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Abstract

:

Self-regulation plays a crucial role in the overall well-being of students, including those with learning disabilities (LD) and social, emotional, and behavioral disorders (SEBD). Conceptually, digital learning offers great potential for supporting students with special educational needs (SEN) in learning and social-emotional development at inclusive schools and can effectively promote self-regulation processes. This systematic review aims to shed light on the potential of digital learning to promote the self-regulation of students with SEN in inclusive contexts. A systematic literature search was conducted on selected databases. Seven studies met the inclusion criteria and were analyzed regarding the empirical evidence, characteristics of digital learning methods, and factors influencing their effectiveness. The results showed that digital learning methods can foster improvements in academic outcomes, e.g., students’ persuasive writing skills, and in enhancing emotion regulation in students. The effectiveness of the digital learning methods depends mostly on their implementation by teachers.
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1. Introduction


1.1. Inclusive Education of Students with Special Needs


Inclusive education is a complex societal challenge rooted in at least political, social, and academic foundations. Politically, it aims for social justice by ensuring equal educational opportunities for all, regardless of their background [1]. Socially, it draws from the right to education without discrimination, as enshrined in international human rights documents [2,3]. Academically, inclusive education is supported by the social model of disability, emphasizing the impact of societal barriers on the participation of individuals with disabilities [4].



Inclusive education calls for the right of all students to participate in general education [1]. Many students have special needs concerning their learning, emotional, and social development, and thus they are often perceived as a challenge in inclusive schools [5]. Furthermore, evidence suggests that students with special needs show lower self-regulation than their peers without SEN [6]. Therefore, the empowerment of SEN students’ self-regulation skills inevitably represents an important goal in inclusive education.



Numerous definitions of inclusive education are often abstract or vaguely conceptualized. Thus, inclusivity remains a diffuse term, inadequately defined [7]. Nilholm [8] emphasizes the development of theories of inclusive education, noting a deficiency in empirically validated theories for fostering inclusive school systems, schools, and classrooms.



Göransson and Nilholm [7] proposed a model based on empirical evidence to categorize various operationalizations of school inclusion. They derived four definitions (A, B, C, and D), hierarchically organized by complexity.



	
Placement definition (A) focuses on accommodating students with special needs in regular classrooms. It addresses where students with and without special needs learn, considering inclusion as the location of support (mainstream school) or as a method (teaching within mainstream schools).



	
Specified individualized definition (B) emphasizes addressing the academic and social needs of students with special needs in regular classrooms. It goes beyond placement, stressing individualized support and the potential for academic and social growth.



	
General individualized definition (C) extends to all students, irrespective of specific special needs, recognizing differences relevant to learning processes, discrimination, and participation. It encompasses factors such as age, gender, religion, language, or sexual orientation.



	
Community definition (D) envisions inclusion as a distinctive learning community, emphasizing qualities like participation, democracy, justice, self-determination, freedom, and recognition. It is the most complex definition, requiring the operationalization of these values and the school as a learning community.






In the model by Göransson and Nilholm [7], these four definitions are hierarchically arranged based on their complexity from A to D, where each higher-level definition encompasses all lower-level definitions. A prerequisite for empirically addressing inclusion is a transparent clarification of its understanding [9]. In this work, for pragmatic reasons, we focus on the placement definition A.




1.2. Self-Regulation


The conceptualization of self-regulation originates from Bandura’s social cognitive theory [10], indicating that human behavior is determined by an enduring influence of cognitive, self-reflective, and self-regulatory mechanisms. According to Zimmerman [11], self-regulated learners are metacognitively, motivationally, and behaviorally active in their own learning process. Further, they are perfectly capable of acting in their long-term best interest, guided by their goals [12], self-generated ideas, thoughts, and feelings [13], as well as their deepest values [14]. Students with strong self-regulation skills show remarkable motivational beliefs [15], and therefore are more likely to succeed academically [16]. Moreover, self-regulation may be related to lower self-assessed depression symptoms [17] and with the preservation of physical and mental health [18], which shows its crucial impact on many outcomes and on the future quality of life.



Throughout the first decade of life, self-regulation skills significantly improve [19], which some authors have named a “dramatic transformation” [20] (p. 54). Children begin to gain control over their own behaviors and develop a sense of self-awareness [21]. The development of self-regulation skills may be influenced by several factors, including: biological/genetic factors [22], cultural and environmental factors [23], parenting styles and home environment [24], and relations with peers, as well as practice and observation [25]. However, there are also several factors that can hinder it, for example Adverse Childhood Experiences (ACEs) may consequently overload an individual’s coping skills [26] and self-monitoring strategies. The topic of ACEs is especially important for students with SEBD, because of its high prevalence in students in special education schools [27].



Students with learning disabilities (LD) differ significantly from students without LD in their use of self-regulated learning strategies [28]; they may show heightened emotional reactivity [29] and may struggle to recognize the impact of their actions on the school environment. However, various intervention strategies can support them in developing their self-regulation skills [30], also by involving technologies like DVDs, apps, or e-counselling [31].




1.3. Digital Learning


Digital learning encompasses a wide range of educational strategies and tools that use digital technology to deliver, simplify, or enhance learning experiences [32]. Multimedia resources provide space to access course materials, submit assignments, and engage in collaborative learning activities. The use of ICT may result in many positive gains for students (also for students with physical disabilities [33]), as it may deliver educational content in a dynamic and engaging manner and may tailor learning methods to the individual needs of students. Moreover, it may support self-regulation skills by providing quick and personalized feedback (Immediate Automatic Feedback [34]). However, research on self-regulatory strategies in digital learning environments remains relatively narrow compared to the knowledge about traditional learning environments, and is mainly focused on short-term outcomes. Vedechkina and Borgonovi [35] suggested that the long-term consequences of using digital technologies may be different from their immediate effects. Many studies on digital learning methods have been conducted in controlled settings or specific populations (situation mentioned, inter alia, by Gumora and Arsenio [36]), and rely on self-report measures (recently mentioned by de Ruig, de Jong and Zee [37]).




1.4. Aim of This Paper


The aim of this paper is to synthesize an evidence base of methods and factors influencing self-regulation processes in students with SEN in inclusive digital learning environments. Digital methods can effectively improve the learning process, however, only when integrated into a learning environment [38]. Students with SEN are a vulnerable group in digital learning, since their right to education is only partly fulfilled [39], which teachers attribute mainly to problems with self-regulation, motivation, and the insufficient technical knowledge of students [40]. However, self-regulatory processes are teachable [16], and might be effectively promoted at both the primary and secondary school level [41]. The present work aims to review how different digital learning methods can favor self-regulation processes in all students.



The following research questions were addressed:




	(1)

	
What is the evidence base of the promotion of self-regulation through digital learning in inclusive education and how is the quality of the identified studies?




	(2)

	
Which digital learning methods may be used to promote academic, social, and emotional outcomes in typically or atypically developing (SEN) students in mainstream and special schools?




	(3)

	
Which factors influence the effectiveness of the identified methods?











2. Materials and Methods


We decided to conduct a systematic review of studies in inclusive contexts, to give clear indication of the volume of the literature available, and to identify certain characteristics of these studies. We followed the procedure described by the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) [42]. We aimed to conduct an unbiased and impartial search, therefore, we created an a priori strategy containing search terms, search places, and inclusion criteria.



The terms in our syntax (available in Appendix A) included the domains of self-regulation, digital learning, inclusive education, and more than 30 similar formulations. The inclusion criteria were defined as follows:




	
Article in English, German, or Italian language



	
Published in peer reviewed journal



	
Published after 1970



	
School-aged children (5–19 years old)



	
Self-regulation as a dependent variable



	
Digital learning method as an independent variable



	
Study conducted in an inclusive classroom/school or applicable in inclusive contexts








We excluded all articles that did not meet the inclusion criteria. Additionally, we excluded articles from other disciplines (e.g., neurology or treatment of diabetes), as well as literature studies, reviews, and qualitative studies.



A literature search of the electronic scientific databases was conducted according to the PRISMA statement, during 4 phases: identification, screening, eligibility, and inclusion, as shown in Figure 1.



The first literature search was completed on 21 September 2022, with 2176 matches (out of 88,635 peer-reviewed articles within the Academic Search Complete in EBSCO). The 2176 matches were checked by one co-author through an examination of the titles and abstracts to meet the defined inclusion criteria. This reduced the selection to 23 articles that were read in full text by 2 independent reviewers. Furthermore, 2 other reviewers read a randomly chosen 15% (n = 3) of the articles. Entries that did not meet the inclusion criteria were excluded (n = 16). Finally, discrepancies between researchers were resolved with all the members of the team, leading to a final set of 7 papers that are presented in Table 1, in alphabetical order of the surnames of the first authors.




3. Results


3.1. Quality of the Articles


We defined the quality of the articles using “a checklist to assess the quality of survey studies in psychology” (Q-SSP checklist items) by Protogerou and Hagger [50]. The cut-off score used by the Q-SSP checklist to categorize the studies as acceptable or questionable ranges between 70% and 75%, depending on the number of applicable items. The items covered issues related to: Introduction, Participants, Data, and Ethics, asking for examples about the participant recruitment strategy, evidence for the validity of the measures, or a method for treating attrition. All the articles in our contribution scored between 75% and 95%, therefore revealing an acceptable quality.



The reviewed studies involved typically or atypically developing (SEN) students in mainstream and special schools, as presented in Table 2. We focused on studies in inclusive contexts, but we also found two studies conducted in mainstream schools, with the results being applicable in inclusive contexts. One of those studies was conducted partially in a mainstream school and partially in a special school, whereas the second one explored the outcomes of an app among students with ACEs, which is an issue concerning students in both mainstream and special schools. The basic descriptions of the reviewed studies are presented in Table 3.



3.1.1. Studies in Inclusive Contexts


McKeown et al. [48] examined the effects of asynchronous audio feedback on fifth-grade struggling writers’ persuasive essays. In an inclusive general education classroom, a special education teacher conducted the intervention, using lesson plans, a fidelity checklist, and iPads with the Notability app. The students used headphones to listen to feedback and to receive persuasive writing prompts. Further, their essays were assessed based on the number and type of substantive revisions. In the post-intervention, the students were asked to make substantive revisions to their essays without prompting or feedback. After the intervention, the students significantly improved the general quality of their essays. However, there was a concern about their low engagement and they often did not finish the essays. Asynchronous audio feedback may require further research, but the results already suggested that this tool may be a time-efficient educational practice that gives personalized opinions and lets students react at their own pace, thus enhancing their self-regulation skills.



In the study by Evmenova et al. [45], three special education teachers implemented a technology-based graphic organizer (TBGO) with inserted self-regulated strategies, and asked 43 students (from self-contained classes for students with high-incidence disabilities) to write a paragraph in response to a persuasive prompt. Consequently, significant improvements in students’ writing skills, including increased word counts and use of transition words, were observed between pretest and posttest, and even after the TBGO had been removed. However, there was a significant correlation between students’ outcomes and teachers’ process fidelity scores. The authors showed the importance of teachers’ familiarity with digital tools and indicated that students with LD need to receive straightforward instructions. In future research, it may be useful to measure teachers’ proficiency in applying technology before starting the study, as it is the implementation by teachers that mostly determines the effectiveness of methods.



The contribution of Craig et al. [44] aimed to evaluate the efficacy of Zoo U, an online game that converts evidence-based emotional learning strategies into problem-solving scenes. In this study, children were randomly assigned to either the treatment or wait-list control group, and were compared at pre- and post-intervention. Children in the treatment group completed the game over a 10-week period, while children in the waitlist control group did not have access to it until after that time. All the participants in the treatment group completed at least 80% of the scenes in Zoo U. According to their parents, children that received treatment showed greater impulse control and emotion regulation, more positive social initiation, greater assertion skills, and lower externalizing behavior. Children themselves also reported greater feelings of self-efficacy and social satisfaction. However, the study had a small sample size and the implementation was conducted only at home. The inclusion of additional reporters could have ensured that the results were not influenced by the knowledge of receiving an intervention.



Arroyo et al. [43] analyzed students’ self-regulation strategies while using adaptive tutoring software. The study had a four-part design, including: pre-test assessments of students’ knowledge and attitudes towards mathematics, use of the technology during instruction, post-tests to assess learning gains and engagement, and finally, follow up surveys. In all the dependent variables (affective experiences, motivational goals, cognitive/affective benefits from using the system, and impact of interventions), the researchers observed gender differences. Female students accepted more help, showed reduced disengagement, and were more meticulous in using the app. The studies indicated that digital tutoring systems can supplement mathematics lessons for female students, but left open questions about the way of supporting other genders.



In the contribution of Ozdowska et al. [49], students on the autism spectrum attending a mainstream primary school received, on average, 6.9 h of self-regulated strategy development (SRSD) training, 3.5 h of fluency training, and 45 min of generalization training. The researchers used an A-B-A-C study design to evaluate the students’ writing performance across three conditions, including baseline handwriting measurements (condition A), the use of assistive technology alone (condition B), and students’ application of their understanding of SRSD while using assistive technology (condition C). The results indicated that assistive technologies, like writing support software in combination with SRSD, have the potential to support students on the AS in improving their written expression. However, there were only two female students in this study, and it should be examined whether these results can be generalized to female students on the AS.




3.1.2. Studies Applicable in Inclusive Contexts


Frauenberger et al. [46] observed multiple uses of the annotator tool. In a pilot study, one 8-year-old child who attended a mainstream school and had a diagnosis of Asperger’s Syndrome participated. The child enjoyed the interactions with the annotator and stayed engaged in the interaction with a researcher. Moreover, rhythmic movement during the use of a tool seemed to be calming for him. Further, the researchers conducted pre-study interviews with teachers at the autism-specific special school and showed them video data to let them evaluate the interactions with the annotator. The feedback from the teachers was positive, but they also suggested that the tool should be simplified. Following the feedback, the researchers changed the tool and carried out design critique sessions with seven children with Autism Spectrum Conditions (ASC). This study showed that the annotator tool can serve interactional needs and provide children with opportunities for effective interactions and emotional self-regulation. However, the interviews were conducted in a special school and not in a mainstream school.



MacIsaac et al. [47] evaluated the impact of a smartphone app called JoyPop, which was designed to promote resilience in children through the use of daily self-regulatory skills, for example, showing breathing exercises or a “rate my mood” option. The app even has an option to select a helpline in case of distress during using it. On average, the participants used the app for 20.43 days out of the possible 28 days. Additionally, an attrition analysis was conducted to compare those who attended all three sessions with those who missed at least one session. Adherence was monitored through self-report measures and data collected from the app. As a result, the app usage was associated with improvements both in emotion regulation and in symptoms of depression. However, the study lacked a control group of non-app users. The sample of 156 participants included 123 females and 33 males, which poses an important question about whether the needs of male students can also be met with this intervention.



In conclusion, there was no significant difference in the results between studies in inclusive contexts and in segregated contexts. Some interventions can be successfully used in both situations (e.g., [46]). Students with SEN have cognitive skills, and, supported by a teacher, can learn in inclusive schools and keep up with their peers without SEN. Moreover, inclusion is also beneficial for students without SEN, giving them an opportunity to learn about diversity and to develop their social skills [51].



Some digital methods and interventions concern problems that all students may encounter, for example ACEs. Their prevalence in students with SEN is higher, but students without SEN can also suffer from such experiences. Therefore, interventions should address all students and be conducted in inclusive classrooms. It is also crucial to use the technology to teach all students in class in order to avoid that some students feel stigmatized because of using the technology or not.





3.2. Effectiveness of the Digital Learning Methods in Promoting Academic, Social, and Emotional Outcomes


We aimed to synthetically present the methods’ outcomes in Table 4.



The studies in our review describe the effects of digital learning methods on academic, social, and emotional student outcomes. Regarding the academic outcomes, Evmenova et al. [45] found that technology-based graphic organizers (TBGO) may significantly improve the writing skills of students with LD. TBGO enabled students to structure their thoughts, resulting in an improved number of words, amounting to t(42) = −5.28, p = 0.000, use of transition words t(42) = −14.05, p = 0.000, and essay parts measure t(42) = −7.08, p = 0.000 between pretest and posttest with TBGO. The differences between pretest and post-test without TBGO were also significant; for the number of words written, it was t(42) = −2.75, p = 0.009; for the number of transition words t(42) = −6.82, p = 0.000; and for the essay parts measure t(42) = −5.35, p = 0.000. All students improved their academic outcomes.



Arroyo et al. [43] explored the use of advanced digital learning technologies for mathematics. Their research suggested that digital tutoring systems should consider gender differences in their design and implementation. The authors showed that female students invested significantly more time in hints than male students (female students, M = 94.92 min, SD = 61.21; male students, M = 76.28 min, SD = 62.05, p < 0.05), although they saw similar amounts of hints per problem and finalized similar amounts of problems. Male students more frequently used the help button just to see the final answer and more frequently used quick guess. In general, the students reported less boredom when learning companions were present, but all the other outcomes depended clearly on gender.



Craig et al. [44] examined the effectiveness of game-based interventions in enhancing social–emotional functioning in children. Their findings demonstrated higher posttest scores (via parents’ reports) on impulse control, social initiation, emotion regulation, assertiveness skills, and behavior problems. For child-reported outcomes in social self-efficacy, the mean (SE) at pre-intervention amounted to 3.922 (0.11) in treatment and 3.852 (0.13) in wait-list control, whereas at post-intervention: 4.296 (0.09) in treatment and 3.989 (0.13) in wait-list control. Further, the mean in social satisfaction amounted at pre-intervention to 2.498 (0.04) in treatment and 3.296 (0.11) in wait-list control, whereas at post-intervention, it was 3.415 (0.13) in treatment and 3.222 (0.10) in wait-list control. The change between outcomes in treatment and wait-list control was therefore higher at post-intervention than at pre-intervention.



MacIsaac et al. [47] explored the impact of smartphone-based interventions on self-regulation and overall resilience among students with ACEs. App usage was associated with growth in emotion regulation, as it improved by 0.25 points on the 18-point scale for each additional day of app usage, and in symptoms of depression, as these symptoms were reduced by 0.08 points on the 9-point scale with each additional day of app usage. Participants with more ACEs showed a faster rate of change in emotion regulation (p = 0.02).



McKeown et al. [48] tested personalized audio-visual feedback delivered to children through iPads and the Notability app. The outcomes showed that students receiving individualized feedback significantly improved their persuasive elements (164% mean increase) and the overall quality of their essays (mean increase of 87% after eight sessions). The outcomes were comparable for students that were identified by the teacher as students with SEN and for those who were not.



Ozdowska et al. [49] conducted a study focused on supporting students on the AS with assistive technology and self-regulated strategy development (SRSD). The researchers employed digital tools to help students to overcome writing challenges and improve the quality and length of their persuasive writing. At the initial interview, all (n = 8) students found the planning of writing to be difficult. In the follow-up interview, they were more enthusiastic about it (n = 6). Most students (n = 7) indicated initially that they avoided writing tasks or completed them as quickly as possible, whereas, in the final interview, they were more interested in writing tasks (n = 7).



Frauenberger et al. [46] explored a tool supporting the contributions of children with ASC in a design critique activity. The tool seemed to be effective in encouraging students’ responses, as it had a positive effect on extending feedback to different objects within one interaction. Out of 12 contributions, 7 followed a prompt, while 5 were initiated spontaneously by the child. The study highlighted the significance of digital tools that promote the active engagement of students with ASC.



In conclusion, the studies showed that digital methods can foster academic, social, and emotional outcomes, like increased quality and length of persuasive essays, improved emotion regulation, or enhanced engagement. Even when the immediate focus of an intervention is on developing social skills, their ultimate goal is to create a positive learning environment that supports the academic success of all students.




3.3. Factors Influencing the Effectiveness of the Identified Methods


The scientific works examined in this review identified digital interventions that promote self-regulation from an inclusive perspective. However, they considered different variables and factors, mainly the role of gender, the role of the quality of implementation, and the role of the previous experiences of students.



Regarding the role of gender, the contribution of Arroyo et al. [43] appears to be of particular importance. The authors showed that female and non-female students had different reactions while using the tutoring software. Female students were found to be more receptive to seeking and accepting help from the system, and showed more productive behaviors when female characters were present. Male students had more positive outcomes when no learning companion was present and the least positive outcomes when a female character was present. However, further research is required to confirm these findings and develop effective strategies for students of all genders. The other papers included in this review did not report differences between genders or did not have a sample distributed adequately according to gender; for example, MacIsaac et al. [47] had 156 participants, 123 of whom were female. It is not clear whether this disproportion was linked to the involvement of psychology students in the sample (generally predominantly female), or to a predilection of females for the use of apps like the one proposed.



A second aspect concerns the quality of the implementation. In the research by Evmenova et al. [45], special education teachers followed predefined lesson plans for instruction delivery. All the students were classified as having a LD, and a further six students were diagnosed with secondary disabilities including ADHD, speech impairment, autism, and/or orthopedic impairments. The research findings showed a significant correlation between the students’ outcomes and the teachers’ process loyalty scores, indicating an importance of teachers’ role in an inclusive education.



A third aspect concerns the initial competence of students. MacIsaac et al. [47] investigated the impact of a smartphone-based resilience intervention on first-year university students who had experienced ACEs. The results showed that more room for improvement could be expected for students who started out with a lower score. However, there was no information about students with SEN.



In sum, the main factors influencing the effectiveness of digital learning methods are their implementation by teachers, the gender of the students, and the previous experiences of the students. The participants of the reviewed contributions who had higher levels of childhood adversity demonstrated a faster rate of change in their emotion regulation following the intervention.





4. Discussion and Conclusions


This review aimed to critically synthesize the evidence on the effectiveness of digital learning methods and materials in inclusive settings. Our interest was on studies that involved typically or atypically developing (SEN) students in mainstream and special schools. The literature search showed that very few studies have been conducted in an inclusive environment, but all methods in the selected studies are potentially applicable in inclusive contexts.



The evidence base of the promotion of self-regulation through digital learning in inclusive education is not big, but the quality of the identified studies is acceptable and the learning methods are promising. The articles in our contribution scored between 75% and 95% on a checklist to assess the quality of studies in psychology.



The reviewed literature suggested that digital learning methods can be advantageous, as they can foster improvements in students’ writing skills [45,48,49], in learning math [43], and in enhancing emotion regulation in students [44,46,47]. We found a spectrum of methods supporting the academic outcomes of students, including: technology-based graphic organizers with embedded self-regulated strategies [45], customized interventions like Advanced Learning Technologies for Mathematics [43], personalized audiovisual feedback like Asynchronous Audio Feedback for Writing [48], and Assistive Technology with Self-Regulated Strategy Development (SRSD) for Persuasive Writing [49]. Social outcomes may be supported by game-based interventions, like Zoo U: Game-Based Social Skills Training [44]. Emotional outcomes, like improved emotion regulation, executive functioning, and resilience skills, could be enhanced by Annotator tool [46] or smartphone-based interventions like JoyPop [47]. The effectiveness of the identified methods depended, in most studies, especially that by Evmenova et al. [45], on the importance of the teachers’ implementation and explicit instructions for students with SEN. Digital tools may be very effective and time-saving, but they do not work independently. Teachers need to be willing and sufficiently qualified to apply such tools in their classrooms. The conclusion about teachers’ skills in this context may seem axiomatic, but actually, the work by Evmenova et al. [45] showed clearly the importance of teachers’ familiarity with the digital tools. Moreover, teachers can create structured and predictable digital learning environments that will help students with SEN to understand their tasks and foster a sense of routine and predictability, thus supporting the self-regulation skills in students.



Our review also highlighted some limitations in the research methodologies. Several studies were conducted on very small groups of students, thus, there is a concern over the representativeness of the samples, like in the already mentioned article [36]. In one study, the teacher often forgot to include the self-regulatory instruction, which was an important factor for the research outcomes. There was also a contribution showing the effects of the app, but lacking a control group of non-app users, which may pose a common limitation of such studies. Some studies covered only the question of gender differences, moreover considering only males and females, not other genders. The practical result of such investigations is a suggestion that the interventions could work differently with different groups of students.



Self-regulation is an important prerequisite for students’ academic success and social participation in inclusive digital education, however, students need to be empowered for digital learning processes by receiving specific support that promotes their self-regulation skills and motivation to learn. Empowering students with SEN in their self-regulation skills may help them feel included in school activities and to succeed in a future professional career.




5. Limitations and Implications for Future Research


Inclusive education in the digital learning environment is a young research area with few studies, and a meta-analysis could be conducted in the future. The presence of few articles, quite different from each other, makes a systematic comparison difficult. One can only draw preliminary conclusions on an area of research that is still underdeveloped. We started with a specific goal in mind, and then found very few articles, so several questions remain unanswered, or with partial and provisional answers. However, the analysis of the reviewed studies provides a contribution to identifying the gaps and questions that future research should answer.



The screening, resulting in 23 records out of 2176 results from searching in the databases, was conducted by one researcher. Only the 23 chosen records were discussed with other members of the research team, which could pose a potential risk that some important studies may have been left out.



Furthermore, some problems in the representativeness of the samples in the reviewed studies may reduce the validity of the contribution and make additional research necessary, for example, the Zoo U was examined with only 23 children in the treatment group, asynchronous audio feedback with 7 students, and self-regulated strategy development with 8 students, while a system supporting social skills learning had one child in a pilot study and 7 children in the design critique sessions. In the future, it may be important to check the outcomes of such interventions on a bigger and more representative group of students. The durability of the effects and their transferability to real-world contexts [52] are areas that may require more research. Moreover, the ethical implications of using digital methods for self-regulation development, such as data privacy [53] or the potential for the addictive use of digital devices [54], need to be carefully considered.
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Appendix A


The search terms included were: self-regulation OR self-control OR self regulation OR self-regulated learning OR self regulated learning OR srl) AND (digital learning OR mobile learning OR e-learning OR online learning OR distance learning OR remote learning OR ict OR information communication technology OR technology) AND (inclusive education OR inclusion OR mainstreaming OR integration OR inclusive schools OR Equal education OR Diversity OR Participation) AND (learning difficulties OR learning disorders OR learning problems OR dyscalculia OR dyslexia OR behavioral difficulties OR behavioral disorders OR behavioral problems OR emotional and behavioral disorders OR emotional and behavioral difficulties OR emotional and behavioral problems. The filters were: Search Modes and Expanders: Find all my search terms; Also search within the full text of the articles; Apply equivalent subjects.
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Figure 1. Flowchart illustrating the review selection process. 
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Table 1. Results of screening.
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	Authors
	Title
	Year





	Arroyo et al. [43]
	Gender differences in the use and benefit of advanced learning technologies for mathematics.
	2013



	Craig et al. [44]
	Enhancing Children’s Social Emotional Functioning Through Virtual Game-Based Delivery of Social Skills Training.
	2016



	Evmenova et al. [45]
	Teacher Implementation of a Technology-Based Intervention for Writing.
	2020



	Frauenberger et al. [46]
	Conversing through and about technologies: Design critique as an opportunity to engage children with autism and broaden research(er) perspectives.
	2013



	MacIsaac et al. [47]
	Adverse Childhood Experiences and Building Resilience with the JoyPop App: Evaluation Study.
	2021



	McKeown et al. [48]
	Writing Is Revising: Improving Student Persuasive Writing Through Individualized Asynchronous Audio Feedback.
	2020



	Ozdowska et al. [49]
	Using assistive technology with SRSD to support students on the autism spectrum with persuasive writing.
	2021










 





Table 2. Inclusive contexts of the studies.






Table 2. Inclusive contexts of the studies.





	Authors
	Inclusive
	Settings
	Participants





	Arroyo et al. [43]
	Yes
	Variety of public schools.
	High-school students (9th–10th graders).

Study 1: (piloting) involved 139 students; study 2: 64 students; study 3: 233 students; and study 4: 108 students.



	Craig et al. [44]
	Yes
	School and home.
	Twenty-three children in the treatment group and twenty-four in the control condition (age M = 9.65), children had to: be between 7 and 11 years old at the start of the trial, be English-language proficient, and have access to a computer connected to the Internet.



	Evmenova et al. [45]
	Yes
	A low-performing middle school within a large metropolitan school district. Almost 17% of students received special education services.
	Forty-three 6–8th grade students from eight self-contained classes for students with high-incidence disabilities (SD = 0.97, age range 11–14; 48% female).



	Frauenberger et al. [46]
	No
	In pilot study, the participant attended a mainstream school. Pre-study teacher interviews were conducted at the autism-specific special school.
	In pilot study, the sample size was one child with Asperger’s Syndrome (8 years old), while in the design critique sessions—7 children aged between 8 and 13 years, who had received an Autism Spectrum diagnosis.



	MacIsaac et al. [47]
	No
	The transition to university.
	First-year typically developing undergraduate students. The sample of 156 participants included 123 females (78.8%) and 33 males, with a mean age of 19.02 years (with a range 16–38).



	McKeown et al. [48]
	Yes
	Inclusive fifth-grade general education classroom.
	Seven struggling with writing students in 5th grade (14.29% female): one student with a learning disability in literacy and teacher identified behavioral concerns (Behavior of Concern: engagement off-task), one student with a learning disability in literacy (Behavior of Concern: organization deficits), one student with a learning disability in literacy (Behaviors of Concern: distractibility, organization deficits), one student without LD, but with distractibility, one student with Behavior of Concern: engagement off-task, and two students without LD and without BC.



	Ozdowska et al. [49]
	yes
	A mainstream primary school.
	Eight students between 9 and 11 years (25% female). Each student had to have been verified by the Queensland Department of Education as being on the AS or as having a formal diagnosis of Autism Spectrum Disorder (ASD) or PDD-NOS (pervasive developmental disorder-not otherwise specified).
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	McKeown et al. [48]
	A single case study with 7 students struggling with wrtiting. Visual analysis showed mixed results on the effectiveness of the intervention (Individualized Asynchronous Audio Feedback). The results indicated that asynchronous audio feedback may be a tool that teachers can use to quickly provide rich and detailed feedback to their students.

Measurements:

Screening: Test of Written Language—4th Edition of The Story Construction subtest from the TOWL-4.

Draft and final versions of essays were scored for holistic quality on a scale from 0 to 6.

To measure the fidelity of the implementation, researchers observed one third of all sessions, across all tiers, using a checklist of the 6 items for each lesson.The teacher was interviewed to check if he found the intervention acceptable.



	Evmenova et al. [45]
	A pre-experimental design: one group pretest–posttest. The aim was to determine the potential of a technology-based graphic organizer (TBGO) for students with learning difficulties. In addition, there was a second posttest without the TBGO, a week after the posttest with the TBGO, to explore the effect of TBGO removal. There were significant differences in the number of words, transition words, and essay parts between pretest and posttest with TBGO and without TBGO.

Measurements:

Responses to a prompt were scored on a scale from 0 to 8. Structural fidelity was calculated using the fidelity checklists. Video recordings of each lesson from each teacher were scored using the RIVER-R (Research InterVention Effectiveness Rating—Rubric), aligned with the technology-based intervention and the lesson plans and focused on the three constructs: effective teaching, engaging instruction, and student-centered learning. Each of the items across those constructs was rated on a 4-point scale from 0 (insufficient evidence) to 3 (high evidence).

Descriptive statistics and a paired-sample t-test were used to determine differences between students’ writing performances at pretest and posttest with and without TBGO across all dependent variables: number of words, number of transition words, and essay parts measure. Descriptives and frequencies were used to determine: students’ gain scores for the essay parts measure between pretest and posttest with and without TBGO; students’ typing rate; and teachers’ process fidelity of implementation scores. Then, Pearson correlation was calculated to assess the relationship between the typing rate, as well as teachers’ process fidelity of implementation score from the River-R and essay parts measure at posttest with and without TBGO.



	Ozdowska et al. [49]
	A single-subject study (ABAC study design) involving eight children on the autism spectrum (AS) attending a mainstream primary school. Condition A (Baseline): handwriting measurements; Condition B: assistive technology alone; and Condition C: students applying their understanding of self-regulated strategy development (SRSD) while using assistive technology. In many cases, the quality and/or length of the written compositions of students on the AS improved when they received writing support.

Measurements:

	
CELF-4: a comprehensive developmental language assessment with items ranging from pre-verbal, interaction-based skills to emerging language and early literacy.



	
KBIT-2 (Kaufman Brief Intelligence Test): a brief measure of intelligence that includes verbal IQ, nonverbal IQ, and overall IQ. This was used to confirm the inclusion criteria requirement of an average range IQ.



	
TOHL: The Test of Legible Handwriting (TOHL; Larsen and Hammill, 1989) to assess the legibility of student handwriting.



	
The handwriting speed test (Wallen, Bonney, and Lennox, 1996) to evaluate handwriting speed in characters per minute.



	
Typing speed: recorded in characters per minute so that it could be directly compared to handwriting speed.



	
Oral reading fluency (Hasbrouck and Tindal, 2006).








	MacIsaac et al. [47]
	Participants: typically developing undergraduate students. Three laboratory sessions in a group format: pre-app, mid-app, and post-app. Comparing changes in resilience-related outcomes after the use of the JoyPop app, including ACE (Adverse Childhood Experiences) score as a covariate in the models. The results showed higher rates of changes in students who had higher ACE scores before the intervention.

Mesurements:

	
Adverse Childhood Experiences (ACEs) Questionnaire to assess the occurrence of abuse, neglect, and household dysfunction during childhood.



	
Connor–Davidson Resilience Scale–10 to measure resilience as grounded in biological, psychological, and social facets.



	
Executive Functioning Index—a self-report measure of executive functioning.



	
Difficulties in Emotion Regulation Scale—Short Form—to measure emotion regulation deficits.



	
Patient Health Questionnaire–9—a self-report measure assessing the diagnostic criteria for depression.



	
Data analyses were conducted using Stata (IBM Corporation).








	Craig et al. [44]
	Randomized control design: participants were randomly assigned to treatment condition (TX: Zoo U game) or the waitlist control condition (CO). There was a final sample of 47 participants (TX = 23, CO = 24). Comparing the TX and CO groups on each subscale of the post-intervention (parent-reported outcomes and child-reported outcomes) indicated that participation in Zoo U resulted in improvements in children’s ability to behave in a more prosocial way.

Measurements:

	
The Self-Efficacy Scale (SES; Ollendick and Schmidt, 1987) to assess children’s social self-efficacy, for example, how confident they are that they can engage in 10 specified social behaviors.



	
The Loneliness and Social Dissatisfaction Scale (LSDS; Cassidy and Asher, 1992) a 19-item measure of children’s self-reported feelings of loneliness and dissatisfaction with peer relationships.



	
The Achieved Learning Questionnaire (ALQ)—a 36-item measure of children’s social literacy across the six domains targeted in Zoo U (impulse control, communication, cooperation, social initiation, empathy, and emotion regulation).








	Arroyo et al. [43]
	Four studies. Study 1 (Pilot Study): single condition: improvement from pretest to posttest. Study 2 (Help Study): two experimental conditions of tutor-initiated help and student-initiated help with random assignment to conditions. Study 3 (LC Study—with Learning Companions): between-subjects design with two conditions—Wayang with learning companions and standard classroom-based instruction, with random assignment to the gender of the learning companion. Study 4 (Affect Study): between-subjects design with two conditions: learning companion and no learning companion.

The contribution showed behavioral gender differences while interacting with the tutor.

Measurements:

Students’ mathematics knowledge and problem-solving ability were assessed with instruments drawn from the Massachusetts state-based test and SAT-Math tests.

Every 5 min, but only after a mathematics problem was completed, the tutor asked students to self-report on their interest, frustration, confidence, and excitement on a 6-point scale.



	Frauenberger et al. [46]
	Pilot study: one 8-year-old child with a diagnosis of Asperger’s Syndrome (AS) who attended a mainstream school. Study: interviews pre- and post-study with teachers at the autism-specific special school. Critique sessions were designed. There was an analysis of interactive data based on a coding scheme. There was an analysis of video data based on the SCERTS framework (Social Communication, Emotional Regulation, Transactional Support) used as a tool for analyzing aspects of the interaction with the annotator. The analysis of the data showed how the simple tool served complex interactional needs of children.

Measurements:

The SCERTS framework as a tool for analyzing aspects of interaction with the annotator. SCERTS is an educational and diagnostic approach for supporting people with ASC and is grounded in multi-disciplinary theory.










 





Table 4. Academic, social, and emotional outcomes of the methods and materials.






Table 4. Academic, social, and emotional outcomes of the methods and materials.












	Methods
	Digital Learning Materials
	Academic Outcomes
	Social Outcomes
	Emotional Outcomes





	Technology-based graphic organizers (TBGO) with embedded self-regulated strategies
	TBGO
	Increased number of words, transition words, and essay parts measures in writing
	-
	-



	Customized interventions based on gender
	Advanced Learning Technologies for Mathematics with Gender Customization