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To Play or Not to Play: A Systematic Review of Digital Games in the Educational Curriculum for Children with Autism Spectrum Disorder and/or Intellectual Disabilities.
Autism Spectrum Disorder (ASD) is a multifaceted, lifelong neurodevelopmental condition that is characterised by ongoing deficits in fundamental social and communication skills as well as the existence of repetitious and constrained patterns of behaviour (American Psychiatric Association, 2013). The Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5) describes an Intellectual Disability (ID) as a condition that presents during a child’s developmental phase and encompasses intellectual and adaptive functioning deficits. 
Typically developing children acquire cognitive concepts, such as time, imaginative play, theory of mind, and social skills from their environment and the people around them (Chevallier et al., 2012; Gowen, 2012; Peterson et al., 2007). However, understanding and acquiring these cognitive constructs and social skills can pose a challenge for people with ASD and/or ID. According to the WHO, approximately 1 in 100 children worldwide have ASD (WHO, 2023). The global prevalence of ID is estimated to range between 1% and 3% (Patel et al., 2020). The severity of an ID can vary from mild, moderate, severe, and profound. Individuals with a mild severity typically demonstrate difficulties with language and academic skills (American Psychiatric Association, 2013), however with sufficient support they may be able to acquire skills such as reading and writing. People with a moderate ID are often limited in their capability to acquire and attain basic language and academic skills and they may also have difficulty with social interactions (Patel et al., 2020). Individuals with a severe ID demonstrate significant language, communication, and self-care challenges (Snell et al., 2009). People with severe ID require continuous intensive support with all daily living activities (Patel et al., 2020), whereas people with a profound ID are associated with significant impairments in communication, academic, and self-care skills (American Psychiatric Association, 2013; Patel et al., 2020). The latter are entirely dependent on those caring for them. 
 In recent years, there has been a significant increase in the development of assistive technology applications designed to support and assist individuals with ASD and/or ID (Atherton & Cross, 2021). Digital games are interactive games played on a computer or other electronic devices that provide a secure learning environment where individuals can practice approaches or skills that may pose a danger or risk in the physical world. (Bryce & Rutter, 2006). Digital games have emerged as a promising tool for education and skill development, particularly for individuals with ASD and/or ID, who may struggle with conventional learning approaches. Digital games offer structured, interactive, visually engaging learning experiences, which can help overcome challenges with attention, motivation, and engagement (Yahya et al., 2023).
Digital games appear to be gaining traction in educational and treatment initiatives as tools to assist people with ASD and/or ID. For instance, Battocchi et al., (2009) evaluated the effects of an interactive game designed to improve and promote collaborative skills in children with autism. Their results indicated a positive effect for collaboration between the participants through the interactive game. Furthermore, research suggests that digital games can promote social and cognitive skills (Rogerson et al., 2018). A multiplayer game, for example, provides the opportunity for joint attention and engaging in acceptable social responses to other users. Additionally, digital games can serve as a platform for individuals to develop friendships through shared motivations and interests in the theme of the game (Atherton & Cross, 2021). This may be particularly advantageous for those with ASD and/or ID who may be highly dependent on adult assistance (Milley 2012).   
A key advantage of digital games is their adaptability to individual interests (Morris et al., 2010). Individuals with ASD frequently have specific interests, and digital games can be customized to align with these interests while also targeting specific skill-building components making this form of assistive technology attractive for both users and their socially significant others. Moreover, research indicates that individuals with ASD often enjoy using technology systems, as they provide a reliable and secure environment (Valencia et al., 2021). Given these benefits, digital games have the potential to bridge gaps in learning and socialization for individuals with ASD and/or ID by offering unique alternatives and opportunities to enhance learning, improve engagement, and promote social skills in ways that traditional methods may not.  
Despite the growing adoption of digital games in educational settings, research on their effectiveness for individuals with ASD and/or ID remains limited. While many games are designed for general education, fewer have been specifically developed to address the unique cognitive, social, and sensory needs of this population. Without a clear understanding of the most effective game features and design elements, developers risk creating products that fail to engage or support learning outcomes for these individuals. By identifying which features enhance learning, engagement, and social interaction, developers can design more inclusive and effective digital learning tools tailored to the needs of individuals with ASD and/or ID.
Educators, therapists, and caregivers lack comprehensive guidance on how to best implement digital games in educational settings. This knowledge gap is particularly concerning given the increasing numbers of people diagnosed with ASD and/or ID (Myers et al., 2018; McKenzie et al., 2016). It is vital to develop strategies and interventions that assist individuals with ASD and/or ID, but also provide valuable insights for their family members, educators, and game developers. While some studies have examined the use of digital games, there has been no systematic review synthesizing their efficacy, challenges, and best practices to support the progression of skills in the educational curriculum for this population. 
Currently, a synthesis of literature is needed to guide digital game developers and to inform educational best practice guidelines concerning the use of these software packages. Educationalists particularly need to know about the optimal usage of this assistive technology, challenges to its usage, and its efficacy. 
The Current Review 
The purpose of this systematic review was to analyse and synthesize the literature concerning digital games as an assistive technology for students with ASD and/or ID, in educational contexts. This review aimed to address the gaps in the literature by identifying the software that has been used for digital games and identifying the educational skills that have been targeted through their usage. It also aimed to determine the efficacy of using digital games and to identify the challenges and advantages experienced using digital games. Finally, the review also aimed to examine the methodology used to investigate digital games in this context. 
Methods
This systematic review followed the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-analyses (Page et al., 2021). 
Search Strategy 
A thorough systematic search of the literature was conducted using the following 6 databases: PsycINFO, ERIC, Scopus, Web of Science, ProQuest & IEEE. In the databases, searches were conducted by inputting the key search words listed in Table 1. These were adapted according to the requirements of the databases. The publication year of studies was restricted to studies from the year 2010 to March 2023. Only peer-reviewed papers which were published in the English language were considered for inclusion. For inclusion, papers also needed to involve children with any type of ASD and/or ID diagnosis, who were aged 4- 17 years, who participated in playing digital games with a focus on education and social skills. Eligibility criteria were summarised in Table 2. Initial searches identified 5062 results. Database search results were imported to Rayyan Qatar Computing Institute Application (Rayyan QCIA; Ouzzani et al., 2016) software, where they were deduplicated. After 976 duplicates were removed 4086 items remained.

Table 1: 
Key search words
	 Population  
	Phenomenon of Interest  

	Autism  
	 OR  
	Intellectual Disability  
	AND  
	Digital Games  
	AND  
	Education/Access to Education  

	‘Autis*’ OR ‘ASD’ OR  
‘Asperger*’ OR ‘autism spectrum disorder’ OR ‘Developmental Disab*’   
	
	‘Intellectual Disability’ Or ‘cognitive disability’ OR ‘low IQ’ OR ‘intelligen* quotient’ OR ‘developmental delay’ OR ‘Down syndrome’   
	
	‘Digital game*’ OR ‘video game*’ OR ‘electronic game*’ OR ‘gaming’ OR ‘digital recreation’ OR ‘Virtual Game*’ OR ‘Computer* game*’ OR ‘Computer* Simulation*’ OR ‘Computer Generated Reality’
	  
	[bookmark: _Int_Hagp93MI]‘mathematical competition’ OR math* OR vocab* OR knowledge OR literacy OR educat* OR learn* OR School* OR student* OR Pupil* OR scholarship OR communicat* OR social OR participat* OR express* OR verbal*  






Table 2: 
Eligibility Criteria  
	[bookmark: _Hlk189734938]Inclusion  
	Exclusion  

	Empirical studies published in English in journals, articles, conference proceedings, and dissertations.  
	Reports, Reviews, Editorials.   

	Studies must involve people diagnosed, or self-reporting as being autistic and/or people with intellectual disability.   
	Studies involving the training of clinicians or trainee clinicians and teachers.    

	Study participants must be aged between 4-17. Studies can also include participants over 18 provided data for participants aged 4-17 can be distinguished from those pertaining to those over 18.   
	Studies that only involve people over 18.  

	Participants must test or use digital games.   
	Studies in which the participants do not have direct access/contact with the digital games.   

	Studies focusing on digital games for teaching/learning subjects on the educational curriculum or that allow access to the educational curriculum.   
	Exclude studies where digital games are used for entertainment.   

	Studies can use any research design.  
	The methodology of the study is not reported in detail.   


  
 
Study Selection 
First-level screening of all identified publications was conducted using Rayyan QCIA (Ouzzani et al., 2016) software. All researchers (EC, AC, JB, RB, EC) worked independently to screen the title and abstract of each publication against the eligibility criteria. This resulted in the retention of 167 papers with 72.4 % inter-reliability between all reviewers. Following this, all researchers (EC, AC, JB, RB, EC) collectively reviewed and discussed papers on which there was disagreement to dissolve discrepancies and to determine eligibility. Subsequently, all researchers (EC, AC, JB, RB, EC) independently reviewed the full text of the first 10 % of retained papers which resulted in an interrater reliability of 87.5%. Papers on which there was a disagreement were discussed and reviewed by researchers as a group and their eligibility was determined. Researchers then screened the remaining papers and conjointly debated to determine their eligibility. This resulted in the retention of 18 papers. To identify potential additional papers, researchers reviewed reference lists of relevant papers via hand-search as well as a search of the Google Scholar Index for citations of retained relevant studies. This resulted in 0 relevant studies being identified to be incorporated into the review. The summary of the paper selection processes is contained within the PRISMA (Page et al., 2021) flow diagram below (Figure 1).
Data Extraction, Data Analysis, and Quality Assessment 
Data extraction was undertaken collaboratively by three researchers (RB, EC, EC) and fundamental details were identified from included studies. Essential data extracted were then placed in a bespoke data extraction table template. A meta-analysis was not conducted as the included studies were heterogeneous. Alternatively, the included studies were examined in detail using an iterative process to enable the identification of themes, differences, and commonalities that were relevant to the review objectives. 
Quality appraisal of the studies was conducted by researchers (AC, JB, SW) using the Quality Assessment for Diverse Studies (QuADs) tool (Harrison et al 2021). The QuADs tool assesses study quality through a 13-criteria checklist, including research aims, study design, sampling, data collection methods, analysis, and ethical considerations. The tool enables researchers to evaluate each study in the context of its research aims, consider the extent to which reporting standards are met, and discuss its relevance within the context of their review (Harrison et al., 2021). Each criterion is scored on a 4-point scale from 0 (no mention at all) to 3 (complete/detailed description). Before starting the quality assessment, the researchers reviewed and discussed the 13 criteria checklist and its administration instructions. The researchers applied the QuADs criteria to three studies independently. Following this, the researchers met to discuss their scoring, identified any inconsistencies, and resolved them collectively, to achieve 100% consensus. The remaining studies were assessed independently using the QuADS tool. Following this, the researchers again discussed and cross-checked their quality appraisal ratings on all studies which resulted in a 100 % consensus of appraisals.
Figure 1: PRISMA Diagram
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Results
Table 3 presents the data extracted from the 18 studies included in the review and provides the key findings relevant to the review aims. The quality appraisal of the studies revealed that the methodological quality of the publications was rated high to moderate. The QuADS scores ranged from 16 to 36, and the mean, median, and mode were 26.05, 27, and 30, respectively. 
Diagnoses of Participants 
Only three studies specified how the ASD and/or ID diagnoses of participants were made (Bono et al., 2016; Jouen et al., 2017; Kim & Lee, 2021). Bono et al. (2016) and Jouen et al. (2017) included students diagnosed by the Department of Adult and Child Psychiatry Hospital and Department of Child Neuropsychiatry; while Kim and Lee (2021) included participants who scored less than 70 on the Wechsler Intelligence Scale for Children (WISC) by a psychologist or other specialist. The remaining studies only named the diagnosis. 
[bookmark: _Int_QWtK99qu]In five out of 18 studies, participants were individuals with mild to moderate intellectual disability or ‘higher functioning’ autism (Bakker, Heuvel-Panhuizen & Robitzsch, 2016; Bendak, 2018; Everhart, Morgan & Park, 2011; Pareto, 2012; Nazrul-Islam et al., 2022). Other studies did not specify the severity of ID, ASD, or Down Syndrome (Bono et al., 2014; Bossavit & Parsons, 2018; Cunha & Barbosa, 2012; Fantasia et al, 2020; Jeekratok et al., 2014; Jouen et al., 2017; Kim & Lee, 2021; Milne et al.,2018; Najeeb et al., 2020; Porter,2022; Wagle et al., 2021). Therefore, it is difficult to conclude how these games may benefit individuals with varying degrees of ASD and/or ID severity. Porter (2022) examined the impact of a bespoke maths game on children with Down syndrome. Down syndrome is a common cause of ID, and its inclusion in this review aligns with the broader focus of ID. As individuals with Down syndrome typically experience mild to moderate ID, research involving this population is relevant for understanding how digital games may support individuals with ID more generally. Yakkundi et al. (2017) involved participants who all had an autism diagnosis, one participant had no co-occurring ID, one had a moderate ID, and one had a severe ID. This study allowed comparisons to be made between the varying abilities. Although all three students made progress with their reading skills, the student with no ID and the student with a moderate ID made more significant progress in their reading skills. However, the student with a severe ID still made improvements in the use of the reading program and readiness to learn.
Software of Digital Games and their Targeted Skills
Among the reviewed studies, only two used the same gaming platform called Gaming Open Library for Intervention in Autism at Home (GOLIAH; Bono et al., 2016; Jouen et al., 2017). GOLIAH consists of various computer games that include target stimuli for assessment and interventions for skill acquisition (Bono et al., 2016). Every other study used a unique game. However, the devices utilized across the studies were iPads, laptops, and projectors on the wall (Bakker et al., 2016; Cunha & Barbosa, 2012; Fantasia et al., 2020; Jeekratok et al., 2014; Jouen et al., 2017; Khowaja et al., 2018; Milne et al., 2018; Nazrul-Islam et al., 2022; Parsons, 2018; Yakkundi et al., 2017). While the games varied, many studies focused on developing the same or similar education-related skills.  
A wide range of skills were taught across the 18 studies. These included vocabulary skills (Cunha & Barbosa, 2012; Khowaja et al., 2018), mathematics skills (Bendak, 2018; Bakker et al., 2016; Pareto, 2012; Porter, 2022), and geography knowledge (Bossavit & Parsons, 2018). Some studies focused on social and behavioural skills, such as arranging and organising belongings, empathising with others, and following rules (Jeekratok et al., 2014), as well as basic social skills like listening and turn-taking (Milne et al., 2018). Others focused on cognitive skills (Kim & Lee, 2021; Nazrul-Islam et al., 2022; Wagle et al., 2021), imitation and joint attention skills (Bono et al., 2016, Jouen et al., 2017), basic academic skills (Everhart, Morgan & Park, 2011), and reading skills (Yakkundi et al., 2017).  
Methodologies Used 
As outlined in Table 3, the efficacy of digital games has been assessed through various analyses and measures. These included individualised measures utilized in single-subject research designs (Bossavit & Parsons, 2018; Cunha & Barbosa, 2012; Everhart et al., 2011; Khowaka et al., 2018; Porter, 2022), and psychometrically valid measures (Bakker et al., 2016; Bendak, 2018; Fantasia et al., 2020; Jeekratok et al., 2014; Kim & Lee, 2021). While some studies conducted statistical analyses, others relied on alternative research designs, such as single-subject studies to evaluate the effectiveness of games (Bossavit & Parsons, 2018; Khowaja et al., 2018; Porter, 2022).  
Bossavit and Parsons (2018) conducted a visual analysis with individual graphs to illustrate outcomes, as statistical analysis was not possible due to missing data. The results showed that focus increased and withdrawal behaviours decreased as participants became more familiar with the game. In contrast, Jeekratok et al. (2014) used non-parametric Wilcoxon Signed-Rank tests and parametric t-tests to compare pre-test and post-test scores on behaviour changes in children with ASD after using web-based games and social stories. Their findings showed a significant increase in post-test scores across three targeted behaviours (Z = 2.81, 2.81, 2.80, p < .05), with t-tests confirming significant differences (p < .01).  Bakker et al. (2016) used regression analyses to assess the effect of a mathematics intervention, finding significant improvements in declarative multiplication knowledge (d = 0.39, p = .047). A range of measures were used to assess learning outcomes including the Woodcock-Johnson III, Test of Achievement limited to the calculation section (Bendak, 2018), Raven’s Coloured Progressive Matrices (RCPM; Fantasia et al., 2020), and direct observations (Pareto, 2012). Table 3 provides a detailed summary of the methodologies, analyses, and measures employed across studies. 
Instruction Method 
The instruction methods used in digital games were not consistently reported across studies. However, several studies incorporated instructional methods originating from Applied Behaviour Analysis, namely discrete trial teaching and various positive reinforcement contingencies (Bakker et al., 2016; Bono et al., 2016; Cunha & Barbosa, 2012; Jouen et al., 2017; Khowaja et al., 2018; Milne et al., 2018; Yakkundi et al., 2017). Bossavit and Parsons (2018) evaluated a game that used two interaction techniques: the body menu and the mouse menu. For the body menu, games were projected 2 meters away on a wall, and participants played by moving body parts that were identified using Microsoft Kinect. The study found that the mouse interface led to better engagement with the task and increased awareness of others, likely due to its familiarity and reduced cognitive and physical demands (Bossavit & Parsons, 2018). This aligns with findings from other studies in this review that discrete trial teaching, characterized by structured, low distraction learning environments, effectively enhanced skill acquisition in individuals with autism (Cunha & Barbosa, 2012; Everhart et al., 2011; Khowaja et al., 2018).
Efficacy of Digital Games  
Fifteen of the games were successful in increasing the target skills of participants with ASD and/or ID (Bakker et al., 2016; Bono et al., 2016; Bossavit & Parsons, 2018; Cunha & Barbosa, 2012; Everhart, Morgan & Park, 2011; Fantasia et al., 2020; Jeekratok et al., 2014; Khowaja et al., 2018; Kim & Lee, 2021; Milne et al., 2018; Najeeb et al., 2020; Nazrul-Islam et al., 2022; Pareto, 2012; Porter, 2022; Yakkundi et al., 2017). For example, Khowaja et al. (2018) found that all participants successfully learned vocabulary items using a serious game prototype, with retention maintained for two weeks post-intervention. Similarly, Milne et al. (2018) found that participants using the Social Tutor software showed a significant improvement in social skills knowledge (p = .005, d = 0.81).  However, not all studies found significant effects (Bendak, 2018; Joeuen et al., 2017; Wagle et al., 2021). It should also be noted that some data were missing due to student absences from school (Bakker et al., 2016) and it is difficult to determine the impact of digital games when control groups were still receiving treatment as usual (Jouen et al., 2017).
Several studies highlighted the crucial role of adults in facilitating game-based learning. In some studies, teachers introduced games through structured lessons, including instructional videos and discussions before and after gameplay to enhance learning outcomes (Bakker et al., 2016). Other studies implemented multi-player platforms where therapists or parents actively collaborated with children to complete tasks (Bono et al., 2016). The presence of teachers or caregivers was also found to be essential for students who required additional communication support, such as prompting through gestures or verbal cues (Evehart & Park, 2011). Some interventions emphasized continuous monitoring, with teachers or parents tracking student progress and adjusting game parameters via mobile applications (Nazrul-Islam et al., 2022). These findings suggest that while some games were designed for independent play, many incorporated adult facilitation as a key component to maximize engagement and learning outcomes.
Many of the reviewed studies emphasized the role of incentives in fostering attention and engagement. Games commonly incorporated reward-based systems, such as increasing scores, visual reinforcements (e.g., smiley faces), and auditory praise (Bakker et al., 2016; Bono et al., 2016; Jouen et al., 2017). These elements were designed to provide immediate feedback and encourage sustained participation. Some interventions used more complex motivational systems, such as multi-tiered rewards, virtual characters offering praise and hints, and the ability to customize rewards based on individual student preferences (Milne et al., 2018). The inclusion of choice and adaptive game mechanics, such as letting players select tasks or adjusting the level of difficulty, further contributed to maintaining attention and motivation (Porter, 2022).
Social Skills and Turn-Taking Skills
Milne et al. (2018) used autonomous virtual humans to teach basic social skills. Their results indicated a slight change in mean for the control group post-intervention which was insignificant: t (11) = .56, p = .59, d = .16. For the experimental group, there was a larger, significant mean change: t (15) = 3.25, p = .005, d = .81, showing the effectiveness of the software. Two-way ANOVAs were also conducted although this showed no significant difference due to the small sample size, F (3, 30) = 3.42, p = .03. 
Recognition and Memory Skills
Fantasia et al. (2020) compared two groups, the active group where participants could choose the order and pacing of the study, and the yoked group where participants watched the participants in the active group make the decision and completed it according to what the other participants chose. They found that there was higher accuracy in recognition of stimuli from the memory game in the active condition compared to the yoked condition (active: M = .63, SD = .20; yoked: M = .53, SD = .20), and these improvements persisted (active: M = .54, SD = .22; yoked: M = .48, SD = .20).  
Geography Knowledge
Bossavit & Parsons (2018) found that as the lessons went on, on average, the students gave more accurate responses on geography-specific knowledge during the game. The three participants, who had valid data, scored higher on post-test scores compared to pre-test scores measuring geography knowledge. However, the study did not report specific statistical analyses, such as mean differences, effect sizes, or significance levels.
Imitation and Joint Attention Skills
 Jouen et al. (2017) used the GOLIAH gaming platform to teach imitation and joint attention skills. Although correct responding did increase for imitation skills (p = .04), there were no significant differences found between the control group and the experimental group.
Mathematical Skills
Many studies were effective in using digital games to improve maths skills. For example, Bakker et al. (2016) used maths games delivered by teachers online to improve multiplication and division skills in students with mild to moderate intellectual disability. Scores from pre-test to post-test improved for participants in both the control and experimental conditions. Those in the experimental condition learned more multiplication and division knowledge than those in the control condition (d = .39, p = .05). 
Another study that used a maths game was by Porter (2018), where all students improved in performance from pre- to post-test. On the other hand, Bendak (2018) used independent sample t-tests to compare the use of the Math app, Monster Numbers on the experimental and control group. The analysis showed that there were insignificant differences between the groups (t (8) = -1.68, p-value = 0.13) at the post-test. However, the significance of the difference between the groups in the post-test (p = .13) was less than the pre-test (p = .58) indicating there may be an effect of using the app, considering the groups at the pre-test are homogenous. A paired sample t-test showed that using the Monster Numbers Math app was effective (t (9) = -8.22, p < .001).
Vocabulary Acquisition
Cunha & Barbosa (2012) assess vocabulary acquisition using a digital game and found that children retained 94% of leaned vocabulary after 30 days. Whereas Khowaja et al., (2018) after four weeks of sessions using a serious game prototype found all autistic participants (n=5) were able to identify birds in response to questions.
Reading & Basic Academic Skills 
Yakkundi et al., (2017) found that the Headsprout early reading program serious game-based intervention was able to progress the reading skills of autistic children who were verbal (n=2) and non-verbal (n=1).    Everhart, Morgan & Park, (2011), also found that use of a computer-based practice game facilitated reading and basic academic skills improvement, which were maintained for four weeks post intervention. 
Challenges to Using Digital Games in Educational Contexts. 
Despite the efficacious outcomes reported throughout the reviewed studies, designing digital games to meet the individualised needs of the people using them was a key challenge reported by authors (Bono et al., 2016; Bossavit & Parsons, 2018; Fantasia et al., 2020; Jeekratok et al., 2014; Khowaka et al., 2018; Milne et al., 2018; Nazrul-Islam et al., 2022). Problems consistently motivating children to engage in digital games were acknowledged (Cunha & Barbosa, 2012; Kim & Lee, 2021). However, results indicating levels of motivation were variable across studies (Bossavit & Parsons, 2018; Cunha & Barbosa, 2012; Wagle et al., 2021; Yakkundi et al., 2017). 
Some studies acknowledged the need for skill-based adaptation in digital games to ensure accessibility for children with varying cognitive and developmental abilities. Fantasia et al. (2020) acknowledged the need for key prerequisite skills among participants to use the digital game. Jeekratok et al. (2014) reported that a key barrier impacting participants’ motivation was the game’s inability to adapt when participants were facing difficulty with the game’s curriculum. On the other hand, the digital game utilised by Porter (2022) could adapt to participant’s level of responding; however, results were variable. The approach used by Milne et al. (2018) ensured children were not introduced to complex content before mastering prerequisite skills, which was achieved through XML-based curriculum sequencing. Similarly, Bendak et al. (2018) set game levels based on individual pretest results rather than chronological age, tailoring gameplay to skill level. In other studies, digital games allowed for continuous adjustments based on children's progress (Bono et al., 2016; Jouen et al., 2017). For instance, Jouen et al. (2017) reported that clinicians could monitor gameplay in GOLIAH and adjust interventions accordingly, ensuring that the games remained aligned with the child’s evolving skill level. Although some studies adapted game content to the developmental level of children (e.g., Milne et al., 2018; Bendak et al., 2018), limited research explicitly discussed how age appropriateness was determined. 
The ability of digital games to progress in difficulty was a key feature in some studies. Several games allowed users to either manually or automatically adjust the difficulty level to match their progression (Bakker et al., 2016; Bono et al., 2016; Jouen et al., 2017; Kim & Lee, 2021; Khowaja et al., 2018; Porter, 2022; Wagle et al., 2021). The ability to dynamically adjust difficulty levels was highlighted as a mechanism to prevent frustration and disengagement, with some games ensuring that incorrect responses prompted retry attempts rather than immediate progression (Everhart & Park, 2011). These findings emphasize the role of structured game progression in maintaining user motivation and optimizing learning outcomes. 
Overall, a key theme emerging from the literature was the need to further understand prominent challenges and problems faced by the target population when designing games (Bono et al., 2016; Bossavit & Parsons, 2018; Fantasia et al., 2020; Milne et al., 2018). This highlights the crucial role of game developers in ensuring accessibility, usability, and engagement for diverse users. By identifying these challenges, developers can create more inclusive and effective gaming experiences that cater to the specific needs of the target audience. However, some studies did not specify any challenges or advantages (Bendak, 2018; Yakkundi et al., 2017).
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Table 3: 
Details of Studies and Quality Appraisal Results 

	Study ID
	Aims
	Participant Details
	Design & Methods
	Intervention Details
	Key Results & Findings
	Quality Score

	Bakker, Heuvel-Panhuizen & Robitzsch (2016) 
	To determine the efficacy of teacher-delivered online mathematics via multiplication & division games.  
	Students with ID (n=81). 
Gender (30.9 % female)
Age (M = was 9.19)
	Pretest & post-test experimental & control group design. Regression analysis was conducted. Two 10-week game periods. Tests were included in the game i.e., the number of correct/incorrect answers. 
	Eight different minigames per game period with a new game each week except weeks 5 & 10 (practice weeks). Games were focused on multiplication & division. Covered one more/less & halving/doubling. The games had simple graphics, minimal sound effects & offered rewards.
	Significant improvement in multiplicative ability from pre-test to post-test (p<.001, d = 1.05). 
Both experimental (t (39) = 4.66, p < .001, d = 0.97) and control (t (40) = 4.73, p < .001, d = 1.05) groups improved. 
Regression analysis showed a significant positive effect (d = .39, p<.047) indicating better declarative multiplication knowledge in the experimental group. 
	35 

	Bendak (2018) 
	To highlight the importance of mobile math games for students with mild ID to improve calculations. 
	Students with mild ID (n=10). 
Age ranges from 6.8-9.10.
Gender not specified.   
	Quantitative method. Pre and Post-test design. Divided into two groups, one experimental (n=5) and one control group (n=5). The intervention lasted one academic year with one 20-minute session per week. Woodcock-Johnson III, Test of Achievement limited to the calculation section.   
	The intervention (App “Monster Numbers”) is an educational math game for addition & subtraction. 
Difficulty level set by pre-test results. 
	 “Monster Numbers;” Resulted in significant changes to participants’
calculation skills. Independent sample t-test between groups, pre-test (t (8) = -0.598, p = 0.567) & post-test (t (8) = -1.677, p = 0.133) with a large effect size. The error bar chart showed a 95% confidence interval for both groups. 
	
	16

	Bono et al. (2016)
	To show the feasibility of using an automated serious gaming platform to teach imitation & joint attention skills to children with ASD across different settings. 
	ASD (n=10). Males (n=10). 
Aged: 5-9 (M=6.8, SD=1.4).
	Software tested in a three-month open trial, six sessions per week of training with GOLIAH: five at home, one a week at the hospital. Games based on the Early Start Denver Model Used objective data collected from game use & subjective data from parent/user reports. 
	Combined ABA techniques & developmental/ relationship-based approaches. Joint attention & imitation skills were mapped into 11 mini-games. Imitation had 7 games consisting of drawing, speech, sounds, & building actions. Joint attention had four games of identifying objects, described by or pointed to by the therapist.  
	Children & parents participated in 77.5% of sessions, all children tried all the games. The time to complete the game across sessions decreased. Correct responding increased (p=.0005). 
	27

	Bossavit & Parsons (2018) 
	To show the benefits of including children with ASD in the design process of educational games.
	Children with ASD (n=6). Male (n=4). Aged 9-15 years.  
	Pre-test/post-test design. Participants played 30-minute game sessions (longer if preferred). Pre-test & post-test tools: Geography quiz, SEFQ & IMI. All sessions were video recorded.
	Turn-taking and answering a question related to a country. Two modes: competition & cooperative mode, playing against the computer.  

	Due to missing data no statistical analysis. Post-test scores improved for n=3. Visual analysis of individual graphs showed individual responses, outcomes & variability between participants. Focus increased as they became familiar with the game. Response effort decreased throughout: engagement with the game increased & withdrawal behaviours decreased.
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	Cunha & Barbosa, (2012) 
	To analyze the impact of a computer game developed exclusively to 
help children with autism in vocabulary acquisition.

	Children with ASD (n=3). Aged 5-9.
Gender not specified. 
	Used Discrete Trial Training (DTT) to teach the skills. Pre-tests, pre- 
training, training, & post-test sessions.
Sessions were 15-30 minutes long. Vocabulary knowledge of the children was verified using receptive tests for the identification of ten among 105 significant figures. 
	Game based on matching-to-sample procedure, a form of conditional discrimination. Players matched images to corresponding words with adaptive difficulty levels. 
	Children learned vocabulary, retaining 94% of new words after 30 days. M=10.67 were trained (SD = 1.53), M=10 was retained (SD=1.73) & M=10 was generalised (SD =1.73).
	21

	Everhart, Morgan & Park (2011) 
	To investigate the effects of a computer-based practice on the acquisition & maintenance of basic academic skills. 
	Children with ID (n=2). 
Both males.
Aged; 6 & 9. 
	Multiple baseline designs across skills. Sessions took place in the morning or afternoon break during school hours over 12 to 14 weeks. Pre & post-test evaluations and follow-up assessments (at two weeks & one month post intervention).
IOA also calculated across 20% of sessions.
	Computer-based program. The user selects a letter or number from an array in the game. They were immediately provided feedback regarding skills of letter-sound correspondence, word & number identification. 
	Increased acquisition of the targeted academic skills with a clear upward trend. Participants maintained at least two academic skills for two to four weeks after intervention.  
	29

	Fantasia et al. (2020) 
	To investigate if active control of the learning experience leads to enhanced episodic memory for children with Autism. 
	Children with Autism without ID (n=29). 
Male (n=25).
Ages ranged from 6-12 years (M=114.52 months, SD=21.15 months).  
	Sessions were conducted in the hospital with a researcher. 1 week between the two sessions. Used ADOS-2. Raven’s Colored Progressive Matrices, IQ measure Peabody Picture Vocabulary Test-Revised & VABS-II - verbal abilities. 
	Drawings (n=192) were stimuli presented as a memory game on a tablet touchscreen. Study phase: two active & two yoked blocks (four block trials). Active always presented first. 16 objects in a 4x4 grid. On-screen for 2s before disappearing. Active: select what to learn. Yoked: presented what to learn. Test phase: 64 new objects, 64 objects during study phase presented in 4x4 grid. Asked to select items they had previously seen. 
	Improvements lasted a week after the initial study session.  
Results from the logistic regression showed that recognition accuracy was higher for objects studied in the active condition in both the test   
(Active: M=0.63, SD=0.20; yoked: M=0.53, SD=0.20) & the retest (active: M=0.54, SD =0.22; yoked: M=0.48, SD =0.2). 
[bookmark: _Int_4KSZJub1]Accuracy was lower for items studied in the first half of the study phase (i.e., within the first two blocks of presented objects; M =0.53, SD = 0.17) compared with the second half (M = 0.57, SD = 0.19).
	29

	Jeekratok et al. (2014)
	To assess behaviour change of children with ASD using web-based games & online social stories.
	Children with ASD n=10. 
Males n=6.
Aged 7-10 years old (M =8.6). 
	Games were used over three months. Pre-test, during, and post-test measures were used. The children used web-based stories and games for one hour each day, three times per week (a total of 36 hours). The observation tool was adapted from the Individual Implementation Program and Individualized Education Program (IEP)of the special education centre. 
	Web-based games included music & animation. Games focused on arranging & organising belongings, emphasising playing with others, & following rules. Four of the games targeted colour recognition & shade discrimination.
	Improvements in scores in all targeted skills. Scores were compared by non-parametric. Wilcoxon Signed-Rank test & parametric t-tests. The Z scores were significantly different at p < .05 for the three behaviours. Average post-test scores were higher than the pre-test (Z = 2.81, 2.81 & 2.80 respectively). The t-values of the three variables were significantly different at p < .01. 
	18

	Jouen et al. (2017) 
	To test the effects on imitation & joint attention skills of an automated serious gaming platform (11 games) to deliver intervention at home (GOLIAH) for children with ASD.
	ASD (n=14). Experimental (n=7), Control (n=5).
Males n=14. Aged: 5 to 8 (M=6.85, SD=1.34).
	[bookmark: _Int_vgNKVsch]Five sessions per week of training, four 30-minute sessions at home, one a week at the hospital for one hour, over six months. Linear Mixed Methods, Parent Stress Index, ADOS, Vineland Socialisation Scores, Child Behaviour Checklist.   
	Combined ABA techniques & developmental/ relationship-based approaches. Joint attention had 4 games of identifying objects, described by or pointed to by the therapist & imitation skills consisting of 7 games, drawing, speech, sounds, & building actions. 
	Children & parents participated in 40% of sessions, all children tried all the games. No significant difference between the experimental & control groups. It was difficult to assess the impact as the control group were still receiving treatment as usual. Correct responding increased for imitation (p=.036). 
 
	32

	Khowaja et al. (2018) 
	To evaluate a serious game prototype for the vocabulary learning of autistic children using the ASD components for the serious game design framework.  
 
 
	Children with ASD (n=5).
All males.
Age range 6-10 years. 
	Online questionnaires assessed skill deficits in vocabulary. 
Single subject research design: pre-session (2 days), baseline (3 days), and intervention (4 weeks). Sessions lasted 20 minutes. The digital game was the initial version. Visual analysis of Graphs.
	The serious game prototype had 209 vocabulary items across 11 categories (1 category, birds, used here). 
Discrete Trial Training (DTT) was used to teach vocabulary items.  
The easy game mode was used for this study.  
Each participant completed 6 tests with 7 questions to identify the correct bird during baseline & maintenance.  
	All participants learned to identify birds responding to written or verbal questions. Learning outcomes were maintained two weeks after the intervention was finished.
	21

	Kim & Lee (2021) 
	To examine the learning effect of game-based cognitive training programs. 
 
	Children with & ID (n = 60). Aged 6-13 years. Intervention group using Neuro-World Cognitive training (n=30). Control group using conventional cognitive training programs (n=30). 
	Neuro-World, a game-based cognitive training program, and a conventional cognitive training program were implemented to compare their effectiveness in improving cognitive learning ability for children with intellectual disabilities.
	Program focuses on memory, attention, concentration, visual perception, & execution & sub-items: visual perception, target memory, selective & continual attention, search & observation, & daily task planning. When a correct response was provided, an audio-visual signal was shown; the correct answer was displayed when an incorrect response was provided.
	There was no significant difference between the pre-score (M = 62.1) of the Intervention group & the pre-score (M = 60.3) of the control group (F= 3.87, p< 0.05, Cohen’s d1.0226).  However, there was a significant difference between the intervention post-score (M = 65.4) & the control post-score (M = 60.1) (F = 33.71, p < 0.05, Cohen’s d = 2.0499). The average score (M = 65.4) of post-NewWorld intervention was 3.3 points higher than the pre-intervention score. This difference was, statistically significant (F= 31.176, p< 0.05). 
	35

	Milne et al. (2018)  
	To investigate the use of autonomous virtual humans for teaching and facilitate basic social skills practice for children with ASD. 

	Children attending mainstream school with ASD (n=31). Aged 6-12. 
Intervention group 1 (n=16), control group 2 (n=15).  
 
	VABS-II measured real-world skill application. Software quiz to assess content learned.
	Identical Social Tutor software but different content for groups 1 & 2. Intervention
Group 1: short lessons explicitly teaching social skills (listening to others, turn-taking & vocal conversation). Group 2: no explicit social skills training. Series of mazes to complete. Both groups offered homework activities; Group 1 practiced social skills, and Group 2 worksheets. 
	[bookmark: _Int_YGygpgCb][bookmark: _Int_cluhzShG]Small mean change for group 2 (control) post-intervention, but statistically insignificant: t (11) = 0.56, p=.587, d= 0.16. Larger M change for group 1 (intervention), with paired t-test indicating statistical significance: t (15) = 3.25, p= .005, d = 0.81. Repeated two-way ANOVA also (t-tests most appropriate due to sample size): F (3,30) = 3.421, p = 0.03. Simple main effects analysis found no significant difference: likely due to the small sample size. 
	23

	Najeeb et al. (2020) 
	To determine the effectiveness of an Internet of Things (IoT)-based serious gaming platform for autistic children. Using ‘Aliza’ a gamified smart mirror to teach writing, pre-writing, maths, & verbal skills to children with ASD.
	ASD (n=100).  
Aged; 5 to 12  
Gender not reported.
	Writing– self-teaching system & Aliza (smart mirror) Aliza based on the AAC format. Pre & post-test for all skills. LED monitor to display screen images, 7-layer CNN strategy to identify input images by children 
	Training consisted of displays of letters & numbers that students traced on screen. Maths had built-in audio saying numbers. The verbal trainer used audio & a microphone to teach echoics & spelling. 
	Participant's writing improved accuracy to 84%, math to 85%, and verbal trainer was 90%, but accuracy decreased for longer words. 
	22

	Nazrul -Islam et al. (2022) 
	To evaluate the Serious Gaming Platform Internet of Things (IoT), regarding the cognitive skills of children with ID.
	ID (n=15), Males (n=7). Aged; 4- 9 
NT (n=8, M=5). 
	3 sessions over 4 days. Day 1 a presentation & free play of the game on the device for 15 minutes. Thematic analysis of instructor opinion on game efficacy & usability. 
Data was the number of correct/incorrect responses via gameplay. 
	Using conceptual framework ideas were materialised into 3 games (road crossing, puzzle game & function card game). Software in a mobile app with a function card game taught users to wash their hands.
	The gaming platform was usable, effective & it improved cognition  
	30

	Pareto (2012) 
	To compare the use of an innovative mathematics game in special education and mainstream education.
	ID (n=7)
Aged 10-14.
Asperger (n=1). 
Gender not reported. 
	Used the game for a semester. Longitudinal, follow-up after 2 years of game use. Data was collected through game-playing logs, classroom observations & interviews with teachers. 
	The game runs across three platforms – interactive whiteboard, ordinary computer, & augmented reality. Participants move a lit-up configuration of cubes to the corresponding correct card on the screen by physically dragging it across the screen to build a wall. 
	Game with dedicated teachers is effective in yielding substantial gains for mathematical reasoning & understanding. Students understanding of positive & negative integers improved after learning in the context of blocks. 
	28

	Porter (2022) 
	To evaluate a bespoke digital game in which children learned to select which was “more,” a foundational skill for understanding magnitude.
	Children with Down Syndrome (n=8).
Males (n=4). Aged; 9-14 
(M=12, SD=6.68). 
	Pre & post-tests. 4-week intervention with 3 sessions a week lasting approx. 20. 2-week follow-up. 
	Anna’s Robot- child helping a scientist who is building a robot in his lab. Boxes are shown with a written ratio & dot options below to match with the correct ratio size, difficulty increases with correct answers. Correct answers unlock a chest with a robot piece which the user can then attach to the robot, 5 pieces to collect in total. 
	7 Participants increased the number of their correct responses by 23% in the non-digital game version, following the use of the digital game. 
	30

	Wagle et al. (2021) 
	To test the effectiveness of a month-long intervention using five smartphone-based games for training working memory in children with ASD.
	n = 14. 
Age range 6-13 years M = 10.24 (1.92).
ASD diagnosis (n=13), Down Syndrome (n = 1). Comorbid ID/developmental delay (n= 5). 
Gender: (M: F Ratio 11:3).
	2-5 sessions per week, lasting under 30 mins; for 1 month.  pre and post-tests; Non-parametric Wilcoxon signed-rank tests; Spearman. AmritaSSC curriculum. Corsi-block ta-ping task for WM; pre- and post-training ATEC form Rho. 
	In the games, objects of specific colours or at specific spatial locations are shown briefly and then hidden, visuospatial memory and understanding of shape-integration needed to solve the task. 
	No change (W=7.5, n=14, p =1) was observed in the mean block spans between the pre and post intervention conditions. Similarly, no significant change was observed in the Corsi total score (W=27, n=14, p =0.22). The ATEC score did not show a significant reduction after the intervention (W=26, p =0.10). 
The total game performance showed a significant positive correlation with the change in the Corsi total score (Spearman rho=0.68, p=0.0071, n=14). 
The total game performance was not correlated with the change in the ATEC score (Spearman rho=−0.03, p =0.90). Thus, the total game performance was correlated only with the working memory improvement but not with the improvement in autistic symptoms. 
	30

	Yakkundi et al. (2017) 
	To evaluate the effectiveness of a user-centered, serious game-based, reading intervention package that involved Headsprout early reading program (HER).
	n = 3.  
ASD = 3 ID= 2. 
Aged 6-11.
	Pre-post intervention on reading ability, DIBELS reading assessment tool learning readiness.
	In a serious game design of instruction, they combine the application of behaviour analysis and HER. HER lessons were accessed on the computer or touch screen laptop or on the iPad.   
	Two students who had verbal ability made significant progress. Another participant with complex learning needs showed significant improvement in learning readiness & use of the reading program.  
	20

	Abbreviations Key: ADOS: Autism Diagnostic Observation Schedule; AmritaSSc: Amrita School for Special Children; DIBELS: Dynamic Indicators of Early Literacy Skills; HER: Headsprout early reading program; IOA: Interobserver Agreement; ID: Intellectual disability; IMI: Intrinsic Motivation Inventory; K-WISC-IV: Korean Wechsler Intelligence Scale for Children IV; OT: Occupational Therapist; SEFQ: Scenario Experience Feedback Questionnaire; SLT: Speech and Language Therapist; WM: working memory; VABS-II: Vineland Adaptive Behavior Scale.  



Discussion
Key findings
This review examined the literature on digital games in the context of education for children with ASD and/or ID. The primary objectives were to analyse and synthesize the existing literature to determine what type of digital games have been used in educational contexts for children with ASD and/or ID, which educational skills these games target, how effective digital games are in supporting learning and development for these children, what challenges and advantages are associated with their use, and finally how digital games have been investigated in research, considering methodological approaches. In addressing these aims, the review sought to bridge gaps in the literature, clarify the applicability of different digital games to ASD and/or ID populations, and provide guidance for digital game developers, educators, and researchers. This discussion summarizes key findings and discusses them in the light of related literature.
The increasing accessibility of technology highlights the need for research into its efficacy as an educational tool (Vlachou, 2023). The unique challenges this population faces in traditional learning environments underscore the importance of investigating digital games in education for children with ASD and/or ID. Digital games have been found to provide structured, engaging, and adaptive learning experiences that can accommodate the needs of this population, which can be particularly beneficial for children who struggle with conventional teaching methods. 
The review found that digital games generally improved each student's target educational skill, as evidenced by parametric and non-parametric measures and participant anecdotal evidence. Teachers generally held positive attitudes toward integrating digital games into their teaching practices. Of the 18 studies reviewed, many included reports from teachers who considered the software an effective method for teaching basic educational skills. In studies where teacher feedback was gathered, many expressed a willingness to incorporate the games into their daily teaching routines, noting students' sustained levels of interest and motivation when playing the digital games. 
This aligns with broader research indicating that technology-supported learning can enhance motivation and engagement among students with special education needs (Bober et al., 2024). Previous research has found primary and post-primary teachers in mainstream education held positive attitudes toward the use of educational games in the classroom (Leonardou, Rigou & Garofalakis, 2021; Noradin & Kian, 2015). For example, Noradin and Kian (2015) found that, among 273 surveyed teachers, 61 incorporated computer games as part of a lesson (Noradin & Kian, 2015). In another study that surveyed 184 primary school teachers, 35.3% regularly used digital games during the school year, with 22.3% incorporating them weekly with their students (Leonardou, Rigou, & Garofalakis, 2021). These findings reinforce the importance of teacher perspectives for the successful integration of technology in classrooms and highlight the need for future research exploring how educators implement and adapt digital games for students with ASD and/or ID. However, while teachers expressed a willingness to incorporate digital games, it is important to recognize that digital games should complement, rather than replace, skilled teaching. Teachers use a range of strategies to adapt instruction based on individual responses, an aspect that digital games may not fully replicate.
One of the key aims of this review was to determine the specific educational skills targeted by digital games for children with ASD and/or ID. Mathematics skills were successfully enhanced through game-based learning in several studies (Bakker et al., 2016; Pareto, 2012; Porter, 2022), with significant gains observed in multiplication and division knowledge. However, Bendak (2018) found that while some improvements were noted, they were not statistically significant, this suggests that game design features, individual learning needs, and the presence or absence of teacher guidance may influence effectiveness. Reading skills (Yakkundi et al., 2017) and vocabulary acquisition (Cunha & Barbosa, 2012; Khowaja et al., 2018) were effectively supported through game-based interventions.
Cognitive improvements, including memory and recognition, were observed in several studies (Fantasia et al., 2020; Kim & Lee, 2021; Nazrul-Islam et al., 2022; Wagle et al., 2021). Fantasia et al. (2020) found that participants who actively engaged in decision-making within the game environment demonstrated higher accuracy in recognition tasks compared to those who passively observed (active: M = .63, SD = .20; yoked: M = .53, SD = .20). This finding emphasizes the importance of interactive engagement in digital game design. Notably, studies using adaptive learning mechanics, where game difficulty adjusted to the player's responses, showed greater engagement and cognitive gains (Porter, 2022). This supports findings in neurodevelopmental research, which suggest that structured digital games can enhance executive function in children with ASD. Gkora & Drigas (2024) highlight the role of digital technologies, including serious games and virtual reality can play a pivotal role in improving cognitive processes and creating immersive, tailored learning experiences for children with ASD and other neurodevelopmental conditions.
Of the eighteen studies reviewed, only one study focused specifically on the use of digital games that aimed to improve social skills.  Milne et al. (2018) reported that participants using the Social Tutor software showed significant improvement in social skills knowledge (p = .005, d = 0.81), suggesting the potential of digital games for fostering social interactions. Additionally, when games were designed for group participation, they directly provided an opportunity for increased social interactions and a shared learning experience. In this review, three digital games had the capacity for group participation (Bossavit & Parsons, 2018; Fantasia et al., 2020; Porter, 2022). Furthermore, even when games are used independently by children, they can provide a shared topic of conversation for children to discuss games and their features together. Indeed, five studies found that social interactions among children increased after using digital games (Bono et al., 2016; Bossavit & Parsons, 2018; Jouen et al., 2017; Milne et al., 2018; Pareto, 2012). Research suggests digital games that target cooperative skills of sharing, feelings, and friendship, can effectively increase prosocial behaviour in neurotypical school-aged children ages eight to twelve (Parsons & Karakosta, 2019). This aligns with broader research demonstrating that game-based learning environments can foster social communication skills in children with ASD (Yahya et al., 2023). 
The effectiveness of digital games is influenced by user engagement and motivation. The review found that participants reported increased levels of interest in the school subjects that were included in the gameplay and that they were motivated to increase their scores within the game (Bakker et al., 2016; Bono et al., 2016; Bossavit & Parsons, 2018; Cunha & Barbosa, 2012; Everhart, Morgan & Park, 2011; Fantasia et al., 2020; Jeekrato et al., 2014; Khowaja et al., 2018; Kim & Lee, 2021; Milne et al., 2018; Najeeb et al., 2020; Nazrul-Islam et al., 2022; Pareto, 2012; Porter, 2022; Yakkundi et al., 2017). One of the most effective engagement strategies observed across the reviewed studies was the use of incentives and reinforcement mechanisms. Games integrated a variety of reward systems, including score-based feedback, visual reinforcements (such as smiley faces and stars), and verbal praise (Bakker et al., 2016; Bono et al., 2016; Jouen et al., 2017). Additionally, interventions that offered customizable incentives, such as music preferences or individualized praise, allowed for greater alignment with children's intrinsic motivation factors (Bono et al., 2016; Milne et al., 2018).
It is important to distinguish between games designed specifically for individuals with ASD and/or ID and mainstream educational games that have been used with this population. Games explicitly designed for ASD and/or ID learners incorporate features tailored to their cognitive, sensory, and social needs, such as structured routines, reduced sensory overload, multimodal interaction (e.g., visual and auditory cues), and scaffolded difficulty adjustments (Milne et al., 2018; Bossavit & Parsons, 2018; Nazrul-Islam et al., 2022). These games often focus on core developmental skills such as social interaction, imitation, and joint attention, making them highly relevant to this population. Conversely, mainstream educational games, not originally designed for ASD and/or ID learners, have also been utilized in research. While many studies report benefits, particularly in mathematics and literacy skill development (Bakker et al., 2016; Khowaja et al., 2018; Fantasia et al., 2020), challenges remain. Mainstream games may lack appropriate adaptations for ASD and/or ID learners, including overwhelming sensory input, unclear progression, or difficulty levels that do not adjust to individual needs. However, when these games include structured gameplay, clear goal-setting, and immediate feedback, they can still be effective tools for ASD and/or ID learners, particularly when used alongside teacher support. This structured approach to progression ensures that learners can build skills gradually and meaningfully, a key consideration for both atypical and mainstream populations. 
Findings from this review revealed that imitation skills, social skills, and mathematical ability demonstrated similar increases to the skills targeted when digital games were used with typically developing children (Bakker et al., 2016; Bono et al., 2016; Bendak, 2018; Jouen et al., 2017; Milne et al., 2018; Pareto, 2012; Porter, 2022). This suggests that digital games may be efficacious for children with and without ASD and/or ID, and therefore they may have the potential advantage of addressing inequalities in education. Additionally, digital games have been used to address barriers to education for immigrant children who do not know the national language of their new country, and as a tool for home-based learning during the COVID-19 pandemic (Sirin et al., 2018; Wati, 2020). 
This broader applicability highlights the potential advantage of digital games to be adapted across diverse educational contexts, emphasizing the need for further exploration into their adaptability and effectiveness for different populations. However, it is also important to acknowledge that not all game-based interventions are equally relevant to individuals with ASD and/or ID. Future research should carefully consider the extent to which digital game designs are tailored to the specific learning profiles of children with ASD and/or ID to ensure meaningful engagement and skill development.
The reviewed studies examined a range of game formats, including single-player adaptive games that adjusted difficulty based on user responses (Porter, 2022), multiplayer games designed to encourage social interaction (Bossavit & Parsons, 2018; Fantasia et al., 2020), and immersive games with interactive features, such as decision-making elements and problem-solving tasks (Fantasia et al., 2020). Several of the games shared similar formats and properties. All the games were interactive, some were immersive, and some had additional features including multiplayer mode and the ability for the gameplayer to adjust difficulty level. The purpose of the games was to increase educational skills by focusing on imitation skills, social skills, joint attention, and/or mathematical ability. Methodological challenges exist when evaluating software for atypical populations. Individuals with ASD and/or ID exhibit different strengths and challenges that may not be adequately captured using traditional measures such as severity ratings, mental age, or IQ. Researchers should consider alternative frameworks that account for the diverse cognitive and social profiles of these learners. 
A range of methodologies were employed across studies, including single-subject research designs (Bossavit & Parsons, 2018; Cunha & Barbosa, 2012; Everhart et al., 2011; Khowaja et al., 2018; Porter, 2022) and psychometrically validated assessments (Bakker et al., 2016; Bendak, 2018; Fantasia et al., 2020; Jeekratok et al., 2014; Kim & Lee, 2021). Some studies utilized statistical analyses such as t-tests and regression analyses to evaluate intervention effectiveness, while others relied on direct observation and qualitative measures. The lack of standardized methodologies across studies presents challenges in drawing definitive conclusions about the overall efficacy of digital games. 
A key challenge identified is the need for digital games to be adaptable to individual learning needs (Bono et al., 2016; Bossavit & Parsons, 2018; Fantasia et al., 2020; Milne et al., 2018). Studies highlighted difficulties in maintaining participant engagement, particularly when games failed to adjust to the learner’s progress (Jeekratok et al., 2014). Porter (2022) demonstrated that adaptive games, which modify difficulty levels based on student responses, may enhance engagement and learning outcomes. Fourteen of the digital gaming platforms had features that allowed for automatic or manual difficulty adjustments, enabling the degree of challenge to align with each child’s academic ability. Individualising difficulty levels within the framework of these games can potentially yield greater levels of inclusion. Including this in all digital games could allow all children in a class to play the same game but at different levels, whilst also affording privacy i.e. there would be no overt distinction between the capabilities of each student. 
In addition to adaptability, studies also highlighted the importance of ensuring games align with the children’s skill entry levels and developmental appropriateness. Some studies tailored game difficulty based on pretest assessments, ensuring that children engaged with content suited to their cognitive abilities (Bendak et al., 2018). Others used structured sequencing frameworks, preventing children from accessing advanced levels before mastering prerequisite skills (Milne et al., 2018). These approaches helped mitigate issues where children might become frustrated with overly difficult content or disengaged due to a lack of challenge. 
Despite the promising features of digital games, some studies did not yield statistically significant results, suggesting games may not be universally effective for all children. This highlights the importance of considering individual learning preferences and the role of skilled educators who employ a range of strategies tailored to each child’s needs. Furthermore, it presents a valuable opportunity for digital game developers to create more adaptive, personalized learning environments, an area that remains underexplored in educational game design. Koh (2022) reinforces this challenge by emphasising the necessity for games to be customizable to accommodate a broad spectrum of disabilities and varying levels of severity. When digital games adapt to the individual needs of learners, they can potentially foster better engagement and learning outcomes and could address the engagement issues raised by Jeekratok et al. (2014).
For digital game developers, this review emphasises the importance of designing games that cater specifically to the learning needs of children with ASD and/or ID. Developers should consider simplicity in interface design and familiar input devices to enhance engagement. Similarly, allowing games to be easily customized enables caregivers and educators to tailor experiences to individual children’s needs. The reviewed studies also highlight various approaches to progression (Bakker et al., 2016; Bono et al., 2016; Jouen et al., 2017; Kim & Lee, 2021; Khowaja et al., 2018; Porter, 2022; Wagle et al., 2021). Games that implemented adaptive difficulty mechanisms helped to keep children engaged by adjusting to their performance in real-time, thereby reducing frustration from difficulty or boredom (Wagle et al., 2021). Additionally, sensory preferences should be accounted for, such as using preferred colours and minimizing distracting elements (Wagle et al., 2021). These insights highlight how design decisions impact engagement, usability, and effectiveness for learners. 
One important consideration in game design is the role of adult facilitation. Educators and therapists play a crucial role in implementing digital games effectively. The reviewed studies suggest that adult involvement can enhance learning by providing guidance, scaffolding, and structured support. Several interventions incorporated teacher-led debriefing sessions, interactive lessons, or co-play scenarios to help students understand and engage with game content effectively (Bakker et al., 2016; Bono et al., 2016; Pareto, 2012). Training and guidelines on how to integrate these tools into educational settings can maximize their impact. Future research should explore best practices for incorporating digital games into structured curricula and individualized learning plans.
Despite promising findings, several challenges were identified. The key issue of assessing generalization to non-digital contexts was not extensively addressed in the reviewed studies. Understanding whether skills acquired through digital games transfer to real-world interactions is crucial for determining their long-term efficacy. Future research should incorporate measures that evaluate how well-learned skills extend to non-digital environments. Most studies in this review were conducted in school settings, with fewer extending to home-based environments. Home-based learning environments present challenges such as fidelity, dropout rates, digital malfunction, and record-keeping. To ensure reliable data collection, these factors must be carefully considered when designing future studies. Future studies should explore strategies for overcoming these challenges while maintaining research integrity. Methodological inconsistencies across studies make it difficult to establish clear conclusions about the effectiveness of digital games. Adaptability to individual learning needs remains an ongoing concern, as games that fail to adjust difficulty levels may limit engagement and learning outcomes. 
This review provided detailed insights into current investigations on the use of educational digital games for children with ASD and/or ID. It covered a wide range of educational skills and offered insights for technology developers, educators, and researchers in this field. In particular, the review incorporated feedback from teachers, therefore providing valuable input from key educational stakeholders. The review employed comprehensive and systematic searches of databases and historical citations. Paper screening and data extraction used thorough processes that ensured interrater agreement. The studies were appraised using a validated tool that revealed their quality was overall moderate to high.  
Future Research Directions
Researchers have recommended that future digital game designs for autistic children should incorporate design elements such as performance graphs, badges, leaderboards, and avatars, all of which have been proven to motivate players (Wagle et al., 2021). The efficacy of including these elements in digital games warrants future investigation. 
The studies in this review involved participants with ASD and/or ID who ranged from four to twelve years of age. Future research should investigate the potential of digital games for children at more specific developmental stages. Additionally, future studies could explore a broader range of educational skills. Previous research has demonstrated that digital games can be effective for neurotypical children between the ages of six and twelve in areas such as reading, group-based skills, and foreign language acquisition (Ronimus et al., 2014; Ronimus et al., 2019; Vasalou et al., 2017; Yu & Tseui, 2022).
All digital games in the review were easy to use and accessible to individual participants who varied in age and abilities. However, the few studies that disclosed supplemental information on diagnosis reported that all participants’ diagnoses were ‘mild to moderate’ (Bakker, Heuvel-Panhuizen & Robitzsch, 2016; Everhart, et al., 2011 Nazrul-Islam et al., 2022; Pareto, 2012). Only three of the studies (Bakker, 2016; Everhart, Morgan & Park, 2011; Khowaja et al., 2018), included participants reported to have complex needs or a diagnosis of severe autism/intellectual disability. Without a direct assessment of digital games with individuals with varying degrees of severity of ASD and/or ID, it is unclear whether the efficacy can be generalised to individuals with more severe ASD and/or ID. Therefore, further research should investigate the applicability of digital games for children with severe intellectual disabilities, across both school and home settings. 
This review has provided evidence for the effectiveness of digital games. However, 55 percent of the studies reviewed had sample sizes that were smaller than 10 participants (Bendak, 2018; Bono et al., 2016; Bossavit & Parsons, 2018; Cunha & Barbosa, 2012; Everhart et al., 2011; Jeekratok et al., 2014; Khowaja et al., 2018; Pareto, 2012; Porter, 2022; Yakkundi et al., 2017). Indeed, few studies reviewed included p-values or confidence interval statistics (see Table 3). Small sample sizes limit the reliability and statistical significance of results (Hackshaw, 2008). This makes it challenging to determine the significance of the results with accuracy. Alvarez et al. (2021) revealed small sample sizes can be a commonly reported limitation in trial research. Therefore, further research needs to examine their efficacy using robust methodologies including randomised control trials with large representative samples. Furthermore, before any scaled-up implementation of digital games in schools, future research also should include economic assessments to examine the cost and sustainability of using digital gaming hardware, software, and associated equipment. 
Gameplay teaching and game use in most studies in this review were limited to school settings during specific school days and or hours. Indeed, participants were not authorised to take the game or practice the game without the presence of a class teacher or researcher. Typically, school-age children are assigned homework to complete outside school hours to practice the skills learned in class that day, and the ability to generalise is a core foundation for mathematical knowledge, a skill targeted by multiple studies reviewed here (Goni-Cervera, Canadas & Polo-Blanco, 2022). Therefore, restricting the use of a digital game designed to facilitate learning academic skills to classroom contexts, rather than encouraging practice at home, may be detrimental to learning. Transferring a novel learned action across environments can be difficult for children with ASD and/or ID (Carruthers et al., 2020).
Future research should explore the generalization of skills learned through digital gaming to non-digital contexts, particularly in home environments. Some studies included in this review implemented homework systems encouraging students to practice skills outside of the software. The opportunity for students to practice with neurotypical peers in real-world settings is crucial for facilitating the transfer of learned skills (Milne et al., 2018). It is also essential for future research to explore whether the skills gained in a single learning environment through digital games can be transferred across various environments, and how out-of-school digital games usage may facilitate optimal learning. However, issues related to technology, such as Wi-Fi connectivity problems, have been identified as barriers to consistent at-home use (Bono et al., 2016; Jouen et al., 2017). Future studies should focus on overcoming such barriers and assess whether facilitating skill practice using digital games outside the school setting supports the generalization and retention of academic and social skills in everyday life.
This review also revealed that very little research has previously provided adequate follow-up assessments to examine the longevity and maintenance of learning (Everhart et al., 2011; Khowaja et al., 2018; Morgan & Park, 2011). To assess the capacity of digital games to impact skills, which are sustainably retained, future studies need to be designed to include follow-up after initial training and use of the games. 
One study in this review employed virtual reality technology in the digital game (Milne et al., 2018). Virtual reality has been utilised to immerse typically developing students in periods of history coinciding with the curriculum, science experiments, and locations in geography (Brown & Green, 2016). Whilst using virtual reality can be received positively by students, the feasibility of using virtual reality headsets for digital games in a classroom setting with autistic children and those with ID needs to be investigated in the future. 
Review Limitations and Strengths 
This review provided detailed insights into the use of educational digital games for children with ASD and/or ID, covering a wide range of educational skills and offering insights for technology developers, educators, and researchers in this field. In particular, the review incorporated feedback from teachers, providing valuable input from key educational stakeholders. The review employed comprehensive and systematic searches of databases and historical citations. Paper screening and data extraction used thorough processes that ensured interrater agreement. The studies were appraised using a validated tool that revealed their quality was overall moderate to high. 
The review is limited because it included only studies reported in English. It should also be acknowledged that some sample sizes were too small for results to be generalisable (Khowaja et al., 2018). Also, the efficacy of digital games may be exaggerated through the publication bias caused by researchers not submitting papers for publication that report studies that show little feasibility or efficacy or insignificant results (Song et al., 2009).
Conclusion
This systematic review synthesised the literature on the use of digital games for children with ASD and/or ID, focusing on educational skills including joint attention, social functioning and interactions, mathematical abilities, and basic grammar. Findings suggest that digital games have the potential to enhance learning outcomes for children with ASD and/or ID. The use of digital games in classroom settings is feasible, and they are acceptable to children showing an increase engagement and motivation to learn. There is evidence that having multiple levels in games is useful to suit the needs of individuals and a small amount of evidence regarding efficacy, but further research is needed. Despite promising results from this review, future investigations need to use robust methodologies to determine whether learning is sustainable across settings and studies should involve individuals with greater severity of ASD and/or ID. Digital game-based learning is no longer a novel concept—it is an evolving and increasingly prevalent educational tool with the potential to transform learning experiences for children with ASD and/or ID. The challenge now lies in advancing the research, refining game design, and ensuring that these tools are accessible and effective for all learners.
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