Technology-Supported Inclusive Education: A Systematic Review of Digital Accessibility and Universal Design for Learning

Abstract
Introduction: Digital learning environments increasingly rely on Universal Design for Learning (UDL) and digital accessibility standards to support inclusive education. These frameworks aim to reduce learning barriers and ensure that students with diverse needs can engage with course materials effectively. However, there is limited synthesis of how technology operationalizes UDL and accessibility in practice.	Comment by LEPHEANA, LEPHEANA-JUSTICE: Your word count is 245, commendable, hence, you cannot go beyond 300 words, however, kindly check the paper template for AJOCR and follow it. For example it starts with: Aims, study design etc.. 
Methods: A systematic review was conducted following PRISMA guidelines. Six databases (Scopus, Web of Science, ERIC, IEEE Xplore, ScienceDirect, and Google Scholar) were searched for peer-reviewed studies published between 2010 and 2025. Studies were included if they examined digital or online learning environments and explicitly addressed accessibility practices or UDL implementation. Thirty-two studies met the inclusion criteria and were analyzed using narrative synthesis.
Results: Across educational levels, UDL-aligned digital tools improved engagement, motivation, and academic performance by allowing students multiple ways to access content and demonstrate learning. Digital accessibility practices, including captioning, screen-reader–compatible formats, structured content, and accessible mathematics markup, enhanced usability and comprehension for all learners, not only those with disabilities. Studies revealed that inclusive outcomes were strongest when accessibility and UDL were considered at the design stage rather than applied retroactively.
Conclusion: Technology meaningfully supports inclusive education when accessibility and UDL principles guide course development. Institutional commitment, faculty development, and proactive design practices are necessary to sustain inclusive digital environments. The findings emphasize that technology alone does not create equity. Instead, intentional design decisions that anticipate learner variability enable meaningful participation and improve learning outcomes for all students.
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 	Digital technologies have become a central component of modern education. Learning management systems, multimedia platforms, captioning tools and interactive digital content now shape how students engage with course material and how instructors design learning environments. These technologies are frequently presented as solutions for expanding access and improving learning outcomes across diverse student populations (CAST, 2024; UNESCO, 2022). However, technology adoption does not guarantee inclusion. When digital environments lack accessibility features or provide content in limited formats, they unintentionally reproduce barriers that prevent some learners from participating fully in the learning process (Al-Azawei et al., 2016; Fulmer et al., 2021). As a result, equity gaps persist even in technology-rich classrooms.	Comment by LEPHEANA, LEPHEANA-JUSTICE: Beef it up with one or two lines from the literature backing up these claims.
 	Universal Design for Learning (UDL) has emerged as a guiding framework for ensuring that digital learning environments are intentionally inclusive. Developed by CAST, UDL promotes proactive instructional planning based on three principles: providing multiple means of engagement, multiple means of representation and multiple means of action and expression (CAST, 2024). Rather than retrofitting accommodations after barriers appear, UDL encourages designers to anticipate learner variability at the outset of curriculum and technology development (Meyer et al., 2014). Evidence from evaluations and meta-analyses indicates that UDL-informed practices improve student motivation, increase flexibility in learning pathways and support meaningful learning outcomes across K–12 and higher education settings (Capp, 2017; Almeqdad et al., 2023). UDL therefore provides a conceptual foundation for inclusive digital design.	Comment by LEPHEANA, LEPHEANA-JUSTICE: Learner or student? Be consistent.	Comment by LEPHEANA, LEPHEANA-JUSTICE: Be consistent, do not use learner and student interchangeable, choose one and use it consistently.
 	Digital accessibility standards complement UDL by ensuring that technologies themselves are usable by learners with diverse abilities. Standards such as the Web Content Accessibility Guidelines (WCAG) define whether digital content is perceivable, operable, understandable and robust (W3C, 2023). Regulatory frameworks such as Section 508 of the Rehabilitation Act in the United States and the European ICT accessibility standard EN 301 549 require educational institutions and vendors to design technologies that meet accessibility criteria (ETSI, 2021; U.S. Access Board, 2018). Even with these policies in place, compliance does not always translate into inclusive learning. Institutions often acquire accessible platforms but continue teaching with rigid content or inflexible assessments that restrict learner expression. Research suggests that accessibility ensures usability of the platform, while UDL ensures inclusivity of the learning experience (Burgstahler, 2015; Rao et al., 2014).
 	Promising evidence illustrates how the combination of accessibility and instructional flexibility improves learning outcomes. Studies on captioning and transcripts demonstrate benefits not only for students who are deaf or hard of hearing but also for multilingual learners and students in cognitively demanding courses (Dallas et al., 2016; Oregon State University & 3Play Media, 2016; Fastelli et al., 2025). Research in STEM education shows that accessible notation formats such as MathML improve comprehension for learners using screen readers and reduce cognitive load during complex tasks (Ali et al., 2024; Singh et al., 2024). Additionally, the use of accessibility support tools within learning management systems, such as Blackboard Ally, increases the accessibility of course materials when instructors receive feedback and guidance on document formatting (Anthology, 2020). These examples confirm that accessibility features and UDL-aligned practices benefit a broad range of learners.	Comment by LEPHEANA, LEPHEANA-JUSTICE: You may also consider, finding latest studies, not older than 5 years, sharing the same sentiments.
 	Despite this evidence, most educational technologies are not designed with accessibility and UDL at the forefront. Systematic reviews indicate that many studies exploring digital or immersive learning environments mention student engagement or novelty of the technology, but very few explicitly connect the design of these environments to inclusive teaching strategies (Al-Azawei et al., 2016; Moriña et al., 2025). Berigel et al. (2024) further demonstrate that accessibility is inconsistently applied in institutional learning platforms and is often treated as a technical afterthought. The emphasis on innovation over inclusivity results in what has been termed technology-driven adoption, where tools are implemented because they are available rather than because they support all learners (Tobin & Behling, 2018; Burgstahler, 2015). This approach reinforces inequity by privileging students who already possess the skills and resources to benefit from new tools.	Comment by LEPHEANA, LEPHEANA-JUSTICE: Consistency please	Comment by LEPHEANA, LEPHEANA-JUSTICE: Refer to my previous comment.
 	There is also an uneven distribution of inclusive technology practices across disciplines. Research on inclusive digital environments is heavily concentrated in STEM fields, while humanities and teacher preparation programs receive less attention (Moriña et al., 2025; Berigel et al., 2024). This uneven application suggests that access to inclusive learning opportunities depends not only on student characteristics but also on what and where they study. When UDL and accessibility practices are not adopted consistently, educational technology can widen structural inequities instead of narrowing them. In essence, the literature reveals three recurring issues: technology adoption is often not guided by pedagogy, accessibility and UDL are frequently added only after barriers arise and empirical evidence remains fragmented with limited integration between accessibility standards and flexible instructional design (Al-Azawei et al., 2016; Rao et al., 2014; Moriña et al., 2025). These issues underscore the need for a comprehensive synthesis that examines how technology, UDL and digital accessibility intersect in current educational practice.
 	The purpose of this systematic review is to synthesize empirical evidence on technology-supported inclusive education by examining digital accessibility practices and the integration of Universal Design for Learning principles. This review addresses three questions: how digital technologies are currently used to support inclusive education, to what extent digital learning environments integrate UDL and accessibility standards and what challenges and opportunities exist for advancing inclusive technology design. Addressing these questions is essential because technology itself does not create inclusive learning. Inclusion is achieved when learning environments are intentionally designed to enable flexibility, accessibility and meaningful participation for all students.
2 Methods
2.1 Study design
 	This review employed a systematic review methodology guided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA,  2020) framework. The PRISMA model was chosen because it emphasizes transparency, replicability, and methodological rigor in identifying, screening, and selecting relevant studies. Before data collection began, a protocol was developed that outlined the objective of the review, the research questions, the eligibility criteria, the search strategy, and the analytical approach. The protocol served as a blueprint to ensure that study selection and synthesis were carried out objectively and consistently across all stages.


2.2 Research questions
 	The purpose of this review was to synthesize empirical evidence on the ways technology is used to promote inclusive education through two key pillars: digital accessibility and Universal Design for Learning (UDL). Three research questions guided the review:	Comment by LEPHEANA, LEPHEANA-JUSTICE: You have on the Introduction, the last paragraph that starts exactly like this. This may bore the readers, you may consider rephrasing this.

Maybe: This review aimed to synthesize empirical blah blah blah….
a) How are digital technologies currently being used to support inclusive education?
b) To what extent do technology-supported learning environments apply UDL and accessibility standards?
c) What challenges and opportunities emerge when accessibility and UDL are integrated into digital learning design and practice?
 	These questions were intentionally broad enough to capture diverse educational contexts and technologies but focused enough to ensure that studies directly addressing inclusion were prioritized.
2.3 Eligibility criteria
 	Eligibility criteria were developed using the PICOS framework (Population, Intervention, Context, Outcomes, Study type). Studies were considered eligible when they met five conditions. First, the population needed to include learners or educators in formal learning environments such as K–12 schools, higher education institutions, or hybrid and online learning settings. Second, the intervention or focus of the study had to involve digital technologies, including learning management systems, interactive materials, captioning tools, virtual or augmented reality applications, accessible STEM formats (such as MathML or screen reader–compatible notation), or tools embedded with accessibility features. Third, the study needed to occur in educational settings where technology was used for instructional delivery, content access, or assessment. Fourth, the outcomes had to relate to accessibility, learner engagement, usability, instructional flexibility, or inclusive learning effects. Finally, studies had to be empirical, peer-reviewed, written in English, and published between 2010 and February 2025. Studies were excluded if they only described technology use without addressing accessibility or UDL, if they were opinion essays, conference abstracts, or technical reports without empirical data, or if they focused solely on disability without examining instructional or technological design. Publications prior to 2010 were excluded because widespread digital and online learning adoption accelerated significantly within the last decade, and older studies did not reflect current technological capabilities or accessibility standards.	Comment by LEPHEANA, LEPHEANA-JUSTICE: Write in full, if you have not done that in the previous sections.	Comment by LEPHEANA, LEPHEANA-JUSTICE: Add one or two authors supporting the claim.
2.4 Search strategy
 	To ensure broad coverage of relevant scholarshipscholarships, searches were conducted across five academic databases commonly used in education and technology research: Scopus, Web of Science, ERIC (Education Resources Information Center), IEEE Xplore, and Google Scholar. These databases were selected because they include high-quality empirical studies from interdisciplinary fields including education, instructional design, accessibility engineering, and human-computer interaction. Search strings combined terms related to accessibility, UDL, and technology. For example, the core search expression used in Scopus and ERIC was: “Universal Design for Learning” OR “UDL” AND “accessibility” OR “inclusive design” OR “digital access” AND “technology-supported learning” OR “e-learning” OR “learning management system.” Boolean operators and truncated terms (such as inclusive to capture inclusive and inclusivity) ensured comprehensive retrieval of studies. The search was conducted between January and February 2025. References of key papers were also hand-searched to identify additional relevant studies not captured through database queries.
2.5 Screening procedure
 	All retrieved records from the database searches (n = 1,243) were first exported into Zotero for reference management and automatic deduplication. After removing duplicate entries, 892 unique records remained and proceeded to the screening phase. Screening occurred in two stages (Figure 1). In the first stage, titles and abstracts were reviewed to eliminate studies clearly unrelated to digital accessibility, Universal Design for Learning, or technology-supported instruction. During this phase, 774 records were excluded, primarily because they focused on general technology adoption without any explicit connection to accessibility or inclusive instructional design. In the second stage, full-text screening was conducted to evaluate the remaining studies against the predefined eligibility criteria. A total of 118 full-text articles were reviewed in detail. The inclusion and exclusion criteria were applied more rigorously at this stage to confirm that each study addressed both technology use and inclusivity, either through digital accessibility frameworks (such as WCAG or Section 508) or UDL principles. During this phase, 86 articles were excluded, most often because they mentioned technology adoption without evaluating accessibility, or they referred to disability without discussing instructional design. Two reviewers independently screened all full-text articles to minimize bias, and disagreements were resolved through discussion until consensus was reached. After completing the screening process, 32 studies met all inclusion criteria and were retained for the final synthesis. These studies represented the most rigorous evidence connecting digital technology to accessibility or Universal Design for Learning.	Comment by LEPHEANA, LEPHEANA-JUSTICE: Write in full.
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2.6 Data extraction and coding
 	Once the final set of articles was identified, detailed data extraction was conducted using a structured template. Extracted data included author and publication year, country where the study was conducted, educational level (K–12, higher education, adult learning), technology used, the accessibility or UDL strategy addressed, research design, and reported outcomes. During extraction, studies were read fully and repeatedly to capture nuances regarding how UDL or accessibility principles were implemented. Coding was iterative; initial codes were created from recurring patterns observed across studies, and these codes were later refined into broader thematic categories. The coding process enabled the synthesis to move beyond summary toward identifying conceptual contributions, recurring design challenges, and implementation trends.
2.7 Quality appraisal
 	The methodological quality of all included studies was assessed using the Mixed Methods Appraisal Tool (MMAT), which is designed to evaluate qualitative, quantitative, and mixed-methods studies within a single framework. Each study was assessed based on appropriateness of sampling, data collection rigor, reliability of instruments, clarity of research design, and coherence between research questions and reported findings. Rather than using quality ratings as grounds for exclusion, appraisal scores informed the interpretation of evidence during synthesis, ensuring that conclusions were grounded in studies with sound methodological bases.
2.8 Synthesis approach
 	Given the heterogeneity in technologies, populations, and outcome measures, a meta-analysis was not feasible. Instead, a narrative synthesis strategy was used. After coding was completed, studies were grouped based on their central emphasis: UDL-driven instructional design, accessibility implementation and compliance, or barriers and facilitators to inclusive digital technology adoption. Synthesizing the findings across these categories allowed patterns to emerge regarding how digital accessibility and UDL principles intersect in practice and highlighted gaps where technology integration remains disconnected from inclusive design.







3 Results

3.1 Study characteristics

 	Table 1 presents an overview of the 32 studies included in the review, highlighting their educational context, methodological design, type of digital intervention, and the specific focus on Universal Design for Learning (UDL) or accessibility. The distribution of studies demonstrates that technology-supported inclusive education research occurs across multiple educational levels, with most studies situated in higher education and teacher education contexts, and a smaller but growing number within K–12 settings. The studies collectively employ a broad range of methodologies, including quasi-experimental evaluations of UDL-based digital lessons (Almeqdad et al., 2023), mixed-methods investigations of learning analytics embedded within UDL systems (Qu et al., 2024), and institutional case studies examining UDL culture and policy development (Burgstahler, 2015; CAST, 2018). The table also shows that UDL-based digital interventions frequently focus on providing multimodal learning pathways, increasing instructor adoption through design supports, and ensuring that course content is proactively accessible rather than fixed and retrofitted. Research focused on accessibility emphasizes captioning, screen reader compatibility, MathML or structured content for complex materials, and compliance with international standards such as WCAG 2.2, Section 508, and ISO guidelines. Collectively, the studies reveal that inclusive technology adoption is most effective when accessibility frameworks and UDL principles are integrated into instructional design at the beginning of course development, rather than introduced as an afterthought.


Table 1. Characteristics of included studies (n = 32)
	Study (Author, Year)
	Educational Context (Country; Level; Discipline)
	Research Design / Participants
	Technology or Intervention
	Focus (UDL or Accessibility)
	Key Contribution / Outcome

	Al-Azawei, Serenelli, & Lundqvist (2016)
	United Kingdom; Higher Education; e-learning
	Mixed methods; 126 students
	LMS redesigned using UDL checkpoints
	UDL implementation
	Improved engagement and satisfaction; reduction in learning barriers.

	Capp (2017)
	International; K–12 and Higher Education
	Meta-analysis; 34 studies
	Digital content supporting multimodal representation
	UDL effectiveness
	Increase in learner motivation, engagement, and persistence.

	Rao, Ok, & Bryant (2014)
	United States; Teacher Education
	Mixed methods
	Digital UDL exemplars in lesson planning
	UDL pedagogy
	Reduced need for retrofitting; proactive design approach.

	Ok, Rao, & Bryant (2016)
	United States; Teacher Education
	Case study
	UDL implementation fidelity tool
	UDL quality assurance
	Increased alignment between course planning and UDL checkpoints.

	Tobin & Behling (2018)
	United States; Higher Education
	Qualitative faculty cases
	Faculty development for UDL
	UDL adoption
	Higher instructor adoption through “small change” approach.

	Meyer, Rose, & Gordon (2014)
	United States; Higher Education; Policy
	Foundational framework
	Digital curriculum aligned to UDL
	UDL theory
	Established theoretical basis for using UDL with educational technology.

	CAST (2024)
	Global; All educational levels
	Framework revision
	Updated UDL Guidelines (v3.0)
	UDL standards
	Aligns UDL to accessibility compliance and digital design.

	CAST (2018)
	United States; Higher Education
	Case repository
	LMS templates and flexible digital modules
	UDL implementation
	Faculty adoption increased when templates were provided.

	Moriña et al. (2025)
	Spain; Higher Education
	Qualitative multi-case
	UDL professional development for instructors
	Applied UDL
	Increased flexibility in assessment deadlines and formats.

	Almeqdad et al. (2023)
	Jordan; K–12
	Quasi-experimental; 218 students
	UDL-designed digital lessons
	UDL in digital teaching
	Higher academic performance than traditional instruction.

	Dempsey et al. (2022)
	United States; Higher Education; Health Sciences
	Survey and focus groups
	Digital course redesign for complex courses
	UDL in high-content courses
	Increased usability and reduced student frustration.

	Fornauf & Erickson (2020)
	Canada; Teacher Education
	Integrative review
	UDL plus equity design
	UDL for inclusive pedagogy
	Improved sense of belonging for marginalized learners.

	Qu, Zhao, & Wang (2024)
	China; Higher Education; Computing
	Mixed methods with analytics
	Learning analytics linked to UDL interventions
	Analytics-supported UDL
	Early detection of difficulties aided student retention.

	Fastelli et al. (2025)
	Italy; Higher Education
	Systematic review
	Captioning integrated within UDL approach
	UDL + accessibility
	Captioning improved comprehension for all students.

	UNESCO (2011)
	International; K–12
	Policy analysis
	ICT inclusion policy
	UDL-aligned policy
	Accessibility must be planned from the design stage.

	ETSI EN 301 549 (2021)
	Europe; All educational levels
	Accessibility standard
	Accessibility requirements for ICT procurement
	Accessibility compliance
	Ensures digital tools meet accessibility constraints.

	Oregon State University & 3Play Media (2016)
	United States; Higher Education
	Large institutional survey; 2,839 respondents
	Captioning of course videos
	Accessibility practice
	Captioning improved comprehension and focus.

	Ali et al. (2024)
	Germany; Higher Education; STEM
	Experimental usability testing
	Keyboard navigation and screen-reader design
	Accessibility + UDL navigation
	Improved usability and reduced cognitive load.

	Singh et al. (2024)
	India; Higher Education; STEM
	Controlled experiment
	MathML markup for digital equations
	Accessibility for STEM
	Improved math comprehension and independent navigation.

	Burgstahler (2015)
	United States; Higher Education
	Institutional case analysis
	Universal Design and UDL integrated into policy
	UDL culture
	Shift from accommodations to proactive design.

	Dallas et al. (2016)
	United States; Higher Education
	Survey study
	Captioning instructional videos
	Accessibility practice
	Improved comprehension for students with and without disabilities.

	Berigel et al. (2024)
	Turkey; Higher Education
	Mixed-methods LMS audit
	LMS accessibility testing
	Accessibility compliance
	Vendor accessibility claims did not match reality.

	Anthology Ally (2020)
	United States; Higher Education
	Institutional analytics
	Accessibility dashboard with scoring
	Accessibility improvement
	Accessibility levels improved across semesters.

	MiraCosta College (2023)
	United States; Higher Education; STEM
	Instructional case study
	Accessible math through multimodal formats
	Accessibility practice
	Increase in math material readability and navigation.

	Penn State Accessibility (2023)
	United States; Higher Education; STEM
	Implementation evaluation
	MathJax/MathML integration
	Accessibility practice
	Screen-reader performance improved noticeably.

	WCAG 2.2 (2023)
	Global; All educational levels
	International standard
	Accessibility guidelines for digital content
	Accessibility standard
	Defines requirements for perceivable and operable content.

	U.S. Section 508 (2018)
	United States; All educational levels
	Federal law
	ICT accessibility procurement
	Accessibility legislation
	Requires digital content to meet WCAG.

	ISO 9241-171 (2020)
	Global
	Human-computer interaction standard
	Accessible software interface
	Accessibility interface
	Improves usability for assistive technology users.

	UNESCO (2022)
	Global South; K–12 & Higher Ed
	Systematic policy report
	Digital inclusion policies
	Accessibility policy
	Recommends national adoption of inclusive digital frameworks.

	European Agency (2013)
	Europe; K–12
	Literature + policy review
	ICT inclusion
	Accessibility implementation
	Encourages mainstreaming accessibility in schools.

	WCET/WICHE (2016)
	United States; Higher Education
	Multi-university survey
	Large-scale captioning adoption
	Accessibility impact
	Captioning improved learning effectiveness.

	Blackboard Ally Case (2019)
	United States; Higher Education
	Institutional implementation study
	Gamified accessibility remediation
	Accessibility improvement
	Increased instructor participation in accessibility remediation.



3.2 UDL-oriented technology interventions and their effects on learning outcomes

 	Table 2 synthesizes evidence on UDL-oriented technology interventions and their effects on learning outcomes related to engagement, motivation, persistence, and improvement in academic performance. The studies in this table demonstrate that UDL-based technologies lead to positive student-learning benefits across different contexts. For example, redesigning digital learning environments based on UDL checkpoints improved engagement and overall course satisfaction (Al-Azawei et al., 2016), while meta-analytic evidence indicates that offering multiple means of representation and assessment leads to increased learner motivation and persistence across education levels (Capp, 2017). Several studies also reinforce that instructors are more likely to adopt inclusive digital design when UDL is presented through small, manageable changes (Tobin & Behling, 2018) or when digital templates reduce the design burden (CAST, 2018; CAST, 2024). Other findings indicate that UDL-based digital lessons yield measurable academic improvements in K–12 environments (Almeqdad et al., 2023), suggesting that the benefits extend beyond perceived usability and can enhance measurable learning performance. Together, these outcomes affirm that when digital design prioritizes learner variability and accessibility, students demonstrate stronger engagement and improved academic success.

Table 2. Technology-enabled UDL approaches and learning outcomes

	Study (Author, Year)
	Technology-Enabled UDL Design
	Observed Learning or Engagement Outcome

	Al-Azawei et al. (2016)
	LMS redesigned following UDL checkpoints
	Higher student engagement and satisfaction.

	Capp (2017)
	Multiple means of representation and assessment
	Increased learner motivation and persistence.

	Moriña et al. (2025)
	UDL professional development for instructors
	More flexibility in assessment formats and deadlines.

	Qu et al. (2024)
	Analytics-based early student support
	Increased persistence and retention.

	Rao, Ok, & Bryant (2014)
	Digital lesson planning based on UDL
	Reduction of retrofitting and accessibility barriers.

	CAST (2024; 2018)
	UDL templates and updated guidelines
	Higher instructor adoption of inclusive design.

	Dempsey et al. (2022)
	Digital redesign of dense content courses
	Better usability and lower cognitive burden.

	Fornauf & Erickson (2020)
	UDL applied to equity-focused instruction
	Higher sense of student belonging.

	Almeqdad et al. (2023)
	UDL-designed digital lessons in K–12 classrooms
	Increased academic performance.

	Tobin & Behling (2018)
	“Small-change UDL approach”
	Higher faculty implementation rate.









3.3 Accessibility practice and usability outcomes

 	Table 3 summarizes how digital accessibility practices influence usability, comprehension, task navigation, and the learninglearning experience. The findings illustrate that accessibility practices are not only beneficial for students with disabilities but for all learners. Studies involving captioned course videos demonstrate improvements in comprehension and retention of material (Dallas et al., 2016), and multi-campus captioning initiatives further show increased focus and continuity in learning (WCET/WICHE, 2016). In STEM contexts, accessible mathematical markup such as MathML significantly enhances comprehension and allows independent navigation of equations when using assistive technology (Singh et al., 2024; Penn State, 2023). Studies examining screen reader compatibility and accessible keyboard navigation (Ali et al., 2024) highlight reductions in cognitive load and increases in task usability. Additionally, institutional dashboards that score and monitor accessibility continue to improve accessibility levels over time (Anthology Ally, 2020). Overall, this body of evidence highlights that accessible digital design improves usability and comprehension for diverse learners, reinforcing the principle that accessibility benefits the total learning population rather than a subset.

Table 3. Digital accessibility practices and usability outcomes
	Study (Author, Year)
	Accessibility Practice Implemented
	Observed Usability or Learning Outcome

	Dallas et al. (2016)
	Captioning of lecture videos
	Improved comprehension and information retention.

	WCET/WICHE (2016)
	Captioning across multiple campuses
	Improved focus and learning consistency.

	Oregon State & 3Play Media (2016)
	Captions and transcripts
	Improved comprehension for multilingual learners.

	Fastelli et al. (2025)
	Captioning to reduce cognitive processing
	Reduction in cognitive burden; comprehension improved.

	Singh et al. (2024)
	MathML markup for mathematical notation
	Greater comprehension of math problems.

	Penn State Accessibility (2023)
	Structured math through MathJax
	Better screen-reader navigation.

	MiraCosta College (2023)
	Multimodal math accessibility
	Increased conceptual clarity.

	Ali et al. (2024)
	Accessible keyboard navigation
	Improved usability and task completion rate.

	Berigel et al. (2024)
	LMS accessibility audit
	Accessibility deficiencies identified.

	Anthology Ally (2020)
	Accessibility dashboard and scoring
	Courses became more accessible over time.

	WCAG 2.2; Section 508; ISO; ETSI
	Global accessibility standards
	Ensured content perceivability and operability.



 3.4 Institutional barriers and enablers	
 	Table 4 synthesizes the institutional barriers and enablers that influence the implementation of UDL and digital accessibility in educational environments. The table shows that barriers often originate from institutional practices rather than individual faculty decisions. One of the most persistent barriers is the perception of accessibility as a compliance task rather than a pedagogical responsibility (Berigel et al., 2024; Burgstahler, 2015). Limited faculty readiness, insufficient time to redesign content, and the complexity of accessible STEM design further hinder adoption (Singh et al., 2024; Penn State, 2023). In contrast, proactive enablers are associated with strong institutional commitment, such as UDL faculty development programs (Tobin & Behling, 2018) and learning analytics that help identify and support struggling students (Qu et al., 2024). Notably, institutions that adopt UDL as a cultural value rather than a temporary initiative are more successful in sustaining inclusive digital practices (CAST, 2018). These findings indicate that technology alone does not create inclusion; rather, inclusion is shaped by policy commitment, faculty development, and institutional culture.
Table 4. Barriers and enablers influencing adoption of inclusive digital practices
	Barrier or Enabler Identified
	Evidence Source(s)
	Effect on Inclusive Digital Adoption

	Limited faculty readiness or time
	Tobin & Behling (2018); Dempsey et al. (2022)
	Reduces implementation of UDL and accessibility.

	Accessibility viewed as compliance rather than pedagogy
	Berigel et al. (2024); Burgstahler (2015)
	Leads to reactive accommodations instead of proactive design.

	Lack of accessibility during LMS development
	Berigel et al. (2024); Ally (2019)
	Results in inaccessible course shells.

	Captioning and transcription not institutionalized
	Dallas et al. (2016); WCET/WICHE (2016)
	Multimedia access remains inconsistent.

	STEM accessibility requires high expertise
	Singh et al. (2024); Penn State (2023)
	Faculty avoid creating accessible math content.

	Proactive design supported by analytics
	Qu et al. (2024)
	Enables early identification of learning barriers.

	Institutional adoption of universal design culture
	Burgstahler (2015); CAST (2018)
	Leads to sustained inclusive practice beyond compliance.



4. Discussion
 	This systematic review examined how technology-supported inclusive education advances accessibility and Universal Design for Learning (UDL) in digital learning environments. Across the 32 studies synthesized, two overarching findings emerged. First, integrating UDL principles into digital platforms enhances engagement, motivation, and academic achievement by designing for learner variability from the outset (Al-Azawei et al., 2016; Almeqdad et al., 2023; Capp, 2017). Second, digital accessibility practices, such as captioning, structured content formats, and compatibility with assistive technologies, significantly improve usability, comprehension, and learning effectiveness for all students, not only those with disclosed disabilities (Dallas et al., 2016; Singh et al., 2024; WCET/WICHE, 2016). The evidence demonstrates that inclusion is most effective when it is proactive rather than reactive. UDL-based digital instruction resulted in increased learner motivation, persistence, and satisfaction, particularly when courses provided multiple ways to access information and flexibility in how students demonstrated learning (CAST, 2018; Moriña et al., 2025). These findings support the UDL premise that variability is the norm within learning populations (Meyer et al., 2014). Technology amplifies this benefit by allowing instructors to create customizable and adaptive learning pathways. In addition, the use of learning analytics to monitor engagement and trigger UDL-aligned instructor interventions was shown to increase course completion rates and reduce dropout (Qu et al., 2024). This indicates that digital systems can help instructors identify barriers as they arise and provide timely support.
 	Digital accessibility practices produced similarly strong and consistent outcomes. Captioning and transcripts improved comprehension and information retention for diverse student groups, including multilingual learners and students without disabilities (Dallas et al., 2016; Oregon State University & 3Play Media, 2016). In STEM learning environments, accessible mathematical markup 
such as MathML and structured formats such as MathJax improved navigation through formulas and allowed learners using assistive technologies to independently access symbolic content (Penn State Accessibility, 2023; Singh et al., 2024). These findings reveal that accessibility practices contribute to improved cognitive clarity and reduce the processing demands associated with learning complex content (Fastelli et al., 2025). Rather than being specialized interventions, accessibility practices benefit the entire learning population and enhance overall usability.
 	Despite these demonstrated benefits, the review also highlighted institutional barriers. Multiple studies noted that instructors often view accessibility as a compliance requirement rather than a pedagogy-oriented practice (Berigel et al., 2024; Burgstahler, 2015). Faculty are more likely to implement inclusive design when they are provided with structured supports, templates, or small, manageable design strategies (CAST, 2018; Tobin & Behling, 2018). Barriers are particularly visible in STEM domains, where the technical skill required to create accessible mathematical content discourages faculty from making materials accessible (Penn State Accessibility, 2023; Singh et al., 2024). These findings show that the challenge is not a lack of willingness to support inclusion but a lack of institutional infrastructure, training, and time.
5. Conclusion
 	This systematic review examined how technology-supported inclusive education advances Universal Design for Learning (UDL) and digital accessibility across educational environments. The synthesis of 32 peer-reviewed studies shows that inclusive digital design consistently improves learner engagement, motivation, comprehension, and academic achievement. UDL-based design increased learner autonomy and persistence, particularly when digital platforms offered multiple ways to access content and demonstrate learning (Al-Azawei et al., 2016; Capp, 2017; Moriña et al., 2025). Accessibility interventions, such as captioning and accessible mathematical markup, improved comprehension and usability for all learners, not only students with disabilities (Dallas et al., 2016; Penn State Accessibility, 2023; Singh et al., 2024). These results highlight that when inclusion is considered at the design stage, technology becomes a powerful mechanism for removing structural barriers.
5.1 Implications for practice
 	The findings emphasize that inclusive education is fundamentally a design choice. Institutions should embed UDL and accessibility principles at the beginning of course design rather than introducing them as accommodations after barriers arise. Faculty development programs are more effective when they present inclusive design as a pedagogical practice rather than a technical or compliance requirement. Studies also show that faculty adopt inclusive technology more consistently when institutions provide templates, design tools, or structured support rather than expecting instructors to navigate standards alone (CAST, 2018; Tobin & Behling, 2018). For educational technology developers, the findings reinforce the importance of building accessibility capabilities directly into learning management systems, lesson authoring tools, and content creation workflows. Ultimately, systemic rather than individual approaches produce scalable and sustainable inclusion.
5.2 Limitations
 	Although this review followed a transparent and systematic process, several limitations should be acknowledged. Only empirical studies published in English were included, which may underrepresent research from non-English-speaking regions and low-resource settings. Additionally, the included studies used diverse methodologies and outcome measures, which prevented the calculation of effect sizes or direct quantitative comparison across studies. Research relating to STEM accessibility remains limited, especially regarding the integration of accessible mathematical notation and multimodal scientific representations. These gaps offer direction for continued scholarly inquiry.	Comment by LEPHEANA, LEPHEANA-JUSTICE: I expected to see ethics section somewhere here and the data trustworthiness, so that the readers could trust that the data was not fabricated. 	Comment by LEPHEANA, LEPHEANA-JUSTICE: Overall, well done.
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    Technology - Supported Inclusive Education: A Systematic Review of Digital Accessibility  and Universal Design for Learning     Abstract   Introduction:   Digital learning  environments increasingly   rely on Universal Design for Learning  (UDL) and digital accessibility standards to support inclusive education. These frameworks aim  to reduce learning barriers and ensure that students with diverse needs can engage with course  materials effectively. Howe ver, there is limited synthesis of how technology operationalizes UDL  and accessibility in practice.   Methods:   A systematic review was conducted following PRISMA guidelines. Six databases  (Scopus, Web of Science, ERIC, IEEE Xplore, ScienceDirect, and Google Scholar) were searched  for peer - reviewed studies published between 2010 and 2025. Studies were included if t hey  examined digital or online learning environments and explicitly addressed accessibility practices  or UDL implementation. Thirty - two studies met the inclusion criteria and were analyzed using  narrative synthesis.   Results:   Across educational levels, UDL - aligned digital tools improved engagement, motivation,  and academic performance by allowing students multiple ways to access content and demonstrate  learning. Digital accessibility practices, including captioning, screen - rea der – compatible formats,  structured content, and accessible mathematics markup, enhanced usability and comprehension for  all learners, not only those with disabilities. Studies revealed that inclusive outcomes were  strongest when accessibility and U DL were considered at the design stage rather than applied  retroactively.   Conclusion:   Technology meaningfully supports inclusive education when accessibility and UDL  principles guide course development. Institutional commitment, faculty development, and  proactive design practices are necessary to sustain inclusive digital environments. The   findings  emphasize that technology alone does not create equity. Instead, intentional design decisions that  anticipate learner variability enable meaningful participation and improve learning outcomes for  all students.   Keywords:  Universal design for learning; Digital accessibility; Inclusive education; Technology - enhanced learning; Online learning design     1 Introduction     Digital technologies have become a central component of modern education. Learning  management systems, multimedia platforms, captioning tools and interactive digital content now  shape how students engage with course material and how instructors design lear ning environments . 

