample Characteristics methodological criterion slide. 
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Figure 4. Evaluation Framework: Sample Size methodological sub-criterion slide. 
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Table 1. List of search terms of the systematic review reported in Peretti et al. [22]. The three main terms are in bold in the first row, and their alternative forms are in their respective columns.
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	Autism Spectrum Disorder
	Immersive Virtual Reality
	Serious Game





	Autism
	Immersive Virtual Environment
	Educational Game



	ASD
	HMD
	



	
	CAVE
	



	
	Virtual Reality
	










 





Table 2. Inclusion factors of the systematic review reported in [22].
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	IN1
	Research articles published between January 2009 and July 2021



	IN2
	Research articles written in English



	IN3
	Research articles published in peer-reviewed journals or conference proceedings



	IN4
	Research articles having the full text available (not only title and abstract)



	IN5
	Research articles focusing on the rehabilitation of individuals with ASD



	IN6
	Research articles dealing with IVR-based SG rehabilitative interventions



	IN7
	Research articles reporting the evaluation of the proposed rehabilitative interventions










 





Table 3. Exclusion factors of the systematic review reported in [22].






Table 3. Exclusion factors of the systematic review reported in [22].





	EX1
	Research articles published before 2009



	EX2
	Research articles that are not written in English (e.g., Chinese)



	EX3
	Research articles of the following types: surveys, reviews, systematic reviews, meta-analyses, editorials, dissertations, theses, technical reports, student reports, posters, and unpublished works



	EX4
	Research articles that have duplicates



	EX5
	Research articles whose full text is not available nor obtained after a precise request to authors



	EX6
	Research articles that do not deal with the topics of the systematic review (e.g., learning environment for nurses education)



	EX7
	Research articles focusing on other health conditions (e.g., motor disabilities) or mental disorders (e.g., dementia)



	EX8
	Research articles presenting interventions for ASD caregivers (e.g., parents and therapists) and not for individuals with ASD



	EX9
	Research articles with a different purpose than rehabilitation (e.g., diagnosis)



	EX10
	Research articles presenting interventions not implemented as SG



	EX11
	Research articles presenting interventions not realised with IVR (e.g., robots)



	EX12
	Research articles that do not report the evaluation of the proposed rehabilitative interventions
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